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g
-a

sso
cia

te
d
 tissu

e
 

a
ttritio

n
 th

e
 fre

q
u

e
n

cy o
f d

ise
a
se

s a
sso

cia
te

d
 w

ith
 a

g
e
 w

ill ca
rry o

n
 risin

g
. B

lo
o
d
 

d
iso

rd
e

rs a
re

 n
o
w

 co
u
n

te
d
 a

m
o

n
g

st th
e
 cla

sse
s o

f d
ise

a
se

s m
a
rke

d
ly in

cre
a

se
d
 b

y 

a
g

e
, w

h
ich

 w
a

s n
o
t a

n
ticip

a
te

d
 sin

ce
 th

e
 b

lo
o
d

 syste
m

 is co
n
sta

n
tly re

n
e

w
e

d
 w

ith
 

se
ve

ra
l b

illio
n
 ce

lls b
e

in
g

 p
ro

d
u

ce
d

 e
ve

ry d
a
y. H

o
w

e
ve

r, w
e

 co
n
tin

u
o

u
sly fin

d
 m

o
re

 

a
n
d

 m
o
re

 e
xp

la
n
a

tio
n

s fo
r w

h
y h

e
m

a
to

lo
g

ica
l d

ise
a
se

s a
re

 so
 ve

ry a
g

e
-d

e
p
e

n
d

e
n

t. 

1
.1

.1
 

N
o

rm
a

l h
e

m
a
to

p
o

ie
s
is

 

B
lo

o
d

 ce
lls a

re
 co

n
tin

u
o
u

sly re
g

e
n
e

ra
te

d
 b

y h
e
m

a
to

p
o

ie
tic ste

m
 ce

lls (H
S

C
s) 

re
sid

in
g

 in
 th

e
 b

o
n
e

 m
a
rro

w
 (B

M
) o

f a
d
u

lt m
a
m

m
a

ls, th
e
 p

ro
ce

ss is d
e
n

o
m

in
a
te

d
 

h
e
m

a
to

p
o

ie
sis. T

h
e
se

 a
re

 ra
re

 ce
lls (0

.0
1–

0
.2

%
 o

f th
e
 to

ta
l B

M
 m

o
n
o

n
u

cle
a
r ce

lls in
 

h
u
m

a
n
s) th

a
t se

ld
o
m

 d
ivid

e
. W

h
e

n
 th

e
y d

o
 d

ivid
e
 th

e
y u

n
d

e
rg

o
 a

sym
m

e
trica

l d
ivisio

n
s 

a
ssu

rin
g
 o

n
e
 o

f th
e
 d

a
u
g

h
te

r ce
lls is a

 n
e
w

 H
S

C
 (se

lf-re
n
e

w
a

l)
4
,5 a

n
d

 so
 ke

e
p
 th

e
 

n
u
m

b
e
r o

f H
S

C
s sta

b
le

.  

F
o
r th

e
 n

o
rm

a
l fu

n
ctio

n
in

g
 o

f th
e
 im

m
u

n
e

 syste
m

 re
la

tive
 a

m
o

u
n

ts o
f th

e
 b

lo
o
d

 

ce
lls fro

m
 th

e
 lym

p
h
o

id
, e

ryth
ro

id
 a

n
d
 m

ye
lo

id
 lin

e
a

g
e

s n
e
e

d
 to

 b
e
 p

ro
d
u

ce
d
 a

n
d

 ke
p
t 

in
 b

a
la

n
ce

. T
h

e
re

fo
re

, h
e
m

a
to

p
o

ie
sis h

a
s to

 b
e
 ve

ry tig
h
tly re

g
u

la
te

d
.  

H
S

C
s g

ive
 rise

 to
 p

ro
g

e
n

ito
r ce

lls (H
S

P
C

s) th
a
t b

e
co

m
e

 in
cre

a
sin

g
ly lin

e
a

g
e
-

re
stricte

d
 a

n
d
 u

ltim
a
te

ly d
iffe

re
n
tia

te
 in

to
 a

ll lin
e
a

g
e

s o
f m

a
tu

re
 b

lo
o
d

 ce
lls (F

ig
u

re
 

1
.1

.1
A

). 

T
h

e
 

h
ie

ra
rch

y 
b

y 
w

h
ich

 
th

e
 

H
S

C
s 

b
e
ca

m
e
 

co
m

m
itte

d
 

to
 

a
 

te
rm

in
a
lly 

d
iffe

re
n
tia

te
d

 b
lo

o
d
 ce

ll h
a
s b

e
e

n
 u

n
d

e
r a

sse
ssm

e
n
t in

 th
e
 la

te
st ye

a
rs sin

ce
 th

e
 

p
o
ssib

ility o
f a

n
a

lysin
g

 m
u

ta
tio

n
s, g

e
n
e
 e

xp
re

ssio
n

, p
ro

life
ra

tio
n
 a

n
d
 d

iffe
re

n
tia

tio
n

 a
t 

a
 sin

g
le

-ce
ll le

ve
l h

a
ve

 co
m

e
 to

 ch
a

lle
n
g

e
 th

e
 cla

ssica
l m

o
d
e

l o
f h

e
m

a
to

p
o

ie
sis

6
,7

,8
,9. 

 



1
4
 

 

 

F
ig

u
re

 1
.1

.1
 T

h
e
 n

o
rm

a
l h

e
m

a
to

p
o

ie
s
is

 a
n

d
 th

e
 le

u
k

e
m

ic
 s

te
m

 c
e
ll m

o
d

e
l.  

(A
) In

 n
o

rm
a

l h
e

m
a

to
p
o

ie
sis, ra

re
ly d

ivid
in

g
 h

e
m

a
to

p
o

ie
tic ste

m
 ce

lls (H
S

C
s) w

ith
 u

n
lim

ite
d
 se

lf-re
n
e

w
a

l 
ca

p
a
city (in

d
ica

te
d

 b
y cu

rve
d
 a

rro
w

s) g
ive

 rise
 to

 p
ro

g
e

n
ito

rs (H
S

P
C

s). T
h

e
 p

o
o
l o

f u
n
d

iffe
re

n
tia

te
d
 

H
S

P
C

s co
m

p
rise

s a
 co

n
tin

u
u
m

 o
f tra

n
sito

ry ce
ll sta

g
e
s th

a
t la

ck h
ie

ra
rch

ica
l stru

ctu
re

s a
n

d
 d

iscre
te

 
lin

e
a

g
e

-sp
e
cific p

ro
g

e
n

ito
r sta

g
e

s. In
 tu

rn
, th

e
se

 in
te

n
se

ly p
ro

life
ra

tive
 p

ro
g
e

n
ito

rs h
a

ve
 p

ro
g

re
ssive

 
sta

te
s in

 w
h

ich
 se

lf-re
n

e
w

a
l ca

p
a

citie
s a

re
 d

e
cre

a
sin

g
 u

n
til th

e
y u

ltim
a

te
ly d

iffe
re

n
tia

te
 to

 a
ll th

e
 m

a
tu

re
 

ce
lls o

f th
e

 p
e

rip
h

e
ra

l b
lo

o
d

. (B
) T

h
e

 fo
rm

a
tio

n
 o

f a
 le

u
ke

m
ic ste

m
 ce

ll (L
S

C
) in

 m
ye

lo
id

 le
u

ke
m

ia
 m

a
y 

re
su

lt fro
m

 m
u

ta
tio

n
s in

 ce
lls in

 d
iffe

re
n
t sta

g
e

s o
f th

e
 h

e
m

a
to

p
o

ie
tic h

ie
ra

rch
y. H

e
m

a
to

lo
g
ic m

a
lig

n
a
n

cie
s 

a
re

 d
rive

n
 b

y co
m

b
in

a
tio

n
s o

f g
e

n
e

tic le
sio

n
s, th

e
 1

st so
m

a
tic m

u
ta

tio
n

 g
ivin

g
 rise

 a
 p

re
-le

u
ke

m
ic clo

n
e

: 
clo

n
a

l 
h

e
m

a
to

p
o

ie
sis 

o
f 

in
d
e
te

rm
in

a
te

 
p

o
te

n
tia

l 
(C

H
IP

), 
o

r 
m

ye
lo

d
ysp

la
stic 

syn
d

ro
m

e
s 

(M
D

S
), 

o
r 

m
ye

lo
p

ro
life

ra
tive

 n
e
o

p
la

sm
s (M

P
N

s). In
 a

 p
re

-le
u
ke

m
ic d

ise
a

se
 p

h
a

se
, ce

lls a
re

 g
e

n
e

tica
lly u

n
sta

b
le

, 
in

cre
a

sin
g
 th

e
 p

o
ssib

ility o
f fu

rth
e

r m
u

ta
tio

n
s th

a
t g

ive
 rise

 to
 th

e
 L

S
C

s, d
e

ve
lo

p
in

g
 a

 ch
ro

n
ica

l o
r a

cu
te

 
d

ise
a

se
: 

a
cu

te
 

m
ye

lo
id

 
le

u
ke

m
ia

 
(A

M
L

) 
o

r 
a
cu

te
 

lym
p
h
o

b
la

stic 
le

u
ke

m
ia

 
(A

L
L

), 
ch

ro
n

ica
l 

m
ye

lo
id

 
le

u
ke

m
ia

 (C
M

L
) o

r ch
ro

n
ic lym

p
h

o
cytic le

u
ke

m
ia

 (C
L

L
). T

h
e

se
 se

lf-re
n

e
w

in
g
 L

S
C

s clo
n

a
lly e

xp
a

n
d

, 
fa

cilita
tin

g
 th

e
 a

cq
u

isitio
n

 o
f a

d
d

itio
n

a
l m

u
ta

tio
n
s a

n
d
 d

e
ve

lo
p

m
e
n

t o
f d

iffe
re

n
t le

u
ke

m
ic clo

n
e
s. D

e
sig

n
 

b
y P

a
tricia

 S
ilva

. 

 In
 

th
e
 

cla
ssica

l 
vie

w
, 

th
e
re

 
w

e
re

 
b

ifu
rca

tio
n
s 

in
 

co
m

m
itm

e
n
t 

ste
p
s 

fro
m

 

m
u

ltip
o
te

n
t p

ro
g

e
n
ito

r ce
lls to

 o
lig

o
p
o

te
n
t (m

ixe
d
 lin

e
a

g
e

s p
ro

g
e

n
ito

rs) to
 u

n
ip

o
te

n
t 

(sin
g

le
 

lin
e
a

g
e
 

p
ro

g
e

n
ito

rs). 
T

h
is 

is 
cu

rre
n
tly 

se
e
n

 
a

s 
a

n
 

e
a
rly 

co
m

m
itm

e
n
t 

o
f 

p
ro

g
e

n
ito

rs w
ith

 a
 lin

e
a

r co
n
tin

u
u

m
 o

f tra
n
sitio

n
s to

 th
e
 fin

a
l sp

e
cifica

tio
n
 a

n
d

 n
o
t 

re
q

u
irin

g
 se

ve
ra

l ste
p
s, a

s w
a

s p
re

vio
u
sly im

p
lie

d
6
,7

,9. T
h

e
re

fo
re

, th
e
 e

xistin
g
 H

S
P

C
s 

a
re

 a
 h

e
te

ro
g

e
n

e
o

u
s p

o
o
l o

f ce
lls w

ith
 lo

n
g

-te
rm

 d
u

ra
b

le
 se

lf-re
n
e

w
a

l ca
p
a
citie

s, m
a

d
e
 

o
f su

b
p

o
p

u
la

tio
n

s o
f ce

lls a
lre

a
d

y p
rim

e
d
 fo

r a
 sp

e
cific d

iffe
re

n
tia

tio
n
 p

ro
g

ra
m

6
,8. T

h
is 

vie
w

 is b
e
in

g
 re

in
fo

rce
d
 b

y th
e
 fa

ct th
e
 o

lig
o

p
o
te

n
t p

ro
g

e
n
ito

rs o
f m

ixe
d
 lin

e
a
g

e
s 

d
iffe

re
n
tia

tio
n

 p
o
te

n
tia

ls w
e

re
 so

 fa
r n

o
t fo

u
n

d
 in

 th
e
 co

n
te

xt o
f h

e
m

a
to

p
o

ie
sis in

 th
e
 



1
5
 

 

a
d
u

lt b
o
n

e
 m

a
rro

w
, b

u
t th

e
re

 is e
vid

e
n

ce
 th

e
y a

re
 p

re
se

n
t in

 th
e
 fe

ta
l live

r
7. T

h
e
se

 n
e
w

 

fa
cts d

e
lin

e
a

te
d
 a

 sh
ift in

 th
e
 h

ie
ra

rch
y o

f b
lo

o
d
 p

ro
g

e
n

ito
r cla

sse
s fro

m
 in

 u
te

ro
 to

 

a
d
u

lth
o
o

d
7. 

T
h

is 
re

a
d
ju

stm
e

n
t 

a
n
ticip

a
te

s 
th

e
 

e
xiste

n
ce

 
o
f 

h
ig

h
 

a
g

e
-p

la
sticity 

o
f 

h
e
m

a
to

p
o

ie
sis. 

1
.1

.2
 

H
e

m
a

to
p

o
ie

tic
 d

is
o

rd
e
rs

 

W
h
e
n

 th
e
 h

e
m

a
to

p
o

ie
tic p

ro
ce

ss fa
ils a

n
d

 a
 p

ro
life

ra
tio

n
 o

f im
m

a
tu

re
 b

o
n

e
 

m
a

rro
w

-d
e
rive

d
 ce

lls (b
la

sts) o
ccu

rs th
a
t co

n
stitu

te
s a

 h
e
m

a
to

lo
g

ica
l d

iso
rd

e
r (F

ig
u

re
 

1
.1

.1
B

). 
T

h
e
se

 
co

u
ld

 
b

e
 

p
re

-le
u
ke

m
ic 

d
ise

a
se

s 
ch

a
ra

cte
rize

d
 

b
y 

in
e
ffe

ctive
 

h
e
m

a
to

p
o

ie
sis th

a
t p

re
se

n
t p

h
e

n
o

typ
e
s o

f cyto
p
e

n
ia

 (la
ck o

f ce
rta

in
 lin

e
a
g

e
s o

f m
a
tu

re
 

b
lo

o
d

 ce
lls).  

N
o

w
a

d
a

ys, 
th

e
se

 
a

re
 

co
m

m
o

n
ly 

d
e
n

o
m

in
a
te

d
 

m
ye

lo
d
ysp

la
stic 

syn
d
ro

m
e

s 

(M
D

S
) a

n
d

 m
ye

lo
p
ro

life
ra

tive
 n

e
o

p
la

sm
s (M

P
N

s) a
n
d

 sa
id

 to
 e

vo
lve

 fro
m

 a
 clo

n
a

l 

h
e
m

a
to

p
o

ie
sis o

f in
d
e
te

rm
in

a
te

 p
o
te

n
tia

l (C
H

IP
), a

 n
e
w

ly re
co

g
n

ize
d

 e
n
tity.  

T
h

e
 C

H
IP

 co
n
d

itio
n
 d

e
sp

ite
 p

o
ssib

ly b
e
in

g
 p

h
e

n
o

typ
e
 fre

e
 (w

ith
o
u

t cyto
p
e

n
ia

) is 

d
e
fin

e
d

 b
y th

e
 o

ccu
rre

n
ce

 o
f m

o
le

cu
la

r a
lte

ra
tio

n
s in

 le
u
ke

m
ia

-a
sso

cia
te

d
 g

e
n
e

s. 

T
h

e
se

 a
re

 m
u
ta

tio
n

s th
a
t ca

n
 b

e
 fo

u
n

d
 in

 th
e
 p

e
rip

h
e

ra
l b

lo
o
d

 o
f a

 sm
a

ll p
ro

p
o

rtio
n

 o
f 

h
e
a

lth
y in

d
ivid

u
a

ls
1
0
,1

1. T
h

e
 p

re
-le

u
ke

m
ic clo

n
e
s in

 C
H

IP
 a

re
 ce

lls p
re

d
isp

o
se

d
 to

 

su
b
se

q
u

e
n
t a

cq
u

isitio
n
 o

f a
d
d

itio
n
a

l g
e

n
o
m

ic a
lte

ra
tio

n
s. E

vo
lu

tio
n

 in
to

 a
n
 M

D
S

/M
P

N
s 

is d
u
e
 to

 fu
rth

e
r e

ve
n
ts in

vo
lvin

g
 g

e
n
e
tic a

b
e
rra

tio
n

s th
a
t d

o
 n

o
t in

d
u

ce
 m

a
lig

n
a
n
t 

tra
n
sfo

rm
a

tio
n

s 
b

u
t 

re
su

lt 
in

 
a
 

clo
n
a

l 
e

xp
a
n

sio
n
 

o
f 

m
u
ta

n
t 

p
ro

g
e
n

ito
rs 

a
n
d
 

co
n
se

q
u

e
n
tly a

n
 in

cre
a
se

d
 p

ro
b

a
b
ility o

f p
ro

g
re

ssio
n
 in

to
 a

 le
u
ke

m
ic d

ise
a

se
.  

T
h

e
re

fo
re

, th
e
se

 p
re

-le
u
ke

m
ia

s ca
n
 d

e
ve

lo
p
 in

to
 a

cu
te

 le
u
ke

m
ia

 o
r co

n
stitu

te
 a

 

ch
ro

n
ic fo

rm
. T

h
e
 m

o
st co

m
m

o
n
 typ

e
s o

f le
u
ke

m
ia

 a
re

: lym
p

h
o

id
 le

u
ke

m
ia

s, su
ch

 a
s 

a
cu

te
 lym

p
h
o

b
la

stic le
u
ke

m
ia

 (A
L

L
) a

n
d
 ch

ro
n
ic lym

p
h
o

cytic le
u
ke

m
ia

 (C
L
L

) p
ro

d
u

cts 

o
f 

e
xp

a
n

d
e

d
 

p
ro

g
e

n
ito

rs 
p

rim
e

d
 

fo
r 

a
 

lym
p

h
o
id

 
lin

e
a

g
e

; 
o
r 

m
ye

lo
id

 
le

u
ke

m
ia

s, 

in
clu

d
in

g
 a

cu
te

 m
ye

lo
id

 le
u
ke

m
ia

 (A
M

L
) a

n
d

 ch
ro

n
ic m

ye
lo

id
 le

u
ke

m
ia

 (C
M

L
) p

ro
d

u
cts 

o
f m

ye
lo

id
 p

rim
e

d
 p

ro
g

e
n

ito
rs.  

T
h

e
 m

a
in

 m
o

d
e

l fo
r th

e
 d

e
ve

lo
p
m

e
n
t o

f a
 fu

ll-b
lo

w
n

 le
u
ke

m
ia

 is the “tw
o
-h

it 

h
yp

o
th

e
sis” 1

2. It su
g

g
e

sts th
a
t th

e
 m

a
lig

n
a
n

t tra
n
sfo

rm
a

tio
n

 o
f a

 p
ro

g
e

n
ito

r ce
ll to

 a
 

le
u

ke
m

ic ste
m

 ce
ll (L

S
C

) th
a
t m

a
in

ta
in

s le
u
ke

m
ia

 re
q

u
ire

s a
t le

a
st tw

o
 m

u
ta

tio
n

s. O
n

e
 

o
f th

e
 m

u
ta

tio
n
s sh

o
u

ld
 g

u
a

ra
n

te
e
 a

 d
iffe

re
n
tia

tio
n
 b

lo
cka

d
e

 a
n
d
 a

n
o

th
e
r sh

o
u
ld

 e
n
su

e
 

u
n
co

n
tro

lle
d
 p

ro
life

ra
tio

n
 a

n
d

 a
p
o

p
to

sis e
va

sio
n
 (th

e
se

 a
re

 u
su

a
lly re

ve
re

d
 to

 a
s th

e
 

in
itia

tio
n

 m
u

ta
tio

n
s) 1

2
,1

3. It is a
 sim

p
listic m

o
d
e

l, it sa
ys n

o
th

in
g

 a
b
o

u
t th

e
 co

n
trib

u
tio

n
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o
f e

p
ig

e
n
e
tic m

e
ch

a
n
ism

s fo
r a

 fu
lly tra

n
sfo

rm
e

d
 p

h
e
n

o
typ

e
 a

n
d
 d

o
e
s n

o
t h

a
ve

 a
 cla

ss 

fo
r th

e
 m

a
n
y m

u
ta

tio
n
s fo

u
n

d
 in

 e
p

ig
e

n
e
tic re

g
u

la
to

rs.  

In
 

le
u
ke

m
ia

, 
it 

is 
b

a
se

d
 

m
a

in
ly 

o
n
 

se
ve

ra
l 

o
b

se
rva

tio
n

s 
sh

o
w

in
g

 
th

a
t 

o
n
e
 

m
u

ta
tio

n
 is u

su
a

lly n
o
t e

n
o

u
g

h
 fo

r le
u
ke

m
ic tra

n
sfo

rm
a

tio
n

s 
in

 
v
itro

 o
r in

 m
o

u
se

 

m
o

d
e

ls. R
e

ce
n
tly, th

e
 h

ie
ra

rch
y o

f m
u
ta

tio
n

s h
a

s b
e
e

n
 stu

d
ie

d
 in

 se
ve

ra
l o

f th
e
 

le
u
ke

m
ic d

ise
a
se

s, to
 id

e
n
tify d

ise
a
se

 in
itia

tio
n

 e
ve

n
ts th

a
t a

re
 th

o
u
g

h
t to

 o
ccu

r e
a
rly 

in
 d

ise
a
se

 p
ro

g
re

ssio
n
. S

e
ve

ra
l e

a
rly le

sio
n
s h

a
ve

 b
e
e

n
 id

e
n

tifie
d

, fo
r e

xa
m

p
le

: D
N

A
 

m
e

th
yltra

n
sfe

ra
se

 
3

A
 

(D
N

M
T

3
A

) 
m

u
ta

tio
n
s 

th
a

t 
a

re
 

fo
u
n

d
 

in
 

A
M

L
 

w
ith

 
n

o
rm

a
l 

ka
ryo

typ
e
 (C

N
-A

M
L

) 1
3

,1
4; P

M
L

-R
A

R
A

 fu
sio

n
 fo

u
n
d

 in
 a

cu
te

 p
ro

m
ye

lo
cytic le

u
ke

m
ia

; 

te
n
-e

le
ve

n
-tra

n
slo

ca
te

d
 2

 (T
E

T
2
) o

r iso
citra

te
 d

e
h
yd

ro
g

e
n
a

se
 2

 (ID
H

2
) 15 m

u
ta

tio
n
s, 

a
s 

w
e

ll 
a

s 
co

re
-b

in
d
in

g
 
fa

cto
r 

(C
B

F
) 

o
r 

m
ixe

d
-lin

e
a

g
e
 
le

u
ke

m
ia

 
(M

L
L
[K

M
T

2
A

]) 1
6 

tra
n
slo

ca
tio

n
s fo

u
n

d
 in

 2
 o

th
e

r A
M

L
 typ

e
s a

n
d
 E

T
V

6–
R

U
N

X
1

 fu
sio

n
 fo

u
n

d
 in

 ch
ild

h
o

o
d

 

B
-A

L
L

1
7. 

U
p

o
n

 
tra

n
sfo

rm
a

tio
n

, 
tu

m
o

r 
ce

lls 
w

ill 
fu

rth
e
r 

a
cq

u
ire

 
m

u
ltip

le
 

g
e

n
o
m

ic 
o
r 

ch
ro

m
o

so
m

a
l a

b
e
rra

tio
n

s (co
o
p

e
ra

tin
g

 m
u
ta

tio
n

s)
1
3, d

u
e

 to
 th

e
ir g

e
n
o
m

ic in
sta

b
ility. 

T
h

e
 e

n
viro

n
m

e
n
ta

l p
re

ssu
re

s
1
8, a

 tu
m

o
r is su

b
je

cte
d
 to

, re
su

lt in
 th

e
 n

a
tu

ra
l se

le
ctio

n
 

o
f so

m
e
 clo

n
e

s in
 d

e
trim

e
n
t o

f o
th

e
rs. T

h
e

re
fo

re
, le

u
ke

m
ia

s a
re

 d
yn

a
m

ic syste
m

s 

co
n
sta

n
tly su

b
je

cte
d
 to

 D
a

rw
in

ia
n
 e

vo
lu

tio
n

 d
u
rin

g
 m

a
lig

n
a
n
t p

ro
g

re
ssio

n
. In

 le
u
ke

m
ia

, 

g
e

n
o
m

ic a
n
a

lyse
s a

t th
e
 sin

g
le

-ce
ll le

ve
l a

re
 d

e
scrib

in
g

 clo
n
a

l co
m

p
o
sitio

n
s, sh

o
w

in
g
 

w
h

ich
 m

u
ltip

le
 co

e
xistin

g
 clo

n
e

s a
re

 p
re

se
n

t a
t th

e
 tim

e
 o

f d
ia

g
n

o
sis

1
9
,2

0.  

M
a

n
y p

re
vio

u
s stu

d
ie

s h
a
d

 a
lre

a
d

y d
istin

g
u

ish
e
d

 th
e
 first m

u
ta

tio
n

s fro
m

 th
e
 

la
te

st 
clo

n
e

s 
to

 
a

rise
. 

T
h

e
se

 
u

se
d
 

cyto
g

e
n
e
tic, 

m
o

le
cu

la
r 

a
n
d

 
se

q
u
e

n
cin

g
 

d
a
ta

 

o
b
ta

in
e
d

 fro
m

 b
u
lk m

a
te

ria
l b

y e
stim

a
tin

g
 va

ria
n

t a
lle

le
 fre

q
u

e
n

cie
s (V

A
F

s) o
f th

e
 

e
ve

n
ts. N

o
w

 stu
d
ie

s u
sin

g
 sin

g
le

-ce
ll g

e
n
o
m

ic a
n
a

lyse
s a

re
 in

fe
rrin

g
 th

e
 o

rd
e
r o

f 

le
sio

n
s a

n
d

 th
e
y fo

u
n

d
 g

o
o

d
 co

rre
la

tio
n

s to
 th

e
 d

a
ta

 a
cq

u
ire

d
 fro

m
 th

e
 b

u
lks

2
0
,2

1.  

G
e

n
e

ra
lly, in

 A
M

L
 sa

m
p

le
s a

t th
e
 tim

e
 o

f d
ia

g
n

o
sis, se

ve
ra

l in
itia

tin
g

 m
u
ta

tio
n
s 

h
a
ve

 b
e
e

n
 fo

u
n

d
 in

 a
 m

a
jo

r clo
n
e

 (th
a
t a

re
 ca

lle
d

 d
rive

r m
u
ta

tio
n
s) b

u
t a

lso
 se

ve
ra

l 

la
te

r m
u
ta

tio
n

s th
a
t a

re
 n

o
t in

 a
ll th

e
 b

la
sts (w

h
ich

 w
e

re
 te

rm
e

d
 p

a
sse

n
g

e
r m

u
ta

tio
n
s). 

U
n

like
 so

lid
 ca

n
ce

rs th
e
 n

u
m

b
e
r o

f th
e
se

 m
u
ta

tio
n

s in
 h

e
m

a
to

lo
g

ica
l d

iso
rd

e
rs lo

o
ks 

to
 b

e
 lim

ite
d
, w

ith
 so

m
e
 re

co
g

n
iza

b
le

 p
a
tte

rn
s, th

e
se

 o
b
se

rva
tio

n
s a

re
 g

ivin
g
 th

e
 fie

ld
 

h
o
p

e
 to

 a
d
va

n
ce

 tre
a
tm

e
n
t o

p
tio

n
s u

sin
g

 d
ru

g
s to

 ta
rg

e
t ce

lls w
ith

 th
e
se

 sp
e
cific 

m
u

ta
tio

n
s.   
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A
g

in
g

 o
f h

e
m

a
to

p
o

ie
tic

 s
te

m
 c

e
lls

  

S
in

ce
 th

e
 H

S
C

s a
re

 n
e
e
d

e
d

 fo
r a

 life
lo

n
g

 g
e

n
e

ra
tio

n
 o

f m
a

tu
re

 b
lo

o
d

 ce
lls, th

e
 

a
d
u

lt sm
a

ll p
o
p

u
la

tio
n

 o
f H

S
C

s n
e
e

d
s to

 b
e
 p

ro
p

e
rly m

a
in

ta
in

e
d

 d
u
rin

g
 a

g
in

g
 fo

r a
 

fu
n
ctio

n
a

l h
e
m

a
to

p
o

ie
sis. T

h
e
 n

o
rm

a
l H

S
C

s re
sid

e
 in

 a
 sp

e
cia

lize
d
 m

icro
e
n

viro
n
m

e
n
t 

in
 th

e
 b

o
n

e
 m

a
rro

w
 (ca

lle
d
 n

ich
e
) su

rro
u
n

d
e

d
 b

y su
p
p

o
rtin

g
 stro

m
a

l ce
lls th

a
t p

ro
vid

e
 

m
icro

e
n

viro
n
m

e
n
ta

l fa
cto

rs fo
r p

ro
te

ctio
n
 a

n
d

 tig
h
t re

g
u

la
tio

n
 o

ve
r H

S
C

s su
rviva

l a
n
d

 

fu
n
ctio

n
. T

o
 g

u
a
rd

 a
g

a
in

st in
te

rn
a
l stre

sse
s re

la
te

d
 to

 d
ivisio

n
s (like

 te
lo

m
e
re

 e
ro

sio
n
) 

H
S

C
s a

re
 in

 a
 n

o
to

rio
u

s q
u

ie
sce

n
t sta

te
, it h

a
s b

e
e
n

 sh
o
w

n
 th

e
 m

o
st p

rim
itive

 o
f a

ll 

H
S

C
 m

a
y u

n
d

e
rg

o
 o

n
ly 4

 to
 5

 d
ivisio

n
s in

 th
e
 life

tim
e

 o
f a

 m
o

u
se

2
2. T

h
e
 b

u
rd

e
n

 o
f 

p
ro

life
ra

tio
n
 b

e
in

g
 le

ft fo
r m

o
re

 co
m

m
itte

d
 p

ro
g

e
n
ito

rs, H
S

P
C

s. 

N
o

tw
ith

sta
n

d
in

g
 

a
ll 

g
u
a

rd
s, 

h
u
m

a
n
 

h
e
m

a
to

p
o

ie
sis 

h
a
s 

sh
o
w

n
 

se
ve

ra
l 

p
h
e

n
o

typ
e
s 

o
f 

a
g

e
, 

w
ith

 
o

ld
e
r 

H
S

C
s 

in
cre

a
sin

g
 

in
 

fre
q

u
e
n

cy, 
b

e
co

m
in

g
 

le
ss 

q
u

ie
sce

n
t 5, e

xh
ib

itin
g
 m

ye
lo

id
-b

ia
se

d
 d

iffe
re

n
tia

tio
n
 p

o
te

n
tia

l co
m

p
a
re

d
 w

ith
 yo

u
n
g

 

H
S

C
 a

n
d
 m

o
b
ilizin

g
 a

w
a

y fro
m

 th
e
 n

ich
e

4. O
n
 th

e
 m

o
le

cu
la

r le
ve

l, m
o

u
se

 a
g

e
d
 H

S
C

s 

w
e

re
 o

b
se

rve
d
 to

 lo
se

 p
o
la

rity o
f p

ro
te

in
s like

 C
d

c4
2

, S
crib

b
le

 a
n
d
 T

u
b

u
lin

 (in
 th

e
 

cyto
p
la

sm
) 

a
n
d

 
H

4
K

1
6
a

c 
(in

 
th

e
 

n
u

cle
u
s)

2
3, 

w
h

e
re

a
s 

h
u

m
a

n
 

a
g

e
d
 

H
S

C
s 

sh
o
w

 

in
cre

a
se

d
 e

xp
re

ssio
n
 o

f g
e

n
e

s in
vo

lve
d
 in

 m
ye

lo
id

 d
iffe

re
n
tia

tio
n
 a

n
d

 lo
w

e
r e

xp
re

ssio
n
 

o
f g

e
n
e
s re

sp
o

n
sib

le
 fo

r lym
p

h
o

p
o

ie
sis

5.    

T
h

e
 n

o
tio

n
 o

f co
n
tin

u
e

d
 se

lf-re
n
e

w
a

l ca
p
a

citie
s o

f H
S

C
s h

a
d
 b

e
e

n
 n

o
to

rio
u
sly 

h
a
rd

 to
 re

co
n

cile
 w

ith
 th

e
 a

g
in

g
 p

ro
ce

ss. H
S

C
s b

e
in

g
 tissu

e
-sp

e
cific ste

m
 ce

lls h
a
ve

 

re
stricte

d
 se

lf-re
n
e

w
a

l p
o
te

n
tia

l a
n
d
 su

ffe
r a

 fu
n
ctio

n
a

l d
e
clin

e
 w

ith
 a

g
e

, w
h

a
t is u

su
a

lly 

te
rm

e
d
 

o
f 

ste
m

 
ce

ll 
e

xh
a

u
stio

n
3
,2

4. 
T

h
e
 

fa
ct 

w
a

s 
re

ve
a
le

d
 

se
ve

ra
l 

tim
e

s 
in

 
th

e
 

h
e
m

a
to

p
o

ie
tic syste

m
, a

s tra
n
sp

la
n
ta

tio
n
 stu

d
ie

s sh
o
w

e
d
 th

a
t H

C
S

s iso
la

te
d

 fro
m

 

yo
u
n

g
e

r d
o
n

o
rs h

a
ve

 su
p

e
rio

r p
o
w

e
rs in

 re
p
o

p
u

la
tin

g
 a

b
la

te
d
 b

o
n
e
 m

a
rro

w
s

2
5. It is 

b
e
lie

ve
d
 th

a
t fo

r e
a
ch

 d
ivisio

n
 a

n
 H

S
C

 lo
se

s so
m

e
 o

f its ste
m

 ce
ll p

o
te

n
tia

l a
n
d

 th
e
 

p
o
o

l o
f p

ro
g

e
n
ito

rs w
ith

 re
d
u

ce
d

 p
o

te
n
tia

l in
cre

a
se

s to
 co

m
p

e
n

sa
te

3.  

T
h

e
 m

e
ch

a
n

ism
s u

n
d

e
rlyin

g
 d

ysfu
n
ctio

n
 o

f a
g

in
g

 H
S

C
s co

u
ld

 b
e
 ce

ll-in
trin

sic 

a
n
d

 ce
ll-e

xtrin
sic m

e
ch

a
n

ism
s. M

o
st o

f th
e
 p

h
e
n
o

typ
e
s o

f H
S

C
 a

sso
cia

te
d
 w

ith
 a

g
e
 

h
a
ve

 b
e

e
n
 a

ttrib
u
te

d
 to

 ce
ll-in

trin
sic m

e
ch

a
n
ism

s, a
lth

o
u
g

h
 ce

ll-in
trin

sic ch
a

n
g

e
s m

a
y 

a
lso

 b
e
 d

u
e
 to

 ch
a
n
g

e
s th

a
t o

ccu
r in

 th
e
 b

o
n

e
 m

a
rro

w
 m

icro
e
n

viro
n
m

e
n
t. E

sp
e
cia

lly 

sin
ce

 its sh
o
w

n
 th

a
t m

a
lig

n
a
n

t m
ye

lo
id

 p
ro

g
e

n
ito

r ce
lls a

re
 su

p
p

o
rte

d
 b

y a
n
 a

lte
re

d
 

m
icro

e
n

viro
n
m

e
n
t 

w
ith

 
m

e
se

n
ch

ym
a

l 
stro

m
a

l 
ce

lls 
d

isp
la

yin
g

 
d

istu
rb

e
d

 
sig

n
a
lin

g
 

p
a
th

w
a

ys
2
6 

th
a
t 

co
u
ld

 
co

n
trib

u
te

 
to

 
d

ise
a
se

 
d

e
ve

lo
p
m

e
n
t 2

7 
(in

clu
d
in

g
 

a
d
h

e
sio

n
 

m
o

le
cu

le
s a

n
d

 m
e
ta

b
o

lic p
a
th

w
a

ys, a
s w

e
ll a

s e
n

d
o
cyto

sis). 
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 H
o

w
e

ve
r, 

th
e
 

m
o

st 
im

m
e

d
ia

te
 

p
o
ssib

ility 
is 

th
e
 

o
ccu

rre
n
ce

 
o
f 

m
o

le
cu

la
r 

a
lte

ra
tio

n
s 

in
 

th
e
 

a
g

in
g

 
H

S
C

s, 
le

a
d

in
g

 
to

 
clo

n
a

l 
e

xp
a
n

sio
n
s 

o
f 

d
ysfu

n
ctio

n
a

l 

p
ro

g
e

n
ito

rs in
 th

e
 h

u
m

a
n

 H
S

P
C

s p
o
o
l. T

h
e
 p

ro
g

e
n
ito

r's co
n
trib

u
tio

n
 to

 th
e
 b

lo
o
d
 

lin
e
a

g
e

s 
is 

th
e
n
 

ske
w

e
d
 

to
 

m
ye

lo
id

 
p

ro
g

e
n
y

5. 
T

h
e
 

co
n
je

ctu
re

 
is 

th
a
t 

th
e
 

a
g

e
d
 

h
e
m

a
to

p
o

ie
tic 

syste
m

 
h

a
s 

clo
n
a

l 
h

e
m

a
to

p
o

ie
sis 

(C
H

IP
) 

a
n
d
 

m
ig

h
t 

th
e
n

 
b

e
 

p
re

d
isp

o
se

d
 to

 d
e

ve
lo

p
 m

ye
lo

id
 m

a
lig

n
a
n

cie
s a

s a
 re

su
lt.  

O
u

r u
n
d

e
rsta

n
d

in
g

 o
f th

e
se

 clo
n
a

l e
ve

n
ts to

o
k a

 fo
rw

a
rd

 le
a
p

 in
 2

0
1

2
 a

n
d

 2
0

1
4
 

w
h

e
n

 se
ve

ra
l re

p
o

rts p
ro

ve
d
 th

a
t clo

n
a

l h
e
m

a
to

p
o

ie
sis is a

 fre
q

u
e
n
t e

ve
n
t in

 h
e
a

lth
y 

e
ld

e
rly p

e
o

p
le

1
0
,1

1
,2

8
,2

9.  

In
 o

n
e
 th

e
se

 stu
d
ie

s fro
m

 a
 p

o
p

u
la

tio
n

 o
f 1

7
,1

8
2
 p

e
rso

n
s 1

0
%

 o
f th

e
 in

d
ivid

u
a

ls 

o
ld

e
r th

a
n
 7

0
 ye

a
rs o

f a
g

e
 ca

rrie
d
 so

m
a
tic m

u
ta

tio
n

s, th
e
 m

o
st co

m
m

o
n
 m

u
ta

te
d
 

g
e

n
e

s b
e
in

g
 D

N
M

T
3
A

, T
E

T
2
, a

n
d

 A
S

X
L

1
1
0. T

h
is w

a
s re

p
ro

d
u

ce
d

 in
 a

n
o

th
e

r stu
d
y 

w
h

e
re

 m
o

re
 th

a
n
 2

%
 o

f th
e
 2

,7
2
8
 in

d
ivid

u
a

ls h
a
d

 m
u

ta
tio

n
s in

 th
e
 b

lo
o
d

1
1, m

o
st o

f th
e
 

m
u

ta
tio

n
s b

e
in

g
 a

sso
cia

te
d
 w

ith
 a

d
va

n
ce

d
 a

g
e

. T
h
e

 va
st m

a
jo

rity o
f th

o
se

 m
u

ta
tio

n
s 

(8
3
%

) o
ccu

rre
d
 in

 1
9
 g

e
n

e
s a

sso
cia

te
d
 w

ith
 le

u
ke

m
ia

 a
n
d
 lym

p
h
o
m

a
, n

in
e
 w

e
re

 

re
cu

rre
n
tly m

u
ta

te
d
 (D

N
M

T
3
A

, T
E

T
2
, J

A
K

2
, A

S
X

L
1
, T

P
5

3
, G

N
A

S
, P

P
M

1
D

, B
C

O
R

L
1
, 

a
n
d
 S

F
3
B

1
) 1

1.  

In
 b

o
th

 ca
se

s, th
e
se

 a
ccu

m
u

la
tio

n
s d

o
 n

o
t a

p
p

e
a
r to

 b
e
 ra

n
d

o
m

 b
e
ca

u
se

 th
e
y 

w
e

re
 fo

u
n

d
 in

 sp
e
cific lo

ci kn
o
w

n
 to

 b
e
 in

vo
lve

d
 in

 h
e
m

a
to

lo
g

ica
l d

ise
a
se

s, w
h

ich
 co

u
ld

 

d
isco

u
ra

g
e

 th
e
 vie

w
 o

f th
e

 a
ccu

m
u

la
tio

n
 o

f th
is m

u
ta

tio
n
s in

 th
e
 H

S
P

C
s b

e
in

g
 d

u
e

 to
 

D
N

A
 

d
a
m

a
g

e
. 

S
till, 

th
e
 

in
cre

a
se

d
 

m
u

ta
tio

n
 

lo
a

d
s 

m
u

st 
in

d
ica

te
 

p
e
rsiste

n
t 

D
N

A
 

d
a
m

a
g

e
 in

 th
e
se

 a
g

in
g
 ce

lls u
p
o

n
 su

ffe
rin

g
 re

p
e

a
te

d
 in

su
lts. 

T
h

e
se

 stu
d
ie

s w
e

re
 tra

n
sfo

rm
in

g
. T

h
e
 fie

ld
 b

e
ca

m
e

 a
w

a
re

 th
a
t a

g
e

-re
la

te
d

 

clo
n
a

l h
e
m

a
to

p
o

ie
sis is a

 co
m

m
o

n
 co

n
d

itio
n
, a

sso
cia

te
d

 w
ith

 a
n
 in

cre
a

se
d
 risk o

f 

d
e
ve

lo
p
in

g
 h

e
m

a
to

lo
g

ic ca
n
ce

r a
n
d
 in

cre
a

se
d
 risk o

f ca
rd

io
va

scu
la

r d
ise

a
se

1
0
,1

1
,2

9.  

This lead to the use of the term
 “pre

-le
u
ke

m
ic m

u
ta

tion” for these m
utations. 

T
h

e
y a

re
 to

 b
e
 co

n
sid

e
re

d
 p

a
rt o

f th
e
 e

vo
lu

tio
n

 to
 le

u
ke

m
ia

 in
 p

a
tie

n
ts th

a
t su

ffe
re

d
 

fro
m

 C
H

IP
. A

 ve
ry im

p
o
rta

n
t fa

ct if w
e

 a
re

 to
 u

n
d

e
rsta

n
d
 th

e
 sp

e
cificity o

f e
ld

e
rly A

M
L
 

sin
ce

 th
e
se

 a
re

 th
e
 p

a
tie

n
ts th

a
t like

ly su
ffe

re
d
 fro

m
 C

H
IP

. 

 
 



1
9
 

 

1
.2

 
A

c
u

te
 M

y
e

lo
id

 L
e

u
k

e
m

ia
   

 “A
c
u
te

 m
y
e
lo

id
 le

u
k
e
m

ia
 (A

M
L
) 

is
 th

e
 m

o
s
t c

o
m

m
o

n
 

fo
rm

 o
f a

c
u
te

 le
u
k
e

m
ia

 a
m

o
n
g
 a

d
u

lts
, a

n
d
 it a

c
c
o
u
n
ts

 fo
r th

e
 

la
rg

e
s
t n

u
m

b
e
r o

f a
n
n

u
a

l d
e
a
th

s
 fro

m
 le

u
k
e

m
ia

s
 in

 th
e

 U
n
ite

d
 

S
ta

te
s
. A

n
 e

s
tim

a
te

d
 2

1
,3

8
0
 p

e
o

p
le

 w
ill b

e
 d

ia
g
n

o
s
e
d
 w

ith
 

a
n
d
 1

0
,5

9
0
 p

a
tie

n
ts

 w
ill d

ie
 o

f A
M

L
 in

 2
0
1

7.” 3
0  

 T
h

is sta
te

m
e

n
t w

a
s b

a
se

d
 in

 th
e
 la

st ca
n
ce

r sta
tistics o

f 2
0
1

7
 p

u
b

lish
e
d

 e
ve

ry 

ye
a
r b

y th
e
 A

m
e

rica
n
 C

a
n
ce

r S
o

cie
ty u

sin
g

 th
e
 S

u
rve

illa
n
ce

, E
p

id
e
m

io
lo

g
y, a

n
d

 E
n
d
 

R
e

su
lts p

ro
g

ra
m

 (S
E

E
R

) a
s a

 so
u
rce

 fo
r lo

n
g

-te
rm

 p
o
p

u
la

tio
n

-b
a
se

d
 in

cid
e
n

ce
 d

a
ta

3
1. 

It re
fle

cts th
e
 im

p
o
rta

n
ce

 o
f A

M
L

 w
ith

in
 th

e
 b

lo
o
d
 ca

n
ce

rs a
n
d

 th
e
 n

e
e

d
 fo

r tre
a
tm

e
n
t 

o
p
tio

n
s in

 le
u
ke

m
ia

, a
s e

stim
a
tio

n
s still p

re
d

ict a
b
o

u
t 5

0
%

 o
f p

a
tie

n
ts w

ith
 A

M
L

 w
ill d

ie
 

o
f th

e
 d

ise
a
se

. 

A
M

L
 is a

 h
e
m

a
to

lo
g

ic m
a

lig
n

a
n

cy re
su

ltin
g

 fro
m

 a
n
 o

n
co

g
e

n
ic tra

n
sfo

rm
a

tio
n
 

a
n
d
 

b
lo

cke
d
 

d
iffe

re
n
tia

tio
n

 
o

f 
ce

lls 
in

 
a

 
m

ye
lo

id
 

lin
e
a

g
e
. 

T
h

e
se

 
im

m
a

tu
re

 
ce

lls 

p
ro

life
ra

te
 in

 th
e
 b

o
n

e
 m

a
rro

w
, p

e
rip

h
e
ra

l b
lo

o
d

 a
n

d
 o

th
e

r tissu
e
s. T

h
e
 m

a
jo

r ca
u
se

 o
f 

th
e
 d

ise
a
se

 sym
p
to

m
s a

re
 th

e
se

 a
ccu

m
u

la
tio

n
s o

f b
la

sts in
 th

e
 b

o
n

e
 m

a
rro

w
 fo

r th
e
y 

re
su

lt in
 th

e
 im

p
a
irm

e
n
t o

f n
o
rm

a
l h

e
m

a
to

p
o

ie
sis. A

s a
 re

su
lt, th

e
 a

n
e
m

ia
 ca

u
se

s 

fa
tig

u
e
 

a
n
d

 
sh

o
rtn

e
ss 

o
f 

b
re

a
th

, 
th

e
 

n
e

u
tro

p
e

n
ia

/le
u
ko

p
e

n
ia

 
ca

u
se

s 
in

cre
a

se
d
 

su
sce

p
tib

ility to
 in

fe
ctio

n
s a

n
d
 th

e
 th

ro
m

b
o

cyto
p
e
n

ia
 (la

ck o
f p

la
te

le
ts) ca

u
se

s b
ru

ise
s 

a
n
d

 
b

le
e
d

in
g

s. In
 tu

rn
, 

th
e
 
in

va
sio

n
 
o

f 
th

e
 
tissu

e
s 

b
y 

b
la

sts 
ca

n
 
ca

u
se

 
sp

e
cific 

sym
p

to
m

s d
e
p

e
n

d
in

g
 o

n
 th

e
 a

ffe
cte

d
 o

rg
a
n

 (like
 h

e
a

d
a

ch
e

s, slu
rre

d
 sp

e
e

ch
 a

n
d
 

co
n
fu

sio
n
, b

e
lly sw

e
llin

g
). T

h
e
 m

o
st p

re
ssin

g
 o

n
e

s a
re

 ca
u
se

d
 b

y la
ck o

f o
xyg

e
n
 in

 th
e
 

tissu
e
s b

e
ca

u
se

 b
la

sts clo
g
 ve

sse
ls, m

a
kin

g
 it d

ifficu
lt fo

r e
ryth

ro
cyte

s to
 re

a
ch

 th
e
m

 

(le
u
ko

sta
sis). 

D
ia

g
n

o
sis 

o
f 

th
e
 

a
cu

te
 

fo
rm

 
o
f 

a
 

b
lo

o
d

 
d

iso
rd

e
r 

tra
d
itio

n
a

lly 
re

q
u

ire
d

 
th

e
 

p
re

se
n

ce
 o

f 3
0
%

 o
f b

la
st ce

lls in
 th

e
 b

o
n

e
 m

a
rro

w
3

2. T
h

is is n
o
w

 a
 m

o
re

 re
la

xe
d
 

crite
rio

n
, w

ith
 th

e
 a

rb
itra

ry n
u
m

b
e
r o

f 2
0
%

 b
la

sts p
ro

p
o

se
d
 to

 b
e
 e

n
o

u
g

h
 fo

r d
ia

g
n

o
sis 

o
f A

M
L

, if ce
rta

in
 m

o
rp

h
o
lo

g
ic a

n
d
 cyto

g
e

n
e
tic fe

a
tu

re
s a

re
 p

re
se

n
t in

 th
e
 b

lo
o
d
 

sm
e

a
rs 

o
r 

p
e
rip

h
e

ra
l 

b
lo

o
d

 
a

n
d

 
p

rio
r 

tre
a
tm

e
n

t 
h

a
s 

b
e
e

n
 

e
xclu

d
e

d
3
3. 

C
u

rre
n
t 

re
co

m
m

e
n
d

a
tio

n
s 

su
g

g
e

st 
th

is 
is 

p
o
ssib

le
 

w
h

e
n

 
so

m
e

 
kn

o
w

n
 

cyto
g

e
n
e

tic 

a
b
n

o
rm

a
litie

s 
a
re

 
d

e
te

cte
d

3
3. 

N
a

m
e

ly, 
if 

in
 

p
re

se
n

ce
 

o
f 

a
 

n
u
m

b
e
r 

o
f 

b
a
la

n
ce

d
 

ch
ro

m
o

so
m

a
l re

a
rra

n
g

e
m

e
n
ts a

n
d

 th
e
ir re

su
ltin

g
 ch

im
e

ric fu
sio

n
 g

e
n
e

s, w
h

ich
 a

re
 

designated as “recurrent genetic abnorm
alities”, for exam

ple t(1
5
;1

7
), t(8

;2
1
), in

v(1
6
), 



2
0
 

 

o
r t(1

6
;1

6
) o

r in
 a

 co
m

p
le

x ka
ryo

typ
e
 (w

ith
 3

 o
r m

o
re

 a
b

n
o
rm

a
litie

s). R
e
fle

ctin
g

 th
a
t 

th
e
se

 a
re

 g
e

n
e
tic a

lte
ra

tio
n
s th

a
t a

re
 re

co
g

n
ize

d
 to

 b
e

 p
a
th

o
g

e
n
ic in

 A
M

L
. 

C
la

ssica
lly, th

e
 cla

ssifica
tio

n
 o

f A
M

L
 w

a
s b

a
se

d
 m

o
re

 o
n
 th

e
 m

o
rp

h
o

lo
g

y o
f th

e
 

le
u
ke

m
ic b

la
sts a

n
d
 a

sso
cia

te
d

 d
ysp

la
sia

, su
rfa

ce
 a

n
d

 in
tra

ce
llu

la
r p

ro
te

in
 e

xp
re

ssio
n
, 

a
n
d

 sp
e
cific ch

ro
m

o
so

m
a

l a
b
n

o
rm

a
litie

s
3
4. N

o
w

a
d
a

ys, w
e

 kn
o
w

 A
M

L
 a

s a
 b

ro
a

d
 e

n
tity 

a
n
d
 

its 
p

a
th

o
g

e
n
e

sis 
is 

h
ig

h
ly 

h
e
te

ro
g

e
n
e

o
u
s, 

in
vo

lvin
g

 
se

ve
ra

l 
co

m
b

in
a
tio

n
s 

o
f 

cyto
g

e
n
e

tic 
a

b
n
o
rm

a
litie

s, g
e
n

e
tic 

m
u
ta

tio
n

s 
a

n
d

 
e

p
ig

e
n

e
tic 

a
n
o

m
a

lie
s 

th
a
t 

w
e

re
 

id
e
n

tifie
d
 o

ve
r th

e
 ye

a
rs (F

ig
u
re

 1
.2

.1
). 

 

F
ig

u
re

 1
.2

.1
 P

ro
g

re
s

s
 in

 d
e

fin
in

g
 th

e
 m

o
le

c
u

la
r la

n
d

s
c

a
p

e
 o

f A
M

L
. 

T
im

e
lin

e
 o

f th
e
 id

e
n

tifica
tio

n
 o

f le
u

ke
m

ic fu
sio

n
 g

e
n
e

s a
n
d

 m
u

ta
tio

n
s u

n
d

e
rlyin

g
 th

e
 p

a
th

o
g

e
n
e

sis o
f A

M
L

. 
A

d
a

p
te

d
 fro

m
 G

rim
w

a
d

e
 e

t a
l. 2

0
1

6
3
5. 

 
A

s th
e
 kn

o
w

le
d
g

e
 o

f th
e

 m
o

le
cu

la
r p

a
th

o
g

e
n
e

sis o
f A

M
L

 a
d
va

n
ce

d
, se

ve
ra

l 

cla
ssifica

tio
n
s 

d
ivid

in
g

 
A

M
L

 
e

n
titie

s 
b

y 
cyto

g
e

n
e
tic 

a
b
e
rra

tio
n
s 

a
n

d
 

d
iffe

re
n
t 

d
ia

g
n

o
stic/p

ro
g

n
o
stic m

o
le

cu
la

r m
a

rke
rs h

a
ve

 b
e
e

n
 e

sta
b

lish
e
d

3
6. C

yto
g

e
n
e
tic a

n
d
 

m
o

le
cu

la
r 

cyto
g

e
n
e

tic 
stu

d
ie

s 
h

a
ve

 
lo

n
g

 
a
g

o
 

fo
u
n

d
 

re
cu

rre
n
t 

b
a
la

n
ce

d
 

a
n
d
 

u
n
b

a
la

n
ce

d
 tra

n
slo

ca
tio

n
s a

n
d

 in
ve

rsio
n

s th
a
t co

n
stitu

te
 se

p
a
ra

te
 m

o
le

cu
la

r cla
sse

s 

in
 A

M
L

 a
n
d

 w
e

re
 a

sso
cia

te
d

 w
ith

 d
istin

ct o
u
tco

m
e
s

3
6. H

o
w

e
ve

r, u
p
 to

 n
o
w

 n
e
a

rly 5
0
%

 

o
f A

M
L

 sa
m

p
le

s still p
re

se
n
t a

 n
o
rm

a
l ka

ryo
typ

e
 a

n
d
 m

a
n
y o

f th
e
se

 g
e

n
o

m
e

s la
ck 

stru
ctu

ra
l a

b
n

o
rm

a
litie

s, e
ve

n
 w

h
e
n

 a
sse

sse
d

 w
ith

 h
ig

h
-d

e
n

sity co
m

p
a
ra

tive
 g

e
n
o

m
ic 

h
yb

rid
iza

tio
n

 o
r sin

g
le

-n
u

cle
o
tid

e
 p

o
lym

o
rp

h
ism

 (S
N

P
) a

rra
ys

3
7. T

h
e

re
fo

re
, se

ve
ra

l 

stu
d
ie

s 
sta

rte
d
 

u
sin

g
 

ta
rg

e
t 

se
q

u
e
n

cin
g

 
a
n
d
 

fo
u
n

d
 

re
cu

rre
n
t 

so
m

a
tic 

m
u
ta

tio
n

s. 

C
u

rre
n
tly, 

th
e
 

e
m

e
rg

in
g

 
h

ig
h

 
th

ro
u
g

h
p
u
t 

se
q

u
e

n
cin

g
 

te
ch

n
iq

u
e
s 

a
re

 
p

ro
vid

in
g
 

e
xte

n
sive

 m
o

le
cu

la
r d

a
ta

 o
n
 A

M
L

. T
h

e
se

 re
ce

n
t u

p
d
a

te
s a

re
 ch

a
ra

cte
rizin

g
 n

o
ve

l A
M

L
 

su
b
g

ro
u

p
s b

a
se

d
 o

n
 p

a
tte

rn
s o

f so
m

a
tic m

u
ta

tio
n
s

1
,3

7
,3

8
,3

9.  



2
1
 

 T
h

e
 le

u
ke

m
ic fie

ld
 e

xp
e
cts th

a
t g

ro
u
p

in
g

 A
M

L
 in

to
 g

e
n
e

tica
lly d

e
fin

e
d
 su

b
typ

e
s 

co
u
ld

 p
ro

vid
e
 in

sig
h

ts in
to

 n
e
w

 tre
a
tm

e
n
t d

e
sig

n
s o

r a
t le

a
st o

u
tco

m
e
 p

re
d

ictio
n
s. T

h
e
 

b
ig

 a
m

o
u
n

t o
f re

se
a

rch
 e

ffo
rt b

e
in

g
 a

p
p

lie
d
 to

 th
a
t o

b
je

ctive
 in

 re
ce

n
t ye

a
rs h

a
s 

re
fle

cte
d
 th

e
 im

p
o
rta

n
ce

 o
f th

is g
o

a
l. In

 th
e
 d

u
ra

tio
n

 o
f o

u
r stu

d
y, se

ve
ra

l o
th

e
r stu

d
ie

s 

h
a
ve

 trie
d
 to

 g
e

t a
t th

is o
b
je

ctive
 u

sin
g
 la

rg
e

 co
h
o

rts o
f A

M
L
 to

 ca
te

g
o
rize

 A
M

L
 

p
a
tie

n
ts

3
4
,3

7
,3

8
,4

0. 

1
.2

.1
 

A
M

L
 d

ia
g

n
o

s
is

 

T
h

e
 d

ia
g

n
o
sis o

f A
M

L
 re

q
u

ire
s a

 tra
in

e
d

 h
e
m

a
to

lo
g

ist fo
r th

e
 a

n
a

lysis o
f th

e
 

m
o

rp
h

o
lo

g
y o

f th
e
 ce

lls p
re

se
n

t in
 b

lo
o
d

 a
n
d
 m

a
rro

w
 sm

e
a
rs. T

h
e
y a

re
 re

q
u

ire
d
 to

 

co
u
n

t 2
0
0
 le

u
ko

cyte
s in

 a
 b

lo
o
d

 sm
e

a
r a

n
d
 5

0
0

 n
u
cle

a
te

d
 ce

lls in
 m

a
rro

w
 a

sp
ira

te
 

sm
e

a
rs

3
6 a

n
d
 re

p
o
rt th

e
 p

e
rce

n
ta

g
e
 o

f ce
lls w

ith
 b

la
st m

o
rp

h
o

lo
g

y fo
u
n

d
.  

A
p

a
rt 

fro
m

 
th

e
se

, 
sp

e
cific 

lin
e
a

g
e
 

m
a
rke

rs 
a

re
 

u
se

d
 

to
 

h
e
lp

 
d

e
fin

e
 

a
n
 

im
m

u
n
o
p
h
e
n
o
typ

e
 fo

r th
e
 d

ise
a
se

. S
o
, flo

w
 cyto

m
e

tric a
sse

ssm
e

n
ts o

f th
e

 e
xp

re
ssio

n
 

o
f ce

ll-su
rfa

ce
 a

n
d

 cyto
p
la

sm
ic m

a
rke

rs a
re

 im
p

o
rta

n
t. T

h
e
se

 m
a

rke
rs sh

o
u

ld
 e

sta
b

lish
 

th
e
 a

m
o

u
n
ts o

f m
ye

lo
id

 p
ro

g
e

n
ito

rs (u
sin

g
 C

D
3

4
, C

D
1

1
7

, C
D

3
3
, C

D
1

3
, a

n
d

 H
L

A
-D

R
) 

a
n
d
 o

f se
ve

ra
l lin

e
a

g
e

s: g
ra

n
u

lo
cytic (u

sin
g

 C
D

6
5
 a

n
d

 cyto
p
la

sm
ic m

ye
lo

p
e

ro
xid

a
se

), 

m
o

n
o

cytic (u
sin

g
 C

D
1

4
, C

D
3

6
 a

n
d

 C
D

6
4
), m

e
g

a
ka

ryo
cytic (u

sin
g

 C
D

4
1
a

n
d

 C
D

6
1
) 

a
n
d

 e
ryth

ro
id

 (u
sin

g
 C

D
2
3

5
a
 a

n
d
 C

D
3

6
) 3

6. 

F
u
rth

e
rm

o
re

, 
fo

r 
a
 

su
sp

e
cte

d
 

A
M

L
, 

th
e
 

d
ia

g
n
o

stic 
w

o
rku

p
 

h
a
s 

to
 

in
clu

d
e

 

co
n
ve

n
tio

n
a

l 
cyto

g
e

n
e

tic 
te

sts
3
6. 

M
a

n
y 

p
a
tie

n
ts 

w
ith

 
A

M
L

 
w

ill 
h

a
ve

 
cyto

g
e

n
e

tic 

a
b
e

rra
tio

n
s 

w
h

ich
 

ca
n
 

b
e
 

d
e
te

cte
d
 

th
ro

u
g

h
 

ka
ryo

typ
in

g
 

o
r 

flu
o
re

sce
n
t 

in
 

situ
 

h
yb

rid
iza

tio
n

 (F
IS

H
). T

h
e

re
fo

re
 ra

p
id

 te
stin

g
 o

f co
m

m
o

n
 re

a
rra

n
g

e
m

e
n
ts sh

o
u

ld
 b

e
 

d
o
n

e
 fo

r th
e
y a

re
 u

se
fu

l fo
r th

e
 re

co
m

m
e

n
d

a
tio

n
 o

f su
ita

b
le

 th
e
ra

p
ie

s, like
 P

M
L

-R
A

R
A

, 

C
B

F
B

-M
Y

H
1

1
, R

U
N

X
1

-R
U

N
X

1
T

1
, B

C
R

-A
B

L
1
. A

d
d
itio

n
a

lly, re
a
rra

n
g

e
m

e
n

ts in
vo

lvin
g

 

g
e

n
e

s 
e

n
co

d
in

g
 

e
p
ig

e
n

e
tic 

re
g

u
la

to
rs 

(M
L
L

[K
M

T
2
A

], 
C

R
E

B
B

P
[K

A
T

3
A

] 
a

n
d
 

N
S

D
1
[K

M
T

3
B

]) o
r n

u
cle

a
r p

o
re

 co
m

p
le

x co
m

p
o

n
e
n

ts (N
U

P
2

1
4
, N

U
P

9
8
) a

lth
o
u

g
h
 le

ss 

fre
q

u
e
n
t ca

n
 b

e
 fo

u
n

d
.  

R
e

ce
n

tly, 
m

o
le

cu
la

r te
stin

g
 
h

a
s 

a
lso

 
e

n
te

re
d
 clin

ica
l 

p
ra

ctice
, 

m
o
stly u

sin
g

 

re
ve

rse
 tra

n
scrip

ta
se–

p
o
lym

e
ra

se
 ch

a
in

 re
a
ctio

n
 (R

T
-P

C
R

) fo
r th

e
 d

e
te

ctio
n
 o

f so
m

e
 

o
f 

th
e
 
re

cu
rre

n
t 

re
a
rra

n
g

e
m

e
n
ts 

(R
U

N
X

1
-R

U
N

X
1

T
1

, 
C

B
F

B
-M

Y
H

1
1
, 

M
L

L
T

3
-M

L
L
, 

D
E

K
-N

U
P

2
1
4
) b

u
t a

lso
 so

m
e

 m
u
ta

tio
n

s w
ith

 p
ro

g
n
o

sis p
re

d
ictio

n
s, like

:  a
lte

ra
tio

n
s o

f 

n
u
cle

o
p

h
o

sm
in

 (N
P

M
1

) th
a
t ch

a
n
g

e
 tryp

to
p

h
a
n

 re
sid

u
e

s in
 th

e
 p

ro
te

in
 C

-te
rm

in
u
s 

(N
P

M
1
c), b

ia
lle

lic m
u

ta
tio

n
s o

f C
C

A
A

T
/e

n
h

a
n

ce
r-b

in
d
in

g
 p

ro
te

in
-a

lp
h
a
 (b

iC
E

B
P

A
) 

a
n
d
 F

m
s-L

ike
 T

yro
sin

e
 K

in
a
se

 3
 (F

L
T

3
) in

te
rn

a
l ta

n
d

e
m

 d
u
p

lica
tio

n
s (F

L
T

3
-IT

D
).  



2
2
 

 T
h

e
 m

o
st re

ce
n
t re

co
m

m
e

n
d

a
tio

n
s in

d
ica

te
 th

a
t co

n
firm

a
tio

n
 o

f A
M

L
 sh

o
u

ld
 

fu
rth

e
r in

clu
d
e
 te

sts o
f m

u
ta

tio
n
s in

 th
e
 tyro

sin
e
 kin

a
se

 d
o
m

a
in

 o
f F

L
T

3
 (F

L
T

3
-T

K
D

, 

co
d
o

n
s D

8
3
5

 a
n
d

 I8
3
6
), R

U
N

X
1

, T
P

5
3
 a

n
d
 A

S
X

L
1

3
6. S

e
q

u
e
n

cin
g

 a
ll th

e
se

 g
e

n
e

s w
ill 

b
e
 

m
o
re

 
fe

a
sib

le
 

b
y 

a
p
p

lyin
g

 
g

e
n
e
 

p
a
n

e
l 

n
e

xt 
g

e
n
e
ra

tio
n
 

se
q

u
e
n
cin

g
 

(N
G

S
) 

te
ch

n
iq

u
e
s a

n
d
 w

ill so
o
n

 b
e
co

m
e
 th

e
 n

o
rm

, d
u
e
 to

 th
e
 d

e
cre

a
sin

g
 co

sts o
f th

e
 N

G
S

. 

1
.2

.2
 

A
M

L
 c

la
s

s
ific

a
tio

n
s
 

T
h

e
 first 

cla
ssifica

tio
n
s o

f le
u
ke

m
ia

 
p
ro

p
o

se
d

 w
e

re
 b

a
se

d
 in

 m
o

rp
h

o
lo

g
ica

l 

fe
a
tu

re
s, 

fo
r 

in
sta

n
ce

, 
th

e
 

F
re

n
ch‐A

m
e
rica

n‐B
ritish

 
(F

A
B

) 
co‐o

p
e

ra
tive

 
g

ro
u
p

3
2 

cla
ssifica

tio
n
, b

u
t th

e
ir p

o
w

e
r fo

r clin
ica

l o
u
tco

m
e
 p

re
d

ictio
n

 w
a

s ve
ry lim

ite
d
.  T

h
e
 

id
e
n

tifica
tio

n
 

o
f 

le
u
ke

m
ia

-a
sso

cia
te

d
 

ch
ro

m
o

so
m

a
l 

tra
n

slo
ca

tio
n
s 

a
n
d
 

in
ve

rsio
n

s 

p
a
ve

d
 th

e
 w

a
y to

 th
e
 W

o
rld

 H
e

a
lth

 O
rg

a
n
iza

tio
n

 (W
H

O
) cla

ssifica
tio

n
 o

f m
ye

lo
id

 

n
e
o

p
la

sm
s 

a
n
d

 
a

cu
te

 
le

u
ke

m
ia

 
in

 
2
0
0
1

4
1 

a
n
d
 

fo
r 

its 
re

visio
n
 

in
 

2
0
0

8
4
2. 

T
h

e
se

 

cla
ssifica

tio
n
s o

f A
M

L
 w

e
re

 m
o

stly cyto
g

e
n
e
tic b

a
se

d
. T

h
e

y w
e
re

 u
se

d
 to

 g
u

id
e
 th

e
 

ca
re

 o
f p

a
tie

n
ts w

ith
 A

M
L

 fo
r m

a
n
y ye

a
rs, fo

r th
e
y a

llo
w

e
d
 th

e
 d

ivisio
n
 o

f p
a
tie

n
ts in

to
 

g
ro

u
p

s w
ith

 fa
vo

ra
b

le
, in

te
rm

e
d
ia

te
s, o

r a
d
ve

rse
 p

ro
g

n
o
sis.  

S
in

ce
 th

e
n
, th

e
 a

d
va

n
ce

s in
 N

G
S

 p
ro

vid
e
d

 m
o

le
cu

la
r kn

o
w

le
d
g

e
 th

a
t le

d
 to

 th
e
 W

H
O

 

u
p
d

a
te

d
 cla

ssifica
tio

n
3
3 in

 2
0
1
6
.  

T
h

is p
u
b

lica
tio

n
 g

re
a
tly illu

stra
te

d
 h

o
w

, d
e
sp

ite
 th

e
 in

cre
a

se
d
 kn

o
w

le
d
g

e
, it 

re
m

a
in

s a
 stru

g
g

le
 to

 d
e
scrib

e
 th

e
 m

o
rp

h
o

lo
g

ica
l h

e
te

ro
g

e
n
e

ity o
f th

e
 A

M
L

 d
ise

a
se

 

a
n
d

 th
e
 A

M
L

 re
la

te
d

 d
ise

a
se

s. T
h
e

re
fo

re
, th

e
 d

ise
a
se

 w
a

s d
ivid

e
d
 in

to
 m

a
n
y g

ro
u

p
s 

o
f 

g
e

n
e

ra
l 

m
o

rp
h

o
lo

g
ic 

ch
a
ra

cte
ristics 

a
n
d

 
th

e
se

 
h

a
d
 

to
 

b
e
 

fu
rth

e
r 

d
ivid

e
d

 
in

to
 

su
b
g

ro
u

p
s w

ith
 m

o
re

 sp
e

cific p
h
e

n
o

typ
e
s a

n
d
 g

e
n

e
tic a

lte
ra

tio
n

s (T
a

b
le

 1
.2

.1
). 

 



2
3
 

 

T
a

b
le

 1
.2

.1
 W

H
O

 2
0
1

6
 c

la
s

s
ific

a
tio

n
s
 o

f A
M

L
 

A
M

L
 a

n
d
 re

la
te

d
 p

re
cu

rso
r n

e
o

p
la

sm
s a

n
d
 a

cu
te

 le
u

ke
m

ia
 o

f a
m

b
ig

u
o
u

s lin
e

a
g
e

 cla
ssifie

d
 a

s b
y W

H
O

 
in

 2
0
1

6
. A

d
a

p
te

d
 sim

p
lifica

tio
n
 fro

m
 A

rb
e

r e
t a

l. 3
3 a

n
d

  D
ö
h

n
e
r e

t a
l. 3

6. 
A

M
L

 a
n

d
 re

la
te

d
 n

e
o

p
la

s
m

s
 

A
M

L
 w

ith
 re

c
u

rre
n

t g
e

n
e
tic

 a
b

n
o

rm
a
litie

s
  

o
 

A
M

L
 w

ith
 t(8

;2
1
)(q

2
2
;q

2
2
.1

); R
U

N
X

1
-R

U
N

X
1
T

1
  

o
 

A
M

L
 w

ith
 in

v(1
6
)(p

1
3
.1

q
2
2
) o

r t(1
6
;1

6
)(p

1
3
.1

;q
2
2
); C

B
F

B
-M

Y
H

1
1
  

o
 

A
cu

te
 p

ro
m

ye
lo

cytic le
u
ke

m
ia

 w
ith

 P
M

L
-R

A
R

A
 

o
 

A
M

L
 w

ith
 t(9

;1
1
)(p

2
1
.3

;q
2
3
.3

); M
L
L
T

3
-M

L
L
[K

M
T

2
A

]  
o

 
A

M
L
 w

ith
 t(6

;9
)(p

2
3
;q

3
4
.1

); D
E

K
-N

U
P

2
1
4
 

o
 

A
M

L
 w

ith
 in

v(3
)(q

2
1
.3

q
2
6
.2

) o
r t(3

;3
)(q

2
1
.3

;q
2
6
.2

); G
A

T
A

2
, M

E
C

O
M

[E
V

I1
]  

o
 

A
M

L
 (m

e
g
a
ka

ryo
b
la

stic) w
ith

 t(1
;2

2
)(p

1
3
.3

;q
1
3
.3

); R
B

M
1

5
-M

K
L
1
  

o
 

P
ro

visio
n
a
l e

n
tity: A

M
L
 w

ith
 B

C
R

-A
B

L
1
  

o
 

A
M

L
 w

ith
 m

u
ta

te
d
 N

P
M

1
 

o
 

A
M

L
 w

ith
 b

ia
lle

lic m
u

ta
tio

n
s o

f C
E

B
P

A
  

o
 

P
ro

visio
n
a
l e

n
tity: A

M
L
 w

ith
 m

u
ta

te
d
 R

U
N

X
1
 

A
M

L
 w

ith
 m

y
e
lo

d
y
s
p

la
s
ia

-re
la

te
d

 c
h

a
n

g
e
s
 

T
h

e
ra

p
y
-re

la
te

d
 m

y
e
lo

id
 n

e
o

p
la

s
m

s
 

A
M

L
, N

O
S

  

o
 

A
M

L
 w

ith
 m

in
im

a
l d

iffe
re

n
tia

tio
n
  

o
 

A
M

L
 w

ith
o
u
t m

a
tu

ra
tio

n
  

o
 

A
M

L
 w

ith
 m

a
tu

ra
tio

n
  

o
 

A
cu

te
 m

ye
lo

m
o

n
o
cytic le

u
ke

m
ia

  
o

 
A

cu
te

 m
o
n
o
b
la

stic/m
o
n
o
cytic le

u
ke

m
ia

  
o

 
P

u
re

 e
ryth

ro
id

 le
u
ke

m
ia

 
o

 
A

cu
te

 m
e
g
a
ka

ryo
b
la

stic le
u
ke

m
ia

  
o

 
A

cu
te

 b
a
so

p
h
ilic le

u
ke

m
ia

  
o

 
A

cu
te

 p
a
n
m

ye
lo

sis w
ith

 m
ye

lo
fib

ro
sis  

M
y
e
lo

id
 s

a
rc

o
m

a
 

M
y
e
lo

id
 p

ro
life

ra
tio

n
s
 re

la
te

d
 to

 D
o

w
n

 s
y
n

d
ro

m
e
  

o
 

T
ra

n
sie

n
t a

b
n
o
rm

a
l m

ye
lo

p
o
ie

sis  
o

 
M

ye
lo

id
 le

u
ke

m
ia

 a
sso

cia
te

d
 w

ith
 D

o
w

n
 syn

d
ro

m
e

 

B
la

s
tic

 p
la

s
m

a
c

y
to

id
 d

e
n

d
ritic

 c
e
ll n

e
o

p
la

s
m

  

A
c

u
te

 le
u

k
e
m

ia
s

 o
f a

m
b

ig
u

o
u

s
 lin

e
a
g

e
 

A
c

u
te

 u
n

d
iffe

re
n

tia
te

d
 le

u
k

e
m

ia
 

M
P

A
L

 w
ith

 t(9
;2

2
)(q

3
4
.1

;q
1

1
.2

); B
C

R
-A

B
L

1
 

M
P

A
L

 w
ith

 t(v
;1

1
q

2
3
.3

); M
L

L
[K

M
T

2
A

] re
a
rra

n
g

e
d

  

M
P

A
L

, B
/m

y
e
lo

id
, N

O
S

  

M
P

A
L

, T
/m

y
e
lo

id
, N

O
S

 

 1
.2

.3
 

A
M

L
 p

ro
g

n
o

s
tic

 fa
c
to

rs
 

T
yp

ica
lly, th

e
re

 a
re

 se
ve

ra
l co

n
sid

e
ra

tio
n

s to
 h

a
ve

 w
h

e
n

 tryin
g

 to
 p

re
d

ict a
 

p
a
tie

n
t re

sista
n
ce

 to
 tre

a
tm

e
n
t o

r o
u
tco

m
e
, m

a
in

ly b
e
ca

u
se

 n
o
t o

n
ly th

e
 d

ise
a
se

 

fa
cto

rs b
u
t a

lso
 th

e
 p

a
tie

n
t p

re
vio

u
s a

n
d

 cu
rre

n
t h

e
a
lth

 sta
te

 a
re

 re
le

va
n
t. E

ve
n
 so

, th
e
 

p
re

se
n

ce
 o

f ce
rta

in
 g

e
n
e
tic le

sio
n

s a
re

 th
e
 m

o
st im

p
o
rta

n
t fa

cto
rs a

cco
u
n

tin
g

 fo
r g

o
o
d
 

o
r b

a
d
 o

u
tco

m
e

s
3
6.  

F
o
re

se
e

a
b

ly, 
re

se
a
rch

 
in

to
 

p
re

d
ictive

 
m

a
rke

rs 
b

a
se

d
 

o
n
 

th
e
 

g
e
n

e
tic 

ch
a
ra

cte
ristics o

f th
e
 d

ise
a
se

 h
a
s b

e
e
n

 o
n
e
 o

f th
e

 m
o

st im
p

o
rta

n
t fie

ld
s o

f le
u
ke

m
ia

 

fo
r m

a
n
y ye

a
rs. H

o
w

e
ve

r, u
n
til n

o
w

 p
re

d
ictive

 m
o

d
e

ls fo
r live

 e
xp

e
cta

n
cy h

a
ve

 o
n

ly 

re
a
ch

e
d

 
7

5
-8

0
%

 
a

ccu
ra

cy
3

6, 
w

ith
 

co
n
trib

u
tio

n
s 

fro
m

 
d

e
m

o
g

ra
p
h

ic, 
clin

ica
l 

a
n
d

 

tre
a
tm

e
n
t va

ria
b

le
s b

e
in

g
 h

a
rd

 to
 m

o
d
e

l.  



2
4
 

 A
cco

rd
in

g
 
to

 
cu

rre
n
t 

kn
o

w
le

d
g

e
, 

p
ro

g
n

o
stic 

fa
cto

rs 
h

a
ve

 
b

e
e

n
 
d

ivid
e
d

 
in

to
 

p
a
tie

n
t-re

la
te

d
 fa

cto
rs o

r A
M

L
-re

la
te

d
 fa

cto
rs

4
3.  

T
h

e
 m

o
st im

p
o
rta

n
t p

ro
g

n
o

stic fa
cto

r p
a
tie

n
t-re

la
te

d
 is in

cre
a
sin

g
 a

g
e
 a

t th
e

 tim
e

 

o
f 

d
ia

g
n

o
sis, 

w
h

ich
 

h
a
s 

b
e
e

n
 

sh
o
w

n
 

to
 

b
e
 

a
n
 

in
d
e

p
e

n
d
e

n
t 

p
re

d
icto

r 
o
f 

p
o
o
r 

o
u
tco

m
e

4
4
,4

5
,4

6 a
n
d
 su

g
g

e
sts th

e
 e

ffe
ct o

f u
n
kn

o
w

n
 a

g
e
-re

la
te

d
 fa

cto
rs

4
7. O

th
e

r p
a
tie

n
t-

re
la

te
d

 fa
cto

rs h
a
ve

 b
e
e

n
 a

sso
cia

te
d
 to

 d
iffe

re
n
ce

s in
 o

u
tco

m
e
s su

ch
 a

s co
e
xistin

g
 

m
e

d
ica

l co
n
d

itio
n
s (e

sp
e
cia

lly co
m

o
rb

id
itie

s) a
n
d
 p

o
o

r p
e
rfo

rm
a

n
ce

 sta
tu

s
 (a

 m
e

a
su

re
 

o
f p

a
tie

n
t fitn

e
ss fro

m
 th

e
 im

p
a
ct o

f ca
n

ce
r o

n
 p

a
tie

n
ts d

a
ily livin

g
 a

b
ilitie

s, E
C

O
G

 

sco
re

, g
ra

d
e

d
 
0

-h
e
a

lth
y 

to
 
5
-d

e
a

th
). T

h
e
se

 fa
cto

rs 
co

m
p

lica
te

 
th

e
 
a

p
p
lica

tio
n

 
o
f 

in
te

n
sive

 in
d
u

ctio
n

 ch
e
m

o
th

e
ra

p
ie

s a
n
d
 a

re
 co

rre
la

te
d

 to
 in

cre
a

se
d
 tre

a
tm

e
n
t-re

la
te

d
 

e
a
rly d

e
a

th
4
3.  

T
h

e
 m

a
jo

rity o
f p

ro
g

n
o
stic fa

cto
rs kn

o
w

n
 a

re
 re

la
te

d
 to

 th
e
 d

ise
a
se

 itse
lf. O

n
e
 o

f 

th
e
se

 fa
cto

rs is w
h

ite
 b

lo
o
d

 ce
lls co

u
n

t (W
B

C
), w

h
ich

 w
h

e
n

 h
ig

h
e
r th

a
n

 1
0

0
x1

0
9/L

 is 

co
n
sid

e
re

d
 

h
yp

e
rle

u
ko

cyto
sis 

a
n
d

 
co

n
n

e
cte

d
 

to
 

in
cre

a
se

d
 

m
o
rta

lity 
d

u
rin

g
 

ch
e
m

o
th

e
ra

p
y. 

O
th

e
rs a

re
 sp

le
n
o

m
e
g

a
ly a

n
d

 e
le

va
te

d
 se

ru
m

 la
cta

te
 d

e
h

yd
ro

g
e

n
a

se
 (L

D
H

), a
lth

o
u
g

h
 

th
e
se

 a
p
p

e
a
r to

 p
ro

vid
e
 p

o
o

r p
ro

g
n

o
sis o

n
ly in

 ce
rta

in
 co

h
o
rts

4
3.  

F
u
rth

e
rm

o
re

, 
th

e
 

A
M

L
 

d
ia

g
n

o
se

d
 

a
cco

rd
in

g
 

to
 

th
e
 

d
ise

a
se

 
h

isto
ry 

h
a
s 

co
n
siste

n
tly p

ro
ve

d
 to

 b
e
 o

f p
ro

g
n

o
stic va

lu
e

. A
M

L
 ca

n
 b

e
 cla

ssifie
d
 in

to
 3

 d
istin

ct 

ca
te

g
o

rie
s 

b
a
se

d
 

o
n
 

clin
ica

l 
o

n
to

g
e

n
y: 

se
co

n
d

a
ry 

A
M

L
 

(sA
M

L
) 

re
p
re

se
n

ts 
th

e
 

tra
n
sfo

rm
a

tio
n

 o
f a

n
 a

n
te

ce
d

e
n

t d
ia

g
n

o
sis o

f M
D

S
/M

P
N

s; th
e
ra

p
y-re

la
te

d
 A

M
L

 (t-

A
M

L
) th

a
t d

e
ve

lo
p
s a

s a
 co

m
p

lica
tio

n
 in

 p
a
tie

n
ts w

ith
 p

rio
r e

xp
o
su

re
 to

 cyto
to

xic 

th
e
ra

p
ie

s; a
n
d
 d

e
 n

o
v
o
 A

M
L

 th
a
t re

fe
rs to

 th
e
 a

b
se

n
ce

 o
f a

n
y id

e
n

tifie
d
 h

e
m

a
to

lo
g

ica
l 

d
iso

rd
e

r o
r p

rio
r e

xp
o
su

re
 to

 th
e
ra

p
y.  

T
h

e
 

tw
o

 
cla

sse
s 

sA
M

L
 

a
n
d

 
t-A

M
L

 
h

a
ve

 
d

e
m

o
n
stra

te
d
 

p
o
o

r 
p
ro

g
n
o

sis 

p
re

d
ictio

n
s, m

o
stly d

u
e

 to
 in

cre
a

se
d
 re

sista
n
ce

 to
 cu

rre
n
t sta

n
d

a
rd

 ch
e
m

o
th

e
ra

p
y
 

le
a
d

in
g

 to
 lo

w
 m

e
d
ia

n
 o

ve
ra

ll su
rviva

l p
ro

b
a

b
ilitie

s
4
3
,4

8. H
o

w
e

ve
r, th

e
 sp

e
ctru

m
 o

f 

g
e

n
e
tic le

sio
n
s o

f th
e
se

 tw
o

 cla
sse

s is d
iffe

re
n
t fro

m
 th

e
 d

e
 n

o
v
o
 A

M
L
, h

a
vin

g
 sh

o
w

n
 

g
e

n
e
tic a

b
e
rra

tio
n
s typ

ica
l o

f th
e
 M

D
S

s (like
 sin

g
le

 n
u
cle

o
tid

e
 va

ria
tio

n
s, S

N
V

s, in
 

sp
licin

g
 

fa
cto

rs) 
a
n
d
 

lo
w

 
fre

q
u

e
n

cie
s 

o
f 

cyto
g

e
n

e
tic 

ch
a
ra

cte
ristics 

o
f 

fa
vo

ra
b

le
 

p
ro

g
n

o
sis (like

 C
B

F
 re

a
rra

n
g

e
m

e
n
ts) 4

9. T
h

e
re

fo
re

, th
e
 sA

M
L

 a
n
d

 t-A
M

L
 o

n
to

g
e

n
ie

s 

a
re

 co
n
n

e
cte

d
 to

 g
e

n
e
tic a

b
n

o
rm

a
litie

s th
a
t a

re
 p

o
w

e
rfu

l p
ro

g
n

o
stic fa

cto
rs a

n
d

 m
ig

h
t 

b
e
 th

e
 re

sp
o

n
sib

le
 fa

cto
rs th

a
t co

n
fe

r th
e
se

 p
a
rticu

la
r p

o
o

r p
ro

g
n

o
se

s
4
9
,5

0.  

S
in

ce
 th

e
 p

re
se

n
ce

 o
f sp

e
cific g

e
n
e
tic a

b
n

o
rm

a
litie

s still h
a
s th

e
 m

o
st p

o
w

e
r to

 

p
re

d
ict su

rviva
l p

ro
b

a
b
ilitie

s, g
e

n
e
tica

lly b
a
se

d
 p

re
d

icto
rs a

re
 th

e
 m

o
st in

fo
rm

a
tive

 



2
5
 

 

d
ise

a
se

-re
la

te
d
 fa

cto
rs. S

o
 fa

r, th
e
 p

re
d
ictio

n
 o

f in
fe

rio
r o

u
tco

m
e

s in
 a

 clin
ica

l se
ttin

g
 

h
a

s d
e
p

e
n

d
e
d
 o

n
 th

e
 e

va
lu

a
tio

n
 o

f co
m

m
o

n
 cyto

g
e

n
e

tic le
sio

n
s a

n
d
 3

 m
o

le
cu

la
r 

g
e

n
e
tic m

a
rke

rs (N
P

M
1

c a
n
d
 b

iC
E

B
P

A
 m

u
ta

tio
n

s a
n
d
 F

L
T

3
-IT

D
). T

h
e
se

 w
e

re
 fa

cto
rs 

in
clu

d
e

d
 in

 th
e
 E

u
ro

p
e

a
n
 L

e
u

ke
m

ia
N

e
t (E

L
N

) re
co

m
m

e
n
d

a
tio

n
s o

f 2
0
1

0
4
7 th

a
t b

e
ca

m
e
 

clin
ica

l 
p

ra
ctice

. 
T

h
e
 

2
0
1

0
 

E
L

N
 

re
co

m
m

e
n
d
a

tio
n

s 
w

e
re

 
d

o
n

e
 

b
y 

a
 

p
a
n

e
l 

o
f 

in
te

rn
a
tio

n
a

l 
e

xp
e
rts, 

w
h

ich
 

e
n
d

e
a

vo
re

d
 

to
 

sta
n
d

a
rd

ize
 

th
e
 

re
p
o
rts 

o
f 

g
e

n
e

tic 

a
b
n

o
rm

a
litie

s a
n
d
 its co

rre
la

tio
n

s to
 clin

ica
l o

u
tco

m
e

s. T
h

e
y stra

tifie
d
 p

a
tie

n
ts in

to
 4

 

risk ca
te

g
o

rie
s a

cco
rd

in
g
 to

 th
e
ir m

o
le

cu
la

r g
e

n
e

tic d
a
ta

 (fa
vo

ra
b

le
, in

te
rm

e
d
ia

te
-I, 

in
te

rm
e

d
ia

te
-II a

n
d

 a
d

ve
rse

) 4
7.  

T
h

e
 a

m
o

u
n

t o
f re

se
a

rch
 d

a
ta

 a
ccu

m
u

la
te

d
 in

 th
e
 la

st 5
 ye

a
rs w

a
s ca

llin
g

 fo
r a

 

re
visio

n
 o

f th
is syste

m
. T

o
 sta

rt w
ith

, th
e
 2

 g
ro

u
p

s in
te

rm
e

d
ia

te
-I a

n
d
 II w

e
re

 im
p

o
ssib

le
 

to
 

d
istin

g
u

ish
 

in
 

o
ld

e
r 

p
a
tie

n
ts, 

w
h

ich
 

a
ctu

a
lly 

a
re

 
th

e
 

m
a
jo

r 
g

ro
u

p
 

o
f 

p
a
tie

n
ts. 

A
d

d
itio

n
a

lly, 
se

ve
ra

l 
stu

d
ie

s 
h

a
d

 
sh

o
w

n
 

p
re

vio
u
sly 

u
n
kn

o
w

n
 

g
e

n
e

tic 
m

a
rke

rs 

a
sso

cia
te

d
 w

ith
 p

o
o
r p

ro
g

n
o
sis.  A

s a
 re

su
lt, la

st ye
a
r th

e
 E

L
N

 p
u
b

lish
e
d

 th
e
ir u

p
d

a
te

 

o
f 

th
e
 

re
co

m
m

e
n
d

a
tio

n
s 

fo
r 

th
e
 

g
ro

u
p

s 
b

a
se

d
 

o
n
 

th
is 

n
e
w

 
d

a
ta

 
o
n

 
tre

a
tm

e
n
t 

o
u
tco

m
e
s

3
6.  

T
h

e
re

fo
re

, th
e
 m

o
st sig

n
ifica

n
t ch

a
n
g

e
s w

e
re

 th
e
 m

e
rg

in
g

 in
to

 3
 risk ca

te
g

o
rie

s 

(fa
vo

ra
b

le
, 

in
te

rm
e

d
ia

te
 

a
n
d

 
a

d
ve

rse
). 

T
yp

ica
lly, 

p
a
tie

n
ts 

w
ith

 
fa

vo
ra

b
le

 
risk 

cyto
g

e
n
e

tic p
ro

file
s p

re
se

n
t b

a
la

n
ce

d
 stru

ctu
ra

l re
a
rra

n
g

e
m

e
n
ts (fu

sio
n
s P

M
L

-R
A

R
A

, 

R
U

N
X

1
-R

U
N

X
1

T
1

, M
Y

H
1

1
-C

B
F

B
), a

n
d

 n
o
rm

a
l ka

ryo
typ

e
 w

ith
 b

iC
E

B
P

A
 o

r m
u

ta
te

d
 

N
P

M
1
. 

C
o

n
ve

rse
ly, 

p
a

tie
n
ts 

w
ith

 
u

n
fa

vo
ra

b
le

-risk 
cyto

g
e

n
e
tic 

p
ro

file
s 

d
isp

la
y 

im
b

a
la

n
ce

d
 a

b
n

o
rm

a
litie

s (fu
sio

n
s like

 D
E

K
-N

U
P

2
1
4

 o
r B

C
R

-A
B

L
1
, re

a
rra

n
g

e
m

e
n
ts 

o
f 

K
M

T
2
A

, 
M

E
C

O
M

 
o

r 
G

A
T

A
2
, 

d
e
le

tio
n

 
o
f 

5
q
, 

a
b
n

o
rm

a
l 

3
q

, 
m

o
n
o

so
m

y 
o
f 

ch
ro

m
o

so
m

e
 7

), o
r th

re
e

 o
r m

o
re

 co
m

p
le

x a
b
n

o
rm

a
litie

s (co
m

p
le

x ka
ryo

typ
e

). T
h

is 

g
ro

u
p

 n
o
w

 in
clu

d
e

s th
e
 p

o
o

r o
u
tco

m
e
s o

f p
a
tie

n
ts w

ith
 
R

U
N

X
1
, 

A
S

X
L

1
 o

r 
T

P
5

3
 

m
u

ta
tio

n
s (o

rig
in

a
tin

g
 T

a
b

le
 1

.2
.2

).  
 



2
6
 

 

T
a

b
le

 1
.2

.2
 E

L
N

 2
0
1

7
 ris

k
 s

tra
tific

a
tio

n
 b

y
 g

e
n

e
tic

s
 c

h
a

ra
c

te
ris

tic
s
. 

T
a

b
le

 w
ith

 th
e

 n
e

w
 E

L
N

 risk ca
te

g
o

rie
s sim

p
lifie

d
 fro

m
 th

e
 re

p
o

rte
d

 in
 B

u
llin

g
e

r e
t a

l. 5
1. 

R
is

k
 C

a
te

g
o

ry
 

G
e
n

e
tic

 L
e

s
io

n
 

F
a

v
o

ra
b

le
 

o
 

t(8
;2

1
)(q

2
2
;q

2
2
.1

); R
U

N
X

1
-R

U
N

X
1
T

1
 

o
 

in
v(1

6
)(p

1
3
.1

q
2
2
) o

r t(1
6
;1

6
)(p

1
3
.1

;q
2
2
); C

B
F

B
-M

Y
H

1
1
 

o
 

M
u
ta

te
d
 N

P
M

1
 w

ith
o
u
t F

L
T

3
-IT

D
 o

r w
ith

 F
L

T
3
-IT

D
lo

w 
o

 
B

ia
lle

lic m
u

ta
te

d
 C

E
B

P
A

 

In
te

rm
e
d

ia
te

 

o
 

M
u
ta

te
d
 N

P
M

1
 a

n
d
 F

L
T

3
-IT

D
h
ig

h 
o

 
W

ild
-typ

e
 N

P
M

1
 w

ith
o
u
t F

L
T

3
-IT

D
 o

r w
ith

 F
L

T
3
-IT

D
lo

w (if w
ith

o
u
t 

a
d
ve

rse
-risk g

e
n
e
 m

u
ta

tio
n
s)  

o
 

t(9
;1

1
)(p

2
1
.3

;q
2
3
.3

); M
L

L
T

3
-M

L
L
[K

M
T

2
A

] (ta
ke

s p
re

ce
d
e
n
ce

 
o
ve

r a
d
ve

rse
-risk m

u
ta

tio
n
s) 

o
 

C
yto

g
e
n
e
tic a

b
n
o
rm

a
litie

s n
o
t cla

ssifie
d
 a

s fa
vo

ra
b
le

 o
r a

d
ve

rse
 

A
d

v
e
rs

e
 

o
 

t(6
;9

)(p
2
3
;q

3
4
.1

); D
E

K
-N

U
P

2
1
4
  

o
 

t(v;1
1
q
2
3
.3

); M
L

L
[K

M
T

2
A

] re
a
rra

n
g
e
d
  

o
 

t(9
;2

2
)(q

3
4
.1

;q
1
1
.2

); B
C

R
-A

B
L
1
 

o
 

in
v(3

)(q
2
1
.3

q
2
6
.2

) o
r t(3

;3
)(q

2
1
.3

;q
2
6
.2

); G
A

T
A

2
, 

M
E

C
O

M
[E

V
I1

] 
o

 
-5

 o
r d

e
l(5

q
); –

7
; –

1
7
/a

b
n
(1

7
p
) 

o
 

C
o
m

p
le

x ka
ryo

typ
e

∆, m
o
n
o
so

m
a
l ka

ryo
typ

e
* 

o
 

W
ild

-typ
e
 N

P
M

1
 a

n
d
 F

L
T

3
-IT

D
h
ig

h  
o

 
M

u
ta

te
d
 R

U
N

X
1
 (if w

ith
o
u
t fa

vo
ra

b
le

-risk A
M

L
 g

e
n
e
 m

u
ta

tio
n
s) 

o
 

M
u
ta

te
d
 A

S
X

L
1
 (if w

ith
o
u
t fa

vo
ra

b
le

-risk A
M

L
 g

e
n
e
 m

u
ta

tio
n
s) 

o
 

M
u
ta

te
d
 T

P
5
3
 

F
L

T
3
-IT

D
lo

w: lo
w

 a
lle

lic ra
tio

 (<
0
.5

); F
L

T
3
-IT

D
hig

h: h
ig

h
 a

lle
lic ra

tio
 (≥

0
.5

); se
m

i q
u
a
n
tita

tive
 a

sse
ssm

e
n
t o

f 
F

L
T

3
-IT

D
 a

lle
lic ra

tio
 (u

sin
g
 D

N
A

 fra
g
m

e
n
t a

n
a
lysis) is d

e
te

rm
in

e
d
 a

s th
e
 ra

tio
 o

f th
e
 a

re
a
 u

n
d
e
r th

e
 cu

rve
 

“F
L

T
3
-ITD

” divided by the area under the curve “F
L

T
3
-w

ild
-typ

e”; recent studies indicate that acute m
yeloid 

le
u
ke

m
ia

 (A
M

L
) w

ith
 N

P
M

1
 m

u
ta

tio
n
 a

n
d
 F

L
T

3
-IT

D
 lo

w
 a

lle
lic ra

tio
 m

a
y a

lso
 h

a
ve

 a
 m

o
re

 fa
vo

ra
b
le

 
p
ro

g
n
o
sis, a

n
d
 p

a
tie

n
ts sh

o
u
ld

 n
o
t ro

u
tin

e
ly b

e
 a

ssig
n
e
d
 to

 a
llo

g
e
n
e
ic h

e
m

a
to

p
o
ie

tic ce
ll tra

n
sp

la
n
ta

tio
n
.  

∆T
h

re
e
 o

r m
o
re

 u
n
re

la
te

d
 ch

ro
m

o
so

m
e
 a

b
n
o
rm

a
litie

s in
 th

e
 a

b
se

n
ce

 o
f o

n
e
 o

f th
e
 W

H
O

-d
e
sig

n
a
te

d
 

re
cu

rrin
g
 tra

n
slo

ca
tio

n
s o

r in
ve

rsio
n
s (ie

, t(8
;2

1
), in

v(1
6
) o

r t(1
6
;1

6
), t(9

;1
1
), t(v;1

1
)(v;q

2
3
.3

), t(6
;9

), in
v(3

) 
o
r t(3

;3
), A

M
L
 w

ith
 B

C
R

-A
B

L
1

). 
*D

e
fin

e
d
 b

y th
e
 p

re
se

n
ce

 o
f o

n
e
 sin

g
le

 m
o
n
o
so

m
y (e

xclu
d
in

g
 lo

ss o
f X

 o
r Y

) in
 a

sso
cia

tio
n
 w

ith
 a

t le
a
st 

o
n
e
 a

d
d
itio

n
a
l m

o
n
o
so

m
y o

r a
 stru

ctu
ra

l ch
ro

m
o
so

m
e
 a

b
n
o
rm

a
lity (e

xclu
d
in

g
 co

re
-b

in
d
in

g
 fa

cto
r A

M
L
). 

 T
h

e
se

 risk-g
ro

u
p

s a
re

 e
xp

e
cte

d
 to

 ch
a
n
g

e
 so

o
n

, fo
r th

e
y a

re
 p

re
d

ica
te

d
 o

n
 

p
a
tie

n
ts b

e
in

g
 tre

a
te

d
 w

ith
 th

e
 co

n
ve

n
tio

n
a

l ch
e
m

o
th

e
ra

p
ie

s. T
h

e
y co

u
ld

 so
o
n

 b
e
co

m
e
 

o
b
so

le
te

 d
u
e

 to
 th

e
 g

o
o
d

 re
su

lts o
f n

e
w

 th
e
ra

p
ie

s th
a
t a

re
 b

e
in

g
 d

ire
cte

d
 to

 ce
rta

in
 

m
o

le
cu

la
r a

lte
ra

tio
n

s. 

1
.2

.4
 

A
M

L
 tre

a
tm

e
n

ts
 

S
in

ce
 1

9
7

0
, w

h
e
n

 it w
a

s re
co

g
n

ize
d
 th

e
 a

ctivity o
f cyta

ra
b

in
e
 (A

ra
-C

) a
n
d
 

a
n
th

ra
cyclin

e
s a

g
a

in
st b

la
sts, m

a
jo

r p
ro

g
re

ss h
a
s b

e
e

n
 m

a
d
e
 in

 th
e
 tre

a
tm

e
n
t o

f 

p
a
tie

n
ts w

ith
 A

M
L

5
2. T

h
e
 re

co
m

m
e

n
d

a
tio

n
 is, a

s so
o
n

 a
s th

e
 d

ia
g

n
o
stic w

o
rku

p
 o

f a
 

p
a
tie

n
t h

a
s b

e
e
n

 co
m

p
le

te
d

 w
ith

 a
n
 A

M
L

 d
ia

g
n

o
sis, in

te
n
sive

 ch
e
m

o
th

e
ra

p
y sh

o
u

ld
 

sta
rt, p

ro
vid

e
d

 h
e
/sh

e
 ca

n
 to

le
ra

te
 it 3

6. T
h

e
 sta

n
d
a

rd
 in

d
u

ctio
n

 th
e
ra

p
y cu

rre
n
tly u

se
d

 

co
n
sists o

f 7
 d

a
ys o

f cyta
ra

b
in

e
 (1

0
0
-2

0
0

 m
g

/m
2 co

n
tin

u
o

u
s IV

) a
n
d
 3

 d
a
ys o

f a
n
 

a
n
th

ra
cyclin

e
 

(d
a
u

n
o
ru

b
icin

, 
a

t 
le

a
st 

6
0
 

m
g

/m
2, 

id
a
ru

b
icin

, 
1

0
-1

2
 

m
g

/m
2, 

o
r 

m
ito

xa
n
tro

n
e
, 1

0
-1

2
 m

g
/m

2), th
is tre

a
tm

e
n
t is co

m
m

o
n
ly d

e
n

o
m

in
a
te

d
 “7

+
3”. T

h
is 

re
g

im
e

 a
s yie

ld
 a

n
 a

ve
ra

g
e
 3

5
 to

 4
0
%

 lo
n
g

-te
rm

 cu
re

s in
 yo

u
n

g
 p

a
tie

n
ts w

ith
 A

M
L

 

(m
e

a
n

in
g

 p
a
tie

n
ts 6

0
 ye

a
rs o

ld
 o

r yo
u
n
g

e
r)

4
3. 



2
7
 

 T
h

e
 m

a
jo

r a
cco

m
p

lish
m

e
n
ts in

 A
M

L
 th

e
ra

p
y in

 th
e
 re

ce
n
t p

a
st a

re
 d

u
e
 to

 

a
d
va

n
ce

s in
 th

e
 u

n
d

e
rsta

n
d

in
g

 o
f A

M
L

 h
e
te

ro
g

e
n

e
ity sin

ce
 im

p
ro

ve
m

e
n

ts h
a
ve

 b
e
e

n
 

o
b
ta

in
e
d

 o
n
ly fro

m
 m

a
tch

in
g

 p
a
rticu

la
r tre

a
tm

e
n
ts to

 sp
e
cific su

b
g

ro
u
p

s o
f A

M
L

5
2. F

o
r 

in
sta

n
ce

, re
g

im
e

n
s th

a
t h

a
ve

 re
su

lte
d
 in

 cu
re

 ra
te

s 8
0
%

 to
 9

0
%

, like
 tre

a
tm

e
n
ts w

ith
 

A
ll-T

ra
n
s-R

e
tin

o
ic A

cid
 (A

T
R

A
) a

n
d
 a

rse
n

ic trio
xid

e
5
2 in

 a
cu

te
 p

ro
m

ye
lo

cytic le
u
ke

m
ia

 

(A
P

L
), th

a
t ta

rg
e
t its P

M
L
-R

A
R

A
 a

n
d

 e
lim

in
a
te

d
 th

e
 n

e
e

d
 fo

r ch
e
m

o
th

e
ra

p
y

5
3
,5

4. T
h

e
 

sa
m

e
 

is 
h

a
p

p
e

n
in

g
 

fo
r 

tre
a
tm

e
n
ts 

u
sin

g
 

flu
d
a

ra
b

in
e
, 

h
ig

h
-d

o
se

 
cyta

ra
b

in
e
, 

a
n
th

ra
cyclin

e
s

5
5 o

r g
e
m

tu
zu

m
a

b
 o

zo
g

a
m

icin
5
6
,5

7 in
 p

a
tie

n
ts w

ith
 th

e
 C

B
F

 typ
e
 o

f 

A
M

L
5
2. M

o
re

 
re

ce
n

tly, 
g

e
n
e

tic 
stu

d
ie

s 
h

a
ve

 
p

ro
vid

e
d

 
in

sig
h

ts 
in

to
 

o
th

e
r 

m
o

le
cu

la
r 

ta
rg

e
ts, 

fo
r 

e
xa

m
p

le
, 

F
L

T
3
-IT

D
 

th
a
t 

h
a
d
 

co
n
siste

n
tly 

b
e
e

n
 

a
sso

cia
te

d
 

w
ith

 
p

o
o

r 

p
ro

g
n

o
sis m

o
stly d

u
e

 to
 a

 h
ig

h
 re

la
p
se

 ra
te

5
8. T

h
e

 m
o

le
cu

la
r ch

a
ra

cte
riza

tio
n

 o
f th

is 

ta
rg

e
t h

a
s le

d
 to

 th
e
 d

e
ve

lo
p
m

e
n
t o

f a
 n

o
ve

l th
e
ra

p
y so

o
n

 to
 b

e
 in

te
g

ra
te

d
 in

to
 clin

ica
l 

p
ra

ctice
. It co

n
sists in

 th
e

 a
d
d

itio
n
 o

f M
id

o
sta

u
rin

 (m
u

lti-ta
rg

e
te

d
 kin

a
se

 in
h
ib

ito
r) to

 

sta
n
d

a
rd

 ch
e
m

o
th

e
ra

p
y, w

h
ich

 h
a

s sh
o
w

n
 to

 sig
n
ifica

n
tly p

ro
lo

n
g

 o
ve

ra
ll a

n
d

 e
ve

n
t-

fre
e
 su

rviva
l (O

S
 a

n
d

 E
F

S
) a

m
o

n
g

 p
a
tie

n
ts w

ith
 F

L
T

3
 m

u
ta

tio
n
s

5
9 a

n
d
 is n

o
w

 a
p
p

ro
ve

d
 

fo
r tre

a
tm

e
n
t o

f th
is g

ro
u
p

 o
f p

a
tie

n
ts. 

O
th

e
r ta

rg
e
te

d
 th

e
ra

p
e

u
tic a

p
p

ro
a

ch
e
s h

a
ve

 p
ro

m
ise

d
 im

p
ro

ve
m

e
n

ts in
 p

a
tie

n
t 

o
u
tco

m
e
s, in

clu
d
in

g
 e

p
ig

e
n
e
tic d

ire
cte

d
 tre

a
tm

e
n

t a
p
p

ro
a
ch

e
s w

ith
 h

yp
o
m

e
th

yla
tin

g
 

a
g

e
n
ts

6
0
,6

1. T
h

e
 first o

f th
is cla

ss to
 b

e
 a

p
p

lie
d

 w
e

re
 a

za
citid

in
e
 (A

za
) a

n
d

 d
e
cita

b
in

e
 

(5
-a

za
-2

-d
e
o

xycytid
in

e
), lice

n
se

d
 b

y th
e
 F

o
o

d
 a

n
d
 d

ru
g

s a
d
m

in
istra

tio
n

 (F
D

A
) fo

r th
e
ir 

d
e
m

e
th

yla
tio

n
 a

ctivitie
s (to

 u
se

 in
 M

D
S

) 6
2 a

n
d
 re

g
iste

re
d
 b

y th
e
 E

u
ro

p
e

a
n

 M
e

d
icin

e
s 

A
g

e
n
cy (E

M
A

; fo
r u

se
 in

 e
ld

e
rly A

M
L

 p
a
tie

n
ts a

g
e

d
 6

5
 ye

a
rs a

n
d

 o
ld

e
r) 6

3
,6

4. T
h
e

se
 

a
g

e
n
ts p

ro
m

o
te

 a
 b

ro
a

d
 e

p
ig

e
n
o

m
ic re

p
ro

g
ra

m
m

in
g
, w

h
ich

 h
a
s b

e
e

n
 sh

o
w

n
 to

 re
ve

rse
 

th
e
 h

yp
e
rm

e
th

yla
tio

n
s a

t p
ro

m
o

te
rs o

f tu
m

o
r su

p
p

re
sso

r g
e

n
e

s (T
S

G
) a

n
d

 a
llo

w
 fo

r 

n
o
rm

a
l d

iffe
re

n
tia

tio
n

. In
te

re
st in

 th
e
se

 th
e
ra

p
ie

s fo
r A

M
L

 h
a
s b

e
e

n
 in

cre
a
sin

g
 d

u
e

 to
 

re
p
o

rts th
a
t se

ve
ra

l e
n
zym

e
s w

ith
 sp

e
cia

l ro
le

s in
 th

e
 e

p
ig

e
n
e

tic re
g

u
la

tio
n
 o

f g
e

n
e
 

e
xp

re
ssio

n
 a

n
d

 in
itia

tio
n

 o
f ch

ro
m

a
tin

 re
m

o
d
e

lin
g
 a

re
 a

ffe
cte

d
 b

y so
m

a
tic m

u
ta

tio
n
s in

 

A
M

L
. S

in
ce

 th
e
 e

p
ig

e
n
e

tic a
lte

ra
tio

n
s in

 A
M

L
 a

re
 n

o
t o

n
ly re

sp
o

n
sib

le
 fo

r sile
n
cin

g
 o

f 

T
S

G
s, b

u
t a

lso
 fo

r se
ve

ra
l tra

n
scrip

tio
n

 a
ctiva

tio
n

s, it h
a
s b

e
e
n
 ve

ry d
ifficu

lt to
 id

e
n

tify 

w
h

ich
 su

b
se

t o
f A

M
L

 m
a

y b
e
n

e
fit m

o
st fro

m
 su

ch
 b

ro
a

d
ly h

yp
o
m

e
th

yla
tin

g
 th

e
ra

p
ie

s. 

M
o

re
 d

ire
cte

d
 th

e
ra

p
ie

s a
re

 u
n
d

e
rw

a
y, fo

r in
sta

n
ce

s sp
e
cifica

lly ta
rg

e
tin

g
 D

N
A

 

m
e

th
yltra

n
sfe

ra
se

s (D
N

M
T

s) w
h

ich
 o

n
e

 o
f th

e
 p

ro
te

in
 fa

m
ilie

s a
ffe

cte
d
 b

y m
u

ta
tio

n
s. 

T
h

e
 m

a
m

m
a

lia
n
 D

N
M

T
s a

re
 D

N
M

T
1

, D
N

M
T

3
A

 a
n
d

 D
N

M
T

3
B

, w
h

ich
 to

g
e
th

e
r w

ith
 

a
cce

sso
ry p

ro
te

in
s, like

 D
N

M
T

3
L
, a

re
 re

sp
o

n
sib

le
 fo

r th
e
 a

cq
u

isitio
n
 o

f m
e

th
yla

tio
n
 



2
8
 

 

p
a
tte

rn
s d

u
rin

g
 g

a
m

e
to

g
e
n

e
sis, e

m
b
ryo

g
e

n
e

sis a
n

d
 so

m
a
tic tissu

e
 d

e
ve

lo
p

m
e

n
t. T

h
e
 

D
N

M
T

s a
ffe

cte
d

 in
 A

M
L

 a
re

 m
o

stly D
N

M
T

3
A

, w
ith

 th
e
 h

ig
h

e
st fre

q
u

e
n
cy o

f g
e

n
e
tic 

a
lte

ra
tio

n
s

3
7, a

n
d
 D

N
M

T
3

B
 fo

r w
h

ich
 o

ve
re

xp
re

ssio
n
 in

 sa
m

p
le

s re
p
re

se
n
ts lo

w
e

r 

su
rviva

l p
ro

b
a

b
ility

6
5. A

t le
a
st D

N
M

T
3

A
 is a

n
 e

sse
n
tia

l D
N

A
 m

e
th

yla
tio

n
 re

g
u

la
to

r 

th
o
u
g

h
t to

 h
a
ve

 a
 se

ve
re

 im
p
a

ct o
n
 D

N
A

 m
e
th

yla
tio

n
 p

a
tte

rn
s

6
6. D

e
sp

ite
 th

a
t, sp

e
cific 

D
N

M
T

3
A

 in
h
ib

ito
rs h

a
ve

 so
 fa

r n
o
t b

e
e

n
 a

p
p

lie
d
 a

n
d

 co
m

b
in

a
tio

n
s o

f th
e
se

 w
ith

 th
e
 

h
isto

n
e

 d
e

a
ce

tyla
se

 co
m

p
le

x (H
D

A
C

s) in
h
ib

ito
rs a

re
 still u

n
d

e
r e

va
lu

a
tio

n
6
7. 

In
 co

n
tra

st, sp
e
cific in

h
ib

ito
rs o

f m
u
ta

n
t iso

citra
te

 d
e
h

yd
ro

g
e

n
a

se
s (ID

H
s) w

e
re

 

d
e
ve

lo
p
e

d
 m

u
ch

 fa
ste

r
6
8
,6

9
,7

0. ID
H

s a
re

 e
n
zym

e
s in

vo
lve

d
 in

 m
e

ta
b

o
lism

, b
y ca

ta
lyzin

g
 

th
e
 co

n
ve

rsio
n

 o
f isocitrate to α

-ke
to

g
lu

ta
ra

te
 (α

-K
G

) in
 th

e
 trica

rb
o

xylic a
cid

 cycle
 

(T
C

A
 cycle

), fo
r w

h
ich

 p
o
in

t m
u

ta
tio

n
s w

e
re

 fo
u

n
d

 in
 A

M
L

 (in
 th

e
 g

e
n
e

s ID
H

1
 o

r 

ID
H

2
) 1

,7
1
,7

2. T
h

e
 la

te
st d

e
ve

lo
p
m

e
n
ts o

f ID
H

 in
h
ib

ito
rs h

a
ve

 le
d
 to

 th
e
 a

p
p
ro

va
l o

f 

E
n

a
sid

e
n

ib
 (A

G
-2

2
1
) 7

3, b
y th

e
 F

D
A

7
4, fo

r th
e
 tre

a
tm

e
n
t o

f re
la

p
se

d
 a

n
d
 re

fra
cto

ry ID
H

2
 

m
u

ta
te

d
 A

M
L

 p
a
tie

n
ts. F

o
r th

e
 co

rre
sp

o
n
d

in
g

 ID
H

1
 m

u
ta

te
d
 g

ro
u
p
 o

f p
a
tie

n
ts o

th
e
r 

ID
H

 in
h
ib

ito
rs a

re
 a

lre
a
d
y in

 clin
ica

l tria
l. S

p
e
cifica

lly, Ivo
sid

e
n

ib
 (A

G
-1

2
0
) h

a
s sh

o
w

n
 

g
o

o
d

 re
su

lts in
d
u

cin
g
 re

m
issio

n
s in

 re
la

p
se

d
 o

r re
fra

cto
ry A

M
L

 p
a
tie

n
ts a

n
d
 w

a
s a

 

w
e

ll-to
le

ra
te

d
 tre

a
tm

e
n
t 7

5. 

A
ll 

th
e
 
n

e
w

 
tre

a
tm

e
n
ts 

in
 
A

M
L

 
b

e
in

g
 
d

e
ve

lo
p

e
d
 

a
re

 
e

xp
e
cte

d
 
to

 
in

cre
a
se

 

patients’ su
rviva

l a
n
d
 p

ro
m

ise
 a

 b
rig

h
t fu

tu
re

 to
 th

e
 fie

ld
. A

 fu
tu

re
 th

a
t w

a
s n

o
t w

ith
in

 

sig
h

t d
u
rin

g
 th

e
 la

st d
e
ca

d
e

s, w
h

e
n

 p
ro

g
re

ss w
a

s o
n
ly d

u
e

 to
 im

p
ro

ve
m

e
n
ts in

 b
e
st 

su
p
p

o
rtive

 ca
re

 a
n
d
 in

 ste
m

 ce
ll tra

n
sp

la
n
ta

tio
n
 te

ch
n
iq

u
e
s. T

h
is is n

o
w

 a
 fo

re
se

e
a
b

le
 

fu
tu

re
 d

u
e

 to
 h

a
rd

 w
o

rk in
 th

e
 a

n
a

lysis o
f th

e
 m

e
ch

a
n
ism

s b
y w

h
ich

 ce
rta

in
 g

e
n
e
tic 

a
n
d

 e
p

ig
e

n
e
tic a

b
e
rra

tio
n
s d

rive
 A

M
L

.  
 



2
9
 

 

1
.3

 
G

e
n

e
tic

 g
ro

u
p

s
 o

f A
M

L
 

“T
h
e
 re

c
e
n
t q

u
a

n
tu

m
 le

a
p

 in
 s

e
q
u
e

n
c
in

g
 te

c
h
n

o
lo

g
y
, 

a
id

e
d
 

b
y
 

a
 

d
ra

m
a
tic

 
re

d
u
c
tio

n
 

in
 

s
e
q
u

e
n
c
in

g
 

c
o
s
ts

, 
h
a
s
 

a
llo

w
e

d
 fo

r th
e
 g

e
n
e
ra

tio
n
 o

f p
re

v
io

u
s
ly

 u
n

p
a
ra

lle
le

d
 a

m
o
u
n

ts
 

o
f 

in
fo

rm
a

tio
n
 

a
n
n

o
ta

tin
g

 
m

u
ta

tio
n
a

l 
la

n
d
s
c
a
p

e
s
 

a
n

d
 

th
e

ir 

e
v
o
lu

tio
n
 a

c
ro

s
s
 m

u
ltip

le
 c

a
n
c
e
rs

. A
s
 b

e
fits

 th
e
 firs

t c
a
n
c
e
r 

g
e
n
o

m
e
 s

e
q
u
e

n
c
e
d
, n

o
w

h
e
re

 is
 th

is
 m

o
re

 a
p
p

a
re

n
t th

a
n
 in

 

A
M

L
.” 3

5 

 M
o

st o
f th

e
 g

e
n
e
tic a

lte
ra

tio
n

s th
a
t in

itia
te

 A
M

L
 w

e
re

 o
n
ly d

isco
ve

re
d

 a
fte

r 2
0
0
8
 

w
h

e
n

 th
e
 first w

h
o
le

 ca
n
ce

r g
e

n
o
m

e
 se

q
u

e
n

ce
 a

n
d
 its m

a
tch

in
g

 n
o
rm

a
l tissu

e
 w

a
s 

p
u
b

lish
e
d

7
6. T

h
e
 stu

d
y, d

o
n
e
 b

y L
e
y e

t a
l. 7

6, re
p
o

rte
d
 th

e
 se

q
u

e
n

cin
g

 o
f a

 C
N

-A
M

L
 

sa
m

p
le

. T
h

e
y fo

u
n

d
 th

is p
a
tie

n
t h

a
d

 n
o
n
-syn

o
n

ym
o

u
s so

m
a

tic m
u
ta

tio
n

s th
a
t co

u
ld

 b
e
 

re
le

va
n
t fo

r A
M

L
 p

a
th

o
g

e
n

e
sis a

n
d
 w

o
u
ld

 n
o
t h

a
ve

 b
e
e

n
 se

q
u

e
n

ce
d
 o

th
e
rw

ise
, fo

r 

th
e
y w

e
re

 u
n
fo

re
se

e
n

7
6. T

h
is d

e
m

o
n
stra

te
d
 b

ro
a
d

 N
G

S
 a

p
p

ro
a

ch
e
s w

e
re

 re
q

u
ire

d
 if 

w
e

 w
e

re
 to

 d
isco

ve
r n

e
w

 re
cu

rre
n
t so

m
a
tic m

u
ta

tio
n
s to

 id
e
n

tify ca
n
d

id
a
te

 g
e

n
e

s fo
r 

tre
a
tm

e
n
t d

e
ve

lo
p
m

e
n
t.  

T
h

e
 first co

m
p
re

h
e

n
sive

 N
G

S
 stu

d
y g

e
n
e
tica

lly ch
a
ra

cte
rize

d
 2

0
0
 A

M
L

 p
a
tie

n
ts 

w
ith

 a
 
d

e
 
n

o
v
o
 A

M
L

 d
ise

a
se

 u
sin

g
 a

 w
h

o
le

-e
xo

m
e

 se
q

u
e
n

cin
g

 a
p
p
ro

a
ch

. It w
a

s 

p
e
rfo

rm
e

d
 b

y th
e
 co

n
so

rtiu
m

 T
h

e
 C

a
n
ce

r G
e

n
o

m
e

 A
tla

s
3
7 (T

C
G

A
) in

 2
0

1
3
. T

h
e
 stu

d
y 

re
p
o

rte
d
, 1

5
4
 g

e
n
e

s h
a
d

 m
o

re
 th

a
n
 1

 n
o
n
-syn

o
n

ym
o

u
s so

m
a
tic m

u
ta

tio
n
 a

n
d

 a
n
 

a
d
d

itio
n
a

l 1
,6

2
3

 g
e

n
e

s h
a

d
 a

 va
lid

a
te

d
 co

d
in

g
 m

u
ta

tio
n

 in
 o

n
e
 sa

m
p

le
. T

h
e
y o

b
se

rve
d
 

2
3
 g

e
n
e

s to
 b

e
 sig

n
ifica

n
tly m

u
ta

te
d
, in

clu
d
in

g
 g

e
n

e
s th

a
t w

e
re

 e
sta

b
lish

e
d
 a

s b
e
in

g
 

re
le

va
n
t 

to
 

A
M

L
 

p
a
th

o
g

e
n
e

sis 
(e

.g
., 

D
N

M
T

3
A

, 
F

L
T

3
, 

N
P

M
1
, 

ID
H

1
, 

ID
H

2
, 

a
n
d
 

C
E

B
P

A
), 

a
lo

n
g

 
w

ith
 

g
e
n

e
s 

th
a
t 

h
a
ve

 
o

n
ly 

re
ce

n
tly 

b
e
e

n
 

im
p

lica
te

d
 

in
 

A
M

L
 

p
a
th

o
g

e
n
e
sis (U

2
A

F
1
, E

Z
H

2
, S

M
C

1
A

, a
n
d
 S

M
C

3
).  

T
h

e
 g

e
n
e

s fre
q

u
e
n

tly m
u

ta
te

d
 in

 A
M

L
 w

e
re

 g
ro

u
p
e

d
 in

to
 n

in
e
 la

rg
e
r se

ts o
r 

p
a
th

w
a

ys 
(F

ig
u

re
 

1
.3

.1
): 

tra
n
scrip

tio
n
 

fa
cto

r 
fu

sio
n
s, 

th
e
 

N
P

M
1
 

g
e
n

e
, 

tu
m

o
r 

su
p
p

re
sso

r g
e

n
e

s, D
N

A
 m

e
th

yla
tio

n
-re

la
te

d
 g

e
n
e

s/e
p

ig
e

n
e
tic re

g
u

la
to

rs, sig
n

a
lin

g
 

g
e

n
e

s, 
ch

ro
m

a
tin

-m
o

d
ifyin

g
 

g
e

n
e

s, 
m

ye
lo

id
 

tra
n
scrip

tio
n
 

fa
cto

r 
g

e
n
e
s, 

co
h
e

sio
n
 

co
m

p
le

x g
e

n
e

s, a
n
d

 sp
lice

o
so

m
e
 co

m
p

le
x g

e
n
e

s/sp
licin

g
 fa

cto
rs

3
7. 



3
0
 

 

 

F
ig

u
re

 1
.3

.1
 O

rg
a

n
iz

a
tio

n
 o

f m
u

ta
tio

n
s
 in

to
 c

a
te

g
o

rie
s
 o

f re
la

te
d

 g
e

n
e

s
.

“S
h

o
w

n
 a

re
 s

o
m

a
tic

, n
o

n
s
y
n
o
n

y
m

o
u

s
 m

u
ta

tio
n
s
 in

 in
d

iv
id

u
a

l g
e

n
e

s
 a

n
d

 s
e
ts

 o
f g

e
n

e
s
, g

ro
u

p
e

d
 in

to
 n

in
e
 

c
a

te
g

o
rie

s
, in

c
lu

d
in

g
 o

n
e

 s
in

g
le

-g
e

n
e

 c
a

te
g

o
ry

, a
s
 la

b
e
le

d
 o

n
 th

e
 le

ft. O
f th

e
 2

0
0

 s
a

m
p

le
s
 e

v
a

lu
a

te
d
, 1

9
9
 

(>
9

9
%

) h
a

d
 a

t le
a

s
t o

n
e

 m
u

ta
tio

n
 in

 o
n

e
 o

f th
e

 lis
te

d
 g

e
n
e

s
 o

r s
e

ts
. B

lu
e

 b
o

x
e
s
 in

d
ic

a
te

 m
u

ta
tio

n
s
 th

a
t 

a
re

 e
x
c
lu

s
iv

e
 a

c
ro

s
s
 a

ll c
a

te
g
o

rie
s
; g

re
e
n

 b
o

x
e

s
, m

u
ta

tio
n

s
 th

a
t c

o
-o

c
c
u

r in
 th

e
 s

a
m

e
 s

a
m

p
le

 a
c
ro

s
s
 

d
iffe

re
n

t c
a

te
g

o
rie

s
; a

n
d

 o
ra

n
g
e

 b
o
x
e
s
, m

u
ta

tio
n
s
 th

a
t c

o
-o

c
c
u

r in
 th

e
 s

a
m

e
 s

a
m

p
le

 in
 th

e
 s

a
m

e
 c

a
te

g
o

ry
. 

C
o
m

p
u

ta
tio

n
a

l 
a
n

a
ly

s
is

 w
ith

 th
e

 u
s
e

 o
f th

e
 D

e
n

d
rix

+
+

 a
lg

o
rith

m
 id

e
n

tifie
d

 th
re

e
 s

ig
n
ific

a
n

t, m
u

tu
a
lly

 
e

x
c
lu

s
iv

e
 g

ro
u

p
s
 o

f g
e
n

e
s
, a

n
n

o
ta

te
d

 o
n

 th
e

 rig
h

t a
s
 g

ro
u

p
s
 A

, B
, a

n
d
 C

. T
h

e
 c

y
to

g
e
n

e
tic

 ris
k
 fo

r e
a
c
h
 

p
a

tie
n

t is
 s

h
o

w
n

 a
t th

e
 b

o
tto

m
 o

f th
e

 c
h

a
rt. S

e
r–

T
h

r d
e

n
o
te

s
 s

e
rin

e–
th

re
o

n
in

e
, T

F
 tra

n
s
c
rip

tio
n

 fa
c
to

r, a
n
d
 

T
y
r ty

ro
s
in

e
.” A

d
a

p
te

d
 fro

m
 T

C
G

A
 stu

d
y o

f 2
0

1
3

3
7. 

 T
h

e
se

 g
e

n
e
 se

ts w
e

re
 u

se
d
 to

 e
xa

m
in

e
 p

a
tte

rn
s o

f m
u
tu

a
l e

xclu
sivity a

n
d

 co
-

o
ccu

rre
n
ce

 o
f m

u
ta

tio
n
s w

ith
in

 a
n
d
 b

e
tw

e
e
n

 g
ro

u
p

s. In
 th

is a
n
a

lysis, T
C

G
A

 id
e
n

tifie
d
 

co
m

b
in

a
tio

n
s o

f m
u
ta

tio
n

s in
 sa

m
p

le
s th

a
t o

ccu
r in

 n
o
n
-ra

n
d

o
m

 p
a
tte

rn
s. T

h
e
 m

o
st 

p
ro

m
in

e
n

t re
la

tio
n
 w

a
s th

e
 sig

n
ifica

n
t co

-o
ccu

rre
n
ce

 b
e
tw

e
e
n

 m
u
ta

tio
n
s in

 
F

L
T

3
, 

D
N

M
T

3
A

, a
n
d

 N
P

M
1
, w

h
ich

 th
e
y co

n
sid

e
re

d
 to

 co
n
stitu

te
 a

 n
e
w

 A
M

L
 g

ro
u

p
3
7.  

A
t p

re
se

n
t, se

ve
ra

l stu
d
ie

s (in
clu

d
in

g
 o

u
rs) h

a
ve

 a
p
p

lie
d
 ta

rg
e
t re

-se
q

u
e
n

cin
g

 

te
ch

n
iq

u
e
s a

n
d
 co

n
firm

e
d

 se
ve

ra
l g

e
n
e

s to
 b

e
 fre

q
u

e
n
tly m

u
ta

te
d

, w
ith

 p
a
tte

rn
s o

f co
-

o
ccu

rre
n
ce

 o
r m

u
tu

a
l e

xclu
sivity q

u
ite

 sim
ila

r to
 th

e
 d

isco
ve

re
d

 b
y T

C
G

A
1
,3

7
,3

9
,5

1. 

O
n

e
 o

f th
e
 la

te
st stu

d
ie

s in
ve

stig
a

te
d

 1
1
1

 g
e

n
e

s b
y N

G
S

 stu
d
yin

g
 1

,5
4
0

 A
M

L
 

p
a
tie

n
ts

3
9. T

h
e
y fo

u
n

d
 7

6
 g

e
n
e

s m
u
ta

te
d
 w

ith
 th

e
 la

rg
e
 m

a
jo

rity o
f p

a
tie

n
ts h

a
vin

g
 a

t 

le
a
st 2

 d
rive

r m
u

ta
tio

n
s. T

h
e
 co

-m
u
ta

tio
n

a
l p

a
tte

rn
s th

e
y fo

u
n
d
 re

su
lte

d
 in

 a
 g

e
n
e
tic-



3
1
 

 

b
a
se

d
 

cla
ssifica

tio
n

 
o
f 

1
1
 

n
o
n

-o
ve

rla
p

p
in

g
 

A
M

L
 

cla
sse

s, 
so

m
e

 
o
f 

th
e
m

 
n

e
w

ly 

re
co

g
n

ize
d
 cla

sse
s (F

ig
u
re

 1
.3

.2
). T

h
e
se

 cla
sse

s w
e

re
 p

rim
a

rily m
a

d
e
 o

f th
e
 d

iffe
re

n
t 

kn
o
w

n
 

fu
sio

n
 

g
e

n
e

s 
o

r 
th

e
 

p
re

se
n
ce

 
o
f 

so
m

e
 

cla
ss 

d
e
fin

in
g

 
m

u
ta

tio
n

s: 
N

P
M

1
; 

b
iC

E
B

P
A

; T
P

5
3
/ch

ro
m

o
so

m
a

l a
n
e

u
p

lo
id

ie
s; ch

ro
m

a
tin

 a
n
d
 R

N
A

-sp
licin

g
 re

g
u

la
to

rs; 

ID
H

2
R

1
7
2 

a
lte

ra
tio

n
s. 

O
th

e
r 

sa
m

p
le

s 
w

e
re

 
se

g
re

g
a
te

d
 

in
to

 
g

ro
u

p
s 

w
ith

o
u

t 
d
rive

r 

m
u

ta
tio

n
s, w

ith
o
u

t cla
ss d

e
fin

in
g
 m

u
ta

tio
n

s o
r in

clu
d
e

d
 in

 a
 g

ro
u

p
 fo

r th
e
 ra

re
 fu

sio
n
s

3
9. 

 

 

F
ig

u
re

 1
.3

.2
 M

o
le

c
u

la
r c

la
s

s
e
s

 o
f A

M
L

 a
n

d
 c

o
n

c
u

rre
n

t g
e
n

e
 m

u
ta

tio
n

s
 in

 a
d

u
lt 

p
a
tie

n
ts

.
“F

o
r e

a
c
h

 A
M

L
 c

la
s
s
 d

e
n

o
te

d
 in

 th
e

 p
ie

 c
h

a
rt, fre

q
u
e

n
t c

o
-o

c
c
u

rrin
g

 m
u

ta
tio

n
s
 a

re
 s

h
o

w
n
 in

 th
e

 re
s
p

e
c
tiv

e
 

b
o

x
e
s
. D

a
ta

 o
n

 th
e

 fre
q

u
e

n
c
y
 o

f g
e

n
e

tic
 le

s
io

n
s
 a

re
 c

o
m

p
ile

d
 fro

m
 th

e
 d

a
ta

b
a

s
e
s
 o

f th
e

 B
ritis

h
 M

e
d

ic
a
l 

R
e
s
e

a
rc

h
 C

o
u

n
c
il (M

R
C

), th
e

 G
e

rm
a

n
-A

u
s
tria

n
 A

M
L

 S
tu

d
y
 G

ro
u

p
 (A

M
L

S
G

), a
n

d
 fro

m
 s

e
le

c
te

d
 s

tu
d

ie
s
. 

a, 
in

d
ic

a
te

s
 

c
o

h
e
s
io

n
 

g
e

n
e
s
 

in
c
lu

d
in

g
 

R
A

D
2

1
 

(~
1
0

%
), 

S
M

C
1
A

 
(~

5
%

), 
a

n
d

 
S

M
C

3
 

(~
5

%
); 

b, 
in

v
(1

6
)(p

1
3

.1
q
2

2
) o

r t(1
6

;1
6

)(p
1

3
.1

;q
2

2
); C

B
F

B
-M

Y
H

1
1

; 
c, in

v
 (3

)(q
2

1
.3

q
2
6

.2
) o

r t(3
;3

)(q
2

1
.3

;q
2

6
.2

); 
G

A
T

A
2

, M
E

C
O

M
(E

V
I1

); a
n

d
 
d, T

P
5

3
 m

u
ta

tio
n
s
 a

re
 fo

u
n
d

 in
 ~

4
5

%
, a

n
d

 c
o

m
p

le
x
 k

a
ry

o
ty

p
e
s
 in

 ~
7

0
%

 o
f 

th
is

 c
la

s
s”. T

h
e

 stru
ctu

re
 o

f th
e

 p
ie

 ch
a

rt is a
d

a
p

te
d
 fro

m
 G

rim
w

a
d

e
 e

t a
l. 3

5
 g

e
n
e

ra
te

d
 b

y A
d

a
m

 Ive
y 

(King’s C
ollege London, London, U

nited Kingdom
) and presented in D

öhner e
t a

l. 3
6, w

ith
 th

e
 d

a
ta

 fro
m

 
P

a
p

a
e
m

m
a
n

u
il e

t a
l. 3

9. 

 T
h

e
 sta

tistica
l p

o
w

e
r o

f p
ro

filin
g
 1

,5
4
0
 p

a
tie

n
ts g

a
ve

 th
e
m

 th
e
 o

p
p

o
rtu

n
ity to

 

a
ttrib

u
te

 
d

iffe
re

n
t su

rviva
l 

p
ro

b
a

b
ilitie

s 
to

 
se

ve
ra

l 
o
f th

e
se

 g
ro

u
p

s, 
b

y 
se

p
a

ra
tin

g
 

p
a
tie

n
ts w

ith
 g

e
n
e
 fu

sio
n
s fro

m
 o

th
e
rs

3
9. 

T
h

e
y fo

u
n

d
 cla

ss d
e
fin

in
g

 g
e

n
e
 fu

sio
n
s h

a
d
 d

iffe
re

n
t p

ro
b

a
b
ilitie

s o
f su

rviva
l b

e
tw

e
e
n

 

th
e
m

, 
w

h
ich

 
w

a
s 

e
xp

e
cte

d
. T

h
e
y fu

rth
e
r 

re
p
o
rt, 

in
d
ivid

u
a

l 
m

u
ta

tio
n
a

l p
a
tte

rn
s 

in
 

a
b
se

n
ce

 o
f g

e
n
e

 fu
sio

n
s co

u
ld

 a
lso

 h
a
ve

 a
 d

istin
ct p

ro
g

n
o
sis a

n
d

 sm
a

ll cla
sse

s o
f 



3
2
 

 

g
ro

u
p

s d
e
fin

e
d

 b
y th

e
 p

re
se

n
ce

 o
r a

b
se

n
ce

 o
f d

rive
rs ca

n
 a

lso
 b

e
 d

iscrim
in

a
te

d
 (F

ig
u
re

 

1
.3

.3
) 3

9.  

 

F
ig

u
re

 1
.3

.3
 D

iffe
re

n
t o

v
e

ra
ll s

u
rv

iv
a

l o
f m

o
le

c
u

la
rly

 c
la

s
s

ifie
d

 g
ro

u
p

s
 o

f A
M

L
.

T
h

e
 p

a
n

e
ls sh

o
w

 K
a

p
la

n–
M

e
ie

r cu
rve

s fo
r o

ve
ra

ll su
rviva

l a
m

o
n

g
 p

a
tie

n
ts in

 th
e

 1
1

 g
e

n
o
m

ica
lly d

e
fin

e
d
 

su
b

g
ro

u
p
s a

n
d

 p
a

tie
n

ts w
h

o
 d

id
 n

o
t h

a
ve

 a
 stra

ig
h

tfo
rw

a
rd

 cla
ssifica

tio
n

. A
d

a
p

te
d

 fro
m

 P
a

p
a

e
m

m
a

n
u
il e

t 
a

l. 3
9. 

A
ll d

a
ta

 g
a

th
e
re

d
 w

ith
 th

e
 n

e
w

 g
e

n
e

tic a
n
a

lysis o
f A

M
L

 co
h

o
rts b

ro
u
g

h
t th

e
 fie

ld
 

clo
se

 
to

 
u

n
d

e
rsta

n
d

in
g

 
th

e
 

co
m

p
le

x 
m

o
le

cu
la

r 
p

a
tte

rn
s 

o
f 

th
e
 

d
ise

a
se

. 
S

in
ce

 

u
n
d

e
rn

e
a

th
 th

e
 h

e
te

ro
g

e
n

e
ity ce

rta
in

 g
e

n
e

tic a
lte

ra
tio

n
s m

a
ke

 u
p
 sp

e
cific su

b
se

ts o
f 

A
M

L
 w

e
 ca

n
 n

o
w

 se
t to

 u
n

d
e

rsta
n
d
 w

h
a
t d

rive
s th

e
 d

ise
a
se

 in
 e

a
ch

 ca
se

. F
u

rth
e
rm

o
re

, 

stu
d
ie

s ca
n
 d

e
d

ica
te

 to
 m

a
p
p

in
g

 tu
m

o
r d

yn
a
m

ic p
ro

g
re

ssio
n

s, u
sin

g
 its m

u
ltip

le
 d

rive
r 

m
u

ta
tio

n
s a

n
d
 co

e
xistin

g
 co

m
p

e
tin

g
 clo

n
e

s th
a
t m

a
rk d

ise
a
se

 e
vo

lu
tio

n
 o

ve
r tim

e
5
1.  

H
o

w
e

ve
r, stu

d
yin

g
 th

e
 tim

e
 d

im
e

n
sio

n
 h

a
s still n

o
t b

e
e

n
 e

n
o

u
g

h
. E

ve
r sin

ce
 

ch
ro

m
o

so
m

a
l tra

n
slo

ca
tio

n
s a

n
d

 fu
sio

n
s w

e
re

 d
isco

ve
re

d
 p

a
th

o
lo

g
ic in

 A
M

L
, it w

a
s 

su
sp

e
cte

d
 th

a
t th

e
 d

ise
a
se

 co
m

p
le

xity d
o
e

s n
o
t e

n
d
 a

t th
e
 g

e
n
e
tic le

ve
l. M

a
n
y o

f th
e
m

 

a
ffe

cte
d
 ch

ro
m

a
tin

 m
o

d
u

la
to

rs a
s M

L
L
[K

M
T

2
A

], C
B

P
[K

A
T

3
A

], a
n
d
 N

S
D

1
[K

M
T

3
B

], b
u
t 

still, th
a
t w

a
s o

n
ly a

 sm
a

ll fra
ctio

n
 o

f A
M

L
. 

N
o

w
a

d
a

ys, w
e

 kn
o
w

 th
a
t ch

ro
m

a
tin

 is a
ffe

cte
d
 in

 m
o

st o
f th

e
 A

M
L

 sa
m

p
le

s. T
h
e
 

w
h

o
le

 g
e

n
o
m

e
 o

r e
xo

m
e

 se
q

u
e
n

cin
g

 o
f A

M
L

 a
n

d
 th

e
 m

a
ssive

 p
a
ra

lle
l se

q
u

e
n

cin
g

 

stu
d
ie

s le
d
 to

 th
e

 id
e
n

tifica
tio

n
 o

f m
u
ta

tio
n

s in
 m

a
n
y g

e
n
e

s th
a
t a

ffe
ct th

e
 e

p
ig

e
n
e
tic 

la
n
d

sca
p

e
. T

h
e
se

 m
o

d
u

la
to

rs o
f tra

n
scrip

tio
n

 in
clu

d
e

 a
 b

ro
a

d
 sp

e
ctru

m
 o

f re
g

u
la

to
rs 

o
f 

D
N

A
-m

e
th

yla
tio

n
 

o
r 

d
e
m

e
th

yla
tio

n
 

a
n
d
 

m
o

d
ifie

rs 
o
f 

h
isto

n
e
 

a
ce

tyla
tio

n
 

o
r 

m
e

th
yla

tio
n
 (F

ig
u

re
 1

.3
.4

). R
e

cu
rre

n
t m

u
ta

tio
n
s in

 A
M

L
 a

n
d

 M
D

S
 w

e
re

 fo
u
n

d
 in

 D
N

A
 

m
e

th
yltra

n
sfe

ra
se

s 
(D

N
M

T
1
/3

A
), 

iso
citra

te
 

d
e
h

yd
ro

g
e

n
a

se
s 

(ID
H

1
/ID

H
2

), 

m
e

th
ylcyto

sin
e
 d

io
xyg

e
n
a

se
s o

f th
e
 te

n
-e

le
ve

n
-tra

n
slo

ca
te

d
 fa

m
ily (T

E
T

1
/2

), h
u
m

a
n
 

h
o
m

o
lo

g
s o

f th
e
 D

ro
s
o
p
h

ila
 p

o
lyco

m
b

 co
m

p
le

x su
ch

 a
s E

n
h
a

n
ce

r o
f Z

e
ste

 2
 (E

Z
H

2
) 

a
n
d

 a
d
d

itio
n
a

l se
x-co

m
b

s like
 g

e
n
e

s (A
S

X
L

1
/2

). M
o

re
o

ve
r, th

e
re

 a
re

 a
 n

u
m

b
e
r o

f 

e
xa

m
p

le
s o

f e
p

ig
e

n
o
m

e
 m

o
d
u

la
to

rs th
a
t a

re
 n

o
t d

ire
ctly m

u
ta

te
d
 b

u
t h

a
ve

 b
e
e

n
 



3
3
 

 

in
d
ire

ctly im
p

lica
te

d
 in

 A
M

L
 p

a
th

o
g

e
n
e

sis, like
 th

e
 h

isto
n
e
 m

e
th

yltra
n
sfe

ra
se

 D
O

T
1
L
 

th
a
t in

te
ra

cts w
ith

 th
e
 M

L
L
T

s w
h

ich
 in

 tu
rn

 a
re

 u
su

a
lly M

L
L

-fu
sio

n
 p

a
rtn

e
rs.  

 

 

F
ig

u
re

 1
.3

.4
 T

y
p

e
s

 o
f e

p
ig

e
n

e
tic

 re
g

u
la

to
rs

 m
u

ta
te

d
 in

 A
M

L
 th

a
t c

h
a
n

g
e

 o
r re

a
d

 
e

p
ig

e
n

e
tic

 m
a

rk
s
 in

 D
N

A
 o

r h
is

to
n

e
s
.

E
p

ig
e

n
e

tic “w
riters” such a

s h
isto

n
e

 m
e

th
yltra

n
sfe

ra
se

s (H
M

T
s), a

n
d

 h
isto

n
e

 a
ce

tyltra
n

sfe
ra

se
s (H

A
T

s), 
d

e
p

o
sit m

e
th

yla
tio

n
 a

n
d

/o
r a

ce
tyla

tio
n

 o
n

 h
isto

n
e

s, a
s d

o
 D

N
A

 m
e

th
yltra

n
sfe

ra
se

s o
n
 D

N
A

. T
h

e
se

 
epigenetic m

arks m
ay be rem

oved by epigenetic “erasers,” including h
isto

n
e

 d
e

m
e

th
yla

se
s (H

D
M

s) a
n

d
 

h
isto

n
e

 d
e

a
ce

tyla
se

 co
m

p
le

xe
s (H

D
A

C
s). R

e
m

o
va

l o
f m

e
th

yla
tio

n
 fro

m
 D

N
A

 is a
 ste

p
w

ise
 p

ro
ce

ss th
a
t 

in
vo

lve
s m

a
n

y in
te

rve
n
ie

n
t e

n
zym

e
s d

ire
ctly a

n
d

 in
d

ire
ctly a

ffe
cte

d
 b

y m
u

ta
tio

n
s in

 A
M

L
 (T

E
T

s a
n

d
 ID

H
s). 

Epigenetic “readers” a
re

 h
ig

h
ly sp

e
cia

lize
d

 p
ro

te
in

s th
a

t sp
e
cifica

lly b
in

d
 to

 d
istin

ct e
p
ig

e
n
e

tic m
a

rks to
 

co
n

ve
y 

th
is 

in
fo

rm
a

tio
n

 
to

 
d
o

w
n

stre
a

m
 

e
ffe

cto
rs. 

A
b

b
re

via
tio

n
s 

o
f 

m
o

le
cu

le
s 

a
n

d
 

d
o
m

a
in

s: 
a
lp

h
a

-
ketoglutarate (α

-K
G

); 2
-h

yd
ro

xyg
lu

ta
ra

te
 (2

-H
G

); b
ro

m
o

d
o
m

a
in

s (B
R

D
s); p

la
n

t h
o
m

e
o

d
o

m
a

in
 (P

H
D

); 
P

H
D

-zin
c fin

g
e

r-P
H

D
 (P

Z
P

). In
 b

ra
cke

ts a
re

 a
lte

rn
a

tive
 g

e
n
e

 n
a
m

e
s/sym

b
o

ls. D
e
sig

n
 b

y P
a

tricia
 S

ilva
. 

 D
N

M
T

: M
u

ta
tio

n
s in

 D
N

M
T

3
A

 a
re

 o
b
se

rve
d
 in

 1
2–

2
2
%

 o
f A

M
L

 in
 m

o
st co

h
o

rts a
n

d
 

u
su

a
lly a

re
 h

e
te

ro
zyg

o
u
s m

u
ta

tio
n
s. A

p
p
ro

xim
a

te
ly 6

0
%

 o
f a

ll D
N

M
T

3
A

 m
u
ta

te
d
 A

M
L

 

p
a
tie

n
ts h

a
rb

o
r a

 m
isse

n
se

 m
u
ta

tio
n

 in
 th

e
 a

rg
in

in
e
 8

2
2

 re
sid

u
e

 th
a
t d

im
in

ish
e
s its 

m
e

th
yltra

n
sfe

ra
se

 a
ctivity w

h
ile

 re
d
u

cin
g
 its b

in
d
in

g
 a

ffin
ity to

 D
N

A
. T

h
e
se

 m
u
ta

tio
n
s 

h
a
ve

 a
 d

o
m

in
a
n

t n
e
g

a
tive

 fu
n
ctio

n
 o

ve
r th

e
 w

ild
-typ

e
 D

N
M

T
3

A
 p

ro
te

in
7
7. T

h
e

 m
a

jo
rity 

o
f th

e
 re

m
a

in
in

g
 m

u
ta

tio
n

s o
f D

N
M

3
A

 a
re

 n
o
n

se
n

se
 o

r fra
m

e
-sh

ift m
u
ta

tio
n
s in

 th
e
 

p
ro

te
in

-co
d
in

g
 re

g
io

n
 th

a
t le

d
 to

 p
re

m
a
tu

re
 tru

n
ca

tio
n

s o
f th

e
 p

ro
te

in
. 

 T
E

T
: T

h
e
 te

n
-e

le
ve

n
 tra

n
slo

ca
tio

n
 (T

E
T

) fa
m

ily o
f p

ro
te

in
s re

g
u

la
te

s D
N

A
 m

e
th

yla
tio

n
 

th
ro

u
g

h
 

th
e
 

co
n
ve

rsio
n
 

o
f 

5
-m

e
th

ylcyto
sin

e
 

to
 

5
-h

yd
ro

xym
e

th
ylcyto

sin
e

, 
w

h
ich

 

co
n
stitu

te
s a

 ste
p
 in

 a
 co

m
p

le
x re

a
ctio

n
 fo

r re
m

o
va

l o
f D

N
A

 m
e
th

yla
tio

n
7
8. T

h
e
 5

-

h
yd

ro
xym

e
th

ylcyto
sin

e
 

is 
th

o
u
g

h
t 

to
 

b
lo

ck 
th

e
 

b
in

d
in

g
 

o
f 

p
ro

te
in

s 
th

a
t 

m
e
d

ia
te

 



3
4
 

 

tra
n
scrip

tio
n

a
l sile

n
cin

g
 b

y re
co

g
n
izin

g
 m

e
th

yla
te

d
 D

N
A

 a
n
d

 th
e
re

fo
re

 it p
re

se
n
t in

 

site
s o

f a
ctive

 tra
n
scrip

tio
n

. C
u

rre
n
tly, th

e
 h

ig
h

e
r m

u
ta

tio
n
 fre

q
u

e
n
cy is in

 T
E

T
2
, w

ith
 

a
ro

u
n

d
 1

4
%

 u
p
 to

 2
2
%

 in
 so

m
e
 co

h
o
rts. M

o
st o

f th
e
se

 m
u

ta
tio

n
s a

re
 in

se
rtio

n
s o

r 

d
e
le

tio
n

s, b
u
t p

o
in

t-m
u

ta
tio

n
s a

lso
 h

a
ve

 b
e
e

n
 fo

u
n

d
. T

E
T

2
-m

u
ta

tio
n
s co

n
stitu

te
 lo

ss-

o
f-fu

n
ctio

n
 

le
a
d
in

g
 

to
 

d
e
cre

a
se

d
 

5
-h

yd
ro

xym
e

th
ylcyto

sin
e
 

site
s. 

T
h

is 
re

su
lts 

in
 

a
b
e

rra
n
t h

yp
e
rm

e
th

yla
tio

n
 a

n
d

 th
e
re

fo
re

 d
e
cre

a
se

d
 e

xp
re

ssio
n
 o

f ke
y d

iffe
re

n
tia

tin
g

 

e
n
zym

e
s a

n
d

 in
h

ib
itio

n
 o

f n
o
rm

a
l ce

llu
la

r d
iffe

re
n
tia

tio
n

7
9
,8

0. 

 ID
H

: A
M

L
 sa

m
p

le
s w

e
re

 fo
u
n

d
 to

 h
a
ve

 fre
q

u
e
n

t p
o
in

t m
u

ta
tio

n
s in

 ID
H

1
 A

rg
1
3

2
 (R

1
3
2
) 

a
n
d
 ID

H
2
 A

rg
1
7

2
 o

r A
rg

1
4
0
 (R

1
7
2

 o
r R

1
4
0

)
1
,3

7
,3

8
,3

9. ID
H

1
 a

n
d
 ID

H
2
 m

u
ta

tio
n
s a

re
 

fo
u
n

d
 a

t a
 fre

q
u

e
n
cy o

f a
b
o

u
t 1

0
%

 e
a
ch

 a
n
d
 m

o
re

 co
m

m
o

n
 in

 C
N

-A
M

L
. It w

a
s 

p
ro

p
o

se
d
 th

a
t th

e
se

 m
u

ta
tio

n
s in

 th
e
 ID

H
 g

e
n
e

s
 co

n
stitu

te
 a

 g
a

in
-o

f-fu
n
ctio

n
. T

h
e
se

 

co
n
fe

r 
a

n
 
e

n
zym

a
tic 

a
ctivity 

to
 
th

e
 
p
ro

te
in

 th
a
t 

co
n
ve

rts ⍺
-K

G
 
p
ro

d
u

cin
g
 
a
 
n

e
w

 

o
n
co

m
e

ta
b
o

lite
 D

-2
-h

yd
ro

xyg
lu

ta
ra

te
 (2

-H
G

), fo
u
n

d
 in

cre
a

se
d
 in

 m
u
ta

n
t ID

H
 ce

lls
7
1. 

T
h

is m
e
ta

b
o

lite
 is a

n
 in

h
ib

ito
r o

f se
ve

ra
l ⍺

-K
G

-d
e
p

e
n

d
e

n
t d

e
o

xyg
e

n
a

se
 re

a
ctio

n
s, fo

r 

it is a
 co

fa
cto

r fo
r p

ro
te

in
s o

f th
e
 T

E
T

 fa
m

ily a
n
d

 th
e
 Ju

m
o

n
jiC

 d
o
m

a
in

 h
isto

n
e
 

d
e
m

e
th

yla
se

s (e
ra

se
rs o

f D
N

A
 a

n
d

 h
isto

n
e
 m

e
th

yla
tio

n
). O

n
e
 o

f th
e
se

 e
n
zym

e
s is 

T
E

T
2

. B
y in

h
ib

itin
g

 T
E

T
2
 th

e
 m

o
le

cu
la

r a
lte

ra
tio

n
s in

 
ID

H
 g

ive
 rise

 to
 th

e
 stro

n
g

 

h
yp

e
rm

e
th

yla
tio

n
 p

h
e

n
o

typ
e
s fo

u
n

d
 in

 ID
H

 m
u

ta
n

t A
M

L
 p

a
tie

n
ts

1
,3

7, w
h

ich
 re

su
lts in

 

u
n
d

iffe
re

n
tia

te
d
 sta

te
s. O

n
 th

e
 o

th
e
r h

a
n

d
, b

y in
h

ib
itin

g
 th

e
 Ju

m
o

n
jiC

 typ
e
 e

n
zym

e
s it 

d
e
re

g
u

la
te

s h
isto

n
e

 m
e

th
yla

tio
n
. A

cco
rd

in
g

ly, a
 g

e
n
e
ra

l in
cre

a
se

 in
 ce

rta
in

 h
isto

n
e
 

m
e

th
yla

tio
n

 m
a
rks h

a
s re

ve
a
le

d
 clo

se
d

 D
N

A
 co

n
fo

rm
a

tio
n

 in
 ID

H
1
-K

I m
o

u
se

 ce
lls

8
0 

a
n
d
 ID

H
 m

u
ta

tio
n
 in

d
u

ce
 C

N
S

-d
e
rive

d
7
1.  

 



3
5
 

 

1
.4

 
E

p
ig

e
n

e
tic

 p
a
tte

rn
s
 in

 A
M

L
 

 

“D
N

A
 m

e
th

y
la

tio
n

 a
n
d

 its
 in

flu
e

n
c
e
 o

n
 g

e
n
e

 e
x
p
re

s
s
io

n
 

a
re

 k
e
y
 in

 u
n
d
e
rs

ta
n
d

in
g

 c
a

n
c
e
r p

a
th

o
g

e
n
e
s
is

. E
v
e

n
 th

o
u
g
h

 it 

is
 b

e
c
o

m
in

g
 c

le
a
r th

a
t D

N
A

 m
e
th

y
la

tio
n

 s
tro

n
g

ly
 in

te
ra

c
ts

 w
ith

 

o
th

e
r 

c
o
m

p
o
n
e

n
ts

 
o
f 

th
e

 
e
p
ig

e
n
e
tic

 
m

a
c
h

in
e
ry

 
s
u
c
h
 

a
s
 

h
is

to
n

e
 m

o
d
ific

a
tio

n
s
, a

b
e
rra

n
t D

N
A

 m
e
th

y
la

tio
n
 c

a
n
 s

till b
e
 

re
g
a
rd

e
d
 a

s
 a

 c
ru

c
ia

l h
a

llm
a
rk

 o
f c

a
n
c
e
r b

y
 its

e
lf.” 8

1 

 

B
io

lo
g

y h
a
s e

vo
lve

d
 a

 g
re

a
t d

e
a

l in
 g

ra
sp

in
g

 th
e
 ru

le
s o

f g
e

n
e
 e

xp
re

ssio
n

 b
y 

re
co

g
n

izin
g

 th
a
t th

e
 
p

ro
ce

ss 
in

vo
lve

s 
se

ve
ra

l d
im

e
n
sio

n
s 

o
f re

g
u

la
tio

n
. T

h
e

 first 

re
p
o

rts d
e
scrib

e
d

 h
e
rita

b
le

 D
N

A
 m

e
th

yla
tio

n
, h

isto
n
e

 m
o

d
ifica

tio
n

s a
n
d
 m

icro
 R

N
A

 

va
ria

b
ility. N

o
w

a
d
a

ys, e
p

ig
e

n
e

tics re
fe

rs to
 a

ll h
e

rita
b

le
 ch

a
n
g

e
s in

 g
e

n
e
 e

xp
re

ssio
n
 

th
a
t a

re
 n

o
t d

u
e
 to

 a
n
y a

lte
ra

tio
n
 in

 th
e
 D

N
A

 se
q

u
e
n

ce
, th

is in
clu

d
e
s D

N
A

 m
e

th
yla

tio
n

, 

ch
ro

m
a
tin

 re
m

o
d
e

lin
g

 (b
y h

isto
n
e
 m

o
d
ifica

tio
n
s o

r b
in

d
in

g
 o

f ce
rta

in
 p

ro
te

in
s to

 D
N

A
, 

like
 th

e
 in

su
la

to
r b

in
d
in

g
 C

T
C

F
) a

n
d
 th

e
 a

ctivitie
s o

f n
o
n
-co

d
in

g
 R

N
A

s. T
h
e

 in
te

rp
la

y 

b
e
tw

e
e
n

 th
e
se

 e
p
ig

e
n
e
tic co

m
p

o
n

e
n

ts h
a
s n

o
t b

e
e

n
 co

m
p

le
te

ly d
e
te

rm
in

e
d

, b
u
t a

 

co
m

p
le

x p
ictu

re
 o

f g
e

n
e
 e

xp
re

ssio
n
 co

n
tro

l h
a
s e

m
e

rg
e

d
. S

in
ce

 th
e
 co

rre
ct d

istrib
u
tio

n
 

o
f D

N
A

 m
e
th

yla
tio

n
 is e

sse
n

tia
l fo

r e
ve

ry tissu
e

 d
iffe

re
n
tia

tio
n

 a
n
d
 h

o
m

e
o
sta

sis
8
2 

d
e

re
g

u
la

tio
n
s 

o
f 

e
p
ig

e
n

e
tic 

p
ro

ce
sse

s 
a
re

 
co

n
n

e
cte

d
 

to
 

o
n
co

g
e

n
e

sis. 
D

N
A

 

m
e

th
yla

tio
n
 is n

o
w

a
d
a

ys re
co

g
n

ize
d
 a

s a
 m

e
ch

a
n

ism
 b

y w
h

ich
 ce

lls a
cq

u
ire

 ca
n
ce

r 

h
a
llm

a
rk ca

p
a

b
ilitie

s
8
3 (o

f u
n
d

iffe
re

n
tia

tin
g

 a
n
d

 se
lf-re

n
e

w
a

l), p
la

yin
g

 im
p
o

rta
n
t ro

le
s 

in
 in

itia
tio

n
, p

ro
g

re
ssio

n
 a

n
d
 m

a
in

te
n

a
n
ce

 o
f m

a
lig

n
a
n
t p

h
e

n
o
typ

e
s.  

S
in

ce
 th

e
 p

a
tte

rn
s o

f a
b
e
rra

n
t g

e
n
e
 e

xp
re

ssio
n
 in

 A
M

L
 a

re
 n

o
t w

e
ll e

xp
la

in
e

d
 b

y 

th
e
 cla

ssifica
tio

n
s b

a
se

d
 o

n
 m

u
ta

tio
n

a
l p

a
tte

rn
s th

e
 ro

le
 o

f D
N

A
 m

e
th

yla
tio

n
s h

a
s b

e
e
n
 

u
n
d

e
r e

xa
m

in
a

tio
n
. T

h
e
 q

u
a
n

tifica
tio

n
 o

f 5
-cyto

sin
e
 m

e
th

yla
tio

n
 (5

-m
e
th

ylcyto
sin

e
, 

m
5C

) 
in

 
th

e
 
cyto

sin
e

-p
h

o
sp

h
a

te
-g

u
a
n

in
e
 
se

q
u
e

n
tia

l 
n

u
cle

o
tid

e
s 

(C
p

G
s) 

b
a
se

d
 
in

 

g
e

n
o
m

e
-w

id
e
 te

ch
n

iq
u

e
s h

a
s p

ro
vid

e
d
 va

lu
a
b

le
 in

fo
rm

a
tio

n
 a

b
o

u
t o

b
se

rve
d
 g

e
n
e
 

e
xp

re
ssio

n
 p

a
tte

rn
s in

 se
ve

ra
l ca

n
ce

rs in
clu

d
in

g
 co

lo
n
, lu

n
g

 a
n
d

 b
re

a
st ca

n
ce

r
8
4 a

n
d
 

w
a
s e

xp
e
cte

d
 to

 d
o
 th

e
 sa

m
e

 fo
r A

M
L
. 

G
e

n
o

m
e
-w

id
e
 

a
n
a

lysis 
o
f 

D
N

A
 

m
e
th

yla
tio

n
 

su
g

g
e

ste
d
 

th
a
t 

a
b
e

rra
n
t 

D
N

A
 

m
e

th
yla

tio
n

 in
 ca

n
ce

r o
ccu

rs a
t d

e
fin

e
d

 g
e

n
o
m

ic lo
ca

tio
n
s, te

rm
e

d
 ca

n
ce

r-sp
e
cific 

d
iffe

re
n
tia

lly m
e

th
yla

te
d

 re
g

io
n
s (D

M
R

s)
8
4. G

e
n
o
m

e
-w

id
e
 stu

d
ie

s in
d
ica

te
d
 th

a
t ca

n
ce

r 

ce
lls h

a
ve

 g
lo

b
a

l D
N

A
 h

yp
o
m

e
th

yla
tio

n
 w

h
e
n

 co
m

p
a

re
d
 to

 th
e
ir re

sp
e

ctive
 tissu

e
s, 



3
6
 

 

w
ith

 re
g

io
n
s o

f h
yp

e
rm

e
th

yla
tio

n
 a

sso
cia

te
d

 w
ith

 C
p

G
-isla

n
d

s a
t p

ro
m

o
te

r site
s

8
4
,8

5, 

cre
a
tin

g
 p

a
tte

rn
s th

a
t co

u
ld

 e
ve

n
 g

u
id

e
 u

s in
to

 b
e
tte

r clin
ica

l cla
ssifica

tio
n
s o

f tu
m

o
rs

8
6. 

S
ta

n
d

in
g
 in

 co
n
tra

st to
 th

e
se

 so
lid

 tu
m

o
rs, A

M
L

 h
a
s a

 m
o
re

 co
m

p
le

x p
ictu

re
 o

f 

e
p
ig

e
n
e

tic re
g

u
la

tio
n

. T
h
e

 e
a
rlie

st a
n
a

lyse
s o

f D
N

A
 m

e
th

yla
tio

n
 in

 A
M

L
 fo

u
n

d
 a

b
e

rra
n
t 

D
N

A
 m

e
th

yla
tio

n
 in

 th
e
 p

ro
m

o
te

rs o
f so

m
e
 g

e
n
e

s, fo
r th

e
 a

va
ila

b
le

 d
a
ta

 co
ve

re
d

 o
n
ly 

1
4
,0

0
0

 
p

ro
m

o
te

rs
8
7
,8

8. 
L

a
te

r, 
a

 
cru

cia
l 

a
n
a

lysis 
o
f 

m
u

ltid
im

e
n
sio

n
a

l 
d

a
ta

 
in

 
A

M
L

 

in
te

g
ra

te
d
 g

e
n
e
tic 

a
n
d
 e

p
ig

e
n
e

tic 
p

a
tte

rn
s 

o
f 3

4
4

 
A

M
L

 
sa

m
p

le
s 

a
n
d
 
d

e
fin

e
d
 
1

6
 

su
b
cla

sse
s o

f p
a
tie

n
ts a

cco
rd

in
g
 to

 th
e
ir D

N
A

 m
e

th
yla

tio
n

 p
ro

file
s u

sin
g
 5

0
,0

0
0

 C
p
G

s 

a
cce

sse
d
 b

y H
E

L
P

 (H
p

a
II tin

y fra
g

m
e

n
t e

n
rich

m
e

n
t b

y lig
a
tio

n
-m

e
d
ia

te
d
 P

C
R

)
8
9. 

T
h

e
se

 1
6
 g

ro
u
p
s o

f p
a
tie

n
ts p

re
se

n
te

d
 u

n
iq

u
e
 m

e
th

yla
tio

n
 p

a
tte

rn
s w

h
e

n
 co

m
p

a
re

d
 

to
 

n
o
rm

a
l 

b
o
n

e
 

m
a

rro
w

 
C

D
3

4
+ 

ce
lls. 

U
n

e
xp

e
cte

d
ly 

m
o

st 
g

ro
u
p
s 

w
e

re
 

la
rg

e
ly 

h
yp

e
rm

e
th

yla
te

d
 a

n
d
 o

n
ly a

 m
in

o
rity h

yp
o
m

e
th

yla
te

d
, a

d
d

itio
n
a

lly m
a
n

y p
ro

m
o
te

r 

re
g

io
n
s w

e
re

 a
ctu

a
lly h

yp
o
m

e
th

yla
te

d
8
9.  

T
h

is d
ive

rsity o
f e

p
ig

e
n
e

tic ch
a
n
g

e
s in

 A
M

L
 a

d
d

s co
m

p
le

xity to
 th

e
 a

lre
a
d

y 

co
m

p
le

x g
e
n

e
tic h

e
te

ro
g

e
n

e
ity. T

h
e
 o

n
ly co

m
m

o
n

 e
p
ig

e
n
e

tic sig
n

a
tu

re
 o

f th
e
se

 A
M

L
 

sa
m

p
le

s co
n
siste

d
 o

f 4
5
 g

e
n
e

s d
iffe

re
n
tia

lly m
e

th
yla

te
d

 (m
o

stly h
yp

e
rm

e
th

yla
te

d
 in

 

re
la

tio
n

 to
 th

e
 n

o
rm

a
l b

o
n

e
 m

a
rro

w
 C

D
3

4
+ ce

lls) a
n
d

 th
a
t w

a
s o

b
ta

in
e
d
 co

n
sid

e
rin

g
 

o
n
ly 7

0
%

 o
f p

a
tie

n
ts

8
9. O

th
e
r stu

d
ie

s, th
a

t p
ro

file
d
 th

e
 m

e
th

yla
tio

n
 sta

tu
s o

f m
o

re
 

p
a
tie

n
ts a

n
d

 m
o
re

 g
e

n
e
s, a

lso
 fo

u
n

d
 o

n
ly sm

a
ll se

ts o
f g

e
n
e

s h
a
d
 m

e
th

yla
tio

n
 p

a
tte

rn
s 

d
e
re

g
u

la
te

d
 a

cro
ss sa

m
p

le
s

3
7
,9

0. 

In
 co

n
tra

st, m
o

st stu
d
ie

s fin
d

 g
ro

u
p

s o
f p

a
tie

n
ts th

a
t a

re
 re

fle
ctive

 o
f th

e
 p

re
se

n
ce

 

o
f 

sp
e
cific 

cyto
g

e
n

e
tic 

a
n
d

 
g

e
n
e
tic 

a
b
e
rra

tio
n
s 

in
 

sa
m

p
le

s. 
N

a
m

e
ly, 

th
e
re

 
w

e
re

 

d
iffe

re
n
t g

ro
u
p

s fo
r th

e
 fu

sio
n
s P

M
L
-R

A
R

A
, C

B
F

B
-M

Y
H

1
1
, R

U
N

X
1
-R

U
N

X
1

T
1
 (A

M
L

1
-

E
T

O
) a

n
d
 th

e
n
 fo

r th
e
 m

u
ta

tio
n
s
 o

f C
E

B
P

A
 d

o
u

b
le

 m
u
ta

n
ts a

n
d
 N

P
M

1
 a

n
d
 C

E
B

P
A

 

sile
n
ce

d
 in

 o
n
e
 stu

d
y

8
9; a

n
d
 in

 a
n
o
th

e
r stu

d
y fo

r M
L

L
 tra

n
slo

ca
tio

n
s vs ID

H
 m

u
ta

te
d
 

sa
m

p
le

s
9
0.   

M
o

re
 re

ce
n

tly th
e
 e

p
ig

e
n
e

tic la
n
d

sca
p

e
s o

f A
M

L
 h

a
ve

 b
e
e
n
 a

n
a

lyse
d
 b

y T
C

G
A

, 

u
sin

g
 th

e
 g

e
n
o
m

e
-w

id
e
 D

N
A

 m
e

th
yla

tio
n

 B
e

a
d

C
h

ip
 fro

m
 Illu

m
in

a
®

 co
ve

rin
g

 9
9
%

 o
f 

R
e

fS
e
q

 g
e

n
e

s w
ith

 o
ve

r 4
5
0

,0
0
0

 C
p
G

s. In
 th

is stu
d
y T

C
G

A
 d

e
te

rm
in

e
d

 sig
n

ifica
n

t 

ch
a
n

g
e

s in
 m

e
th

yla
tio

n
 a

t 1
6
0

,5
1
6
 C

p
G

s lo
ci w

h
e

n
 th

e
 1

9
2
 p

a
tie

n
ts w

e
re

 co
m

p
a
re

d
 

to
 C

D
3

4
+C

D
3

8
- ce

lls fro
m

 h
e
a

lth
y d

o
n

o
rs, co

n
firm

in
g

 h
yp

e
rm

e
th

yla
tio

n
s w

e
re

 th
e
 

m
a

jo
rity o

f ch
a
n
g

e
s (6

7
%

) w
h

ile
 h

yp
o
m

e
th

yla
tio

n
s w

e
re

 o
n
ly p

re
se

n
t in

 a
 m

in
o
rity o

f 

p
la

ce
s (3

3
%

)
3
7. In

 th
is ca

se
, g

ro
u

p
s o

f sa
m

p
le

s w
ith

 sp
e
cific g

e
n
e

tic le
sio

n
s w

e
re

 still 

p
re

se
n

t b
u
t n

o
t so

 cle
a
rly d

e
fin

e
d

3
7, w

ith
 th

e
 stro

n
g

e
st m

e
th

yla
tio

n
 sig

n
a

tu
re

s b
e
in

g
 

o
b
ta

in
e
d

 u
sin

g
 re

g
io

n
s o

f th
e

 g
e

n
o
m

e
 w

ith
 lo

w
 a

m
o

u
n

ts o
f C

p
G

s. T
h

is b
ro

u
g

h
t b

a
ck 



3
7
 

 

th
e
 q

u
e
stio

n
s a

b
o

u
t w

h
ich

 C
p

G
s m

ig
h

t b
e
 m

o
re

 im
p

o
rta

n
t fo

r re
g

u
la

tio
n
 o

f g
e

n
e
 

e
xp

re
ssio

n
.  

T
h

e
 la

te
st stu

d
y fo

llo
w

e
d

 in
d
ica

tio
n

s th
a
t th

e
 d

e
fin

in
g

 D
M

R
s in

 le
u
ke

m
ia

 m
ig

h
t 

n
o
t b

e
 th

e
 typ

ica
l h

yp
e
rm

e
th

yla
tio

n
s in

 g
e

n
e
 p

ro
m

o
te

rs a
n
d
 in

ste
a

d
 b

e
 co

rre
la

te
d
 to

 

re
g

u
la

to
ry e

le
m

e
n
ts o

u
tsid

e
 o

f p
ro

m
o
te

rs
9
1. T

h
e

se
 w

o
u
ld

 p
o
ssib

ly b
e

 in
 re

g
u
la

to
ry 

D
N

A
 

se
q

u
e
n

ce
s, 

w
h

ich
 

in
 

ve
rte

b
ra

te
s 

o
fte

n
 

h
a

ve
 

little
 

o
r 

n
o
 

m
e

th
yla

tio
n

, 
like

 

e
n
h

a
n

ce
rs

9
2. T

h
e
y u

se
d
 a

 n
e
w

 te
ch

n
iq

u
e
 n

o
t ce

n
te

re
d
 o

n
 p

ro
m

o
te

rs a
n
d
 d

e
n
o

m
in

a
te

d
 

e
n
h

a
n

ce
d

 re
d
u

ce
d
 re

p
re

se
n
ta

tio
n
 b

isu
lfite

 se
q

u
e
n

cin
g
 (E

R
R

B
S

), th
a
t a

llo
w

e
d
 fo

r th
e
 

w
id

e
st p

ro
b
in

g
 o

f th
e
 m

e
th

yla
tio

n
 sta

tu
s so

 fa
r (a

b
o

u
t 9

5
1
,0

0
0
 C

p
G

s). U
sin

g
 th

is 

d
a
ta

se
t th

e
y fo

u
n

d
 th

a
t d

e
sp

ite
 th

e
 m

e
th

yla
tio

n
 h

e
te

ro
g

e
n
e

ity o
f sa

m
p

le
s so

m
e
 g

e
n
e

tic 

le
sio

n
s co

u
ld

 still b
e
 co

rre
la

te
d

 to
 sp

e
cific D

N
A

 m
e

th
yla

tio
n

 p
ro

file
s (F

ig
u
re

 1
.4

.1
)
9
1.  

 

F
ig

u
re

 1
.4

.1
 E

p
ig

e
n

e
tic

a
lly

 d
e
fin

e
d

 c
la

s
s

ific
a
tio

n
 o

f A
M

L
.  

“R
e
p

re
s
e

n
ta

tio
n
 
o

f 
h
ie

ra
rc

h
ic

a
l 

c
lu

s
te

rin
g
 
re

s
u

lts
 
b

a
s
e

d
 
o
n

 
E

R
R

B
S

 
d
a

ta
 
u
s
in

g
 
a
 
c
o

rre
la

tio
n
 
m

a
trix

 
h

e
a

tm
a

p
. E

R
R

B
S

 d
e

fin
e

s
 A

M
L

 s
u

b
ty

p
e

s
 w

ith
 d

is
tin

c
t m

o
le

c
u

la
r a

n
d

 c
y
to

g
e

n
e

tic
 c

h
a

ra
c
te

ris
tic

s
. G

ro
u

p
s
 

w
e
re

 
d
e

fin
e

d
 

u
s
in

g
 

a
 

h
ie

ra
rc

h
ic

a
l 

c
lu

s
te

rin
g

 
a

p
p

ro
a

c
h

 
a
n

d
 

la
b

e
le

d
 

a
c
c
o

rd
in

g
 

to
 

th
e
ir 

d
o

m
in

a
n
t 

d
is

tin
g

u
is

h
in

g
 

m
o

le
c
u
la

r 
a

n
d
 

c
y
to

g
e

n
e

tic
 

fe
a

tu
re

s
. 

T
h

e
 

lo
w

e
r 

tria
n

g
u

la
r 

h
e

a
tm

a
p
 

re
p

re
s
e
n

ts
 

th
e
 

c
o

rre
la

tio
n

 
b

e
tw

e
e

n
 
th

e
 
m

o
s
t 

d
iv

e
rg

e
n

t 
C

p
G

s
 
re

p
re

s
e

n
te

d
 
in

 
a

ll 
s
a

m
p
le

s
. 

C
y
to

g
e

n
e

tic
 
a

n
d

 
s
p

e
c
ific

 
m

o
le

c
u
la

r fe
a

tu
re

s
 a

re
 re

p
re

s
e
n

te
d

 in
 th

e
 d

ia
g

o
n

a
l b

a
rs

 o
n

 th
e

 rig
h
t.” A

d
a

p
te

d
 fro

m
 G

la
ss e

t a
l. 9

1. 

 

A
d

d
itio

n
a

lly, th
e
 e

p
ig

e
n
e

tic id
e
n

tity o
f g

e
n
e
tica

lly sim
ila

r sa
m

p
le

s w
a

s b
e
st 

ca
p
tu

re
d
 b

y u
sin

g
 g

e
n
e

 C
p

G
s in

 g
e

n
e
 n

e
ig

h
b
o

rh
o

o
d

s (b
e
tw

e
e
n

 2
kb

 a
n
d

 5
0

kb
 a

w
a

y 



3
8
 

 

fro
m

 th
e

 tra
n
scrip

tio
n

 sta
rt site

 o
r tra

n
scrip

tio
n

 e
n
d

 site
) ra

th
e
r th

a
n

 p
ro

m
o
te

rs, o
r b

y 

C
p

G
s in

 sh
o
re

s in
 o

p
p

o
sitio

n
 to

 C
p
G

s isla
n
d

s if u
sin

g
 o

n
ly C

p
G

s in
 p

ro
m

o
te

rs
9
1. 

T
h

e
se

 
h

ig
h
-th

ro
u
g

h
p
u
t 

D
N

A
 

m
e

th
yla

tio
n

 
d

a
ta

 
in

 
A

M
L

 
w

e
re

 
n

o
t 

o
n
ly 

m
e

re
 

cu
rio

sitie
s, d

u
e
 to

 its d
yn

a
m

ic n
a
tu

re
 it p

ro
vid

e
s p

o
te

n
tia

l ta
rg

e
ts fo

r th
e
ra

p
y. K

n
o
w

in
g
 

th
a
t A

M
L

 is p
o
p

u
la

te
d

 w
ith

 D
N

A
 h

yp
e
rm

e
th

yla
tio

n
 p

ro
vid

e
d

 b
a
se

s fo
r th

e
 a

p
p

lica
tio

n
 

o
f h

yp
o
m

e
th

yla
tin

g
 a

g
e

n
ts in

 clin
ica

l se
ttin

g
s, a

lth
o

u
g

h
 th

e
ir m

e
ch

a
n
ism

s o
f a

ctio
n
 a

re
 

n
o
t 

w
e

ll 
d

e
fin

e
d

 
sin

ce
 

th
e
y 

in
d
iscrim

in
a
te

ly 
re

m
o

ve
 

m
e

th
yl 

g
ro

u
p

s 
fro

m
 

D
N

A
6
2. 

T
h

e
re

fo
re

, 
ta

rg
e

tin
g

 
sp

e
cific 

g
e

n
e

s 
w

ith
 

e
xp

re
ssio

n
 

a
ffe

cte
d
 

b
y 

d
iffe

re
n
t 

D
N

A
 

m
e

th
yla

tio
n

 m
a
rks w

o
u
ld

 p
o
ssib

ly b
e

 m
o
re

 e
ffe

ctive
.  

M
a

n
y stu

d
ie

s h
a

ve
 fo

u
n

d
 th

a
t D

N
A

 m
e
th

yla
tio

n
 co

u
ld

 p
re

d
ict clin

ica
l o

u
tco

m
e
 in

 

A
M

L
 
p

a
tie

n
ts 

a
n
d
 
th

e
re

fo
re

 
in

d
ica

te
d
 
a

b
e

rra
n
t D

N
A

 
m

e
th

yla
tio

n
 
ca

n
 
se

rve
 
a

s a
 

b
io

m
a

rke
r fo

r risk stra
tifica

tio
n

 (T
a

b
le

 1
.4

.1
).  

T
a

b
le

 1
.4

.1
 P

ro
g

n
o

s
tic

 g
e
n

e
s

 re
g

u
la

te
d

 b
y
 D

N
A

 m
e

th
y
la

tio
n

. 
G

e
n

e
s w

ith
 d

iffe
re

n
tia

l D
N

A
 m

e
th

yla
tio

n
 th

a
t w

e
re

 id
e

n
tifie

d
 b

y g
e

n
o

m
e

-w
id

e
 d

e
te

ctio
n

 m
e
th

o
d
s a

p
p

lie
d
 

to
 la

rg
e

 co
h

o
rts o

f A
M

L
 p

a
tie

n
ts. A

d
a
p

te
d
 fro

m
 L

i e
t a

l. 2
0

1
7

9
3. 

R
e
fe

re
n

c
e
 

M
e
th

o
d

 
A

M
L

 g
ro

u
p

 
P

ro
g

n
o

s
tic

 g
e

n
e
s
 re

g
u

la
te

d
 b

y
 D

N
A

 m
e
th

y
la

tio
n

 

F
ig

u
e

ro
a

 e
t a

l. 8
9 

H
E

L
P

 

3
4
4
 d

e
 n

o
v
o
 

A
M

L
, m

e
d
ia

n
 

A
g
e
 4

8
y 

(ra
n
g
e
:1

5
-7

7
) 

B
L
R

1
[C

X
C

R
5
], B

T
B

D
3
, E

2
F

1
, F

A
M

1
1
0
A

, F
A

M
3

0
A

, 
G

A
L

N
T

5
, K

IA
A

1
3
0
5
, L

C
K

, L
M

C
D

1
, P

R
M

T
7
, S

L
C

7
A

6
O

S
, 

S
M

G
6
, S

R
R

, U
S

P
5
0
, V

W
F

, Z
F

P
1
6
1

 

L
i e

t a
l. 9

4 
E

R
R

B
S

 

1
3
8
 P

a
ire

d
 A

M
L
 

(d
ia

g
n
o
sis a

n
d
 

re
la

p
se

), m
e
a
n
 

A
g
e
 5

0
.5

±
1
4
y 

C
C

D
C

8
5
C

, C
H

L
1
, E

L
A

V
L
2
, F

A
M

1
1
5
A

, F
A

M
1

9
6
A

, 
G

P
R

1
4
6
, G

P
R

6
, H

E
L
 Z

2
, ID

4
, IL

2
R

A
, K

C
N

G
3
, 

L
O

C
2
5
4
5
5
9
, L

O
C

2
8
4
8
0
1
, N

P
A

S
2
, P

C
D

H
A

C
2
, P

R
O

B
1
, 

S
H

IS
A

6
, S

L
C

1
8
A

3
, S

O
C

S
2
, T

R
IM

6
7
, Z

F
P

4
2
 

M
a
rc

u
c

c
i e

t a
l. 9

5 
M

e
th

ylC
a
p

-se
q
 

1
3
4
 C

N
-A

M
L
 

tra
in

in
g
  (A

g
e
 

ra
n
g
e
 ≥

6
0
y) 

+
 

3
5
5
 C

N
-A

M
L
 

va
lid

a
te

d
 (A

g
e
 

ra
n
g
e
 1

7
-8

3
y) 

A
A

T
K

, A
C

A
P

3
, A

D
C

K
2
, A

D
C

Y
6
, A

G
P

A
T

9
, A

H
C

Y
, 

A
L
O

X
1

5
B

, A
N

X
A

6
, A

P
B

B
1
, A

P
O

D
, A

Q
P

1
1
, A

R
H

G
A

P
2
7
, 

A
X

L
, B

R
F

1
, C

1
5
o
rf6

2
, C

1
7
o
rf7

7
, C

8
o
rf5

1
, C

A
B

L
E

S
1
, 

C
A

R
D

1
1
, C

D
3
4
*, C

H
M

P
7
, C

IS
H

, C
L
D

N
1
5
, C

L
E

C
3
B

, 
D

D
IT

4
, D

H
C

R
2
4
, D

H
R

S
1
2
, E

G
F

L
7
, E

T
S

1
, E

V
C

, F
2

R
L
1

*, 
F

A
M

9
2
A

1
*, F

C
H

O
1
, F

K
B

P
4
, F

L
V

C
R

1
, F

L
V

C
R

1
-

A
S

1
,F

Z
D

6
, G

A
L

3
S

T
3

, G
C

N
T

2
, G

IT
1

, G
P

R
5
6
, H

1
F

0
, 

H
C

N
2
, H

IV
E

P
3
, IQ

S
E

C
1
, K

C
N

K
6
, K

D
M

2
B

, K
L
H

L
3
, 

K
N

C
N

, L
O

C
6
4
6
6
2
7
, M

D
F

I, M
E

3
, M

E
O

X
1
, M

IR
1
2
6
, 

M
IR

1
5
5
H

G
*, M

V
D

, N
A

V
1
, N

B
L
1
, N

L
R

P
1
, P

L
K

3
, P

M
M

1
, 

P
R

K
C

Z
, P

R
K

G
2
, R

A
B

3
6
, R

G
S

3
, R

H
O

C
*, R

H
P

N
1
, 

S
C

A
R

F
1

, S
C

R
N

1
*, S

H
3
T

C
1
, S

P
R

Y
1
, S

R
C

, T
B

L
2
, 

T
C

E
A

3
, T

E
N

C
1
, U

B
X

N
6
, V

W
A

8
*, W

D
R

1
6
, W

D
R

8
6
, 

W
R

A
P

5
3
, Z

N
F

6
2
3
, Z

N
F

7
0
 

*S
e
ve

n
 g

e
n
e
s (C

D
3
4
, R

H
O

C
, S

C
R

N
1
, F

2
R

L
1
, F

A
M

9
2
A

1
, M

IR
1
5
5
H

G
, a

n
d
 V

W
A

8
) h

a
d
 n

o
t o

n
ly D

N
A

 m
e
th

yla
tio

n
 

re
g
io

n
s (D

M
R

s) b
u
t a

lso
 e

xp
re

ssio
n
 le

ve
ls th

a
t w

e
re

 a
sso

cia
te

d
 w

ith
 o

u
tco

m
e

. 

 U
n

fo
rtu

n
a
te

ly, e
ve

n
 w

h
e

n
 a

n
a

lysin
g

 m
a

n
y C

p
G

s, stu
d
ie

s u
su

a
lly d

id
 n

o
t fin

d
 

m
a

n
y g

e
n
e

s w
ith

 D
N

A
 m

e
th

yla
tio

n
 sig

n
a
tu

re
s a

sso
cia

te
d

 w
ith

 p
ro

g
n

o
sis. O

n
ly 1

6
, 2

2
 

a
n
d

 8
2
 d

iffe
re

n
t g

e
n
e

s w
e

re
 fo

u
n

d
 to

 b
e
 co

rre
la

te
d

 to
 su

rviva
l, b

y th
e
 stu

d
ie

s o
f 

F
ig

u
e
ro

a
 e

t a
l. 8

9, L
i e

t a
l. 9

4 a
n
d

 M
a

rcu
cci e

t a
l. 9

5 re
sp

e
ctive

ly. T
h

e
re

 w
a

s n
o
 o

ve
rla

p
 

b
e
tw

e
e
n

 th
e
m

, w
h

ich
 is u

n
d

e
rsta

n
d

a
b

le
 b

e
ca

u
se

 th
e
 co

h
o
rts u

se
d
 h

a
ve

 ve
ry d

iffe
re

n
t 

co
m

p
o

sitio
n
s 

in
 

te
rm

s 
o
f 

A
M

L
 

g
e
n

e
tic 

a
n
d

 
clin

ica
l 

fa
cto

rs. 
T

h
e
 

im
p

o
ssib

ility 
o

f 

co
m

p
a

riso
n
 is m

a
d
e

 w
o

rse
 b

y th
e
 fa

ct th
a
t th

e
se

 in
ve

stig
a

tio
n

s w
e

re
 d

o
n

e
 u

sin
g

 



3
9
 

 

d
iffe

re
n
t te

ch
n

iq
u

e
s. In

 a
d

d
itio

n
, th

e
se

 p
re

d
ictive

 sig
n

a
tu

re
s w

e
re

 still n
o
t re

p
ro

d
u

ce
d
 

b
y in

d
e

p
e

n
d

e
n

t stu
d
ie

s.  

T
h

e
re

fo
re

, to
 e

sta
b
lish

 D
N

A
 m

e
th

yla
tio

n
 le

ve
ls th

a
t co

u
ld

 b
e
 u

se
d

 a
s p

ro
g

n
o

stic 

in
d
ica

to
rs h

a
s so

 fa
r b

e
e
n

 ch
a
lle

n
g

in
g

. H
o

w
e

ve
r, th

e
 p

o
ssib

ility o
f cla

rifyin
g
 th

e
 d

rivin
g
 

fo
rce

s o
f g

e
n

e
 e

xp
re

ssio
n
 a

lte
ra

tio
n

s fro
m

 th
e
 D

N
A

 m
e
th

yla
tio

n
 ch

a
n
g

e
s in

 A
M

L
 is still 

ve
ry a

ttra
ctive

 a
n
d

 is th
e
 su

b
je

ct o
f co

n
tin

u
o

u
s stu

d
y. E

sta
b
lish

in
g

 th
e
 p

ro
g

n
o

stic va
lu

e
 

o
f in

d
ivid

u
a

l D
N

A
 m

e
th

yla
tio

n
 site

s a
s b

io
m

a
rke

rs, e
sp

e
cia

lly o
n
 th

e
 co

n
te

xt o
f sp

e
cific 

cyto
g

e
n
e

tic 
su

b
g

ro
u
p
s, 

is 
a

 
ve

ry 
a

p
p

e
a

lin
g

 
p

ro
sp

e
ct 

sin
ce

 
it 

co
u
ld

 
le

a
d

 
to

 
n

e
w

 

th
e
ra

p
e

u
tic stra

te
g

ie
s. 

 
 



4
0
 

 

1
.5

 
E

ld
e
rly

 A
M

L
 s

p
e

c
ific

itie
s

  

“First, how
 does the hem

atopoietic system
 change 

w
ith

 
a

g
e
, 

h
o
w

 
d

o
e

s
 

th
is

 
le

a
d

 
to

 
a

 
s
p

e
c
tru

m
 

o
f 

h
e
m

a
to

lo
g
ic

a
l 

c
o

n
d

itio
n
s
, 

a
n
d
 
w

o
u
ld

 
it 

b
e
 
p

o
s
s
ib

le
 
to

 

p
h
a

rm
a

c
o
lo

g
ic

a
lly

 in
te

rv
e

n
e

 in
 th

is
 p

ro
c
e

s
s
?
 S

e
c
o

n
d

, if 

h
e
m

a
to

lo
g
ic

a
l 

d
is

e
a
s
e
 
p

re
s
e

n
ts

 
in

 
a

n
 
e

ld
e
rly

 
p

a
tie

n
t, 

s
h

o
u

ld
 th

is
 b

e
 tre

a
te

d
 d

iffe
re

n
tly

 th
a
n
 if it h

a
d

 o
c
c
u

rre
d
 

in a young patient?” 3 

 T
h

e
se

 
a

re
 

p
e
rtin

e
n

t 
q

u
e

stio
n

s 
fo

r 
w

h
ich

 
a

n
sw

e
rs 

h
a
ve

 
so

 
fa

r 
e

lu
te

d
 

h
e
m

a
to

lo
g

ists.  T
h

e
y a

re
 o

f u
tm

o
st im

p
o
rta

n
ce

 b
e
ca

u
se

 A
M

L
 is p

rim
a
rily a

 d
ise

a
se

 o
f 

th
e
 e

ld
e
rly p

o
p

u
la

tio
n

 w
ith

 th
e
 in

cid
e
n

ce
 risin

g
 w

ith
 a

g
e

. A
cco

rd
in

g
 to

 th
e
 S

E
E

R
 

p
o
p

u
la

tio
n

 sta
tistics, o

n
ly 1

.9
 o

f 1
0
0

,0
0

0
 p

e
o

p
le

 u
n
d

e
r 6

5
 ye

a
rs o

ld
 d

e
ve

lo
p
 A

M
L

, a
 

n
u
m

b
e
r risin

g
 to

 1
9
.1

 fo
r th

e
 e

ld
e
rly p

o
p

u
la

tio
n
 o

f 6
5

 ye
a
rs a

n
d
 o

ld
e
r (b

e
tw

e
e
n

 2
0
0

9
 

a
n
d

 2
0
1

3
) 9

6. E
xp

e
cte

d
ly, th

e
 m

e
d
ia

n
 a

g
e
 o

f p
a
tie

n
ts w

ith
 A

M
L

 a
t th

e
 tim

e
 o

f d
ia

g
n

o
sis 

is a
ro

u
n

d
 7

1
 ye

a
rs o

ld
 (in

d
ica

te
d
 b

y th
e
 co

m
p

u
lso

ry re
p
o

rts o
f p

o
p

u
la

tio
n
-b

a
se

d
 

stu
d
ie

s like
 th

e
 S

w
e

d
ish

 A
M

L
 re

g
istry w

ith
 a

b
o

u
t 3

,3
6

3
 a

d
u

lt A
M

L
s)

4
6
,4

5
,9

7.   

1
.5

.1
 

S
u

rv
iv

a
l o

f e
ld

e
rly

 A
M

L
 p

a
tie

n
ts

 

O
ve

ra
ll, e

ld
e
rly p

a
tie

n
ts w

ith
 A

M
L

 h
a

ve
 a

 p
o
o

r su
rviva

l p
ro

b
a

b
ility, a

s stu
d
ie

s 

sh
o
w

 th
a
t su

rviva
l to

 A
M

L
 d

e
cre

a
se

s w
ith

 a
d

va
n
ce

d
 a

g
e

 (F
ig

u
re

 1
.5

.1
)
4
6
,4

5
,9

8.  

A
lth

o
u

g
h
 

th
e
 

g
o

a
l 

o
f 

cu
rin

g
 

A
M

L
 

ca
n
 

o
n
ly 

b
e
 

re
a
ch

e
d
 

u
sin

g
 

in
te

n
sive

 

ch
e
m

o
th

e
ra

p
ie

s, th
e
 th

e
ra

p
y ch

o
ice

s fo
r o

ld
e
r p

a
tie

n
ts a

lso
 in

clu
d
e

 le
ss in

te
n

sive
 

ch
e
m

o
th

e
ra

p
y o

r su
p
p

o
rtive

 ca
re

. T
h

is d
e
p

e
n

d
s o

n
 the doctors’ p

e
rce

p
tio

n
 o

f th
e
 

patient’s condition (perform
ance status, E

C
O

G
 sco

re
, co

-m
o
rb

id
itie

s, a
n
d

 to
le

ra
n

ce
 to

 

in
te

n
sive

 ch
e
m

o
th

e
ra

p
y). T

h
e
se

 p
a
tie

n
ts a

re
 m

a
n
y tim

e
s co

n
sid

e
re

d
 
u
n

fit fo
r th

e
 

in
te

n
sive

 ch
e
m

o
th

e
ra

p
y fo

r fe
a
r o

f th
e
 h

ig
h
 ra

te
s o

f e
a
rly d

e
a

th
 in

 in
itia

l tre
a
tm

e
n
t. F

o
r 

in
sta

n
ce

, p
a
tie

n
ts o

ld
e
r th

a
n

 7
5
 ye

a
rs w

ith
 a

n
 E

C
O

G
 p

e
rfo

rm
a

n
ce

 sco
re

 o
f 3

 (“c
a

p
a

b
le

 

o
f o

n
ly

 lim
ite

d
 s

e
lf-c

a
re

; c
o

n
fin

e
d

 to
 b

e
d

 o
r c

h
a
ir m

o
re

 th
a
n

 5
0

%
 o

f w
aking hours”) o

r 

h
ig

h
e
r h

a
ve

 a
 3

0
-d

a
y m

o
rta

lity ra
te

 o
f m

o
re

 th
a
n
 5

0
%

4
4.  

 

 



4
1
 

 

F
ig

u
re

 
1
.5

.1
 
S

u
rv

iv
a

l 
o

f 
p

a
tie

n
ts

 
w

ith
 
A

M
L

 
in

 
a

 
p

o
p

u
la

tio
n

 
s
tu

d
y
 

a
c
c

o
rd

in
g

 to
 th

e
ir a

g
e
 a

t 
th

e
 tim

e
 o

f d
ia

g
n

o
s

is
.  

K
a

p
la

n
-M

e
ie

r cu
rve

s fo
r a

ll th
e
 

p
a

tie
n

ts 
d

ia
g

n
o
se

d
 

w
ith

 
A

M
L
 

(n
o

n
-a

cu
te

 
p

ro
m

ye
lo

cytic 
le

u
ke

m
ia

) 
b

e
tw

e
e

n
 

1
9

9
7
 

a
n
d
 

2
0

0
6

, 
tre

a
te

d
 

a
n
d

 
u

n
tre

a
te

d
 

(n
=

3
2

0
5

). D
ivisio

n
s w

e
re

 d
o

n
e
 

b
y d

e
ca

d
e

s. W
ith

 d
a

ta
 u

se
d

 w
a

s 
fro

m
 

th
e

 
co

m
p

u
lso

ry 
S

w
e

d
ish

 
re

g
istry o

f A
M

L
 w

ith
 a

 m
e
d

ia
n
 

fo
llo

w
-u

p
 o

f 6
.2

 ye
a

rs. A
d
a

p
te

d
 

fro
m

 Ju
liu

sso
n
 2

0
1
1

4
6. 

  
A

s a
 re

su
lt, in

 th
e
 U

S
 6

0
%

 o
f A

M
L

 p
a
tie

n
ts 6

5
 ye

a
rs o

r o
ld

e
r h

a
ve

 n
o
t re

ce
ive

d
 

th
e
ra

p
y 3

 m
o

n
th

s a
fte

r d
ia

g
n

o
sis

9
9. T

h
e
 la

ck o
f via

b
le

 o
p
tio

n
s le

a
d

s clin
icia

n
s in

 E
u

ro
p
e
 

to
 

w
id

e
ly 

u
se

 
th

e
 

le
ss 

in
te

n
sive

 
a

p
p

ro
a

ch
e
s 

in
 

p
a
tie

n
ts 

o
ve

r 
6

5
 

ye
a
rs 

o
ld

, 
like

 

d
e
cita

b
in

e
 o

r a
za

citid
in

e
, fo

r a
lth

o
u
g

h
 th

e
 e

ffective
n
e

ss o
f th

e
se

 h
yp

o
m

e
th

yla
tin

g
 

a
g

e
n
ts is n

o
t w

e
ll e

sta
b

lish
e
d

, th
e
y a

re
 p

ro
m

isin
g

1
0
0

,1
0

1. T
h

e
y re

m
a

in
 a

 via
b
le

 o
p
tio

n
, 

h
a

vin
g

 in
 m

in
d
 th

a
t e

ve
n
 w

ith
 in

te
n
sive

 ch
e

m
o

th
e
ra

p
y o

n
ly 5

0
%

 o
f p

a
tie

n
ts o

ld
e
r th

a
n
 

6
0
 ye

a
rs a

ch
ie

ve
 co

m
p

le
te

 re
m

issio
n
s a

n
d
 5

0
%

 o
f th

o
se

 w
o

u
ld

 h
a
ve

 re
la

p
se

d
 w

ith
in

 

2
 ye

a
rs

1
0
2. 

A
d

va
n
ce

s 
in

 
th

e
ra

p
y 

in
 

th
e
 

e
ld

e
rly 

p
a
tie

n
ts 

h
a
ve

 
b

e
e

n
 

co
m

p
ro

m
ise

d
 

b
y 

e
xtra

p
o

la
tio

n
 o

f re
su

lts fro
m

 clin
ica

l tria
ls th

a
t m

o
stly u

se
 yo

u
n

g
 p

a
tie

n
ts (fre

q
u

e
n
tly 

yo
u
n

g
e

r th
a
n
 6

0
 ye

a
rs). E

ld
e
rly p

a
tie

n
ts te

n
d
 to

 b
e
 e

xclu
d
e

d
 fro

m
 clin

ica
l tria

ls fo
r 

m
a

n
y re

a
so

n
s. T

h
e
 se

le
ctio

n
 b

ia
s is fre

q
u

e
n

tly d
u

e
 to

 strict crite
ria

 fo
r e

n
te

rin
g

 tria
ls 

w
ith

 in
te

n
t-to

-tre
a
t a

n
d
 b

y th
e
 d

ro
p

 o
u
t d

u
e

 to
 th

e
 im

p
o
ssib

ility o
f m

a
n
y o

f th
is p

a
tie

n
ts 

to
 b

e
g

in
 tre

a
tm

e
n
ts, to

 co
m

p
le

te
 th

e
m

, o
r to

 g
o

 th
ro

u
g

h
 co

n
so

lid
a
tio

n
 p

h
a

se
s

1
0
3.  

T
h

e
re

fo
re

, w
e

 kn
o
w

 little
 a

b
o

u
t h

o
w

 a
n
d
 w

h
y tre

a
tm

e
n
ts w

o
rk o

r n
o
t w

o
rk in

 th
e
 

e
ld

e
rly g

ro
u
p

 o
f A

M
L

 p
a
tie

n
ts. H

ig
h

e
r ra

te
s o

f re
sista

n
ce

 to
 in

te
n

sive
 ch

e
m

o
th

e
ra

p
y 

tre
a
tm

e
n
t re

g
im

e
n
s a

n
d
 h

ig
h
 ra

te
s o

f re
la

p
se

 h
a
ve

 b
e
e

n
 o

b
se

rve
d

 in
 th

e
 o

ld
e
r p

a
tie

n
ts 

w
h

e
n

 co
m

p
a

re
d

 to
 yo

u
n

g
e

r A
M

L
 p

a
tie

n
ts. R

e
sp

o
n
se

 ra
te

s w
e

re
 o

b
se

rve
d
 to

 d
e
cre

a
se

 

w
ith

 a
g

e
 (a

s w
e

ll a
s th

e
 m

e
d
ia

n
 o

ve
ra

ll su
rviva

l) e
ve

n
 w

h
e
n

 th
e
re

 w
e

re
 n

o
 p

ro
to

co
l-

d
ire

cte
d

 d
iffe

re
n
ce

s in
 d

o
sin

g
 o

f p
a
tie

n
ts

4
4. M

o
re

o
ve

r, in
 a

 re
ce

n
t stu

d
y, th

e
 tre

a
tm

e
n
t 

re
sp

o
n
se

 o
f p

a
tie

n
ts 5

7
-5

9
 ye

a
rs o

ld
 to

 a
 fu

ll-d
o
se

 ch
e
m

o
th

e
ra

p
y p

ro
ve

d
 to

 b
e
 n

o
 

d
iffe

re
n
t fro

m
 6

0
-6

3
 ye

a
r’s p

a
tie

n
ts re

ce
ivin

g
 a

n
 a

tte
n
u

a
te

d
-d

o
se

 th
e
ra

p
y

1
0
4. T

h
e
re

fo
re

 

it is re
g

u
la

rly co
n
clu

d
e

d
 th

a
t a

g
e

 is a
n
 im

p
o
rta

n
t in

d
e

p
e

n
d

e
n

t d
e
te

rm
in

a
n
t o

f th
e
ra

p
y-

re
sp

o
n
se

 in
 A

M
L

. 



4
2
 

 

1
.5

.2
 

M
o

le
c

u
la

r c
h

a
ra

c
te

ris
tic

s
 o

f e
ld

e
rly

 A
M

L
 

T
h

e
se

 fa
cts h

a
ve

 b
e
e

n
 a

ttrib
u
te

d
 to

 se
ve

ra
l d

ise
a
se

 ch
a
ra

cte
ristics d

isp
la

ye
d
 b

y 

e
ld

e
rly A

M
L

 w
h

e
n

 co
m

p
a

re
d

 to
 yo

u
n

g
 A

M
L

 p
a
tie

n
ts, like

 th
e
 fa

ct th
a

t o
ld

e
r p

a
tie

n
ts 

a
re

 m
o
re

 like
ly to

 h
a
ve

 a
d
ve

rse
 cyto

g
e

n
e

tics
1
0
5
,1

0
6. N

e
ve

rth
e
le

ss, e
ld

e
rly A

M
L

 p
a
tie

n
ts 

irre
sp

e
ctive

 o
f th

e
ir cyto

g
e
n

e
tic g

ro
u

p
 sh

o
w

 a
n
 in

fe
rio

r o
u
tco

m
e
 co

m
p

a
re

d
 to

 yo
u
n
g

e
r 

p
a
tie

n
ts w

ith
 th

e
 sa

m
e

 risk a
lte

ra
tio

n
s

1
0
6
,1

0
7.  

In
 a

n
 e

ffo
rt to

 e
xa

m
in

e
 th

e
 p

h
e

n
o

typ
e
 o

f th
is d

ise
a
se

 a
 stu

d
y a

n
a

lyse
d
 th

e
 sta

tu
s 

o
f o

n
co

g
e

n
ic p

a
th

w
a

ys in
 e

ld
e
rly A

M
L

 in
 co

m
p

a
riso

n
 to

 yo
u
n

g
e

r A
M

L
1
0

8. T
h

e
y fo

u
n
d
 

o
ld

e
r p

a
tie

n
ts h

a
d
 a

 h
ig

h
e

r p
ro

b
a

b
ility o

f R
A

S
, S

rc, a
n
d

 tu
m

o
r n

e
cro

sis fa
cto

r (T
N

F
) 

p
a
th

w
a

y a
ctiva

tio
n

1
0

8.  

A
ll o

f th
e
se

 d
a
ta

 u
n
d

e
rsco

re
d

 th
e
 b

io
lo

g
ica

l d
iffe

re
n

ce
s b

e
tw

e
e
n

 A
M

L
 in

 yo
u

n
g

e
r 

a
n
d

 o
ld

e
r p

a
tie

n
ts. E

vid
e
n

ce
s th

a
t le

d
 u

s to
 p

o
stu

la
te

 th
a
t e

ld
e
rly A

M
L

 is a
 d

iffe
re

n
t 

e
n
tity fo

r w
h

ich
 a

 ta
rg

e
te

d
 tre

a
tm

e
n
t is n

e
e

d
e

d
 a

n
d

 sh
o
u

ld
 b

e
 p

ro
p

e
rly in

ve
stig

a
te

d
. 

A
s it re

m
a

in
e
d
 a

n
 o

p
e

n
 q

u
e
stio

n
 if a

d
d

itio
n
a

l m
o

le
cu

la
r a

lte
ra

tio
n
s h

a
ve

 im
p

o
rta

n
t 

co
n
trib

u
te

s to
 th

e
 p

o
o

r p
ro

g
n

o
sis o

f A
M

L
 in

 th
e
 e

ld
e
rly p

a
tie

n
ts th

is w
a

s o
n
e
 fo

cu
s o

f 

o
u
r p

ro
je

ct 1. 

M
e

a
n

w
h

ile
, a

tte
n
d

in
g

 to
 th

e
se

 in
d
ica

tio
n

s in
 la

st tw
o

 ye
a
rs so

m
e
 stu

d
ie

s th
a
t 

se
q

u
e
n

ce
d
 g

e
n
e

s kn
o
w

n
 to

 b
e
 fre

q
u
e

n
tly m

u
ta

te
d
 in

 A
M

L
 h

a
ve

 m
a

d
e
 a

 p
o
in

t in
 

d
ivid

in
g

 th
e
ir co

h
o
rts in

to
 yo

u
n

g
 a

n
d

 e
ld

e
rly p

a
tie

n
ts to

 lo
o
k a

t fre
q

u
e
n

cie
s o

f g
e

n
e

tic 

a
lte

ra
tio

n
s

3
4
, 3

8
,4

0.  

In
 g

e
n
e
ra

l, it is n
o
w

 e
sta

b
lish

e
d

 th
e
 co

m
m

o
n
ly m

u
ta

te
d
 g

e
n
e

s in
 o

ld
e
r p

a
tie

n
ts 

w
ith

 A
M

L
 in

clu
d
e

d
 R

U
N

X
1

, T
E

T
2
, ID

H
2
, A

S
X

L
1
, S

R
S

F
2
, T

P
5

3
, B

C
O

R
 a

n
d
 S

F
3
B

1
 

w
h

ile
 W

T
1
 m

u
ta

tio
n

s w
e

re
 m

o
re

 fre
q

u
e
n

t in
 th

e
 yo

u
n

g
e
r p

a
tie

n
ts

1
,3

4
,3

8
,4

0.  

S
in

ce
 th

e
 g

e
n
e
tic p

ro
file

s m
ig

h
t e

xp
la

in
 so

m
e

 o
f th

e
 p

o
o

r p
ro

g
n

o
sis o

f e
ld

e
rly 

A
M

L
 th

e
 o

rig
in

 o
f th

is ve
ry sp

e
cific p

ro
file

s sh
o
u

ld
 p

ro
vid

e
 im

p
o
rta

n
t in

fo
rm

a
tio

n
 fo

r 

n
e
w

 tre
a
tm

e
n
t d

e
sig

n
.  

A
s a

g
e

-re
la

te
d
 ch

a
n
g

e
s o

f th
e
 d

ise
a
se

d
 h

e
m

a
to

p
o
ie

tic syste
m

 a
re

 fo
u

n
d
 th

e
y 

m
u
st b

e
 th

e
 re

su
lt o

f th
e

 a
g

e
d
 sta

te
 o

f th
e
 H

S
C

s. T
h

e
re

fo
re

 w
e

 sh
o
u

ld
 e

xp
lo

re
 th

e
 

p
o
ssib

le
 e

ffe
cts o

f a
g

e
 o

n
 th

e
 p

ro
g

e
n
ito

r ce
lls th

a
t g

ive
 rise

 to
 th

e
 e

ld
e
rly A

M
L

.  

 
 



4
3
 

 

C
H

A
P

T
E

R
 2

. 
A

IM
 O

F
 T

H
E

 P
R

O
J

E
C

T
 



4
4
 

 M
a

n
y 

stu
d
ie

s 
o
f 

A
M

L
 

p
a
th

o
g

e
n
e

sis 
in

 
e

ld
e
rly 

p
e
o

p
le

 
le

d
 

u
s 

to
 

ra
ise

 
th

e
 

h
yp

o
th

e
sis th

a
t, A

M
L

 in
 th

e
 e

ld
e
rly

 is
 n

o
t ju

s
t A

M
L

 in
 a

n
 o

ld
e
r p

e
rs

o
n

. Is th
e
 

la
n
d

sca
p

e
 o

f m
o

le
cu

la
r a

lte
ra

tio
n
s in

 A
M

L
 d

iffe
re

n
t in

 o
ld

e
r p

a
tie

n
ts w

ith
 a

 h
ig

h
e
r lo

a
d
 

o
f p

re
-e

xistin
g

 a
lte

ra
tio

n
s?

 W
h
ich

 p
a
th

o
g

e
n
ic p

ro
ce

sse
s a

re
 m

o
re

 a
ffe

cte
d
 in

 e
ld

e
rly 

A
M

L
 th

a
n
 in

 yo
u
n

g
e

r p
a
tie

n
ts?

 D
o

 sp
e
cific g

e
n
e

tic a
n
d

 e
p
ig

e
n
e
tic fe

a
tu

re
s co

n
trib

u
te

 

to
 th

e
 p

o
o
r p

ro
g

n
o
sis a

n
d

 tre
a
tm

e
n
t re

sista
n
ce

 o
f e

ld
e
rly co

h
o

rts?
 

T
h

o
u
g

h
 co

m
p

le
x p

a
tte

rn
s o

f m
o

le
cu

la
r a

lte
ra

tio
n
s h

a
d
 b

e
e

n
 ch

a
ra

cte
rize

d
 in

 

so
m

e
 yo

u
n

g
e
r co

h
o

rts, co
m

p
re

h
e

n
sive

 a
n
d

 in
te

g
ra

te
d

 stu
d
ie

s (g
e

n
e

tic a
n
d
 e

p
ig

e
n
e

tic) 

in
 o

ld
e
r co

h
o
rts w

e
re

 la
ckin

g
. W

e
 a

im
e

d
 to

 fin
d
 th

e
 g

e
n

e
tic

 a
lte

ra
tio

n
s
 a

n
d

 g
lo

b
a
l 

e
p

ig
e
n

e
tic

 c
h

a
n

g
e
s
 in

 e
ld

e
rly A

M
L

 th
a
t d

iffe
re

d
 fro

m
 A

M
L

 in
 yo

u
n

g
e

r p
a

tie
n

ts. W
e
 

e
xp

e
cte

d
 b

o
th

 p
ro

file
s w

e
re

 n
e
ce

ssa
ry to

 d
e
fin

e
 th

e
 sp

e
cificity o

f e
ld

e
rly A

M
L

.  

 1
. W

e
 first 

co
n
ce

n
tra

te
d
 
o

n
 
o

b
ta

in
in

g
 
a
 
p

ictu
re

 
o
f 

th
e
 
re

le
v
a

n
t 

m
o

le
c

u
la

r 

a
lte

ra
tio

n
s
 in

 th
is tu

m
o
r e

n
tity:  


 

E
xp

lo
rin

g
 re

cu
rre

n
t g

e
n
e
tic a

lte
ra

tio
n

s kn
o
w

n
 in

 A
M

L
 in

 a
 la

rg
e
 n

u
m

b
e
r 

o
f p

a
tie

n
ts w

ith
 e

ld
e
rly A

M
L

 u
sin

g
 ta

rg
e

te
d
 N

G
S

.  


 

P
ro

b
in

g
 fo

r u
n
kn

o
w

n
 e

ve
n
ts, a

n
a

lysin
g

 a
 b

ro
a

d
 se

t o
f ca

n
d

id
a
te

 g
e

n
e

s 

b
y a

n
 e

xte
n
d

e
d

 N
G

S
 p

a
n

e
l o

f 5
5
5
 g

e
n
e

s. 


 

D
e

scrib
in

g
 g

lo
b
a

l g
e

n
o
m

e
 m

e
th

yla
tio

n
 p

a
tte

rn
s fo

r e
ld

e
rly A

M
L

 u
sin

g
 a

n
 

a
rra

y th
a
t co

ve
rs o

ve
r 4

5
0

,0
0
0

 m
e

th
yla

tio
n

 site
s.  

2
. W

e
 
a

im
e

d
 
to

 
d

e
fin

e
 

e
ld

e
rly 

A
M

L
 
co

m
p

a
rin

g
 
its 

g
e

n
e
tic 

a
n
d
 
e

p
ig

e
n

e
tic 

p
a
tte

rn
s to

 p
ro

file
s o

f yo
u

n
g

e
r A

M
L

 co
h
o

rts. 

3
. W

e
 n

e
xt w

a
n
te

d
 to

 d
e
te

rm
in

e
 th

e
 p

a
th

w
a

y
s

/c
e
llu

la
r p

ro
c
e

s
s

e
s

 th
a
t a

re
 m

o
re

 

a
ffe

cte
d
 in

 e
ld

e
rly A

M
L

 th
a
n

 in
 yo

u
n

g
e
r A

M
L

 ce
lls (b

o
th

 b
y m

u
ta

tio
n
s a

n
d

/o
r e

p
ig

e
n
e

tic 

a
lte

ra
tio

n
s). 

4
. W

e
 p

o
stu

la
te

d
 th

e
 
in

te
rc

o
n

n
e
c

tio
n

 
o

f 
g

e
n

e
tic

 
a

n
d

 
e

p
ig

e
n

e
tic

 
p

ro
file

s
 

w
o

u
ld

 a
llo

w
 th

e
 d

ivisio
n
 o

f e
ld

e
rly A

M
L

 p
a
tie

n
ts in

 e
p
ig

e
n
e
tica

lly d
e
fin

e
d

 su
b
g

ro
u

p
s 

a
sso

cia
te

d
 w

ith
 sp

e
cific g

e
n

e
tic a

lte
ra

tio
n

s.  

5
. W

e
 m

e
a
n

t to
 e

xp
lo

re
 p

o
ssib

le
 g

e
n
e
tic/e

p
ig

e
n
e

tic
 fa

c
to

rs
 re

s
p

o
n

s
ib

le
 fo

r th
e
 

p
o

o
r s

u
rv

iv
a

l o
f e

ld
e
rly A

M
L

 a
n
d

 th
e
re

fo
re

 re
a
so

n
s fo

r th
e
 a

g
e
 fa

cto
r. 

 

W
e
 e

xp
e
cte

d
 th

e
 kn

o
w

le
d
g

e
 o

f th
is d

istin
ct g

e
n

o
m

ic/e
p
ig

e
n
o

m
ic e

n
tity a

n
d

 its 

co
m

p
le

xity 
to

 
la

y 
a

 
fo

u
n
d

a
tio

n
 

fo
r 

fu
tu

re
 

d
e
ve

lo
p
m

e
n
t 

o
f 

s
m

a
rte

r 
th

e
ra

p
e
u

tic
 

re
g

im
e

s
. 



4
5
 

 

C
H

A
P

T
E

R
 3

. 
P

A
T

IE
N

T
S

 A
N

D
 M

E
T

H
O

D
S



4
6
 

 

3
.1

 
E

ld
e
rly

 A
M

L
 c

o
h

o
rt c

h
a

ra
c

te
ris

tic
s
  

T
h

e
 co

h
o

rt stu
d
ie

d
 w

a
s co

m
p

o
se

d
 o

f 9
3
 A

M
L

 p
a
tie

n
ts e

n
ro

lle
d
 in

 th
e
 S

tu
d
y 

A
llia

n
ce

 L
e
u

ke
m

ia
 (S

A
L

) re
g

istry b
e
tw

e
e
n

 2
0
0

5
 a

n
d

 2
0
1

4
. A

ll p
a
tie

n
ts p

ro
vid

e
d

 w
ritte

n
 

in
fo

rm
e

d
 co

n
se

n
t in

 co
m

p
lia

n
ce

 w
ith

 th
e
 D

e
cla

ra
tio

n
 o

f H
e

lsin
ki. T

h
is co

h
o

rt co
n
siste

d
 

o
f p

a
tie

n
ts 6

5
 ye

a
rs a

n
d
 o

ld
e
r a

t th
e
 tim

e
 o

f A
M

L
 d

ia
g

n
o
sis (F

ig
u

re
 3

.1
.1

), ch
o
se

n
 

u
sin

g
 o

n
ly th

is crite
ria

 a
n
d

 th
e
 a

va
ila

b
ility o

f su
fficie

n
t m

a
te

ria
l in

 q
u

a
lity a

n
d
 q

u
a
n
tity 

a
s w

e
ll a

s clin
ica

l in
fo

rm
a

tio
n

1. C
lin

ica
l d

a
ta

 a
re

 su
m

m
a
rize

d
 in

 T
a

b
le

 3
.1

.1
, sh

o
w

in
g
 

o
u
r co

h
o

rt h
a
d
 a

 co
m

p
o
sitio

n
 w

ith
in

 e
xp

e
cte

d
, d

u
e
 to

 sim
ila

ritie
s to

 re
p
o
rts o

f A
M

L
 in

 

g
e

n
e
ra

l p
o
p

u
la

tio
n

9
7, w

h
e
re

 7
5
%

 w
e

re
 d

ia
g

n
o
se

d
 w

ith
 d

e
 n

o
v
o
 A

M
L

, 1
9
%

 sA
M

L
 a

n
d

 

5
%

 th
e
ra

p
y-re

la
te

d
 A

M
L
 (fu

rth
e
r d

e
ta

ile
d
 in

 A
p

p
e
n

d
ix A

). 

 

F
ig

u
re

 3
.1

.1
 D

is
trib

u
tio

n
 o

f patients’ a
g

e
 a

t d
ia

g
n

o
s
is

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
.  

T
h

e
 p

lo
t sh

o
w

s th
e

 n
u
m

b
e

r o
f sa

m
p

le
s p

re
se

n
t in

 th
e

 S
A

L
 co

h
o

rt fo
r e

a
ch

 sp
e
cific p

a
tie

n
t a

g
e

, in
 in

te
rva

ls 
o

f 1
 ye

a
r, ca

lcu
la

te
d

 fro
m

 th
e

 d
a

te
 o

f b
irth

.    
 



4
7
 

 

T
a

b
le

 3
.1

.1
 C

h
a
ra

c
te

ris
tic

s
 o

f e
ld

e
rly

 A
M

L
 c

o
h

o
rt.  

S
u

m
m

a
ry o

f ch
a

ra
cte

ristics o
f p

a
tie

n
ts: d

e
 n

o
v
o

 A
M

L
 (n

o
 p

re
vio

u
s le

u
ke

m
ic re

la
te

d
 d

ia
g

n
o
sis), se

co
n
d

a
ry 

A
M

L
 (sA

M
L

, w
ith

 a
 p

re
vio

u
s d

ia
g

n
o
sis o

f m
ye

lo
d

ysp
la

stic syn
d

ro
m

e
 o

r m
ye

lo
p

ro
life

ra
tive

 n
e

o
p

la
sm

), o
r 

th
e

ra
p

y-re
la

te
d

 A
M

L
 (t-A

M
L

, p
a

tie
n
ts w

ith
 p

rio
r e

xp
o

su
re

 to
 cyto

to
xic th

e
ra

p
y a

n
d

/o
r ra

d
io

th
e

ra
p

y). T
h
e
 

cyto
g

e
n
e

tic g
ro

u
p
s w

e
re

 d
e

fin
e

d
 a

s: cyto
g

e
n

e
tica

lly n
o

rm
a
l (C

N
, n

o
 d

e
te

cte
d

 cyto
g

e
n
e

tic a
b

n
o

rm
a

litie
s), 

co
re

 
b

in
d
in

g
 

fa
cto

r 
(C

B
F

, 
in

clu
d

e
s 

t(8
;2

1
) 

o
r 

in
v(1

6
)/t(1

6
;1

6
)), 

C
o
m

p
le

x 
(3

 
o

r 
m

o
re

 
cyto

g
e
n

e
tic 

a
b

n
o

rm
a

litie
s), o

r o
th

e
r (1

 o
r 2

 cyto
g

e
n
e

tic a
b
n

o
rm

a
litie

s). T
re

a
tm

e
n

ts o
f p

a
tie

n
ts w

e
re

 d
ivid

e
d

 a
cco

rd
in

g
 

to
 th

e
 a

p
p
lica

tio
n

 o
f sta

n
d

a
rd

 in
te

n
sive

 ch
e
m

o
th

e
ra

p
y o

r n
o

t (th
e

 la
tte

r co
n

siste
d

 o
f p

a
llia

tive
 o

r b
e

st 
su

p
p
o

rtive
 ca

re
, w

h
ich

 in
clu

d
e

s tre
a
tm

e
n

t w
ith

 h
yp

o
m

e
th

yla
tin

g
 a

g
e

n
ts). S

e
ve

ra
l a

b
b
re

via
tio

n
s w

e
re

 
u

se
d
: F

L
T

3
 in

te
rn

a
l ta

n
d
e

m
 d

u
p

lica
tio

n
s (F

L
T

3
-IT

D
), m

u
ta

tio
n
s in

 n
u

cle
o

p
h

o
sm

in
 a

lte
rin

g
 tryp

to
p
h

a
n
 

re
sid

u
e

s in
 th

e
 C

-te
rm

in
u
s o

f th
e

 p
ro

te
in

 (N
P

M
1

c), w
h

ite
 b

lo
o
d
 ce

ll co
u

n
ts (W

B
C

), L
a
cta

te
 d

e
h

yd
ro

g
e

n
a

se
 

(L
D

H
), b

o
n

e
 m

a
rro

w
 (B

M
), m

o
n

th
s (m

o
n

) a
n
d

 ye
a

rs (y). A
s p

re
se

n
te

d
 in

 S
ilva

 e
t a

l. 2
0

1
7

1.  

 
C

lin
ic

a
l c

h
a

ra
c
te

ris
tic

s
, n

=
9
3

 
A

g
e

 a
t d

ia
g

n
o

s
is

 (y
), m

e
d

ia
n

 (ra
n

g
e

s
)  

7
2

 (6
5

-9
0

) 
S

e
x

 (M
a
le

), n
o

. (%
) 

4
7

 (5
0

.5
) 

d
e

 n
o

v
o

 A
M

L
, n

o
. (%

) 
7

0
 (7

5
) 

s
A

M
L

, n
o

. (%
) 

1
8

 (1
9

) 
t-A

M
L

, n
o

. (%
) 

5
 (5

) 
L

D
H

 (U
/L

), m
e
d

ia
n

 (ra
n

g
e
s
) 

4
0

6
 (1

3
8

-4
2
1

9
) 

W
B

C
 (/n

L
), m

e
d

ia
n

 (ra
n

g
e

s
) 

1
4

.8
 (0

.9
-2

1
0

) 
B

M
 B

la
s

ts
, %

 (ra
n

g
e
s

) 
7

5
 (2

5
-9

9
) 

C
y
to

g
e
n

e
tic

, n
=

7
5

 
C

N
, n

o
. (%

) 
2

8
 (3

7
) 

C
B

F
, n

o
. (%

) 
5

 (6
.7

) 
C

o
m

p
le

x
, n

o
. (%

) 
1

2
 (1

6
) 

O
th

e
r, n

o
. (%

) 
3

0
 (4

0
) 

M
o

le
c
u

la
r d

a
ta

 
F

L
T

3
-IT

D
, n

o
./ to

ta
l n

o
.(%

) 
1

5
/7

0
 (2

1
) 

N
P

M
1

c
, n

o
./ to

ta
l n

o
.(%

) 
1

5
/6

9
 (2

2
) 

T
re

a
tm

e
n

t, n
=

9
0
 

P
a

llia
tiv

e
 o

r b
e

s
t s

u
p

p
o

rtiv
e

 c
a

re
, n

o
. (%

) 
1

9
 (2

1
) 

In
te

n
s

iv
e

 c
h

e
m

o
th

e
ra

p
y
, n

o
. (%

) 
[n

o
. s

te
m

 c
e
ll tra

n
s
p

la
n

ta
tio

n
 ]  

7
1

 (7
9

)  
[1

0
] 

S
u

rv
iv

a
l, n

=
9
2
 

M
e

d
ia

n
 s

u
rv

iv
a

l tim
e
 (m

o
n

) 
1

5
 

F
o

llo
w

 u
p

 tim
e

 (m
o

n
), m

e
d

ia
n

 (ra
n

g
e

s
) 

7
.4

 (0
.1

-9
2

) 

 
 



4
8
 

 

3
.2

 
M

u
ta

tio
n

s
 in

 p
ro

te
in

 c
o

d
in

g
 s

e
q

u
e
n

c
e
s
 o

f 5
5
5
 g

e
n

e
s

 

W
e
 o

b
ta

in
e
d
 se

q
u

e
n

ce
 d

a
ta

 fro
m

 ta
rg

e
t e

n
rich

m
e
n

t co
u
p

le
d
 N

G
S

 o
f 5

5
5
 g

e
n

e
s 

(T
a
b

le
 3

.2
.1

). 

D
N

A
 w

a
s e

xtra
cte

d
, u

sin
g

 th
e
 A

llP
re

p
 D

N
A

/R
N

A
 kit (©

Q
IA

G
E

N
, N

.V
.), a

fte
r a

 

F
ico

ll iso
la

tio
n

 (F
ico

ll-P
a

q
u

e
T

M P
L

U
S

, G
E

 H
e

a
lth

ca
re

, U
S

A
) fo

r e
n
rich

m
e

n
t o

f th
e
 

fra
ctio

n
 o

f b
la

st ce
lls fro

m
 th

e
 b

o
n

e
 m

a
rro

w
 a

sp
ira

te
s o

f 9
3
 p

a
tie

n
ts (o

r fro
m

 p
e
rip

h
e

ra
l 

b
lo

o
d

 m
o

n
o

n
u

cle
a
r ce

lls, n
=

1
) o

b
ta

in
e
d

 p
rio

r to
 tre

a
tm

e
n
t.  

F
o
r th

e
 e

xo
m

e
 ca

p
tu

re
, S

u
re

S
e

le
ct X

T cu
sto

m
 0

.5
M

b
-2

.9
M

b
 w

a
s u

se
d

 to
 p

re
p
a

re
 

a
 

lib
ra

ry 
fro

m
 

so
n
ica

te
d

 
D

N
A

 
w

ith
 

le
n
g

th
s 

o
f 

3
0
0

-4
0

0
b

p
 

(S
u

re
S

e
le

ct ®, 
A

g
ile

n
t 

T
e

ch
n

o
lo

g
ie

s, U
S

A
) a

cco
rd

in
g
 to

 m
a

n
u
fa

ctu
re

r’s p
ro

to
co

l, u
sin

g
 1

µ
g

 to
 3

µ
g
 o

f D
N

A
 a

s 

sta
rtin

g
 m

a
te

ria
l a

cco
rd

in
g

 to
 a

va
ila

b
ility. D

u
rin

g
 th

is p
re

p
a
ra

tio
n

, D
N

A
 sa

m
p

le
s w

e
re

 

a
n
a

lyse
d
 

u
sin

g
 

a
n
 

A
g

ile
n
t 

D
N

A
 

1
0
0

0
 

ch
ip

 
ru

n
 

o
n
 

a
n
 

A
g

ile
n
t 

B
io

a
n

a
lyze

r 
2

1
0

0
 

(G
2

9
3

8
B

, A
g

ile
n
t T

e
ch

n
o
lo

g
ie

s, U
S

A
) to

 a
sse

ss size
s o

f D
N

A
 fra

g
m

e
n
ts o

b
ta

in
e
d
 a

fte
r 

so
n
ica

tio
n

 
p

ro
ce

d
u
re

 
(a

ve
ra

g
e
 

le
n
g

th
s 

o
f 

2
8
0

b
p

). 
S

im
ila

r 
e

le
ctro

p
h

e
ro

g
ra

m
 

su
m

m
a
rie

s w
e

re
 m

a
d
e

 fo
r th

e
 fin

a
l lib

ra
rie

s o
f ca

p
tu

re
d

 fra
g

m
e

n
ts o

f a
ll sa

m
p

le
s in

 

o
rd

e
r to

 a
ssu

re
 fra

g
m

e
n
t size

s a
ve

ra
g

in
g

 b
e
tw

e
e
n

 3
0
0
-3

3
0
b
p
. F

o
r co

n
firm

a
tio

n
 o

f 

sp
e
cific ca

p
tu

re
 o

f th
e
 ta

rg
e

ts in
 th

e
 D

N
A

 lib
ra

rie
s (o

b
ta

in
e
d

 fo
r e

a
ch

 p
a

tie
n

t), tw
o
 

sim
u

lta
n
e

o
u

s 
q

P
C

R
 

re
a

ctio
n

s 
w

e
re

 
p

e
rfo

rm
e
d

. 
A

 
p

o
sitive

 
co

n
tro

l 
ve

rifyin
g

 
th

e
 

p
re

se
n

ce
 o

f e
xo

n
 2

3
 o

f D
N

M
T

3
A

 (la
b
e

le
d
 p

ro
b

e
 F

A
M

 a
n
d

 B
H

Q
1

) a
n
d
 a

 n
e
g

a
tive

 

co
n
tro

l ve
rifyin

g
 th

e
 n

o
n
-h

yb
rid

iza
tio

n
 o

f th
e
 g

D
N

A
 o

f th
e
 n

o
n
-ta

rg
e

t G
A

T
A

4
 u

sin
g
 a

 

se
t o

f p
rim

e
rs th

a
t sp

a
n
 th

e
 p

ro
m

o
to

r (la
b
e

le
d
 p

ro
b

e
 Jo

e
 a

n
d

 T
A

M
R

A
). T

h
e
 D

N
A

 

a
m

o
u

n
t o

f th
e
 sa

m
p

le
s w

a
s th

e
n

 q
u

a
n

tifie
d
 u

sin
g
 Q

u
a
n
tu

s
T

M F
lu

o
ro

m
e
te

r (P
ro

m
e
g

a
 

C
o

rp
o

ra
tio

n
, 

U
S

A
) 

to
 
g

u
a

ra
n

te
e
 
th

e
 

n
o
rm

a
lize

d
 

a
m

o
u
n

t 
o
f 

1
6
 

p
a
tie

n
ts 

p
e
r 

p
o
o

l 

(1
0
n

m
o

l/L
 o

f e
a
ch

 p
a
tie

n
t sa

m
p

le
). 

T
h

e
 ca

p
tu

re
d
 ta

rg
e

ts w
e

re
 su

b
je

cte
d

 to
 m

a
ssive

ly p
a
ra

lle
l se

q
u

e
n

cin
g

 u
sin

g
 

Illu
m

in
a

 H
iS

e
q

2
0
0

0
 w

ith
 2

x1
0
0

b
p

 p
a
ire

d
-e

n
d

 re
a

d
s (fu

n
ctio

n
a

l g
e

n
o
m

e
 a

n
a

lysis g
e

n
e

 

ce
n
te

r, M
u

e
n

ch
e

n
), u

sin
g

 1
 p

o
o

l p
e
r se

q
u

e
n

cin
g

 la
n
e
. S

e
q

u
e
n

ce
d
 re

a
d

s w
e

re
 a

lig
n

e
d
 

u
sin

g
 a

 B
W

A
 to

 th
e
 G

R
C

h
3
7

/h
g

1
9
 re

fe
re

n
ce

 g
e
n

o
m

e
. F

ro
m

 th
e
 2

5
±
1

0
 m

illio
n
 re

a
d

s 

p
e
r 

sa
m

p
le

 
re

trie
ve

d
 

a
b

o
u

t 
9

1
.8

±
8

.2
%

 
o
f 

re
a
d

s 
m

a
p
p

e
d

 
to

 
th

e
 

g
e

n
o

m
e

, 
a

b
o
u
t 

9
9
.5

±
0
.4

%
 o

f m
a

p
p

e
d
 re

a
d

s h
a
d
 h

ig
h
-q

u
a
lity sco

re
s (Q

≥20
, F

ig
u

re
 3

.2
.1

).  A
fte

r 

re
m

o
va

l o
f P

C
R

 d
u
p

lica
te

s, w
e

 o
b
ta

in
e
d

 a
 m

e
d
ia

n
 ta

rg
e
t co

ve
ra

g
e

 o
f 4

0
8
±
1

6
4

 re
a
d
s 

a
n
d

 
th

e
n
 

co
n
sid

e
re

d
 

o
n
ly 

ta
rg

e
ts 

se
q

u
e
n

ce
d

 
w

ith
 

th
e
 

m
in

im
a

l 
3

0
x 

co
ve

ra
g

e
 

(9
8
.4

±
1

.8
%

 o
f a

ll ta
rg

e
ts, F

ig
u

re
 3

.2
.1

). N
o

n
-syn

o
n

ym
o

u
s sin

g
le

 n
u
cle

o
tid

e
 va

ria
n

ts, 

sm
a

ll in
se

rtio
n
s o

r d
e
le

tio
n
s in

 th
e
 co

d
in

g
 se

q
u

e
n

ce
 a

n
d
 a

ffe
ctin

g
 sp

lice
 site

s w
e

re
 

d
e
te

cte
d
 

w
ith

 
V

a
rS

ca
n

2
 

a
n
d

 
P

in
d
e

l 
a

cco
rd

in
g

 
to

 
sta

n
d

a
rd

 
q

u
a
lity 

a
ssu

ra
n
ce

s. 



4
9
 

 

M
u

ta
tio

n
s w

e
re

 co
n
sid

e
re

d
 if a

lte
ra

tio
n

s w
e

re
 p

re
se

n
t a

t a
 va

ria
n

t a
lle

le
 fre

q
u

e
n
cy 

(V
A

F
) h

ig
h

e
r th

a
n
 2

0
%

, w
h

ich
 w

a
s fu

rth
e
r a

d
ju

ste
d

 fo
r th

e
 g

e
n
e

s in
 th

e
 X

 ch
ro

m
o

so
m

e
 

a
n
d

 th
e
re

fo
re

 d
e

n
o
m

in
a
te

d
 a

d
ju

ste
d
 V

A
F

.  

 

F
ig

u
re

 3
.2

.1
 Q

u
a
lity

 c
o

n
tro

ls
 o

f m
a

p
p

in
g

 a
n

d
 c

o
v
e

ra
g

e
 o

f th
e
 ta

rg
e

t s
e
q

u
e

n
c

in
g

 
o

f th
e
 S

A
L

 e
ld

e
rly

 A
M

L
 s

a
m

p
le

s
.  

T
h

e
 p

lo
ts sh

o
w

 re
su

lts o
f th

e
 a

p
p

lica
tio

n
 o

f th
e

 B
W

A
 a

lg
o

rith
m

, u
se

d
 fo

r a
lig

n
m

e
n

t o
f N

G
S

 re
a

d
s to

 th
e
 

g
e

n
o
m

e
. In

 th
e
 h

o
rizo

n
ta

l a
xis a

re
 th

e
 p

o
in

ts a
t w

h
ich

 d
a
ta

 w
a

s co
lle

cte
d

 d
u

rin
g

 th
e
 m

a
p

p
in

g
 p

ro
ce

ss 
(b

e
fo

re
 a

n
d

 a
fte

r a
lig

n
m

e
n

t, a
fte

r re
m

o
va

l o
f P

C
R

 d
u

p
lica

te
s a

n
d

 th
e

 fin
a

l trim
m

e
d
/re

a
lig

n
e
d

 fra
g
m

e
n

ts). 
In

 th
e

 ve
rtica

l a
xis a

re
 th

e
 n

u
m

b
e

rs o
f re

a
d

s o
r th

e
 %

 o
f re

a
d

s o
b

ta
in

e
d

 fo
r e

a
ch

 o
f th

e
 9

3
 sa

m
p

le
s, 

a
cco

rd
in

g
 

to
 

th
e
 

a
n

a
lysis 

re
p

o
rte

d
 

in
 

th
e

 
le

g
e
n

d
. 

A
b

b
re

via
tio

n
s 

in
 
le

g
e

n
d
 

a
n
d

 
a

xis 
w

e
re

 
se

q
. 

fo
r 

se
q

u
e

n
ce

s, m
in

 fo
r m

in
im

u
m

, w
o

 fo
r w

ith
o

u
t a

n
d

 3
0

x fo
r 3

0
 tim

e
s.   

 



5
0
 

 

T
a

b
le

 3
.2

.1
 M

u
ta

te
d

 g
e
n

e
s

 s
e

le
c
te

d
 fo

r th
e
 ta

rg
e
te

d
 N

G
S

 d
e
s

ig
n

.   
L

ist o
f th

e
 5

5
5

 g
e

n
e

s p
re

vio
u
sly co

rre
la

te
d

 to
 le

u
ke

m
ia

 o
r o

th
e

r ca
n
ce

r typ
e
s a

n
d

 d
e

ve
lo

p
m

e
n

ta
l d

ise
a

se
s. 

L
iste

d
 in

 a
lp

h
a
b

e
tic o

rd
e

r. 
 

A
B

I1
 

B
U

B
1

B
 

C
A

R
D

1
1

 
E

Z
H

2
 

H
IP

1
 

L
C

P
1

 
N

B
N

 
P

IM
1

 
S

E
P

T
5

 
T

IR
A

P
 

A
B

L
1

 
C

C
D

C
6

 
C

A
R

S
 

E
Z

R
 

H
IP

K
1

 
L

H
F

P
 

N
C

K
IP

S
D

 
P

L
A

G
1

 
S

E
P

T
6

 
T

L
X

1
 

A
B

L
2

 
C

C
N

B
1

IP
1

 
C

A
S

C
5

 
F

A
M

4
6

C
 

H
IS

T
1

H
4
I 

L
IF

R
 

N
C

O
A

1
 

P
M

L
 

S
E

P
T

9
 

T
L

X
3

 
A

C
A

C
A

 
C

C
N

D
1

 
C

B
F

A
2

T
3

 
F

A
N

C
A

 
H

L
F

 
L

M
N

A
 

N
C

O
A

2
 

P
M

S
1

 
S

E
T

 
T

M
P

R
S

S
2

 
A

C
E

R
1

 
C

C
N

D
2

 
C

B
F

B
 

F
A

N
C

C
 

H
M

G
A

1
 

L
M

O
1

 
N

C
O

A
4

 
P

M
S

2
 

S
E

T
D

2
 

T
N

F
A

IP
3

 
A

C
S

L
3

 
C

C
N

D
3

 
C

B
L

 
F

A
N

C
D

2
 

H
M

G
A

2
 

L
M

O
2

 
N

D
R

G
1

 
P

O
M

1
2

1
 

S
F

3
B

1
 

T
N

F
R

S
F

1
4
 

A
C

S
L

6
 

C
C

N
E

1
 

C
B

L
B

 
F

A
N

C
D

2
O

S
 

H
N

F
1

A
 

L
P

P
 

N
E

B
L

 
P

O
U

2
A

F
1

 
S

F
P

Q
 

T
N

F
R

S
F

1
7
 

A
C

T
N

4
 

C
C

N
L
1

 
C

B
L

C
 

F
A

N
C

E
 

H
N

R
N

P
A

2
B

1
 

L
R

IG
3

 
N

F
1
 

P
O

U
5

F
1

 
S

H
3
G

L
1

 
T

N
R

C
1
8
 

A
F

F
1
 

C
D

2
7

4
 

D
A

B
2

IP
 

F
A

N
C

F
 

H
O

O
K

3
 

L
Y

L
1

 
N

F
2
 

P
P

A
R

G
 

S
H

3
G

L
1

 
T

O
P

1
 

A
F

F
3
 

C
D

7
4

 
D

A
C

H
1

 
F

A
N

C
G

 
H

O
X

A
1

1
 

M
A

F
 

N
F

E
2

L
2
 

P
P

A
R

G
C

1
A

 
S

IR
T

1
 

T
P

5
3

 
A

F
F

4
 

C
D

7
9

A
 

D
A

X
X

 
F

A
S

 
H

O
X

A
1

3
 

M
A

F
B

 
N

F
IB

 
P

P
P

2
R

1
A

 
S

IR
T

3
 

T
P

M
3

 
A

K
A

P
9

 
C

D
7

9
B

 
D

C
P

1
A

 
F

A
T

1
 

H
O

X
A

9
 

M
A

L
T

1
 

N
F

K
B

2
 

P
R

C
C

 
S

L
C

3
4

A
2

 
T

P
M

4
 

A
K

T
1

 
C

D
C

4
2

E
P

1
 

D
C

P
S

 
F

A
T

2
 

H
O

X
C

1
1

 
M

A
M

L
2

 
N

IN
 

P
R

D
M

1
 

S
L

C
4
5

A
3

 
T

P
R

 
A

K
T

2
 

C
D

C
7
3

 
D

D
B

2
 

F
A

T
3
 

H
O

X
C

1
3

 
M

A
P

2
K

4
 

N
K

X
2

-1
 

P
R

D
M

1
6

 
S

L
C

O
1

B
3

 
T

R
D

M
T

1
 

A
L

D
H

2
 

C
D

H
1

 
D

D
IT

3
 

F
B

X
O

1
1

 
H

O
X

D
1
1

 
M

A
P

R
E

1
 

N
O

N
O

 
P

R
F

1
 

S
M

A
D

4
 

T
R

IM
2

4
 

A
L

K
 

C
D

H
1
1

 
D

D
X

1
0

 
F

B
X

W
7
 

H
O

X
D

1
3

 
M

D
M

2
 

N
O

T
C

H
1

 
P

R
G

4
 

S
M

A
P

1
 

T
R

IM
2

7
 

A
M

E
R

1
 

C
D

K
1

2
 

D
D

X
5

 
F

C
G

R
2
B

 
H

R
A

S
 

M
D

M
4

 
N

O
T

C
H

2
 

P
R

K
A

R
1
A

 
S

M
A

R
C

A
4

 
T

R
IM

3
3

 
A

P
C

 
C

D
K

4
 

D
D

X
6

 
F

C
R

L
4
 

H
S

P
9

0
A

A
1

 
M

D
S

2
 

N
P

M
1

 
P

R
K

C
Z

 
S

M
A

R
C

B
1

 
T

R
IP

1
1

 
A

P
O

B
 

C
D

K
6

 
D

E
K

 
F

E
V

 
H

S
P

9
0

A
B

1
 

M
E

D
1
2

 
N

R
4

A
3

 
P

R
R

X
1

 
S

M
O

 
T

S
C

1
 

A
R

H
G

A
P

2
6

 
C

D
K

N
2
A

 
D

IC
E

R
1

 
F

G
F

R
1
 

H
S

P
B

2
 

M
E

N
1

 
N

R
A

S
 

P
S

IP
1

 
S

N
X

2
9

 
T

S
C

2
 

A
R

H
G

E
F

1
2

 
C

D
K

N
2
C

 
D

L
L

1
 

F
G

F
R

1
O

P
 

ID
H

1
 

M
E

T
 

N
R

IP
3

 
P

T
C

H
1

 
S

O
C

S
1

 
T

S
H

R
 

A
R

H
G

E
F

1
7

 
C

D
X

2
 

D
N

M
2

 
F

G
F

R
2
 

ID
H

2
 

M
IT

F
 

N
S

D
1

 
P

T
E

N
 

S
O

R
B

S
2

 
T

T
L
 

A
R

ID
1
A

 
C

E
B

P
A

 
D

N
M

T
1

 
F

G
F

R
3
 

IG
F

1
R

 
M

K
L

1
 

N
T

R
K

1
 

P
T

P
N

1
1

 
S

O
X

2
 

U
2
A

F
1

 
A

R
ID

2
 

C
E

B
P

D
 

D
N

M
T

3
A

 
F

H
 

IG
F

B
P

7
 

M
L

F
1

 
N

T
R

K
3

 
P

T
P

R
T

 
S

P
E

C
C

1
 

U
B

E
4

A
 

A
R

N
T

 
C

E
L

A
3

B
 

D
N

M
T

3
B

 
F

H
IT

 
IK

Z
F

1
 

M
L

H
1

 
N

U
M

A
1

 
R

A
B

E
P

1
 

S
R

G
A

P
3

 
U

C
P

2
 

A
S

P
S

C
R

1
 

C
H

C
H

D
7

 
D

U
X

4
 

F
IP

1
L

1
 

IL
2

 
M

L
L

 
N

U
P

2
1

4
 

R
A

D
2
1

 
S

R
S

F
2

 
U

C
P

3
 

A
S

X
L

1
 

C
H

E
K

2
 

E
2

F
1

 
F

L
C

N
 

IL
2

1
R

 
M

L
L

2
 

N
U

P
9

8
 

R
A

D
5
1

B
 

S
R

S
F

3
 

U
S

P
6

 
A

T
F

1
 

C
H

IC
2

 
E

B
F

1
 

F
L

I1
 

IL
6

S
T

 
M

L
L

3
 

N
U

T
M

1
 

R
A

F
1

 
S

S
1

8
 

V
A

V
1

 
A

T
IC

 
C

H
N

1
 

E
C

T
2

L
 

F
L

N
A

 
IL

7
R

 
M

L
L

T
1

 
N

U
T

M
2

A
 

R
A

L
G

D
S

 
S

S
1

8
L

1
 

V
H

L
 

A
T

M
 

C
IC

 
E

E
D

 
F

L
T

3
 

IN
G

1
 

M
L

L
T

1
0
 

O
L

IG
2
 

R
A

N
B

P
1

7
 

S
S

X
1

 
V

T
I1

A
 

A
T

R
X

 
C

IIT
A

 
E

E
F

S
E

C
 

F
N

B
P

1
 

IR
F

4
 

M
L

L
T

1
1
 

O
M

D
 

R
A

N
B

P
2

 
S

S
X

2
 

W
A

S
 

A
U

T
S

2
 

C
L
P

1
 

E
G

F
R

 
F

O
X

L
2
 

IT
K

 
M

L
L

T
3

 
P

2
R

Y
8

 
R

A
P

1
G

D
S

1
 

S
S

X
4

 
W

H
S

C
1
 

B
A

A
L

C
 

C
L
T

C
 

E
IF

4
A

2
 

F
O

X
O

1
 

JA
K

1
 

M
L

L
T

4
 

P
A

F
A

H
1
B

2
 

R
A

R
A

 
S

T
IL

 
W

H
S

C
1
L

1
 

B
A

P
1

 
C

L
T

C
L
1
 

E
L

F
4

 
F

O
X

O
3
 

JA
K

2
 

M
L

L
T

6
 

P
A

L
B

2
 

R
B

1
 

S
T

K
1

1
 

W
IF

1
 

B
C

L
1

0
 

C
N

B
P

 
E

L
K

4
 

F
O

X
O

4
 

JA
K

3
 

M
N

1
 

P
A

T
Z

1
 

R
B

M
1

5
 

S
T

R
N

3
 

W
L
S

 
B

C
L
1

1
A

 
C

N
O

T
 

E
L

L
 

F
O

X
P

1
 

JA
R

ID
2

 
M

N
X

1
 

P
A

X
3

 
R

C
S

D
1

 
S

U
F

U
 

W
R

N
 

B
C

L
1

1
B

 
C

N
R

2
 

E
L

N
 

F
R

Y
L

 
JA

Z
F

1
 

M
P

L
 

P
A

X
5

 
R

E
C

Q
L

4
 

S
U

Z
1

2
 

W
T

1
 

B
C

L
2

 
C

O
L

1
A

1
 

E
M

L
4

 
F

S
T

L
3
 

JU
N

 
M

S
H

2
 

P
A

X
7

 
R

E
L

 
S

Y
K

 
W

W
T

R
1
 

B
C

L
3

 
C

O
X

6
C

 
E

P
3

0
0

 
F

U
B

P
1

 
K

D
M

5
A

 
M

S
H

6
 

P
A

X
8

 
R

E
T

 
T

A
F

1
5
 

X
P

A
 

B
C

L
6

 
C

R
E

B
1

 
E

P
O

R
 

F
U

S
 

K
D

M
5

C
 

M
S

I2
 

P
B

R
M

1
 

R
H

O
H

 
T

A
L

1
 

X
P

C
 

B
C

L
7

A
 

C
R

E
B

3
L

1
 

E
P

S
1

5
 

G
A

S
7

 
K

D
M

6
A

 
M

S
N

 
P

B
X

1
 

R
M

I2
 

T
A

L
2

 
X

P
O

1
 

B
C

L
9

 
C

R
E

B
3

L
2

 
E

R
B

B
2

 
G

A
T

A
1

 
K

D
R

 
M

T
C

P
1

 
P

C
M

1
 

R
N

F
2

1
3
 

T
C

E
A

1
 

Y
W

H
A

E
 

B
C

O
R

 
C

R
E

B
B

P
 

E
R

C
1

 
G

A
T

A
2

 
K

D
S

R
 

M
T

O
R

 
P

C
S

K
7

 
R

O
S

1
 

T
C

F
1

2
 

Z
B

T
B

1
6
 

B
C

O
R

L
1

 
C

R
L

F
2
 

E
R

C
C

2
 

G
A

T
A

3
 

K
IA

A
0

2
8

4
 

M
U

C
1

 
P

D
C

D
1
L

G
2

 
R

P
L

2
2

 
T

C
F

3
 

Z
F

Y
V

E
1

9
 

B
C

R
 

C
R

T
C

1
 

E
R

C
C

3
 

G
M

P
S

 
K

IA
A

1
5

4
9

 
M

U
T

Y
H

 
P

D
E

4
D

IP
 

R
P

N
1

 
T

C
F

7
 

Z
M

P
S

T
E

2
4

 
B

E
C

N
1

 
C

R
T

C
3

 
E

R
C

C
4

 
G

N
A

1
1

 
K

IF
3

B
 

M
Y

B
 

P
D

G
F

B
 

R
U

N
X

1
 

T
C

F
7

L
2
 

Z
M

Y
M

2
 

B
IR

C
3

 
C

R
Y

A
B

 
E

R
C

C
5

 
G

N
A

Q
 

K
IF

5
B

 
M

Y
C

 
P

D
G

F
R

A
 

R
U

N
X

1
T

1
 

T
C

L
1

A
 

Z
N

F
2

7
6
 

B
L

M
 

C
T

N
N

B
1

 
E

R
G

 
G

N
A

S
 

K
IT

 
M

Y
C

L
 

P
D

G
F

R
B

 
S

B
D

S
 

T
C

L
6
 

Z
N

F
3

3
1
 

B
M

P
R

1
A

 
C

X
C

R
7

 
E

T
V

1
 

G
O

L
G

A
5

 
K

L
 

M
Y

C
N

 
P

E
R

1
 

S
C

D
 

T
E

T
1
 

Z
N

F
3

8
4
 

B
R

A
F

 
C

Y
L

D
 

E
T

V
4

 
G

O
P

C
 

K
L

F
6

 
M

Y
D

8
8

 
P

H
F

1
3

 
S

D
C

4
 

T
E

T
2
 

Z
N

F
5

2
1
 

B
R

C
A

1
 

C
1

5
o

rf6
5
 

E
T

V
5

 
G

P
C

3
 

K
L

K
2

 
M

Y
H

1
1

 
P

H
F

6
 

S
D

H
A

F
2

 
T

F
E

3
 

Z
R

S
R

2
 

B
R

C
A

2
 

C
2
0

o
rf1

1
2
 

E
T

V
6

 
G

P
H

N
 

K
R

A
S

 
M

Y
H

9
 

P
H

O
X

2
B

 
S

D
H

B
 

T
F

E
B

 
 

B
R

D
3

 
C

2
C

D
3

 
E

V
I1

 
H

3
F

3
B

 
K

T
N

1
 

M
Y

O
1

F
 

P
IC

A
L

M
 

S
D

H
C

 
T

F
G

 
 

B
R

D
4

 
C

2
o

rf4
4
 

E
W

S
R

1
 

H
E

R
C

1
 

L
A

M
C

3
 

M
Y

S
T

3
 

P
IK

3
C

2
B

 
S

D
H

D
 

T
F

P
T

 
 

B
R

IP
1

 
C

A
M

T
A

1
 

E
X

T
1

 
H

E
R

P
U

D
1

 
L

A
S

P
1

 
M

Y
S

T
4

 
P

IK
3

C
A

 
S

E
P

T
1

1
 

T
F

R
C

 
 

B
T

G
1

 
C

A
N

T
1

 
E

X
T

2
 

H
E

Y
1

 
L

C
K

 
N

A
C

A
 

P
IK

3
R

1
 

S
E

P
T

2
 

T
H

R
A

P
3

 
 

  
 



5
1
 

 

3
.3

 
S

e
q

u
e
n

c
e

 d
a

ta
 a

n
a

ly
s
e

s
, v

a
ria

n
t c

la
s
s

ific
a
tio

n
 a

n
d

 c
o

n
firm

a
tio

n
s
 

V
a

ria
n

ts w
e

re
 fu

n
ctio

n
a

lly a
n
n

o
ta

te
d
 u

sin
g

 E
n

se
m

b
le

1
0
9. T

o
 d

iffe
re

n
tia

te
 kn

o
w

n
 

a
n
d

 
p

u
ta

tive
 

le
u
ke

m
ia

 
d

rive
r 

m
u
ta

tio
n

s 
fro

m
 
kn

o
w

n
 

g
e

rm
lin

e
 

p
o
lym

o
rp

h
ism

s, 
a

ll 

va
ria

n
ts liste

d
 in

 th
e
 N

a
tio

n
a
l C

e
n
te

r fo
r B

io
te

ch
n
o

lo
g

y In
fo

rm
a
tio

n
 S

h
o
rt G

e
n
e

tic 

V
a

ria
tio

n
s d

a
ta

b
a

se
 (d

b
S

N
P

, ve
rsio

n
 1

3
8
)
1
1
0 w

e
re

 e
lim

in
a
te

d
. W

e
 a

lso
 e

lim
in

a
te

d
 

va
ria

n
ts w

ith
 S

N
P

 a
n
n

o
ta

tio
n

 fro
m

 ve
rsio

n
 1

4
2
 th

a
t w

e
re

 n
o
t re

p
o

rte
d
 in

 th
e

 ca
ta

lo
g

u
e
 

o
f so

m
a

tic m
u
ta

tio
n

s in
 ca

n
ce

r (C
O

S
M

IC
)

1
1
1. W

e
 th

e
n

 in
clu

d
e

d
 va

ria
tio

n
s in

 p
o
sitio

n
s 

co
n
firm

e
d
 to

 h
a
ve

 so
m

a
tic m

u
ta

tio
n

s fro
m

 a
ll T

C
G

A
 co

h
o

rts
1
1
2 w

ith
 a

 n
o
n
-tu

m
o

r co
n
tro

l 

sa
m

p
le

 
(A

cu
te

 
M

ye
lo

id
 

L
e
u

ke
m

ia
, 

O
va

ria
n

 
se

ro
u
s 

cysta
d
e

n
o

ca
rcin

o
m

a
, 

R
e

ctu
m

 

a
d
e

n
o

ca
rcin

o
m

a
, C

o
lo

n
 a

d
e

n
o

ca
rcin

o
m

a
) a

n
d

 va
ria

n
ts th

a
t w

e
re

 la
b
e

le
d
 p

a
th

o
g

e
n
ic. 

F
in

a
lly, a

ll va
ria

n
ts p

re
se

n
te

d
 h

a
ve

 a
 m

in
o
r a

lle
le

 fre
q

u
e
n

cy (M
A

F
) <

0
.0

1
 a

cco
rd

in
g
 to

 

th
e
 1

,0
0
0

 g
e

n
o
m

e
s p

ro
je

ct 1
1
3.  

A
rtifa

cts o
f th

e
 se

q
u

e
n
cin

g
 p

ro
ce

d
u
re

 w
e

re
 a

n
a

lyse
d
 b

y su
b
m

ittin
g

 to
 th

e
 sa

m
e
 

N
G

S
 p

ro
ce

d
u
re

s 9
 D

N
A

 sa
m

p
le

s fro
m

 th
e
 b

o
n

e
 m

a
rro

w
 o

f h
e
a

lth
y d

o
n

o
rs a

n
d
 5

 D
N

A
 

sa
m

p
le

s co
lle

cte
d
 fro

m
 A

M
L

 p
a
tie

n
ts in

 re
m

issio
n

. F
o
r b

o
n

e
 m

a
rro

w
 sa

m
p

le
s o

f 

h
e
a

lth
y d

o
n

o
rs, m

o
n
o

n
u
cle

a
r ce

lls w
e

re
 iso

la
te

d
 u

sin
g

 F
ico

ll (F
ico

ll-P
a
q

u
e

T
M P

L
U

S
, 

G
E

 H
e

a
lth

ca
re

, U
S

A
)  a

n
d

 C
D

3
4

+ ce
lls w

e
re

 th
e
n

 se
q

u
e
ste

re
d
 u

sin
g

 C
D

3
4
 M

icro
b
e

a
d

 

K
it (M

A
C

S
® M

ilte
n
yi B

io
te

c, G
erm

any), according to the m
anufacturer’s instructions. 

U
sin

g
 th

e
 sa

m
e

 p
ro

to
co

l fo
r D

N
A

 e
xtra

ctio
n
, lib

ra
ry p

re
p

a
ra

tio
n
 a

n
d

 a
n

a
lytica

l p
ip

e
lin

e
s 

th
e
 d

a
ta

 fro
m

 th
e
se

 sa
m

p
le

s w
e

re
 re

trie
ve

d
. In

 th
is w

a
y, se

ve
ra

l m
o

le
cu

la
r a

lte
ra

tio
n
s 

d
e
e

m
e

d
 to

 b
e
 a

ssa
y sp

e
cific a

rtifa
cts d

u
e
 to

 th
e
ir re

cu
rre

n
t p

re
se

n
ce

 in
 th

is sa
m

p
le

s 

(a
n
d

 h
ig

h
 fre

q
u

e
n

cie
s in

 th
e
 co

h
o
rt sa

m
p

le
s >

5
0
%

) w
e

re
 re

co
g

n
ize

 a
n

d
 e

lim
in

a
te

d
. 

A
ll 

re
m

a
in

in
g

 
p

o
sitio

n
s 

w
e

re
 

m
a

n
u

a
lly 

cu
ra

te
d
 

in
 

th
e
 

In
te

g
ra

tive
 

g
e

n
o

m
ics 

vie
w

e
r 1

1
4
,1

1
5 to

 g
u

a
ra

n
ty p

ro
ve

n
ie

n
ce

 fro
m

 tru
sta

b
le

 m
a

p
p

in
g

. G
e

n
e

s th
a
t b

e
a

r m
a

n
y 

fra
g

m
e

n
ts w

ith
 n

o
ise

 o
r u

n
kn

o
w

n
 m

u
ta

tio
n

s th
a
t w

e
re

 e
xclu

sive
ly fo

u
n

d
 in

 th
e
 tip

s o
f 

fra
g

m
e

n
ts w

e
re

 e
ith

e
r in

ve
stig

a
te

d
 o

r stra
ig

h
tly re

m
o

ve
d

, d
e
p

e
n

d
in

g
 o

n
 th

e
 q

u
a
lity o

f 

th
e
 m

a
p
p

in
g
 in

 th
e
 re

g
io

n
. 

F
u
rth

e
rm

o
re

, w
e

 d
id

 se
ve

ra
l a

sse
ssm

e
n
ts o

f fa
lse

 d
isco

ve
ry ra

te
 (F

D
R

) b
y 

p
a
ra

lle
l te

ch
n

iq
u

e
s: u

sin
g
 P

C
R

 fo
llo

w
e

d
 b

y S
a

n
g

e
r se

q
u

e
n

cin
g
, ro

u
tin

e
 d

ia
g

n
o
sis d

a
ta

 

a
n
d
 

w
h

o
le

-e
xo

m
e

 
d

a
ta

. 
W

e
 

d
e
sig

n
e
d

 
p
rim

e
r 

p
a
irs 

fo
r 

P
C

R
 

a
m

p
lifica

tio
n

 
a
n
d
 

se
q

u
e
n

ce
d
 8

5
 re

a
ctio

n
s w

ith
 a

 S
a

n
g

e
r te

ch
n

iq
u
e

 (L
G

C
 G

e
n
o
m

ics G
m

b
H

) to
 ch

e
ck 

se
ve

ra
l u

n
ce

rta
in

 m
u
ta

tio
n
s (e

ith
e
r kn

o
w

n
 o

r u
n
kn

o
w

n
). F

o
r e

xa
m

p
le

, w
e

 co
n
firm

e
d
 

so
m

e
 m

u
ta

tio
n

s th
a
t a

re
 ra

re
 (A

S
X

L
1
 p

.G
ly6

4
6

T
rp

fsT
e
r1

2
 a

n
d
 p

.S
e

r6
8

9
T

e
r, A

P
O

B
 

p
.S

e
r2

4
2
9

L
e

u
, 

D
A

B
2

IP
 

p
.T

h
r1

1
Ile

; 
E

P
3

0
0
 

p
.A

sn
2
2

0
9

_
G

ln
2
2

1
3

d
e

l, 
E

R
C

C
2
 

p
.V

a
l4

7
6

Ile
 

a
n
d
 

p
.G

ln
6
6

2
T

e
r; 

F
A

T
2
 

p
.A

sp
1
2

9
4

A
sn

; 
F

A
T

3
 

p
.Ile

3
2

6
5

T
h

r; 
M

Y
S

T
3
 



5
2
 

 

p
.A

rg
2

5
6
G

ln
; 

N
S

D
1
 

p
.T

yr1
9
7

1
C

ys; 
T

E
T

2
 

p
.A

rg
5

4
4
T

e
r, 

p
.A

rg
1

3
5
9

S
e

r 
a

n
d
 

p
.T

yr1
6
4

9
C

ys) a
n
d
 o

th
e
rs u

n
kn

o
w

n
 (A

P
C

 p
.V

a
l5

6
9

M
e

t a
n
d
 p

.G
ln

1
3

0
3

L
ys, 

A
P

O
B

 

p
.P

ro
2

6
2
0

S
e

r, 
B

R
C

A
2
 

p
.A

sp
6
3

5
G

lu
 

a
n
d

 
p
.G

ln
1
5

9
5

P
ro

, 
F

A
T

1
 

p
.A

la
4
1

9
0

T
h
r 

a
n
d
 

p
.V

a
l4

5
3

2
Ile

; 
M

Y
S

T
3
 

p
.P

ro
1

0
0
3

A
la

; 
N

S
D

1
 

p
.H

is3
9
0

G
ln

; 
T

E
T

2
 

p
.G

ln
1
6

5
2

T
e
r, 

p
.G

ln
1
5

2
6
T

e
r, p

.G
ly1

3
9

1
V

a
l a

n
d

 p
.A

sn
1
3

8
7

S
e

r). W
e
 a

lso
 u

se
d
 S

a
n
g

e
r se

q
u

e
n

cin
g

 

to
 a

cce
ss th

e
 fre

q
u

e
n

cy o
f N

P
M

1
c, a

 kn
o
w

n
 m

u
ta

tio
n
 in

 a
 p

la
ce

 su
sp

e
cte

d
 to

 h
a
ve

 

su
ffe

re
d
 fro

m
 b

a
d
 co

ve
ra

g
e
. In

 th
is ca

se
, 1

9
 N

P
M

1
c w

e
re

 d
e
te

cte
d
 b

y se
q

u
e

n
cin

g
 9

2
 

sa
m

p
le

s (A
p
p

e
n

d
ix A

). 

T
h

e
se

 re
fin

e
d
 filte

rin
g
 crite

ria
 h

a
d

 p
re

vio
u
sly a

llo
w

e
d
 u

s to
 ke

e
p
 tru

e
 p

o
sitive

 

ca
lls in

 a
 co

n
fid

e
n

ce
 o

f a
t le

a
st 9

5
%

1
1
6. A

fte
r th

e
se

 m
e
th

o
d

o
lo

g
ie

s, w
e

 w
e

re
 co

n
fid

e
n

t 

o
f h

a
vin

g
 re

m
o

ve
d
 g

e
rm

lin
e
 a

n
d

 u
n

re
lia

b
le

 m
u
ta

tio
n
s to

 ke
e
p
 F

D
R

 b
e
tw

e
e
n
 4

-7
%

.  

F
in

a
lly, re

su
lts w

e
re

 a
n
a

lyse
d
 w

ith
 R

 so
ftw

a
re

 a
n
d
 G

ito
o
ls

1
1
7. M

u
ta

tio
n
 d

a
ta

 w
a

s 

d
e
p

o
site

d
 in

 N
C

B
I's S

e
q

u
e

n
ce

 R
e
a

d
 A

rch
ive

 (S
R

P
0

8
9

8
1

6
). 

3
.4

 
F

u
n

c
tio

n
a
l c

a
te

g
o

riz
a

tio
n

 o
f m

u
ta

te
d

 g
e
n

e
s
 

A
 p

ro
te

in
 fu

n
ctio

n
a

l in
te

ra
ctio

n
 n

e
tw

o
rk w

a
s co

n
stru

cte
d
 w

ith
 th

e
 C

yto
sca

p
e
 

3
.2

.1
1
1
8, u

sin
g
 th

e
 R

e
a
cto

m
e

 F
IV

iz a
p
p

1
1
9 fo

r g
e
n

e
 se

t/m
u
ta

tio
n

 a
n
a

lysis to
 o

b
ta

in
 a

 

su
b
n

e
tw

o
rk o

f p
ro

te
in

s a
ffe

cte
d
 (u

sin
g
 g

e
n
e

s m
u

ta
te

d
 m

o
re

 th
a
n
 o

n
ce

 a
n
d

 w
ith

o
u

t 

lin
ke

rs). T
h

e
 su

b
-n

e
tw

o
rk cre

a
te

d
 w

a
s fu

rth
e
r clu

ste
re

d
 w

ith
 a

 sp
e
ctra

l p
a
rtitio

n
 b

a
se

d
 

n
e
tw

o
rk clu

ste
rin

g
 a

lg
o

rith
m

1
2
0 in

to
 su

b
-n

e
tw

o
rks (m

o
d
u

le
s). P

a
th

w
a

y a
n
d

 G
O

 te
rm

 

e
n
rich

m
e

n
t a

n
a

lysis o
f th

e
 m

o
d
u

le
s in

clu
d
e

d
 m

o
d

u
le

s w
ith

 tw
o
 o

r m
o
re

 g
e
n

e
s, u

sin
g

 

F
D

R
<

0
.0

5
, o

n
 th

e
 se

ve
ra

l so
u
rce

s o
f p

a
th

w
a

y a
n

n
o

ta
tio

n
 a

va
ila

b
le

 (K
E

E
G

, C
e

llM
a

p
, 

R
e

a
cto

m
e
, N

C
I P

ID
, P

a
n
th

e
r, a

n
d
 B

io
C

a
rta

). 

3
.5

 
C

o
rre

la
tio

n
 s

tu
d

ie
s
 o

f m
u

ta
te

d
 g

e
n

e
s
 

C
o

rre
la

tio
n

s b
e
tw

e
e
n

 m
o

le
cu

la
r a

lte
ra

tio
n

s a
n
d

/o
r o

th
e
r m

o
le

cu
la

rly/clin
ica

lly 

d
e
fin

e
d

 
g

ro
u

p
s 

w
e

re
 

ca
lcu

la
te

d
 

u
sin

g
 

P
e

a
rso

n
 

co
rre

la
tio

n
 

a
n
d

 
sig

n
ifica

n
ce

 
w

a
s 

d
e
te

rm
in

e
d

 w
ith

 F
ish

e
r e

xa
ct te

sts o
r M

a
n
n

-W
hitn

e
y U

 te
st (fo

r d
ich

o
to

m
o

u
s a

n
d
 

co
n
tin

u
o

u
s va

ria
b

le
s re

sp
e
ctive

ly). T
h

e
 m

u
tu

a
l e

xclu
sivity fo

r g
e

n
e
 p

a
irs w

a
s a

n
a

lyse
d
 

w
ith

 C
o

M
E

t e
xa

ct te
st 1

2
1 in

 R
. L

a
rg

e
r se

ts o
f g

e
n
e

s p
a
tte

rn
s w

e
re

 a
n
a
lyse

d
 w

ith
 

G
ito

o
ls

1
1
7 u

sin
g

 th
e
 M

u
tE

x a
lg

o
rith

m
 w

ith
 1

0
,0

0
0
 p

e
rm

u
ta

tio
n

s.   

3
.6

 
S

ta
tis

tic
a
l a

n
a
ly

s
is

 o
f o

v
e

ra
ll s

u
rv

iv
a

l 

O
ve

ra
ll su

rviva
l (O

S
) a

n
a

lysis w
a

s p
e
rfo

rm
e

d
 in

 R
 u

sin
g

 th
e
 su

rviva
l p

a
cka

g
e

, 

w
ith

 
e

ve
n
t 

d
e
fin

e
d
 

a
s 

d
e
a

th
 

b
y 

a
n
y 

ca
u
se

 
o
r 

tim
e
 

ce
n
so

re
d
 

a
t 

la
st 

fo
llo

w
-u

p
. 

D
iffe

re
n

ce
s b

e
tw

e
e
n

 g
ro

u
p
s w

e
re

 te
ste

d
 w

ith
 u

n
a

d
ju

ste
d
 K

a
p
la

n
-M

e
ie

r cu
rve

s u
sin

g
 



5
3
 

 

lo
g

-ra
n
k te

sts. H
a

za
rd

 ra
tio

s w
e

re
 e

stim
a

te
d
 fro

m
 C

o
x p

ro
p

o
rtio

n
a

l h
a
za

rd
 re

g
re

ssio
n

, 

u
se

d
 to

 e
va

lu
a
te

 th
e
 in

d
e
p

e
n

d
e

n
t e

ffe
cts o

f co
va

ria
te

s. U
n

iva
ria

te
, co

va
ria

te
 a

n
d
 

m
u

ltiva
ria

te
 a

n
a

lysis w
e

re
 e

va
lu

a
te

d
 fo

r C
o

x p
ro

p
o

rtio
n
a

lity. 

 
 



5
4
 

 

3
.7

 
D

N
A

 m
e

th
y
la

tio
n

 p
ro

filin
g

 

F
o
r D

N
A

 m
e

th
yla

tio
n

 a
sse

ssm
e

n
t w

e
 u

se
d

 th
e
 In

fin
iu

m
®

 H
u
m

a
n
M

e
th

yla
tio

n
4
5

0
 

B
e

a
d

C
h

ip
 p

la
tfo

rm
 (Illu

m
in

a
 In

c, C
A

, U
S

A
), re

p
o

rte
d
 to

 h
a
ve

 h
ig

h
 co

ve
ra

g
e
 (w

ith
 9

9
%

 

o
f R

e
fS

e
q

 g
e

n
e

s co
ve

re
d

 a
cro

ss g
e

n
e

 re
g

io
n
s a

n
d
 9

6
%

 o
f C

p
G

 isla
n
d

s th
a
t in

clu
d
e
 

sh
e
lve

s a
n
d

 sh
o
re

s). T
h
e

 a
rra

y w
a

s p
e
rfo

rm
e

d
 o

n
 th

e
 8

0
 D

N
A

 sa
m

p
le

s fro
m

 th
e
 S

A
L
 

co
h
o

rt w
ith

 su
fficie

n
t m

a
te

ria
l a

va
ila

b
le

. A
 b

isu
lfite–

co
n
ve

rte
d
 D

N
A

 w
a

s a
m

p
lifie

d
, 

fra
g

m
e

n
te

d
 

a
n
d
 

h
yb

rid
ize

d
 

to
 

th
e
 

p
ro

b
e

s 
o
f 

th
e

 
m

icro
a
rra

y 
a
cco

rd
in

g
 

to
 

th
e
 

m
anufacturer’s 

p
ro

to
co

l. 
F

o
r 

a
n
a

lysis 
o
f 

th
e
 

In
fin

iu
m

®
 

H
u
m

a
n
M

e
th

yla
tio

n
4
5

0
 

B
e

a
d

C
h

ip
 d

a
ta

 w
e
 u

se
d
 th

e
 ID

A
T

 file
s w

ith
 re

su
lt va

lu
e
s o

f 2
7
3
 sa

m
p

le
s to

g
e
th

e
r (1

9
4
 

o
f th

e
 T

C
G

A
 a

n
d

 7
9
 o

f S
A

L
), o

r th
e
 8

0
 S

A
L

 sa
m

p
le

s o
n
ly in

 R
 so

ftw
a

re
, w

h
ich

 w
e

re
 

h
o
m

o
g

e
n
ize

d
 

u
sin

g
 

th
e
 

d
a
se

n
 

fu
n
ctio

n
 

(w
a

te
R

m
e

lo
n
 

p
a
cka

g
e

1
2
2
,1

2
3). 

T
h

e
 

D
N

A
 

m
e

th
yla

tio
n

 fra
ctio

n
 a

t e
a

ch
 C

p
G

 is re
p
re

se
n
te

d
 b

y th
e

 in
d
e

x o
f D

N
A

 m
e

th
yla

tio
n
 

fra
ctio

n
, b

e
ta

-va
lu

e
s (β

), ca
lculated as β = M

/(M
 + U

 + α), w
h

e
re

 M
 a

n
d

 U
 a

re
 

m
e

th
yla

te
d

 a
n
d
 u

n
m

e
th

yla
te

d
 sig

n
a

l in
te

n
sitie

s a
n

d
 α is an arbitrary offset to

 a
cco

u
n
t 

fo
r m

e
a
su

re
m

e
n
ts o

f lo
w

 va
lu

e
s. T

h
e
 d

b
S

N
P

-re
la

te
d

 C
p

G
s w

ith
 M

A
F

>
0

.0
1
 w

e
re

 

filte
re

d
 o

u
t a

n
d
 th

e
 b

e
ta

 va
lu

e
s o

f m
e

th
yla

tio
n

 in
 se

x-re
la

te
d
 p

o
sitio

n
s C

p
G

s w
e

re
 

re
m

o
ve

d
.  

D
e

n
sity p

ro
file

s o
f th

e
 b

e
ta

 a
n
d
 M

-va
lu

e
s (β

-lo
g

it2
 tra

n
sfo

rm
e

d
) sa

m
p

le
s w

e
re

 

re
vie

w
e

d
 (F

ig
u

re
 3

.7
.1

A
-D

). P
rin

cip
a
l co

m
p

o
n

e
n

ts 
o
f a

ll m
e
th

yla
tio

n
 va

lu
e
s w

e
re

 

a
n
a

lyse
d
 to

 g
u

a
ra

n
te

e
 th

e
 re

m
o

va
l o

f b
a
tch

 e
ffe

cts a
n
d

 o
u
tlie

rs (P
C

A
, F

ig
u
re

 3
.7

.1
E

). 



5
5
 

 

 

F
ig

u
re

 3
.7

.1
 R

e
p

re
s

e
n

ta
tio

n
 o

f q
u

a
lity

 c
o

n
tro

ls
 u

s
e
d

 fo
r th

e
 in

te
g

ra
tio

n
 o

f S
A

L
 

a
n

d
 T

C
G

A
 e

p
ig

e
n

e
tic

 d
a

ta
. 

(A
-D

) D
e
n

sity p
lo

ts th
a
t co

m
p
a

re
 th

e
 d

istrib
u

tio
n

 o
f m

e
th

yla
tio

n
 d

a
ta

 fro
m

 th
e

 T
C

G
A

 a
n

d
 fro

m
 th

e
 S

A
L
 

co
h

o
rts. T

h
e

 first 2
 g

ra
p

h
ics sh

o
w

 β
-va

lu
e

s o
f th

e
 T

C
G

A
 co

h
o
rt (A

, in
 g

re
e

n
) a

n
d
 S

A
L

 co
h

o
rt (B

, in
 p

u
rp

le
). 

T
h

e
 n

e
xt 2

 a
re

 re
p

re
se

n
ta

tio
n

s o
f th

e
 co

rre
sp

o
n

d
in

g
 M

-va
lu

e
s fro

m
 th

e
 p

a
tie

n
ts o

f T
C

G
A

 co
h

o
rt (C

): 
yo

u
n

g
 p

a
tie

n
ts (le

ss th
a
n

 6
5

y, in
 re

d
) a

n
d

 e
ld

e
rly p

a
tie

n
ts (6

5
y o

r o
ld

e
r, in

 b
lu

e
) a

n
d

 fro
m

 th
e

 S
A

L
 e

ld
e

rly 
co

h
o

rt (D
, 6

5
y o

r o
ld

e
r, in

 b
la

ck). (E
) P

rin
cip

a
l co

m
p

o
n
e

n
t p

lo
ts fo

r th
e

 first 4
 co

m
p

o
n

e
n

ts (w
h

ich
 re

p
re

se
n
t 

a
 g

o
o

d
 p

ro
p
o

rtio
n

 o
f th

e
 va

ria
tio

n
). T

h
e
 p

lo
ts sh

o
w

 th
e
 h

o
m

o
g

e
n
e

ity o
f th

e
 m

e
th

yla
tio

n
 d

a
ta

 a
fte

r 
a

p
p

lica
tio

n
 o

f th
e

 d
a
se

n
 fu

n
ctio

n
. B

a
tch

 e
ffe

cts co
u

ld
 n

o
t b

e
 p

e
rce

ive
d

 e
ith

e
r fo

r T
C

G
A

 yo
u

n
g

 co
h
o

rt (le
ss 

th
a

n
 6

5
y, in

 re
d

), fo
r T

C
G

A
 e

ld
e

rly p
a

tie
n

ts (6
5

y o
r o

ld
e

r, in
 b

lu
e

) o
r fo

r th
e

 S
A

L
 e

ld
e

rly co
h
o

rt (in
 b

la
ck). 

  
 



5
6
 

 S
e

ve
ra

l u
n
su

p
e

rvise
d
 h

ie
ra

rch
ica

l clu
ste

rin
g

 o
f th

e
 sa

m
p

le
s w

ith
 M

-va
lu

e
s w

e
re

 

d
o
n

e
, u

sin
g
 a

n
 a

ve
ra

g
e
 lin

ka
g

e
 o

f th
e
 E

u
clid

ia
n
 d

ista
n
ce

 p
e
rfo

rm
e

d
 in

 G
ito

o
ls

1
1
7. 

A
n

n
o

ta
tio

n
s o

f C
p
G

s lo
ca

lize
d
 a

t p
ro

m
o
te

rs w
e

re
 d

o
n

e
 a

cco
rd

in
g

 to
 th

e
 Illu

m
in

a
 

m
a

n
ife

st, a
s w

a
s th

e
 d

ivisio
n
 o

f h
ig

h
-d

e
n

se
 a

n
d

 lo
w

-d
e
n

se
 C

p
G

s re
g

io
n
s (P

H
A

N
T

O
M

 

a
n
n

o
ta

tio
n

) a
n
d

 th
e
 re

la
tive

 p
o

sitio
n
 o

f C
p

G
s to

 C
G

 isla
n
d

s (sh
e
lve

s a
n
d

 sh
o
re

s). A
 t-

te
st w

a
s u

se
d
 to

 a
n
a

lyse
 th

e
 d

istrib
u
tio

n
 o

f a
g

e
s in

 th
e
 m

e
th

yla
tio

n
 g

ro
u
p
s d

e
fin

e
d
 b

y 

h
ie

ra
rch

ica
l clu

ste
rin

g
.  

T
o

 d
e
te

rm
in

e
 d

iffe
re

n
tia

lly m
e

th
yla

te
d

 re
g

io
n
s (D

M
R

s), w
e

 u
se

d
 R

 to
 a

p
p

ly 1
0
0

0
 

p
e
rm

u
ta

tio
n

s w
ith

 th
e
 B

u
m

p
h

u
n
te

r
1
2
4 a

lg
o

rith
m

 a
n
d

 co
n
sid

e
re

d
 sig

n
ifica

n
t re

g
io

n
s o

f 

p
A

re
a
<

0
.0

5
, fa

m
ily-w

ise
 e

rro
r ra

te
<

1
0

%
 a

n
d
 >

2
 C

p
G

s d
iffe

re
n
tly m

e
th

yla
te

d
. T

h
e
 

fu
n
ctio

n
a

l sig
n

ifica
n
ce

 w
a

s e
xtra

cte
d

 fro
m

 th
e
 re

su
ltin

g
 cis-re

g
u

la
to

ry re
g

io
n
s a

n
d
 

g
e

n
e

s w
h

ich
 a

re
 p

ro
xim

a
l (w

ith
in

 5
kb

 u
p
stre

a
m

 a
n
d

 1
kb

 d
o
w

n
stre

a
m

) a
n
d

 d
ista

l (u
p
 to

 

1
0
0

0
kb

) e
xtra

cte
d
 fro

m
 th

e
 e

n
tire

 g
e

n
o
m

e
 G

R
C

h
3
7

/h
g

1
9

 b
y th

e
 G

e
n
o
m

ic R
e

g
io

n
s 

E
n

rich
m

e
n
t o

f A
n

n
o
ta

tio
n

s T
o

o
l v 3

.0
.0

 (G
R

E
A

T
)
1
2
5. T

h
e
se

 g
e

n
e

 lists w
e

re
 a

n
a

lyse
d
 

a
lso

 u
sin

g
 D

A
V

ID
 6

.7
1
2
6
,1

2
7 a

n
d

 re
su

lts w
e

re
 co

n
sid

e
re

d
 sig

n
ifica

n
t fo

r E
A

S
E

 sco
re

s 

w
ith

 
F

D
R

<
1

0
%

 and 
enrichm

ent 
score 

of 
the 

respective 
cluster 

≥1.3. 
S

p
e
cific 

g
e

n
e

s/re
g

io
n
s w

e
re

 p
lo

tte
d
 in

 R
 u

sin
g

 th
e
 h

e
a
tm

a
p
B

yC
h

ro
m

o
so

m
e
 fu

n
ctio

n
 fro

m
 th

e
 

m
e

th
yA

n
a
lysis 

p
a
cka

g
e

. 
C

a
lcu

la
tio

n
 

o
f 

th
e
 

o
ve

rla
p

 
o
f 

D
M

R
s 

w
ith

 
g

e
n

e
s, 

g
e

n
e
 

p
ro

m
o
te

rs 
a
n
d
 

tra
n
scrip

tio
n

 
sta

rt 
site

s 
(T

S
S

) 
w

e
re

 
re

p
o

rte
d
 

a
s 

a
n

a
lyse

d
 

in
 

E
p

iE
xp

lo
re

r
1
2
8. P

o
sitio

n
s o

f D
M

R
s a

cro
ss th

e
 g

e
n
o

m
e

 w
e

re
 p

lo
tte

d
 u

sin
g

 th
e
 fu

n
ctio

n
 

p
lo

tK
a

ryo
typ

e
 fro

m
 th

e
 R

 p
a
cka

g
e

 ka
ryo

p
lo

te
R

1
2
9. 

A
rra

y d
a
ta

 w
a

s d
e
p

o
site

d
 a

n
d

 is a
cce

ssib
le

 th
ro

u
g

h
 N

C
B

I's G
e

n
e

 E
xp

re
ssio

n
 

O
m

n
ib

u
s (G

S
E

8
6
4

0
9

). 

  
 



5
7
 

 

3
.8

 
S

u
rv

iv
a

l p
re

d
ic

tio
n

s
 fro

m
 T

C
G

A
 c

o
h

o
rt g

e
n

e
 e

x
p

re
s
s

io
n

 p
ro

file
s
 

W
e
 u

se
d
 th

e
 g

e
n
e
 e

xp
re

ssio
n
 d

a
ta

 fro
m

 th
e
 T

C
G

A
 co

h
o

rt co
rre

sp
o

n
d

in
g

 to
 th

e
 A

M
L
 

p
a
tie

n
ts u

se
d
 in

 m
e
th

yla
tio

n
. T

h
e
 T

C
G

A
 R

N
A

-se
q

 d
a
ta

se
t w

a
s u

se
d
 a

s p
ro

ce
sse

d
 b

y 

P
a

n
ca

n
1

2
1
3
0, n

=
1

7
3
, w

h
ich

 is a
 lo

g
2
-R

S
E

M
 tra

n
sfo

rm
e

d
 a

n
d
 m

e
a
n
 ra

n
ke

d
 m

a
trix o

f 

1
7
,2

6
2
 g

e
n
e

s. T
h

e
 d

a
ta

 w
e

re
 im

p
o
rte

d
 in

 R
 a

n
d
 fo

r e
a
ch

 g
e

n
e
 a

 g
ro

u
p
 o

f p
a
tie

n
ts w

ith
 

g
e

n
e
 e

xp
re

ssio
n
 lo

w
e

r th
a
n

 m
e

a
n
 a

n
d
 a

n
o
th

e
r w

ith
 e

q
u

a
l o

r h
ig

h
e
r th

a
n

 m
e

a
n
 w

a
s 

d
e
fin

e
d
. T

h
e
 o

ve
ra

ll su
rviva

l a
n
a

lysis p
e
rfo

rm
e

d
 w

a
s d

o
n

e
 fo

llo
w

in
g

 th
e
 im

p
le

m
e

n
te

d
 

in the R
 package ‘survival’, w

ith su
rviva

l tim
e

s g
ive

n
 b

y tim
e

 fro
m

 d
ia

g
n
o

sis to
 th

e
 

e
ve

n
t (d

e
a
th

 fro
m

 a
n
y ca

u
se

) o
r ce

n
so

re
d
 a

t la
st fo

llo
w

-u
p
. D

iffe
re

n
ce

s b
e
tw

e
e
n

 th
e
se

 

g
ro

u
p

s w
e

re
 te

ste
d
 w

ith
 u

n
a

d
ju

ste
d
 K

a
p
la

n
-M

e
ie

r cu
rve

s u
sin

g
 lo

g
-ra

n
k te

sts. 



5
8
 

 

C
H

A
P

T
E

R
 4

. 
R

E
S

U
L

T

Patricia Silva
Typewriter

Patricia Silva
Typewriter
S

Patricia Silva
Typewriter

Patricia Silva
Typewriter

Patricia Silva
Typewriter

Patricia Silva
Typewriter



5
9
 

  

4
.1

 
M

u
ta

tio
n

 p
ro

file
s
 o

f th
e
 S

A
L

 e
ld

e
rly

 A
M

L
 

W
e
 e

va
lu

a
te

d
 th

e
 m

u
ta

tio
n
s o

f 

a
 co

h
o

rt o
f S

A
L
 e

ld
e
rly A

M
L

 p
a
tie

n
ts 

(n
=

9
3

) w
ith

 a
 m

e
d
ia

n
 a

g
e
 o

f 7
2
 ye

a
rs 

a
t d

ia
g

n
o
sis (6

5
 to

 9
0
 ye

a
rs), u

sin
g

 

o
u
r se

lf-d
e
sig

n
e
d

 p
a
n
e

l N
G

S
 m

e
th

o
d
 

fo
r 5

5
5

 g
e
n

e
s. In

 to
ta

l, w
e

 d
e
te

cte
d

 

8
1
4

 
m

u
ta

tio
n
s 

a
n
d
 

co
n
sid

e
re

d
 

p
u
ta

tive
 so

m
a
tic m

u
ta

tio
n
s in

 2
8
1

 o
f 

th
e
 

5
5
5
 

ca
n
d

id
a
te

 
g

e
n

e
s 

(F
ig

u
re

 

4
.1

.1
, 

co
m

p
le

te
 

list 
o
f 

g
e

n
e
tic 

a
lte

ra
tio

n
s is in

 A
p

p
e

n
d

ix B
). 

 F
ig

u
re

 
4
.1

.1
 

F
re

q
u

e
n

c
ie

s
 

o
f 

m
u

ta
tio

n
s

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
 

fo
r e

a
c

h
 g

e
n

e
. 

T
h

e
 b

a
r g

ra
p
h

 re
p

re
se

n
ts th

e
 p

e
rce

n
ta

g
e

 o
f 

p
a

tie
n

ts w
ith

 a
 m

u
ta

tio
n

. T
h

e
 m

e
d
ia

n
 a

g
e

 o
f 

th
e

 
p
a

tie
n

ts 
a

t 
d

ia
g

n
o
sis 

is 
d

e
p

icte
d

 
b

y 
a
 

g
ra

d
ie

n
t co

d
e

 (in
 le

g
e

n
d

). A
 cu

m
u

la
tive

 co
u

n
t 

o
f th

e
 n

u
m

b
e

r o
f g

e
n

e
s w

ith
 ce

rta
in

 m
u

ta
tio

n
 

fre
q

u
e
n

cie
s is g

ive
n

 in
 th

e
 rig

h
t o

f th
e

 b
a

rs.  
A

d
a

p
te

d
 fro

m
 S

ilva
 e

t a
l. 2

0
1

7
1. 

 



6
0
 

 A
 m

e
d
ia

n
 n

u
m

b
e
r o

f 7
 g

e
n

e
s w

e
re

 m
u

ta
te

d
 p

e
r p

a
tie

n
t (ra

n
g

in
g
 1

 to
 2

3
 m

u
ta

tio
n
s 

p
e
r sa

m
p

le
, F

ig
u
re

 4
.1

.2
), m

o
st sa

m
p

le
s w

ith
 a

t le
a
st o

n
e
 in

se
rtio

n
 o

r d
e
le

tio
n

 a
n
d

 

m
o

re
 th

a
n

 o
n
e

 S
N

V
. W

e
 co

u
ld

 n
o
t m

a
ke

 co
m

p
a
riso

n
s o

f th
e
 ra

te
s o

f m
u
ta

tio
n
 in

 e
a
ch

 

p
a
tie

n
t to

 th
e
 re

p
o

rte
d
 a

ve
ra

g
e

 o
f 1

3
 g

e
n
e

s m
u
ta

te
d

 p
e
r p

a
tie

n
t in

 th
e
 T

C
G

A
 co

h
o
rt. 

T
h

e
re

fo
re

, w
e

 ju
d
g

e
d
 th

e
 m

e
d
ia

n
 n

u
m

b
e
r o

f 7
 g

e
n
e

s m
u

ta
te

d
 p

e
r p

a
tie

n
t to

 b
e
 

re
a
so

n
a

b
le

, sin
ce

 o
u
r se

le
ctio

n
 o

f 5
5
5
 g

e
n
e

s w
a

s b
ia

se
d

 fo
r g

e
n
e

s kn
o
w

n
 to

 b
e
 

m
u

ta
te

d
 in

 A
M

L
 a

n
d

 w
e

 h
a

d
 a

 cu
t o

ff a
t V

A
F

 o
f 2

0
%

.   

 

F
ig

u
re

 4
.1

.2
 F

re
q

u
e
n

c
ie

s
 o

f m
u

ta
tio

n
s

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
 fo

r e
a
c

h
 p

a
tie

n
t. 

T
h

e
 b

a
r g

ra
p

h
 re

p
re

se
n

ts th
e

 n
u

m
b
e

r o
f g

e
n

e
s m

u
ta

te
d
 in

 e
a

ch
 p

a
tie

n
t, o

rg
a

n
ize

d
 b

y in
cre

a
sin

g
 p

a
tie

n
t 

a
g

e
 a

n
d
 a

n
n

o
ta

te
d
 fo

r th
e
 typ

e
 o

f m
u

ta
tio

n
 fo

u
n

d
 in

se
rtio

n
 o

r d
e

le
tio

n
 (IN

D
E

L
) o

r sin
g
le

 n
u

cle
o

tid
e
 

va
ria

tio
n
 (S

N
V

). T
h

e
 a

g
e

 o
f th

e
 p

a
tie

n
ts a

t d
ia

g
n

o
sis is d

e
p

icte
d

 b
y th

e
 h

e
a

tm
a

p
 co

d
e
 (in

 le
g

e
n

d
). 

 

A
ll p

a
tie

n
ts h

a
d

 a
t le

a
st o

n
e
 m

u
ta

tio
n

 like
ly b

e
lo

n
g

in
g

 to
 a

 m
a
jo

r clo
n
e

 (in
 a

t le
a
st 

3
7
%

 o
f th

e
 tu

m
o

r sa
m

p
le

, a
s a

sse
sse

d
 b

y a
d

ju
ste

d
 V

A
F

), w
ith

 e
xce

p
tio

n
 o

f th
e
 p

a
tie

n
t 

w
ith

 o
n

ly 1
 m

u
ta

tio
n

 (F
ig

u
re

 4
.1

.3
A

).  

F
u
rth

e
rm

o
re

, 
m

o
st 

o
f 

th
e
 

a
lte

re
d
 
g

e
n
e

s 
d

isp
la

ye
d
 

m
u

ta
tio

n
s 

o
f 

a
 

p
o

ssib
le

 

fo
u
n

d
in

g
 clo

n
e
, m

e
a
n

in
g

 a
d

ju
ste

d
 V

A
F

 h
ig

h
e
r th

a
n

 th
e
 3

7
%

 (F
ig

u
re

 4
.1

.3
B

). T
h

e
 va

st 

m
a

jo
rity o

f th
e
 g

e
n

e
s fre

q
u

e
n
tly m

u
ta

te
d
 e

ve
n
 sh

o
w

e
d
 a

 m
e

d
ia

n
 a

d
ju

ste
d
 V

A
F

 h
ig

h
e
r 

th
a
n

 th
e
 3

7
%

. A
ll o

f th
e
 g

e
n
e

s w
ith

 3
 o

r m
o

re
 m

u
ta

tio
n
s d

e
te

cte
d
 h

a
d
 a

t le
a
st o

n
e
 

m
u

ta
tio

n
 b

e
lo

n
g

in
g
 to

 a
 m

a
jo

r clo
n
e

, e
ve

n
 if th

e
y se

e
m

 to
 h

a
ve

 a
 te

n
d
e

n
cy fo

r 

m
u

ta
tio

n
s w

ith
 lo

w
 V

A
F

 (fo
r e

xa
m

p
le

 P
D

E
4

D
IP

, se
e
 F

ig
u
re

 4
.1

.3
B

). 



6
1
 

 

 

F
ig

u
re

 4
.1

.3
 V

a
ria

n
t a

lle
le

 fre
q

u
e

n
c

ie
s
 o

f m
u

ta
tio

n
s
 in

 th
e
 S

A
L

 e
ld

e
rly

 A
M

L
. 

R
e
p

o
rt o

f va
ria

n
t a

lle
le

 fre
q

u
e
n

cie
s (V

A
F

, a
d

ju
ste

d
 fo

r th
e

 n
u

m
b

e
r o

f X
 ch

ro
m

o
so

m
e
s) o

f m
u

ta
tio

n
s in

 
S

A
L

 e
ld

e
rly A

M
L

, w
h

ich
 a

re
 p

lo
tte

d
: b

y sa
m

p
le

 (A
, p

lo
tte

d
 b

y p
a

tie
n

t a
g

e
 a

t d
ia

g
n

o
sis 6

5
 to

 9
0

 ye
a

rs) a
n
d
 

b
y g

e
n

e
 (B

, w
h

e
re

 g
e

n
e
s w

ith
 a

t le
a

st 3
 m

u
ta

tio
n

s). G
re

e
n

 sh
a

d
e
s m

a
rk a

d
ju

ste
d

 V
A

F
s o

f m
u

ta
tio

n
s in

 a
 

fo
u

n
d
in

g
 clo

n
e
 (3

7
-5

1
%

). M
u

ta
tio

n
s w

ith
 h

ig
h
e

r a
d

ju
ste

d
 V

A
F

s w
e

re
 m

a
rke

d
 a

s lo
ss o

f h
e

te
ro

zyg
o

sity 
(L

O
H

). A
 le

g
e

n
d

 in
 th

e
 rig

h
t p

a
n

e
l lists th

e
 ch

ro
m

o
so

m
e

 (C
h

r) w
h

e
re

 th
e

 g
e
n

e
 is lo

ca
te

d
. T

h
e

 o
ra

n
g
e
 

a
ste

risk d
e

n
o

te
s sa

m
p

le
s w

ith
 o

n
ly o

n
e

 m
u

ta
tio

n
 (A

) o
r g

e
n

e
s th

a
t h

a
d

 m
u

ta
tio

n
s w

ith
 lo

w
 a

d
ju

ste
d

 V
A

F
s 

(2
0

-3
7

%
, B

). A
d
a

p
te

d
 fro

m
 S

ilva
 e

t a
l. 2

0
1
7

1. 

 W
e
 fo

u
n

d
 n

o
 co

rre
la

tio
n
 b

e
tw

e
e
n

 th
e
 n

u
m

b
e
rs o

f m
u

ta
te

d
 g

e
n
e

s p
e
r sa

m
p

le
 a

n
d
 

in
cre

a
sin

g
 a

g
e
 (e

ith
e
r o

f In
d
e

l o
r S

N
V

 typ
e
, F

ig
u
re

 4
.1

.2
), w

h
ich

 w
a

s co
n
siste

n
t w

ith
 

th
e
 o

b
se

rva
tio

n
s w

ith
in

 th
e
 e

ld
e
rly T

C
G

A
 p

a
tie

n
t co

h
o
rt (6

5
 to

 8
8
 ye

a
rs o

ld
, F

ig
u

re
 

4
.1

.4
). A

n
 in

cre
a
se

 o
f m

u
ta

tio
n
 lo

a
d

 w
ith

 a
g

e
 w

a
s sig

n
ifica

n
t o

n
ly w

h
e
n

 e
ld

e
rly (6

5
 to

 

8
8
 ye

a
rs o

ld
, n

=
6

0
) w

e
re

 co
m

p
a
re

d
 to

 yo
u
n

g
e

r p
a
tie

n
ts (1

8
 to

 6
4
 ye

a
rs o

ld
, n

=
1

3
7
) 

w
ith

in
 th

e
 T

C
G

A
 co

h
o
rt, (F

ig
u
re

 4
.1

.4
). D

e
sp

ite
 th

e
 fa

ct th
a
t th

e
se

 su
b

g
ro

u
p

s o
f 



6
2
 

 

yo
u
n

g
e

r a
n
d

 o
ld

e
r p

a
tie

n
ts h

a
ve

 d
iffe

re
n
t su

rviva
l p

ro
b

a
b
ilitie

s w
ith

in
 th

e
 S

A
L

 co
h
o
rt 

a
n
d

 w
ith

in
 th

e
 T

C
G

A
 co

h
o

rt (F
ig

u
re

 4
.1

.5
).  

 

F
ig

u
re

 4
.1

.4
 R

a
te

 o
f m

u
ta

tio
n

 o
f A

M
L

 s
a
m

p
le

s
 in

 th
e

 T
C

G
A

 c
o

h
o

rt a
n

d
 S

A
L

 
c

o
h

o
rt. 

T
h

e
 b

o
xp

lo
ts sh

o
w

 th
e

 n
u
m

b
e

r o
f g

e
n

e
s m

u
ta

te
d

 p
e

r sa
m

p
le

 fo
u

n
d

 in
 T

C
G

A
 co

h
o

rt a
n

d
 in

 th
e

 S
A

L
 e

ld
e

rly 
co

h
o

rt (in
clu

d
in

g
 su

b
d

ivisio
n

s o
f th

e
se

 in
to

 sm
a

lle
r a

g
e

 g
ro

u
p

s). T
h

e
 co

m
p
a

riso
n
 d

e
p

icts th
e

 in
cre

a
se

d
 

n
u

m
b
e

r o
f g

e
n

e
s w

ith
 m

u
ta

tio
n

s fro
m

 yo
u

n
g

 p
a

tie
n

ts (<
6

5
 ye

a
rs) to

 e
lderly (≥65

 ye
a

rs), b
u
t n

o
t in

 fu
rth

e
r 

su
b

d
ivisio

n
s o

f th
e
se

 T
C

G
A

 g
ro

u
p

s (yr, ye
a

rs). T
h

e
 sa

m
e

 w
a
s o

b
se

rve
d

 fo
r th

e
 sa

m
e

 su
b

d
ivisio

n
 o

f th
e
 

S
A

L
 e

ld
e

rly co
h

o
rt. D

iffe
re

n
ce

s b
e

tw
e

e
n

 g
ro

u
p
s w

e
re

 co
n

d
u
cte

d
 w

ith
 t-te

st a
n

a
lyse

s a
n
d

 a
re

 re
p

re
se

n
te

d
 

a
s N

.S
. n

o
n

-significant and **p≤0.01. T
h

e
se

 w
e

re
 o

n
ly a

cce
sse

d
 w

ith
in

 e
a
ch

 co
h

o
rt d

u
e

 to
 th

e
 d

iffe
re

n
ce

s 
in

 th
e

 p
la

tfo
rm

s o
f w

h
o

le
-e

xo
m

e
 o

f T
C

G
A

 a
n

d
 o

u
r p

a
n
e

l o
f e

xo
n

 se
q

u
e
n

cin
g

. 
 



6
3
 

 

 

F
ig

u
re

 4
.1

.5
 S

u
rv

iv
a

l a
n

a
ly

s
is

 o
f A

M
L

 p
a
tie

n
ts

 in
 th

e
 T

C
G

A
 c

o
h

o
rt a

n
d

 in
 S

A
L

 
c

o
h

o
rt. 

K
a

p
la

n
-M

e
ie

r cu
rve

s sh
o

w
 e

stim
a

tio
n
s o

f th
e
 o

ve
ra

ll su
rviva

l o
f T

C
G

A
 co

h
o

rt (A
) a

n
d

 o
f th

e
 S

A
L

 e
ld

e
rly 

co
h

o
rt (B

). T
h

e
 g

ra
p

h
s sh

o
w

 th
e

 d
iffe

re
n

tia
l o

u
tco

m
e

 fo
r th

e
 su

b
d

ivisio
n
s o

f yo
u
n

g
 (<

6
5

 ye
a

rs, yr) a
n
d
 

e
lderly patients (≥65

 ye
a

rs) in
to

 sm
a
lle

r a
g
e

 g
ro

u
p

s a
cco

rd
in

g
 to

 th
e

 m
e
d

ia
n

 a
g

e
s o

f 5
0

y in
 yo

u
n

g
 a

n
d
 

7
2

y in
 e

ld
e

rly. S
ta

tistics w
e

re
 ca

lcu
la

te
d

 w
ith

 th
e

 lo
g
-ra

n
k te

st a
n

d
 th

e
 d

o
tte

d
 lin

e
s m

a
rk th

e
 9

5
%

 
co

n
fid

e
n
ce

 b
o

u
n

d
s o

f e
a

ch
 cu

rve
. 

 
In

 g
e

n
e

ra
l, th

irty-o
n
e
 g

e
n
e

s w
e

re
 fre

q
u
e

n
tly m

u
ta

te
d
 in

 th
e
 S

A
L
 e

ld
e
rly A

M
L

, a
s 

th
e
y w

e
re

 m
u

ta
te

d
 in

 m
o

re
 th

a
n

 5
%

 o
f p

a
tie

n
ts (F

ig
u
re

 4
.1

.6
). T

h
e
 m

o
st fre

q
u

e
n

tly 

m
u

ta
te

d
 g

e
n

e
s w

e
re

: D
N

M
T

3
A

 3
3
.3

%
, T

E
T

2
 2

5
.8

%
, S

R
S

F
2
 2

2
.6

%
, A

S
X

L
1
 2

1
.5

%
, 

R
U

N
X

1
 a

n
d
 ID

H
1
 1

7
.2

%
, N

P
M

1
 1

6
.1

%
, ID

H
2
 1

0
.8

%
 (F

ig
u
re

 4
.1

.6
). 

O
f n

o
te

, w
e

 id
e
n

tifie
d
 n

o
ve

l n
o
n
-re

cu
rre

n
t a

b
e

rra
tio

n
s in

 p
re

vio
u
sly re

p
o

rte
d
 

ca
n
ce

r 
d

rive
r 

g
e

n
e

s 
e
n

co
d

in
g
 

p
ro

te
in

s 
o
f 

th
e

 
P

I3
K

/m
T

O
R

 
p

a
th

w
a

y 
(P

IK
3

C
A

, 

P
IK

3
C

2
B

, M
T

O
R

) a
n
d
 D

N
A

 d
a
m

a
g

e
 p

ro
te

in
s (B

R
C

A
2

, E
R

C
C

2
, F

A
N

C
C

). 

 
 



6
4
 

 

 

F
ig

u
re

 4
.1

.6
 R

e
c
u

rre
n

tly
 m

u
ta

te
d

 g
e

n
e

s
 in

 th
e
 S

A
L

 e
ld

e
rly

 A
M

L
. 

(A
) R

e
p

re
se

n
ta

tio
n

 o
f m

u
ta

tio
n

s in
 g

e
n

e
s (m

u
ta

te
d

 in
 5

 o
r m

o
re

 sa
m

p
le

s) w
ith

 p
a

tie
n

ts re
p

re
se

n
te

d
 in

 
ve

rtica
l a

n
d

 cla
ssifie

d
 b

y cyto
g
e

n
e

tic g
ro

u
p
s. C

la
ssifica

tio
n

 o
f co

m
p

le
x w

a
s d

e
fin

e
d
 fo

r sa
m

p
le

s w
ith

 3
 o

r 
m

o
re

 cyto
g

e
n

e
tic a

b
n

o
rm

a
litie

s (n
=

1
2

, C
o
m

p
le

x), co
re

 b
in

d
in

g
 fa

cto
r in

clu
d
e

d
 sa

m
p

le
s w

ith
 t(8

;2
1

) o
r 

in
v(1

6
)/t(1

6
;1

6
) (n

=
5

, C
B

F
), sa

m
p

le
s w

ith
 n

o
 cyto

g
e

n
e

tic a
b
n

o
rm

a
litie

s w
e

re
 d

e
sig

n
a

te
d

 cyto
g

e
n

e
tica

lly 
n

o
rm

a
l (n

=
2

8
, C

N
), o

th
e

rs w
e

re
 sa

m
p
le

s w
ith

 1
 o

r 2
 cyto

g
e
n

e
tic a

b
n

o
rm

a
litie

s (n
=

3
0

, o
th

e
r) a

n
d

 so
m

e
 

w
e

re
 n

o
t a

va
ila

b
le

 (n
=

1
8

, N
A

). (B
) T

h
e

 fre
q
u

e
n
cy o

f m
u

ta
tio

n
s in

 th
e

 g
e

n
e
s w

a
s g

ive
n
 in

 b
a

rs d
e

p
ictin

g
 

th
e

 p
e

rce
n

ta
g

e
 o

f sa
m

p
le

s in
 th

e
 co

h
o

rt w
ith

 a
 m

u
ta

tio
n
 in

 th
e

 g
e

n
e
. R

e
p
o

rtin
g

 N
G

S
 re

su
lts o

n
ly, n

o
t 

a
cco

u
n

tin
g
 fo

r th
e

 N
P

M
1

c fo
u
n
d

 o
n

ly b
y S

a
n

g
e

r se
q

u
e
n

cin
g

 a
n

d
 F

L
T

3
 * re

fe
rs to

 S
N

V
 n

o
t F

L
T

3
-IT

D
 fro

m
 

th
e

 clin
ica

l d
a

ta
 (in

 T
a

b
le

 3
.1

.1
). D

iffe
re

n
t co

lo
rs m

a
rk p

a
irs o

f g
e

n
e

s w
ith

 m
u

tu
a
l e

xclu
sio

n
: N

P
M

1
 vs 

A
S

X
L

1
 (p

=
0

.0
1

, p
in

k) a
n

d
 N

P
M

1
 vs R

U
N

X
1

 (p
=

0
.0

2
, g

re
e
n

), ID
H

1
 vs ID

H
2

 vs T
E

T
2

 (p
=

0
.0

0
3

, lig
h

t b
lu

e
), 

D
N

M
T

3
A

 vs P
IK

3
C

2
B

 (p
=

0
.0

4
, ye

llo
w

), S
R

S
F

2
 vs T

P
5
3

 (p
=

0
.0

4
, b

lu
e

). A
d

a
p

te
d
 fro

m
 S

ilva
 e

t a
l. 2

0
1

7
1.  



6
5
 

 

4
.1

.1
 

F
re

q
u

e
n

tly
 m

u
ta

te
d

 e
p

ig
e
n

e
tic

 re
g

u
la

to
rs

  

T
h

e
 fre

q
u

e
n
cy o

f m
u

ta
tio

n
s in

 e
p
ig

e
n
e
tic re

g
u

la
to

rs w
a

s p
a
rticu

la
rly h

ig
h

 in
 th

e
 

S
A

L
 e

ld
e
rly A

M
L

 a
n
d

 a
ffe

cte
d
 8

5
%

 o
f p

a
tie

n
ts (F

ig
u
re

 4
.1

.7
). T

h
e

se
 m

u
ta

tio
n

s a
ffe

cte
d
 

3
0
 g

e
n
e

s th
a
t e

n
co

d
e
 p

ro
te

in
s b

e
lo

n
g

in
g
 to

 se
ve

ra
l e

p
ig

e
n
e

tic p
ro

te
in

 fa
m

ilie
s.  

 

F
ig

u
re

 4
.1

.7
 M

u
ta

tio
n

s
 in

 e
p

ig
e

n
e
tic

 re
g

u
la

to
rs

 in
 e

ld
e

rly
 A

M
L

. 
D

e
p

ictio
n

 o
f m

u
ta

tio
n

s fo
u

n
d

 in
 e

p
ig

e
n
e

tic re
g

u
la

to
rs w

ith
 p

a
tie

n
ts re

p
re

se
n

te
d

 in
 ve

rtica
l a

n
d

 g
e

n
e
s 

cla
ssifie

d
 

in
to

 
th

e
ir 

p
ro

te
in

 
fa

m
ilie

s 
(so

rte
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e
re

 h
ig

h
e

r in
 

th
e
 

S
A

L
 

e
ld

e
rly 

A
M

L
 

th
a
n
 

p
re

vio
u
sly 

re
p
o

rte
d
 

fo
r 

th
e
 

g
e

n
e

ra
l 

A
M

L
 

p
o
p

u
la

tio
n

3
5
,3

7
,3

8
,3

9
,1

3
1. In

 a
g
re

e
m

e
n
t w

ith
 th

is re
su

lt, in
 th

e
 T

C
G

A
 yo

u
n
g

 g
ro

u
p

 (1
8
 to

 

6
4
 ye

a
rs o

ld
) w

e
 fo

u
n

d
 5

1
%

 o
f sa

m
p

le
s w

ith
 a

t le
a
st o

n
e

 m
u

ta
tio

n
 in

 a
n
 e

p
ig

e
n
e
tic 

re
g

u
la

to
r, w

h
ile

 in
 th

e
 T

C
G

A
 e

ld
e
rly g

ro
u

p
 (6

5
 to

 8
8
 ye

a
rs o

ld
) th

e
se

 m
u

ta
tio

n
s w

e
re

 

p
re

se
n

t in
 6

7
%

 o
f sa

m
p

le
s (F

ig
u

re
 4

.1
.8

). 



6
6
 

 

 

F
ig

u
re

 4
.1

.8
 E

p
ig

e
n

e
tic

 re
g

u
la

to
rs

 m
u

ta
te

d
 in

 T
C

G
A

 e
ld

e
rly

 a
n

d
 T

C
G

A
 y

o
u

n
g

 
A

M
L

 g
ro

u
p

s
. 

R
e
p

re
se

n
ta

tio
n
 o

f so
m

a
tic m

u
ta

tio
n
s in

 3
3

 e
p

ig
e

n
e

tic re
g

u
la

to
rs p

re
se

n
t in

 th
e

 T
C

G
A

 yo
u

n
g
 A

M
L

 p
a

tie
n
ts 

(A
, n

=
1

3
7
, <

6
5

 ye
a

rs) a
n

d
 2

4
 e

p
ig

e
n

e
tic re

g
u

la
to

rs p
re

se
n

t in
 th

e
 T

C
G

A
 e

ld
e

rly A
M

L
 p

a
tie

n
ts (B

, n
=

6
0
, 

patients ≥65 years). T
h

e
 fre

q
u
e

n
cy o

f p
a
tie

n
ts w

ith
 a

t le
a

st o
n

e
 o

f th
e

se
 g

e
n

e
s m

u
ta

te
d

 (in
 th

e
 b

a
r) w

a
s 

ca
lcu

la
te

d
 w

ith
 th

e
 n

u
m

b
e

r o
f m

u
ta

te
d

/to
ta

l n
u
m

b
e

r o
f p

a
tie

n
ts (%

). G
e
n

e
s w

e
re

 cla
ssifie

d
 in

to
 th

e
ir 

protein fam
ily and patients’ ages w

ere represented in heatm
ap code (in le

g
e

n
d

). A
s p

re
se

n
te

d
 in

 S
ilva

 e
t 

a
l. 2

0
1

7
1. 

 D
N

M
T

3
A

 h
a
d

 th
e
 h

ig
h

e
st m

u
ta

tio
n
 fre

q
u

e
n

cy in
 o

u
r e

ld
e
rly A

M
L

 co
h

o
rt (3

3
.3

%
) 

a
n
d
 h

a
s b

e
e

n
 p

re
vio

u
sly re

p
o

rte
d

 to
 b

e
 m

u
ta

te
d

 in
 2

3
-2

8
%

 in
 o

th
e
r co

h
o
rts

3
7
,3

9. In
 

a
d
d

itio
n
, th

e
 in

cid
e
n

ce
 o

f A
S

X
L

1
 m

u
ta

tio
n

 w
ith

 2
1

.5
%

 (2
0
/9

3
) w

a
s m

u
ch

 h
ig

h
e
r th

a
n
 

th
e
 re

p
o
rte

d
 3

-6
%

3
7
,3

9
,1

3
2. A

 h
ig

h
 ra

te
 o

f m
o

le
cu

la
r a

lte
ra

tio
n
s w

a
s o

b
se

rve
d
 fo

r ID
H

1
/2

 

w
ith

 a
 co

m
b

in
e
d

 fre
q

u
e
n
cy o

f 2
8
.0

%
 (2

6
/9

3
). O

f th
e
 2

6
 ID

H
 m

u
ta

tio
n

s, 5
7

.7
%

 w
e

re
 

ID
H

1
 R

1
3
2
 (1

5
/2

6
), 3

0
.8

%
 w

e
re

 ID
H

2
 R

1
4
0
 (8

/2
6
) a

n
d
 8

.3
%

 w
e

re
 ID

H
2
 R

1
7
2

 (2
/2

6
). 

A
s e

xp
e
cte

d
 m

o
le

cu
la

r a
lte

ra
tio

n
s in

 ID
H

1
 a

n
d
 ID

H
2

 w
e

re
 m

u
tu

a
lly e

xclu
sive

 a
n
d

 

m
u

tu
a

lly e
xclu

sive
 w

ith
 T

E
T

2
 (p

=
0

.0
0

3
, F

ig
u

re
 4

.1
.6

). T
E

T
2
 m

u
ta

tio
n
s a

lso
 sh

o
w

e
d
 a

 

h
ig

h
 m

u
ta

tio
n
 ra

te
 o

f 2
4
%

 in
 e

ld
e
rly A

M
L

 p
a
tie

n
ts co

m
p

a
re

d
 to

 th
e
 re

p
o

rte
d
 ra

te
 o

f 8
-

1
0
%

 in
 o

th
e
r co

h
o

rts
3
7
,3

9.  



6
7
 

 

4
.1

.2
 

H
ig

h
 ra

te
 o

f m
u

ta
tio

n
s
 in

 s
p

lic
in

g
 p

ro
te

in
s

 

W
e
 fo

u
n

d
 fre

q
u

e
n

t a
lte

ra
tio

n
s in

 five
 g

e
n
e

s o
f sp

licin
g

 fa
cto

rs in
clu

d
in

g
 S

R
S

F
2
, 

U
2

A
F

1
, S

F
3
B

1
, Z

R
S

R
2

, a
n
d

 D
D

X
5
, a

ffe
ctin

g
 3

8
%

 o
f th

e
 A

M
L

 e
ld

e
rly p

a
tie

n
ts (F

ig
u

re
 

4
.1

.9
A

). T
h

e
se

 a
re

 in
 a

 m
u

tu
a

lly e
xclu

sive
 m

a
n
n

e
r (p

=
0

.0
1
5
), co

n
siste

n
t w

ith
 p

re
vio

u
s 

re
p
o

rts su
g

g
e
stin

g
 th

a
t th

e
se

 m
u
ta

tio
n

s e
licit sim

ila
r p

h
e

n
o

typ
e
s

1
3
3
,1

3
4. A

lth
o
u

g
h
 m

o
st 

o
f th

e
se

 m
o

le
cu

la
r a

lte
ra

tio
n

s h
a
ve

 b
e
e

n
 re

p
o

rte
d
 in

 M
D

S
1
3

3
,1

3
5, in

 A
M

L
 th

e
y h

a
ve

 

b
e
e

n
 re

p
o
rte

d
 o

n
ly a

t lo
w

 ra
te

s
1
3
3 (F

ig
u

re
 4

.1
.9

B
).  

S
trikin

g
ly, 2

2
.6

%
 o

f th
e
 S

A
L

 e
ld

e
rly A

M
L

 p
a
tie

n
ts (2

1
/9

3
) h

a
rb

o
re

d
 
S

R
S

F
2
 

m
u

ta
tio

n
s (a

ll a
lte

ra
tio

n
s in

 re
sid

u
e

 P
9

5
), h

ig
h
e

r th
a
n
 th

e
 
8

.3
%

 o
r 1

0
%

 re
ce

n
tly 

re
p
o

rte
d
 in

 a
g

e
 u

n
se

le
cte

d
 co

h
o

rts
3
8
,3

9. T
h

u
s, e

ld
e
rly A

M
L

 h
a
d

 a
 d

istin
ct p

a
tte

rn
 o

f 

m
o

le
cu

la
r a

lte
ra

tio
n

s in
 sp

licin
g

 fa
cto

rs w
h

e
n

 co
m

p
a
re

d
 to

 o
th

e
r A

M
L

 e
n

titie
s su

ch
 a

s 

d
e
 n

o
v
o
 A

M
L

 o
r sA

M
L

 (F
ig

u
re

 4
.1

.9
B

), b
e
in

g
 p

re
se

n
t in

 p
a
tie

n
ts w

ith
 n

o
 clin

ica
l h

isto
ry 

o
f M

D
S

. 

F
ig

u
re

 
4
.1

.9
 

F
re

q
u

e
n

c
y
 

o
f 

m
u

ta
tio

n
s
 in

 s
p

lic
in

g
 fa

c
to

rs
. 

(A
) 

Illu
stra

tio
n
 

o
f 

m
u

ta
tio

n
s 

fo
u

n
d

 
in

 
sp

licin
g

 fa
cto

rs w
ith

 p
a

tie
n

ts re
p

re
se

n
te

d
 

in
 ve

rtica
l a

n
d
 g

e
n
e

s in
 h

o
rizo

n
ta

l so
rte

d
 

b
y 

co
-e

xclu
sivity 

(p
=

0
.0

1
5

). 
P

a
tie

n
ts 

w
e

re
 la

b
e
le

d
 w

ith
 in

fo
rm

a
tio

n
 co

lle
cte

d
 a

t 
d

ia
g

n
o

sis a
s d

e
 n

o
v
o

 A
M

L
 (n

=
7

0
), sA

M
L

 
(n

=
1

8
) a

n
d
 t-A

M
L

 (n
=

5
). T

h
e

 cyto
g

e
n

e
tic 

g
ro

u
p
s w

e
re

 d
e

fin
e

d
 a

s: cyto
g

e
n

e
tica

lly 
n

o
rm

a
l (C

N
), co

re
 b

in
d

in
g

 fa
cto

r (C
B

F
), 

C
o
m

p
le

x 
(3

 
o

r 
m

o
re

 
cyto

g
e

n
e

tic 
a

b
n

o
rm

a
litie

s), 
o

r 
o

th
e

r 
(1

 
o

r 
2
 

cyto
g

e
n
e

tic 
a

b
n

o
rm

a
litie

s). 
T

h
e

 
fre

q
u

e
n

cy o
f p

a
tie

n
ts w

ith
 a

t le
a

st o
n

e
 o

f 
th

e
se

 g
e

n
e
s m

u
ta

te
d

 (in
 th

e
 b

a
r) w

a
s 

ca
lcu

la
te

d
 

w
ith

 
th

e
 

n
u
m

b
e

r 
o

f 
m

u
ta

te
d

/to
ta

l 
n

u
m

b
e

r 
o

f 
p

a
tie

n
ts 

(%
). 

F
ish

e
r 

e
xa

ct 
te

sts 
(tw

o
-sid

e
d

) 
w

e
re

 
p

e
rfo

rm
e

d
 to

 co
m

p
a

re
 cyto

g
e

n
e

tic a
n
d
 

d
ia

g
n
o

stic ch
a

ra
cte

ristics o
f g

ro
u

p
s w

ith
 

a
n

d
 w

ith
o
u

t m
u

ta
tio

n
s in

 sp
licin

g
 fa

cto
rs: 

n
o

 sig
n
ifica

n
t d

iffe
re

n
ce

 w
a

s o
b

se
rve

d
 fo

r 
th

e
 

ch
a

ra
cte

ristics. 
(B

) 
P

ie
 

ch
a

rts 
co

m
p

a
re

 th
e

 p
e

rce
n

ta
g

e
 o

f a
lte

ra
tio

n
s o

n
 

sp
licin

g
 fa

cto
rs in

 e
ld

e
rly A

M
L

 to
 o

th
e

r 
re

p
o

rte
d

 A
M

L
 e

n
titie

s (d
e

 n
o

v
o

 A
M

L
 a

n
d

 
sA

M
L

 to
 a

 m
ye

lo
d

ysp
la

stic syn
d

ro
m

e
, * 

d
a

ta
 

fro
m

 
Y

o
sh

id
a

 
e

t 
a

l. 
2
0
1

1
1

3
3). 

A
s 

p
re

se
n

te
d
 in

 S
ilva

 e
t a

l. 2
0

1
7

1.  
 

   



6
8
 

 T
h

e
 p

a
tie

n
ts w

ith
 th

e
se

 m
u

ta
tio

n
s d

id
 n

o
t p

re
se

n
t sig

n
ifica

n
t e

n
rich

m
e
n

ts in
 

p
a
rticu

la
r p

a
tie

n
t d

ia
g

n
o
stic, cyto

g
e

n
e

tic o
r p

h
e
n

o
typ

ic ch
a
ra

cte
ristic th

a
t w

e
 co

u
ld

 

d
e
te

rm
in

e
 (T

a
b
le

 4
.1

.1
). 

T
a

b
le

 4
.1

.1
 D

e
s
c

rip
tio

n
 o

f th
e
 c

lin
ic

a
l c

h
a

ra
c
te

ris
tic

s
 o

f p
a
tie

n
ts

 w
ith

 m
u

ta
tio

n
s
 

in
 s

p
lic

in
g

 c
o

m
p

o
n

e
n

ts
. 

T
h
e
 

ta
b
le

 
re

p
o
rts 

th
e

 
p

-va
lu

e
s 

fro
m

 
th

e
 

F
ish

e
r 

te
sts 

(tw
o

-sid
e

d
) 

p
e
rfo

rm
e
d
 

fo
r 

e
a
ch

 
ch

a
ra

cte
ristic b

e
tw

e
e

n
 th

e
 tw

o
 g

ro
u
p
s o

f p
a
tie

n
ts (w

ith
 a

n
d
 w

ith
o
u
t m

u
ta

tio
n

s in
 sp

licin
g
 

co
m

p
o
n
e
n
ts). W

e
 cla

ssifie
d
 p

a
tie

n
ts u

sin
g
 cyto

g
e
n

e
tic a

n
d
 d

ia
g

n
o
stic ch

a
ra

cte
ristic, a

s w
e
ll a

s 
w

ith
 th

e
 a

va
ila

b
le

 d
a
ta

 o
n

 th
e
 p

re
se

n
ce

 o
f a

t le
a
st o

n
e
 typ

e
 o

f m
ye

lo
d

ysp
la

stic fe
a
tu

re
s 

(m
e
g
a
ka

ryo
cytic, g

ra
n
u

lo
cytic o

r e
ryth

ro
id

 d
ysp

la
sia

), w
h

ich
 w

a
s te

rm
e
d
 a

s d
ysp

la
sia

, D
ys. 

P
a
tie

n
ts w

e
re

 d
ivid

e
d
 a

s: d
e
 n

o
v
o

 A
M

L
, se

co
n
d
a
ry A

M
L
 (sA

M
L
), o

r th
e
ra

p
y-re

la
te

d
 A

M
L
 (t-

A
M

L
). T

h
e
 cyto

g
e
n
e

tic g
ro

u
p
s w

e
re

 d
e
fin

e
d

 a
s: cyto

g
e
n

e
tica

lly n
o
rm

a
l (C

N
, n

o
 d

e
te

cte
d

 
cyto

g
e
n
e
tic a

b
n
o
rm

a
litie

s), co
re

 b
in

d
in

g
 fa

cto
r (C

B
F

, 
in

clu
d

e
s t(8

;2
1
) o

r in
v(1

6
)/t(1

6
;1

6
)), 

C
o
m

p
le

x (3
 o

r m
o
re

 cyto
g
e

n
e
tic a

b
n

o
rm

a
litie

s), o
r o

th
e
r (1

 o
r 2

 cyto
g

e
n

e
tic a

b
n
o
rm

a
litie

s).  
 

 



6
9
 

 

4
.2

 
G

e
n

e
tic

 a
lte

ra
tio

n
s

 a
s

s
o

c
ia

te
d

 w
ith

 e
ld

e
rly

 A
M

L
 

O
ve

ra
ll, se

ve
ra

l g
e

n
e

 m
u

ta
tio

n
s a

p
p

e
a
re

d
 to

 h
a
ve

 a
n
 a

g
e

 d
e
p

e
n

d
e

n
cy in

 S
A

L
 

e
ld

e
rly A

M
L

 d
u
e

 to
 h

ig
h
 o

r lo
w

 fre
q

u
e
n

cie
s w

h
e

n
 co

m
p

a
re

d
 to

 A
M

L
 re

p
o

rts fo
r a

g
e
 

u
n
se

le
cte

d
 co

h
o

rts
3
7. T

h
e

 a
sso

cia
tio

n
s b

e
tw

e
e
n

 a
g

e
 a

n
d

 g
e
n

e
tic a

lte
ra

tio
n

s w
e

re
 

m
a

d
e

 cle
a
r n

o
t o

n
ly in

 o
u
r co

h
o

rt b
u
t a

lso
 in

 tw
o

 o
th

e
r stu

d
ie

s fro
m

 M
e

tze
le

r a
n
d
 

co
lle

a
g

u
e
s

3
8 a

n
d

  E
isfe

ld
 a

n
d

 co
lle

a
g

u
e
s

3
4. 

T
h

e
re

fo
re

, w
e

 co
m

p
a
re

d
 th

e
 fre

q
u

e
n

cy o
f m

u
ta

tio
n
s in

 th
e
 S

A
L

 e
ld

e
rly co

h
o

rt 

(m
e

d
ia

n
 a

g
e

 o
f p

a
tie

n
ts w

a
s 7

2
 ye

a
rs o

ld
) w

ith
 th

e
 o

th
e
r 4

 yo
u
n
g

e
r g

ro
u
p
s o

f p
a
tie

n
ts 

fro
m

 th
e
se

 2
 re

p
o
rts (F

ig
u
re

 4
.2

.1
). S

e
ve

ra
l te

n
d

e
n

cie
s fo

r in
cre

a
se

d
 o

r d
e
cre

a
se

d
 

fre
q

u
e
n

cy o
f m

u
ta

tio
n

s w
ith the groups’ a

g
e

 b
e

ca
m

e
 a

p
p

a
re

n
t in

 th
is a

n
a
lysis. K

n
o
w

n
 

m
u

ta
tio

n
s w

ith
 stro

n
g

 co
rre

la
tio

n
s to

 W
H

O
 d

e
fin

e
d
 A

M
L

 g
ro

u
p

s w
ith

 a
d
ve

rse
 p

ro
g

n
o
sis 

h
a
ve

 h
ig

h
e
r fre

q
u

e
n
cie

s w
ith

 in
cre

a
sin

g
 a

g
e
 (R

U
N

X
1

, T
P

5
3
 a

n
d
 A

S
X

L
1
). In

 co
n
tra

st, 

m
u

ta
tio

n
s th

a
t a

re
 co

rre
la

te
d
 to

 W
H

O
 d

e
fin

e
d
 g

ro
u

p
s o

f fa
vo

ra
b

le
 p

ro
g

n
o
sis w

e
re

 le
ss 

fre
q

u
e
n
t in

 th
e
 o

ld
e
r g

ro
u

p
s o

f p
a
tie

n
ts (N

P
M

1
 a

n
d
 C

E
B

P
A

). 
 



7
0
 

 

 

F
ig

u
re

 4
.2

.1
 M

u
ta

tio
n

 ra
te

s
 in

 th
e
 S

A
L

 e
ld

e
rly

 A
M

L
 c

o
m

p
a

re
d

 to
 m

u
ta

tio
n

 ra
te

s
 

re
p

o
rte

d
 in

 tw
o

 o
th

e
r c

o
h

o
rts

.  
G

ra
p

h
ic re

p
re

se
n
ta

tio
n

 o
f fre

q
u

e
n

cie
s o

f m
u

ta
tio

n
s in

 g
e

n
e

s, w
h

ich
 h

a
ve

 p
re

vio
u

sly b
e

e
n

 a
sso

cia
te

d
 w

ith
 

a
g

e
. T

h
e

 fre
q
u

e
n
cie

s o
b
ta

in
e
d

 b
y g

e
n

e
 p

a
n

e
l a

p
p

ro
a
ch

e
s re

p
o

rte
d

 b
y (A

) M
e

tze
le

r e
t a

l. 3
8 (b

la
ck a

n
d
 

d
a

rk g
re

e
n

, n
=

3
7
6

 a
n

d
 n

=
2

8
8
 re

sp
e

ctive
ly) a

n
d

 b
y (B

) E
isfe

ld
 e

t a
l. 3

4 (d
a

rk a
n

d
 lig

h
t b

lu
e

, n
=

1
0
8

0
 a

n
d
 

n
=

5
2

3
 re

sp
e

ctive
ly) w

e
re

 co
m

p
a

re
d

 to
 th

e
 o

b
ta

in
e

d
 fo

r th
e

 S
A

L
 co

h
o

rt (lig
h

t g
re

e
n

, n
=

9
3
). T

h
e

 le
g

e
n

d
 

sh
o

w
s th

e
 a

g
e

 re
strictio

n
 o

f e
a
ch

 co
h

o
rt w

ith
 m

e
d
ia

n
 a

n
d

 ra
n
g

e
 o

f th
e

 a
g

e
s in

 p
a

re
n

th
e

sis w
h

e
n

 a
va

ila
b

le
. 

* In
 th

e
 S

A
L

 e
ld

e
rly A

M
L

 N
P

M
1

 ra
te

 is sta
te

d
 a

s th
e

 co
m

b
in

e
d

 e
stim

a
tio

n
 o

f fre
q

u
e
n

cy o
f 2

2
%

 (fro
m

 
co

rre
la

tio
n

 to
 S

a
n

g
e

r re
su

lts a
n

d
 re

trie
va

l fro
m

 N
G

S
 d

e
te

ctio
n

s w
ith

 lo
w

 co
ve

ra
g

e
). A

d
a

p
te

d
 in

 p
a

rt fro
m

 
S

ilva
 e

t a
l. 2

0
1

7
1.  

 



7
1
 

 

4
.3

 
G

e
n

e
tic

 h
e
te

ro
g

e
n

e
ity

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
  

In
 th

e
 S

A
L

 e
ld

e
rly A

M
L

 co
h
o

rt, se
ve

ra
l co

m
b

in
a
tio

n
s o

f g
e

n
e
tic a

lte
ra

tio
n

s 

o
rig

in
a

te
d
 

g
e

n
e

tica
lly 

h
e
te

ro
g

e
n
e

o
u

s 
g

ro
u
p

s, 
sim

ila
r 

to
 

th
e
 

o
n
e

s 
fo

u
n
d

 
in

 
a

g
e
 

u
n
se

le
cte

d
 A

M
L

 co
h

o
rts.  

D
iffe

re
n
t 

m
u
ta

tio
n

a
l 

p
ro

file
s 

w
e

re
 

n
o
tice

a
b

le
 

a
s 

th
e
 

o
ccu

rre
n
ce

 
o
f 

se
ve

ra
l 

m
u

ta
tio

n
s d

o
e
s n

o
t a

p
p

e
a

r to
 b

e
 ra

n
d
o

m
 (F

ig
u
re

 4
.1

.6
A

). F
o
r in

sta
n
ce

, in
 sp

ite
 o

f th
e
 

g
e

n
e
ra

l in
cre

a
se

 o
f m

u
ta

tio
n
s in

 e
p
ig

e
n
e
tic re

g
u

la
to

rs a
n
d
 sp

licin
g
 fa

cto
rs, g

ro
u

p
s o

f 

p
a
tie

n
ts w

ith
 d

istin
ctive

 m
u

ta
tio

n
a

l p
a
tte

rn
s ca

n
 b

e
 d

e
scrib

e
d

. T
h

is co
u
ld

 b
e

 se
e
n
 b

y 

th
e
 co

-e
xclu

sivity o
f p

a
tie

n
ts w

ith
 m

u
ta

tio
n
s in

 ID
H

1
 vs ID

H
2
 vs T

E
T

2
 (p

=
0

.0
0

3
) a

n
d
 

S
R

S
F

2
 vs T

P
5

3
 (p

=
0

.0
4
). In

 th
e
 sa

m
e

 w
a

y, in
 sp

ite
 o

f th
e
 m

a
n
y A

S
X

L
1
 (2

1
.5

%
) a

n
d
 

R
U

N
X

1
 (1

7
.2

%
) m

u
ta

tio
n

s, th
e
se

 w
e

re
 n

o
t p

re
se

n
t in

 p
a
tie

n
ts w

ith
 N

P
M

1
 m

u
ta

tio
n
s. 

F
u
rth

e
rm

o
re

, m
u
ta

tio
n
s in

 T
P

5
3
 w

e
re

 re
la

te
d

 to
 sa

m
p

le
s o

f co
m

p
le

x ka
ryo

typ
e
, w

ith
 7

 

co
-o

ccu
rre

n
ce

s 
o

u
t 

o
f 

th
e
 
9
 
T

P
5

3
 
m

u
ta

te
d
 
p

a
tie

n
ts 

a
n
d

 
o

u
t 

o
f 

th
e
 
1
2

 
co

m
p

le
x 

ka
ryo

typ
e
 sa

m
p

le
s (Pearson’s correlation 0

.6
3
±
0
.0

8
).   

T
o
 fu

rth
e
r stu

d
y g

e
n
e

tic p
a
rticu

la
ritie

s o
f su

b
g

ro
u
p

s o
f e

ld
e
rly A

M
L

 w
e

 o
b
ta

in
e
d

 

th
e
 su

rviva
l d

a
ta

 o
f se

ve
ra

l g
ro

u
p

s w
ith

in
 th

e
 co

h
o
rt. T

h
e
 e

xp
e
cta

tio
n
 w

a
s th

a
t g

ro
u

p
s 

o
f p

a
tie

n
ts w

ith
 a

lte
ra

tio
n
s in

 g
e

n
e

s u
se

d
 to

 cla
ssify p

a
tie

n
ts a

s a
d
ve

rse
 p

ro
g

n
o
sis in

 

o
th

e
r co

h
o
rts w

o
u
ld

 a
lso

 sh
o
w

 p
o
o

r su
rviva

l in
 e

ld
e
rly A

M
L

. H
o

w
e

ve
r p

o
o

r p
ro

g
n

o
sis 

w
ith

in
 th

e
 e

ld
e
rly co

h
o

rt co
u
ld

 o
n
ly b

e
 o

b
ta

in
e
d

 fo
r th

e
 g

ro
u

p
 o

f p
a
tie

n
ts w

ith
 co

m
p

le
x 

ka
ryo

typ
e
 vs a

ll o
th

e
rs (lo

g
-ra

n
k p

=
 5

.2
7
x1

0
-6) o

r T
P

5
3
 m

u
ta

te
d
 vs a

ll o
th

e
rs (lo

g
-ra

n
k 

p
=

1
.2

x1
0

-3). T
h

e
 o

th
e
r g

e
n

e
s (a

n
d

 co
m

b
in

a
tio

n
s) th

a
t h

a
ve

 p
ro

g
n

o
stic im

p
lica

tio
n

s in
 

o
th

e
r co

h
o

rts d
id

 n
o
t h

a
ve

 d
iffe

re
n
tia

l su
rviva

l p
ro

b
a

b
ilitie

s in
 th

e
 S

A
L
 e

ld
e
rly A

M
L

. 

T
h

e
 m

u
ta

tio
n
s in

 A
S

X
L

1
 a

n
d
 R

U
N

X
1
 o

r e
ve

n
 D

N
M

T
3
A

/N
P

M
1
 co

m
b

in
a
tio

n
s w

o
u
ld

 b
e
 

e
xp

e
cte

d
 to

 b
e
 p

ro
g

n
o
stic p

re
d

icto
rs in

 o
u
r co

h
o
rt a

n
d
 w

e
re

 n
o
t. T

h
is w

a
s cu

rio
u

s 

b
e
ca

u
se

 th
e
 co

h
o

rt h
a
d
 a

 re
la

tive
ly g

o
o
d
 m

e
d
ia

n
 su

rviva
l o

f 1
5
 m

o
n
th

s (co
n
sid

e
rin

g
 

th
e
 p

a
tie

n
t's a

g
e

s) a
n
d
 7

9
%

 o
f p

a
tie

n
ts w

e
re

 tre
a
te

d
 w

ith
 in

te
n
sive

 ch
e
m

o
th

e
ra

p
y 

re
g

im
e

n
s (T

a
b
le

 3
.1

.1
). 

O
n

 th
e
 o

th
e
r h

a
n

d
, th

e
 p

ro
g

n
o
stic va

lu
e
 o

f w
h

ite
 b

lo
o
d

 ce
ll co

u
n

t w
a

s still se
e
n

 

w
ith

in
 th

e
 S

A
L

 e
ld

e
rly co

h
o

rt. H
ig

h
 W

B
C

 co
u
n
ts w

e
re

 in
d
ica

to
rs o

f p
o
o
r p

ro
g

n
o
sis fo

r 

p
a
tie

n
ts w

ith
 va

lu
e
s 3

5
/n

L
 o

r h
ig

h
e

r (F
ig

u
re

 4
.3

.1
A

). T
h

e
se

 g
ro

u
p

s w
ith

 d
iffe

re
n
t W

B
C

 

co
u
n

ts, 
th

e
 

sm
o

ld
e
rin

g
 

g
ro

u
p

 
(W

B
C

<
3

5
/n

L
) 

o
r 

p
ro

life
ra

tive
 

g
ro

u
p

 
(W

B
C

≥35/nL) 

co
rre

la
te

d
 to

 sp
e
cific m

o
le

cu
la

r m
a
rke

r co
n
te

xts. N
a

m
e

ly, N
P

M
1
 a

n
d
 F

L
T

3
 m

u
ta

tio
n
s 

(o
d
d

s 0
.0

6
9

±
0
.0

0
1

 a
n
d
 o

d
d

s 0
.2

3
±
0
.0

6
, re

sp
e
ctive

ly) w
e

re
 a

lm
o

st sp
e

cific o
f th

e
 

p
ro

life
ra

tin
g

 g
ro

u
p
, a

s ID
H

1
 (o

d
d

s 1
1
.3

±
1
.6

) m
u

ta
te

d
 sa

m
p

le
s w

e
re

 o
f th

e
 sm

o
ld

e
rin

g
 

g
ro

u
p

 (F
ig

u
re

 4
.3

.1
B

).  



7
2
 

 

 

F
ig

u
re

 4
.3

.1
 M

u
ta

tio
n

s
 c

o
rre

la
te

d
 to

 S
A

L
 e

ld
e

rly
 A

M
L

 g
ro

u
p

s
 th

a
t w

e
re

 d
e
fin

e
d

 
b

y
 W

B
C

 c
o

u
n

ts
 o

f p
ro

g
n

o
s

tic
 re

le
v
a

n
c

e
. 

(A
) K

a
p

la
n

-M
e

ie
r cu

rve
s d

isp
la

y th
e

 e
stim

a
tio

n
 o

f th
e

 o
ve

ra
ll su

rviva
l fo

r th
e

 d
ivisio

n
 o

f th
e

 S
A

L
 e

ld
e

rly 
A

M
L

 co
h

o
rt in

to
 2

 g
ro

u
p
s, cla

ssifie
d

 a
cco

rd
in

g
 to

 W
B

C
 co

u
n

ts a
t d

ia
g
n

o
sis in

to
 sm

o
ld

e
rin

g
 (lo

w
e

r th
a
n
 

3
5

/n
L

) o
r p

ro
life

ra
tive

 (3
5

/n
L

 a
n

d
 h

ig
h

e
r). A

 sig
n
ifica

n
t d

iffe
re

n
ce

 b
e

tw
e

e
n

 o
ve

ra
ll su

rviva
ls w

a
s ca

lcu
la

te
d
 

w
ith

 th
e

 lo
g

-ra
n

k te
st a

n
d

 d
o

tte
d

 lin
e

s m
a

rk th
e

 9
5

%
 co

n
fid

e
n

ce
 b

o
u

n
d

s. (B
) T

h
e

 o
d

d
s ra

tio
 re

p
re

se
n

ts 
th

e
 ske

w
n

e
ss o

f m
u

ta
tio

n
 fre

q
u

e
n

cy in
 th

e
 S

A
L

 e
ld

e
rly g

ro
u
p
s sm

o
ld

e
rin

g
 ve

rsu
s p

ro
life

ra
tive

 (w
ith

 o
d

d
s 

1
 m

a
rke

d
 w

ith
 d

o
tte

d
 lin

e
). T

h
e

 co
rre

sp
o

n
d
in

g
 fre

q
u

e
n

cy o
f m

u
ta

tio
n

s in
 e

a
ch

 g
e

n
e

 is p
lo

tte
d
 in

 h
o

rizo
n

ta
l 

b
a

rs, re
p

re
se

n
tin

g
 th

e
 %

 o
f m

u
ta

te
d

 sa
m

p
le

s o
f e

a
ch

 g
ro

u
p

. T
h

e
 p

-va
lu

e
s w

e
re

 ca
lcu

la
te

d
 fo

r th
e
 

p
ro

p
o

rtio
n
s o

f e
a
ch

 g
e

n
e

 in
 g

ro
u

p
s w

ith
 F

ish
e

r e
xa

ct te
sts co

rre
cte

d
 fo

r th
e
 2

8
1
 g

e
n
e

s m
u
ta

te
d

. 
 



7
3
 

 

4
.4

 
P

ro
te

in
 n

e
tw

o
rk

s
 a

n
d

 p
a

th
w

a
y
s
 o

f S
A

L
 e

ld
e
rly

 A
M

L
 

T
o

 d
e
scrib

e
 th

is co
m

p
le

x m
o

le
cu

la
r h

e
te

ro
g

e
n
e

ity, w
e

 co
n
stru

cte
d
 a

 R
e

a
cto

m
e
 

fu
n
ctio

n
a

l in
te

ra
ctio

n
 (F

I) n
e
tw

o
rk w

ith
 th

e
 1

3
9

 g
e
n

e
s th

a
t w

e
re

 m
u

ta
te

d
 in

 m
o

re
 th

a
n
 

o
n
e

 p
a

tie
n
t in

 th
e
 co

h
o

rt. T
h

e
 n

e
tw

o
rk clu

ste
rin

g
 a

lg
o

rith
m

 id
e
n

tifie
d
 h

ig
h

ly in
te

ra
ctin

g
 

g
ro

u
p

s o
f p

ro
te

in
s, e

sta
b

lish
in

g
 8

 d
iffe

re
n
t su

b
-n

e
tw

o
rks (m

o
d
u

le
s, F

ig
u

re
 4

.4
.1

A
). T

h
e
 

fo
u
r m

o
st p

ro
m

in
e

n
t m

o
d
u

le
s in

clu
d
e

d
 7

2
 a

lte
re

d
 p

ro
te

in
s a

n
d
 n

e
a

rly e
ve

ry sa
m

p
le

 o
f 

th
e
 co

h
o
rt (9

0
 o

f 9
3
). M

o
d
u

le
 1

 w
a

s co
m

p
o

se
d

 o
f N

P
M

1
 a

n
d

 m
R

N
A

 p
ro

ce
ssin

g
 

p
ro

te
in

s (R
N

A
 sp

licin
g
 a

n
d

 tra
n
sp

o
rt p

ro
te

in
s), w

h
ile

 M
o

d
u

le
 2

 w
a

s co
m

p
o

se
d
 o

f 

D
N

M
T

3
A

 a
n
d

 D
N

A
 re

p
a

ir p
ro

te
in

s. In
 tu

rn
, M

o
d
u

le
 3

 w
a

s co
m

p
rise

d
 o

f R
U

N
X

1
, A

S
X

L
1
 

a
n
d

 
o

th
e
r 

tra
n
scrip

tio
n
 

fa
cto

rs 
(in

clu
d
e

d
 

p
ro

m
in

e
n

t 
p

a
th

w
a

ys 
N

O
T

C
H

 
a

n
d
 
W

N
T

 

sig
n

a
lin

g
), 

w
h

ile
 

M
o

d
u

le
 

4
 

w
a

s 
fo

rm
e

d
 

b
y 

kn
o
w

n
 

o
n
co

g
e

n
e

s 
like

 
F

L
T

3
 

a
n
d
 

K
R

A
S

/N
R

A
S

 (m
a

in
ly p

ro
te

in
s w

ith
 kin

a
se

 a
ctivity, w

h
ich

 in
clu

d
e

d
 F

G
F

R
 sig

n
a
lin

g
 

m
o

le
cu

le
s a

n
d
 th

e
 P

I3
K

-A
K

T
 sig

n
a
lin

g
 p

a
th

w
a

y). O
th

e
r m

o
d

u
le

s w
e

re
 sm

a
ll a

n
d
 

in
clu

d
e

d
 B

C
O

R
, F

A
T

 p
ro

te
in

s, a
n
d
 co

m
p

o
n

e
n

ts o
f th

e
 m

T
O

R
 sig

n
a
lin

g
 p

a
th

w
a

y. 

4
.4

.1
 

M
o

le
c

u
la

r p
a
tte

rn
s
 o

f m
u

ta
tio

n
s
 in

 m
R

N
A

 p
ro

c
e

s
s

in
g

 a
n

d
 D

N
A

 re
p

a
ir 

p
ro

te
in

s
 

A
lte

ra
tio

n
s in

 N
P

M
1

/m
R

N
A

 p
ro

ce
ssin

g
 (M

o
d
u

le
 1

) a
n
d

 in
 D

N
M

T
3

A
/D

N
A

 re
p
a

ir 

p
ro

te
in

s (M
o
d
u

le
 2

) w
e

re
 sp

re
a

d
 a

cro
ss th

e
 co

h
o

rt (p
=

0
.0

0
4
) a

n
d
 a

ffe
cte

d
 th

e
 m

a
jo

rity 

o
f th

e
 p

a
tie

n
ts 8

6
%

 (8
0
/9

3
). F

u
rth

e
rm

o
re

, a
lte

ra
tio

n
s w

e
re

 m
u
tu

a
lly e

xclu
sive

 w
ith

in
 

e
a
ch

 m
o

d
u

le
: N

P
M

1
/m

R
N

A
 p

ro
ce

ssin
g
 (p

=
0

.0
1
1
) a

n
d

 D
N

M
T

3
A

/D
N

A
 re

p
a

ir p
ro

te
in

s 

(p
=

0
.0

5
2

). 

In
 a

d
d

itio
n
, a

lte
ra

tio
n

s in
 th

e
 tw

o
 m

o
d
u

le
s cla

ssifie
d
 p

a
tie

n
ts in

to
 fo

u
r g

ro
u
p

s 

(F
ig

u
re

 4
.4

.1
B

): p
a
tie

n
ts w

ith
 m

u
ta

tio
n
s o

n
ly in

 N
P

M
1

/m
R

N
A

 p
ro

ce
ssin

g
 p

ro
te

in
s 

(G
ro

u
p

 A
), p

a
tie

n
ts w

ith
 m

u
ta

tio
n

s in
 b

o
th

 th
e
 m

o
d
u

le
s (G

ro
u
p

 B
), p

a
tie

n
ts w

ith
 

m
u

ta
tio

n
s o

n
ly in

 D
N

M
T

3
A

/D
N

A
 re

p
a

ir p
ro

te
in

s (G
ro

u
p
 C

), a
n
d
 p

a
tie

n
ts la

ckin
g

 a
n
y 

m
u

ta
tio

n
 in

 th
e

se
 m

o
d
u

le
s (G

ro
u
p
 D

). P
a
tie

n
ts o

f G
ro

u
p

 C
 (n

=
2

5
) sh

o
w

e
d

 a
n
 in

fe
rio

r 

o
u
tco

m
e
, w

ith
 a

 m
e

d
ia

n
 O

S
 o

f o
n
ly 9

 m
o

n
th

s, co
m

p
a
re

d
 to

 p
a
tie

n
ts w

ith
 o

th
e
r m

u
ta

tio
n
 

p
a

tte
rn

s (n
o
n
-G

ro
u
p
 C

, n
=

6
7

, m
e

d
ia

n
 O

S
 1

7
 m

o
n
th

s, F
ig

u
re

 4
.4

.1
C

).  

 



7
4
 

 

F
ig

u
re

 
4
.4

.1
 

R
e

a
c

to
m

e
 

fu
n

c
tio

n
a

l 
in

te
ra

c
tio

n
 
n

e
tw

o
rk

 
o

f a
lte

re
d

 p
ro

te
in

s
. 

(A
) P

a
th

w
a

ys a
ffe

cte
d

 b
y m

u
ta

tio
n
s w

e
re

 
a

n
a

lyse
d

 w
ith

 a
 F

I n
e

tw
o

rk o
f p

ro
te

in
s 

th
a

t 
clu

ste
re

d
 

in
to

 
8

 
m

o
d

u
le

s 
w

ith
 

8
2
 

p
ro

te
in

s. 
T

h
e

 
4

 
m

a
jo

r 
m

o
d
u

le
s 

w
e

re
 

la
b

e
le

d
 a

s M
o

d
u

le
 1

 (lig
h

t g
re

e
n

), M
o

d
u

le
 

2
 (p

in
k), M

o
d

u
le

 3
 (b

lu
e

) a
n

d
 M

o
d

u
le

 4
 

(g
re

e
n

). S
o

m
e

 o
f th

e
 p

ro
te

in
s th

a
t d

id
 n

o
t 

clu
ste

r 
in

 
th

e
 

F
I 

n
e

tw
o

rk 
a

re
 

a
lso

 
re

p
re

se
n

te
d

 (lig
h

t b
lu

e
). T

h
e

 n
a

tu
re

 o
f th

e
 

in
te

ra
ctio

n
s 

is 
in

 
th

e
 

le
g

e
n

d
. 

(B
) 

R
e
p

re
se

n
ta

tio
n

 o
f th

e
 d

ivisio
n
 o

f th
e
 9

3
 

A
M

L
 

in
to

 
g

ro
u

p
s 

o
f 

sa
m

p
le

s 
w

ith
 

m
u

ta
tio

n
s in

 M
o

d
u

le
 1

, in
 b

o
th

 M
o

d
u

le
s 1

 
a

n
d

 2
, o

n
ly M

o
d

u
le

 2
, o

r n
o

n
e

 o
f th

e
se

 
m

o
d

u
le

s 
(re

sp
e
ctive

ly 
G

ro
u
p
 
A

-D
). 

(C
) 

K
a

p
la

n
-M

e
ie

r 
e
stim

a
tio

n
 

o
f 

th
e

 
o

ve
ra

ll 
su

rviva
l (n

=
9
2

) sh
o

w
e

d
 th

e
 p

o
o

r o
u

tco
m

e
 

o
f 

p
a

tie
n

ts 
in

 
G

ro
u

p
 
C

 
(lo

g
-ra

n
k 

te
st). 

D
o
tte

d
 lin

e
s m

a
rk th

e
 9

5
%

 co
n

fid
e

n
ce

 
b

o
u

n
d
s. 

A
s 

p
re

se
n

te
d

 
in

 
S

ilva
 

e
t 

a
l. 

2
0

1
7

1.   

 

 
 



7
5
 

 T
h

is w
a

s a
 te

n
d

e
n

cy d
e
n

o
te

d
 in

 th
e
 su

rviva
l cu

rve
s o

f th
e
 fo

u
r g

ro
u

p
s (F

ig
u

re
 

4
.4

.2
A

). A
p

a
rt fro

m
 th

e
 g

e
n
e
tic ch

a
ra

cte
ristics, G

ro
u
p
 C

 d
id

 n
o
t sh

o
w

 e
n
rich

m
e

n
t o

f 

cyto
g

e
n
e

tic o
r clin

ica
l ch

a
ra

cte
ristics th

a
t co

u
ld

 d
e
fin

e
 it a

n
d
 b

e
 co

rre
la

te
d
 to

 su
rviva

l 

(T
a
b

le
 4

.4
.1

).  

T
a

b
le

 4
.4

.1
 C

h
a
ra

c
te

ris
tic

s
 o

f th
e
 g

ro
u

p
s
 d

e
fin

e
d

 b
y
 th

e
 R

e
a

c
to

m
e
 fu

n
c

tio
n

a
l 

in
te

ra
c
tio

n
 n

e
tw

o
rk

 a
n

a
ly

s
is

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
.  

T
h

e
 ta

b
le

 sh
o

w
s th

e
 clin

ica
l a

n
d

 m
o

le
cu

la
r ch

a
ra

cte
ristics fo

r th
e

 su
b

g
ro

u
p

s A
, B

, C
, D

 w
ith

in
 th

e
 M

o
d

u
le

s 
1

 a
n

d
 2

 (se
e

 F
ig

u
re

 4
.4

.1
). T

h
e

 cyto
g

e
n

e
tic g

ro
u

p
s w

e
re

 d
e

fin
e

d
 a

s: cyto
g

e
n

e
tica

lly n
o

rm
a

l (C
N

), co
re

 
b

in
d
in

g
 fa

cto
r (C

B
F

), co
m

p
le

x (3
 o

r m
o

re
 cyto

g
e

n
e

tic a
b

n
o

rm
a

litie
s), o

r o
th

e
r. D

ia
g

n
o
sis w

e
re

 g
ro

u
p
e
d
 

b
y: d

e
 n

o
v
o
 A

M
L

, se
co

n
d

a
ry A

M
L

 (sA
M

L
), o

r th
e

ra
p

y-re
la

te
d
 A

M
L

 (t-A
M

L
). T

re
a

tm
e

n
t re

g
im

e
n

s in
clu

d
e

d
 

sta
n
d

a
rd

 in
te

n
sive

 ch
e

m
o

th
e

ra
p

y (in
d

u
ctio

n
 tre

a
tm

e
n

t w
ith

 7
+

3
 a

n
d

 h
ig

h
 d

o
se

 A
ra

-C
 co

n
so

lid
a

tio
n

), 
a

llo
g

e
n

e
ic ste

m
 ce

ll tra
n

sp
la

n
ta

tio
n

 (a
llo

S
C

T
), p

a
llia

tive
 (lo

w
 d

o
se

 A
ra

-C
 o

r h
yp

o
m

e
th

yla
tin

g
 a

g
e
n

ts) o
r 

b
e

st su
p

p
o

rtive
 ca

re
 (B

S
C

). T
h

e
 re

sp
o

n
se

 w
a

s e
va

lu
a

te
d
 fo

r p
a

tie
n

ts re
ce

ivin
g

 in
te

n
sive

 in
d

u
ctio

n
 

ch
e
m

o
th

e
ra

p
y, a

n
d

 re
la

p
se

s a
re

 sh
o

w
n

 fo
r p

a
tie

n
ts th

a
t h

a
d
 a

ch
ie

ve
d

 a
 re

m
issio

n
. A

b
b

re
via

tio
n

s u
se

d
: 

w
h

ite
 b

lo
o

d
 ce

ll co
u

n
ts (W

B
C

), L
a

cta
te

 d
e

h
yd

ro
g

e
n

a
se

 (L
D

H
), b

o
n

e
 m

a
rro

w
 (B

M
). * T

h
e

 p
-va

lu
e

s w
e

re
 

ca
lcu

la
te

d
 b

y F
ish

e
r te

sts fo
r th

e
 co

m
p

a
riso

n
 o

f p
a

tie
n

ts in
 G

ro
u

p
 C

 vs th
e
 re

m
a

in
in

g
 p

a
tie

n
ts. A

s 
p

re
se

n
te

d
 in

 S
ilva

 e
t a

l. 2
0

1
7

1. 

 
 

 



7
6
 

  

 

F
ig

u
re

 4
.4

.2
 O

v
e

ra
ll s

u
rv

iv
a

l o
f th

e
 g

ro
u

p
s
 d

e
fin

e
d

 b
y
 th

e
 R

e
a
c
to

m
e
 fu

n
c

tio
n

a
l 

in
te

ra
c
tio

n
 n

e
tw

o
rk

 a
n

a
ly

s
is

 in
 th

e
 S

A
L

 e
ld

e
rly

 A
M

L
. 

(A
) T

h
e

 K
a

p
la

n
-M

e
ie

r d
isp

la
ys th

e
 e

stim
a

tio
n
 o

f th
e
 o

ve
ra

ll su
rviva

l fo
r th

e
 d

ivisio
n
 o

f th
e
 S

A
L

 co
h

o
rt in

to
 

G
ro

u
p

 A
, B

, C
 a

n
d

 D
 u

sin
g

 M
o

d
u

le
s 1

 a
n

d
 2

 (se
e

 F
ig

u
re

 4
.4

.1
; n

=
9
2

). (B
) T

h
e

 first ta
b

le
 re

p
o

rts o
n

 a
ll th

e
 

fa
cto

rs w
ith

 a
 sig

n
ifica

n
t e

ffe
ct o

n
 o

ve
ra

ll su
rviva

l p
ro

b
a

b
ility fo

r th
e
 e

ld
e

rly A
M

L
 co

h
o

rt (u
n

iva
ria

te
s lo

g
-

rank tests w
ith p≤0.05). The second displays a m

ultivariate a
n

a
lysis fo

r a
ll in

d
e

p
e

n
d

e
n
t fa

cto
rs fo

u
n

d
 fo

r 
th

e
 S

A
L

 e
ld

e
rly A

M
L

 (T
P

5
3

 m
u

ta
tio

n
s w

e
re

 n
o
t in

d
e

p
e
n

d
e
n

t o
f co

m
p
le

x ka
ryo

typ
e

). H
a
za

rd
 ra

tio
s (H

R
) 

w
e

re
 ca

lculated w
ith C

ox’s proportional hazard m
odel. SE denotes standard error, N

.S. is non
-sig

n
ifica

n
t, 

*p≤0.05, **p≤0.01, ***p ≤ 0.001 and W
BC

 denotes w
hite blood cell count. A

s p
re

se
n

te
d

 in
 S

ilva
 e

t a
l. 

2
0

1
7

1.  
 

T
h

e
 p

ro
g

n
o
stic sig

n
ifica

n
ce

 o
f G

ro
u
p

 C
 w

a
s m

a
in

ta
in

e
d

 w
h

e
n

 th
e
 a

n
a

lysis w
a

s 

re
stricte

d
 
to

 
p

a
tie

n
ts 

th
a

t 
re

ce
ive

d
 
in

te
n

sive
 
ch

e
m

o
th

e
ra

p
y 

a
n
d
 
in

 
a
 
m

u
ltiva

ria
te

 

a
n
a

lysis, th
e
 m

u
ta

tio
n
 p

ro
file

 o
f G

ro
u
p
 C

 w
a

s o
f in

d
e

p
e

n
d

e
n
t a

d
ve

rse
 p

ro
g

n
o
stic 

re
le

va
n
ce

 (F
ig

u
re

 4
.4

.2
B

).  

Im
p

o
rta

n
tly, u

sin
g

 th
e
 T

C
G

A
 co

h
o

rt th
e
 p

ro
g

n
o
stic sig

n
ifica

n
ce

 o
f G

ro
u
p
 C

 co
u
ld

 

b
e
 co

n
firm

e
d
 (F

ig
u

re
 4

.4
.3

), d
e
sp

ite
 th

e
 d

ifficu
ltie

s o
f g

ro
u
p

 d
ivisio

n
 p

o
se

d
 b

y th
e
 

u
n
d

e
te

cte
d
 S

R
S

F
2
 m

u
ta

tio
n

s
3
9 a

n
d

 so
m

e
 clin

ica
l d

iffe
re

n
ce

s o
f th

e
 co

h
o
rts (T

a
b
le

 

4
.4

.2
). 

 
 



7
7
 

 

F
ig

u
re

 4
.4

.3
 O

v
e

ra
ll s

u
rv

iv
a

l o
f th

e
 

g
ro

u
p

s
 d

e
fin

e
d

 b
y
 th

e
 R

e
a
c
to

m
e
 

fu
n

c
tio

n
a

l 
in

te
ra

c
tio

n
 

n
e
tw

o
rk

 
a

n
a

ly
s
is

 in
 th

e
 T

C
G

A
 c

o
h

o
rt. 

K
a

p
la

n
-M

e
ie

r d
isp

la
ys th

e
 e

stim
a

tio
n

 o
f th

e
 

o
ve

ra
ll su

rviva
l fo

r th
e
 d

ivisio
n

 o
f th

e
 T

C
G

A
 

co
h

o
rt 

(n
=

1
9

7
) 3

7 
th

a
t 

sh
o

w
e
d

 
th

e
 

p
o

o
r 

o
u

tco
m

e
 

o
f 

p
a

tie
n

ts 
in

 
G

ro
u
p

 
C

 
(lo

g
-ra

n
k 

te
st). D

e
sp

ite
 th

e
 a

g
e

 d
iffe

re
n

ce
 b

e
tw

e
e

n
 o

u
r 

co
h

o
rt (6

5
 to

 9
0

 ye
a

rs) a
n
d

 th
e

 T
C

G
A

 co
h

o
rt 

(1
8

 to
 8

8
 ye

a
rs) m

a
jo

r clin
ica

l fe
a

tu
re

s a
n
d
 

tre
a

tm
e

n
t ch

a
ra

cte
ristics w

e
re

 co
m

p
a

ra
b

le
. 

In
 b

o
th

 co
h

o
rts, th

e
 m

a
jo

rity o
f p

a
tie

n
ts w

e
re

 
tre

a
te

d
 

w
ith

 
sta

n
d

a
rd

 
in

te
n
sive

 
ch

e
m

o
th

e
ra

p
y re

su
ltin

g
 in

 a
 sim

ila
r m

e
d
ia

n
 su

rviva
l tim

e
. T

o
 n

o
te

, m
o

re
 p

a
tie

n
ts w

e
n

t o
n
 to

 a
llo

S
C

T
 in

 
th

e
 T

C
G

A
 co

h
o

rt, a
s th

e
se

 in
clu

d
e

d
 a

 yo
u

n
g
e

r p
a

tie
n

t p
o

p
u

la
tio

n
. D

o
tte

d
 lin

e
s m

a
rk th

e
 9

5
%

 co
n
fid

e
n
ce

 
b

o
u

n
d
s. A

s p
re

se
n

te
d

 in
 S

ilva
 e

t a
l. 2

0
1
7

1. 

 T
a

b
le

 
4

.4
.2

 
C

h
a
ra

c
te

ris
tic

s
 

o
f 

S
A

L
 

e
ld

e
rly

 
A

M
L

 
c

o
h

o
rt 

c
o

m
p

a
re

d
 

to
 

th
e
 

c
h

a
ra

c
te

ris
tic

s
 o

f th
e
 T

C
G

A
 c

o
h

o
rt. 

S
u

m
m

a
ry o

f th
e

 ch
a

ra
cte

ristics o
f p

a
tie

n
ts: d

e
 n

o
vo

 A
M

L
, se

co
n

d
a

ry A
M

L
 (sA

M
L

), o
r th

e
ra

p
y-re

la
te

d
 A

M
L

 
(t-A

M
L

). 
T

h
e

 
cyto

g
e

n
e

tic 
g

ro
u

p
s 

w
e

re
 

d
e

fin
e

d
 

a
s: 

cyto
g

e
n
e

tica
lly n

o
rm

a
l (C

N
), 

co
re

 
b
in

d
in

g
 

fa
cto

r 
(C

B
F

, 
in

clu
d

e
s 

t(8
;2

1
) 

o
r 

in
v(1

6
)/t(1

6
;1

6
)), C

o
m

p
le

x (3
 

o
r 

m
o

re
 

cyto
g
e

n
e

tic 
a

b
n

o
rm

a
litie

s), o
r o

th
e

r (1
 o

r 
2

 cyto
g

e
n

e
tic a

b
n

o
rm

a
litie

s). 
T

re
a

tm
e

n
ts 

in
clu

d
e

d
 

sta
n
d

a
rd

 
in

te
n
sive

 
ch

e
m

o
th

e
ra

p
y 

o
r 

n
o

t 
(th

e
 

la
tte

r co
n
siste

d
 o

f p
a
llia

tive
 o

r 
b

e
st 

su
p
p

o
rtive

 
ca

re
, 

w
h

ich
 

in
clu

d
e
s 

tre
a

tm
e

n
t 

w
ith

 
h

yp
o

m
e

th
yla

tin
g

 
a

g
e
n

ts 
a

n
d
 

a
 lo

w
 d

o
se

 o
f A

ra
-C

). S
e

ve
ra

l 
a

b
b

re
via

tio
n
s 

w
e

re
 

u
se

d
: 

F
L

T
3

 
in

te
rn

a
l 

ta
n

d
e

m
 

d
u

p
lica

tio
n
s 

(F
L

T
3

-IT
D

), 
m

u
ta

tio
n
s 

in
 

n
u
cle

o
p

h
o
sm

in
 

a
lte

rin
g
 

tryp
to

p
h

a
n
 

re
sid

u
e

s 
in

 
th

e
 

C
-te

rm
in

u
s 

o
f 

th
e
 

p
ro

te
in

 (N
P

M
1

c), w
h

ite
 b

lo
o

d
 

ce
ll 

co
u

n
ts 

(W
B

C
), 

L
a

cta
te

 
d

e
h

yd
ro

g
e

n
a
se

 (L
D

H
), b

o
n

e
 

m
a

rro
w

 (B
M

), a
llo

g
e

n
e

ic ste
m

 
ce

ll 
tra

n
sp

la
n

ts 
(a

llo
S

C
T

), 
m

o
n

th
s (m

o
n

) a
n

d
 ye

a
rs (y). 

 
 



7
8
 

 

4
.5

 
S

p
e
c

ific
 D

N
A

 m
e

th
y
la

tio
n

 p
a
tte

rn
 o

f th
e
 e

ld
e
rly

 A
M

L
 

F
irst, 

w
e

 
e

xp
lo

re
d

 
w

h
e

th
e
r 

a
g

e
 

a
n
d

 
th

e
 

h
ig

h
 

fre
q

u
e
n

cy 
o
f 

a
lte

ra
tio

n
s 

in
 

e
p
ig

e
n
e

tic 
re

g
u

la
to

rs 
a
ffe

cte
d
 

g
lo

b
a

l 
D

N
A

 
m

e
th

yla
tio

n
. 

T
h

u
s, 

w
e

 
co

m
b

in
e
d

 
th

e
 

m
e

th
yla

tio
n

 d
a
ta

 o
f th

e
 a

va
ila

b
le

 T
C

G
A

 co
h
o
rt (n

=
1

9
4

) a
n

d
 o

u
r S

A
L

 e
ld

e
rly A

M
L

 co
h
o
rt 

(n
=

7
9

), 
p

e
rfo

rm
e

d
 

u
n
su

p
e

rvise
d
 

clu
ste

rin
g

 
a

n
d

 
in

te
g

ra
te

d
 

so
m

a
tic 

m
u
ta

tio
n
 

in
fo

rm
a
tio

n
. In

 a
n
 u

n
su

p
e

rvise
d
 e

xp
lo

ra
tio

n
, w

e
 fo

u
n

d
 d

iffe
re

n
tia

l m
e

th
yla

tio
n

 in
 C

p
G

s 

lo
ca

te
d
 in

 p
ro

m
o
te

rs th
a
t re

su
lte

d
 in

 th
e
 se

p
a

ra
tio

n
 o

f p
a
tie

n
ts in

to
 tw

o
 clu

ste
rs w

ith
 

d
iffe

re
n
t a

g
e

 ra
n
g

e
s (F

ig
u
re

 4
.5

.1
). O

n
e
 clu

ste
r co

n
stitu

te
d
 m

o
stly b

y e
ld

e
rly p

a
tie

n
ts 

(n
=

1
1

8
, m

e
d
ia

n
 a

g
e

 o
f 7

0
 ye

a
rs, ra

n
g

in
g

 2
7
-9

0
, 6

2
%

 o
f th

e
 S

A
L

 co
h
o

rt) a
n
d

 a
n
o

th
e
r 

clu
ste

r w
ith

 yo
u
n

g
e

r p
a
tie

n
ts (n

=
1

5
5
, m

e
d
ia

n
 a

g
e
 o

f 5
7
 ye

a
rs, ra

n
g

in
g

 1
8
-8

2
, 3

8
%

 o
f 

th
e
 S

A
L

 co
h
o

rt).  

 

F
ig

u
re

 4
.5

.1
 M

e
th

y
la

tio
n

 p
ro

file
s
 o

f A
M

L
 p

a
tie

n
ts

 (T
C

G
A

 c
o

h
o

rt a
n

d
 S

A
L

 e
ld

e
rly

). 
T

h
e

 re
p

re
se

n
ta

tio
n

 d
isp

la
ys th

e
 m

e
th

yla
tio

n
 p

ro
file

s o
f A

M
L

 p
a

tie
n

ts (T
C

G
A

 a
n

d
 S

A
L

 co
h

o
rts co

m
b

in
e

d
), 

sh
o

w
in

g
 d

iffe
re

n
tia

l m
e

th
yla

tio
n

 p
a

tte
rn

s o
f e

ld
e

rly a
n

d
 yo

u
n
g

 A
M

L
 p

a
tie

n
ts. (C

a
p

tio
n

 c
o

n
tin

u
e

s
 in

 th
e

 n
e

x
t p

a
g

e
) 

 
 



7
9
 

 

A
n

a
lysis o

f D
N

A
 m

e
th

yla
tio

n
 va

lu
e
s in

 th
e

 5
,2

3
8

 m
o
st va

ria
b
le

 C
p
G

s in
 p

ro
m

o
te

r re
g

io
n
s (in

 th
e

 h
o

rizo
n

ta
l 

a
xis), scaled from

 unm
ethylated (−6, blue) to fully m

ethylated (6, red). 
T

h
e

 
d
e

p
ictio

n
 

sh
o

w
s 

th
e
 

u
n

su
p

e
rvise

d
 h

ie
ra

rch
ica

l clu
ste

rin
g
 o

f 2
7
3

 A
M

L
 sa

m
p

le
s (in

 th
e
 ve

rtica
l a

xis) w
ith

 m
u
ta

tio
n

 in
fo

rm
a

tio
n

: 
1

9
4

 p
a

tie
n

ts fro
m

 th
e

 T
C

G
A

 co
h

o
rt (1

3
6
 yo

u
n
g

 o
f 1

8–
6
4

 ye
a

rs a
n

d
 5

8
 e

ld
e

rly o
f 6

5–
8

8
 ye

a
rs) a

n
d

 7
9
 

p
a

tie
n

ts fro
m

 th
e

 S
A

L
 e

ld
e

rly co
h

o
rt (6

5–
9

0
 ye

a
rs). A

g
e

 o
f p

a
tie

n
ts a

t th
e

 tim
e

 o
f d

ia
g

n
o
sis is re

p
re

se
n

te
d
 

in
 th

e
 h

e
a

tm
a

p
 co

d
e

 (se
e
 le

g
e
n

d
). S

a
m

p
le

s co
n

sid
e

re
d

 p
a

rt o
f th

e
 tw

o
 h

ie
ra

rch
ica

l clu
ste

rs w
e

re
 la

b
e
le

d
 

a
s clu

ste
r o

f th
e

 e
ld

e
rly (n

=
1

1
8

, p
u

rp
le

) a
n
d

 clu
ste

r o
f th

e
 yo

u
n

g
 (n

=
1

5
5

, o
ra

n
g
e

), d
u

e
 to

 th
e

 sig
n

ifica
n

tly 
d

iffe
re

n
t m

e
d

ia
n

 a
g
e

 o
f th

e
 p

a
tie

n
ts (7

0
 ye

a
rs a

n
d

 5
7

 ye
a

rs, re
sp

e
ctive

ly, ***P≤
0

.0
0
1

 o
b

ta
in

e
d

 b
y t-te

st, 
b

o
xp

lo
t in

 th
e

 rig
h

t, m
e

d
ia

n
 a

n
d

 ra
n

g
e

 o
f a

g
e
s a

re
 a

n
n
o

ta
te

d
). P

a
tie

n
ts w

e
re

 cla
ssifie

d
 in

 cyto
g

e
n

e
tic 

g
ro

u
p
s: 

cyto
g

e
n
e

tica
lly 

n
o

rm
a

l 
(C

N
), 

co
re

-b
in

d
in

g
 

fa
cto

r 
(C

B
F

), 
co

m
p

le
x 

(3
 

o
r 

m
o

re
 

cyto
g

e
n

e
tic 

a
b

n
o

rm
a

litie
s) o

r o
th

e
rs. F

L
T

3
 in

clu
d
e

d
 b

o
th

 S
N

V
s a

n
d

 F
L
T

3
-IT

D
s a

va
ila

b
le

 a
n

d
 N

P
M

1
 in

clu
d

e
d

 b
o

th
 

m
u

ta
tio

n
s id

e
n

tifie
d

 b
y N

G
S

 a
n

d
 S

a
n

g
e

r se
q
u

e
n
cin

g
. A

d
ju

ste
d

 F
ish

e
r e

xa
ct te

sts fo
r ske

w
n

e
ss o

f 
m

u
ta

tio
n
s b

e
tw

e
e

n
 th

e
 clu

ste
r o

f th
e

 e
ld

e
rly a

n
d

 clu
ste

r o
f th

e
 yo

u
n

g
 is sp

e
cifie

d
 o

n
 th

e
 rig

h
t o

f e
a

ch
 g

e
n
e
, 

o
r o

f th
e

 le
g
e

n
d
 in

 ca
se

 o
f th

e
 g

ro
u

p
s fo

u
n
d

 u
sin

g
 th

e
 p

ro
te

in
 fu

n
ctio

n
a
l in

te
ra

ctio
n
 n

e
tw

o
rk (P

I n
e
tw

o
rk, 

N
S

 d
e

n
o

te
s n

o
n

-sig
n
ifica

n
t, *P≤

 0
.0

5
, **P≤

0
.0

1
 a

n
d

 ***P≤
 0

.0
0

1
). A

d
a

p
te

d
 fro

m
 S

ilva
 e

t a
l. 2

0
1

7
1. 

 
O

f 
n

o
te

, 
th

e
se

 
tw

o
 

e
p
ig

e
n
e
tic 

clu
ste

rs 
w

e
re

 
m

a
rke

d
ly 

d
iffe

re
n
t 

in
 

g
e
n

e
tic 

a
lte

ra
tio

n
s (F

ig
u

re
 4

.5
.1

), a
s m

o
st o

f th
e
 sa

m
p

le
s w

ith
 m

u
ta

tio
n

s in
 ID

H
1

/2
 (7

9
%

), 

A
S

X
L

1
 (8

6
%

), R
U

N
X

1
 (9

0
%

), T
P

5
3
 (7

2
%

) a
n
d
 co

-m
u
ta

te
d
 fo

r ID
H

/D
N

M
T

3
A

 (7
3
%

) 

w
e

re
 in

 th
e
 clu

ste
r o

f th
e
 e

ld
e
rly. In

 co
n
tra

st, th
e
 clu

ste
r o

f yo
u
n

g
 p

a
tie

n
ts w

a
s e

n
rich

e
d
 

fo
r D

N
M

T
3
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M
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L
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u
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d
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m
p

le
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8
%
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e
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 m
u

ta
te

d
 sa

m
p

le
s 

w
e

re
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is clu

ste
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C
o

m
p

a
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g
 th

e
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ste
r o

f th
e
 e

ld
e
rly w

ith
 th

e
 clu

ste
r o

f th
e
 yo

u
n

g
, w

e
 id

e
n

tifie
d
 

m
a

n
y d

iffe
re

n
tia

lly m
e

th
yla

te
d

 re
g

io
n
s (n

=
1

,6
4
1
), w

h
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 u
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g
 ca

te
g

o
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l a
g

e
 g

ro
u
p
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G
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a
rs) vs yo

u
n

g
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C
G

A
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6
5
 ye

a
rs) 4

.6
x fe

w
e

r re
g

io
n
s w

e
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id
e
n
tifie

d
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=
3

5
6
, F

ig
u
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 4
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A
). H

yp
o
m

e
th

yla
te

d
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g
io

n
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 th
e
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ste
r o

f th
e
 e

ld
e
rly 
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yp

o
M

R
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=
6

6
2
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e
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 a
lm

o
st a

ll in
 g

e
n
e
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3
%
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n
d
 m

o
re

 th
a
n
 h

a
lf o
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rla

p
p
e

d
 

p
ro

m
o
te

rs, w
h
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 th

e
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yp
e
rm

e
th
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te

d
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g
io

n
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e
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R
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=
9

7
9
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lth
o
u

g
h
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o
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o
ve
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p

p
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g
 g

e
n
e
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e
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sso

cia
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d
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 p
ro

m
o

te
r re

g
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n
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n
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n
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u
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 4
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B
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m

p
le

te
 lists o

f re
g

io
n
s a
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p
p

e
n

d
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n
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l m
e
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y
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n
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a
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s
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e
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ld
e
rly
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 c

o
m

p
a
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o
n
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y
o

u
n

g
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(A
) T

h
e

 d
e

n
sity g

ra
p

h
 re

p
o

rts th
e
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n

ifica
n

t d
iffe

re
n

tia
l m

e
th
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te

d
 re

g
io

n
s (D

M
R

s) b
e
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e

e
n
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e
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h
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l clu
ste
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m
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e
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n
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p
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d
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n
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r o
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ld
e
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ste

r o
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u
n
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r b
e
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e

e
n
 

th
e
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ro

n
o
lo

g
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l a
g

e
 g

ro
u
p
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ld

e
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C
G

A
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n
d
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A
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C
G

A
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6
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a
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h

e
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g
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n
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w
e
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b
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e

d
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m
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0
4
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7

5
 m

o
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n
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p
G
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e
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u
m

b
e

r o
f D

M
R
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h
e

 b
a

r g
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p
h
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o

w
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e
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e
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n
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g
e
 o

f D
M

R
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e
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e
e

n
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e
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d
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e
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e
n

e
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g
u
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ry 
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a
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M
R

s w
e
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ssifie
d
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 h
yp

e
rm

e
th

yla
te

d
 (h

yp
e

rM
R
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=

9
7

9
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r h
yp

o
m

e
th
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te

d
 (h

yp
o

M
R

s, 
n

=
6

6
2

) a
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rd
in

g
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 th
e

ir ra
tio
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f m

e
th

yla
tio

n
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 th
e
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ste

r o
f e

ld
e
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r o
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u
n
g
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 is th

e
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ta
l n

u
m

b
e
r 

o
f D

M
R
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o
m

e
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yla
te

d
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n
d

 h
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e
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e
th
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d
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h
e

 a
sso
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tio

n
s o

f D
M

R
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e
n
e

 re
g

u
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a
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s 

w
e
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m
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e

d
: 1D

M
R
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a
st 1

b
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p
p
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g
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e
n

e
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M
R

s w
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e
n

e
 p
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m

o
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M
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p
p

in
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h
e
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p
h
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p
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n
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f e
n
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m

e
n
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e
n

e
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m
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n
d

 b
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g
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l p
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e
n
e
s 

a
sso
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te

d
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 th

e
 D

M
R
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e
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e
n

e
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sso
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te
d
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e
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R
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=
1
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3
9
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n

d
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e

 g
e

n
e
s 

a
sso
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te

d
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o
M

R
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=
8

0
1
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n
n

e
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d
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e

 clu
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r o
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e
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ld
e
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sso
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n
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e

n
e
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n
d
 

e
n
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m

e
n
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e
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lcu
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te
d
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R

E
A

T
1

2
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d
a

p
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d
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m
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t a
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0
1
7

1. 
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yp

o
m

e
th
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te

d
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g
io

n
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=
6

6
2
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e
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r o
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e
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ld
e
rly w

e
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sso
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te

d
 

w
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 g
e

n
e
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=
8

0
1
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o

n
sib
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 fo

r m
o
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h
o
g

e
n
e
sis (H

O
X

L
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n
d
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K

L
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e
n
e
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m

ilie
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w
h

ile
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yp
e
rm

e
th
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te

d
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g
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n
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=
9

7
9

) w
e
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 re
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d
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e

n
e

s (n
=

1
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3
9
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sso
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te
d
 

w
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 p
h
a

g
o
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 d
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n
tia
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n
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n
d
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m
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o
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cid
 tra

n
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o
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u

re
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.5
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C
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n
d
 

d
e
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d
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 F
ig

u
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 4
.5
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). 
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n
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h
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e
n

t 
o
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b
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d
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n
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n
a
tu

re
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g
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n
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e
d
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e
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 D
M

R
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m
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e
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m
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n
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e
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d

 a
n
a

lysis (clu
ste

r o
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ld
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r o
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u
n

g
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e
g
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n
s 

w
e
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d
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e
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e

th
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yp

e
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R
s) o
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d
 (h
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o

M
R

s) in
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n
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 th
e
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r o
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M
R
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R
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1
2

5 (n
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a
s th

e
 n

u
m

b
e

r o
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g

e
n

e
s). E

n
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m
e

n
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a
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n
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n
a
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n

n
o
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n
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r w

e
re
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lcu
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d
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g

 D
A

V
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A

S
E
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D
R

<
1
0

%
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2
6
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2
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s p
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n
te

d
 in
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t a
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0
1
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o
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c
a

tio
n

s
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f e
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e
rly
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M

L
 d

iffe
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n
tia

l m
e

th
y
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tio
n

 

W
e
 w

e
re

 a
tte

n
tive

 to
 th

e
 im

p
o
rta

n
ce

 o
f d

e
fin

in
g

 g
e

n
o
m

ic re
g

io
n
s w

h
e
re

 th
e
 

m
e

th
yla

tio
n

 le
ve

ls a
re

 u
n
iq

u
e

. L
a

rg
e

 e
p
ig

e
n
e
tic ch

a
n
g

e
s th

a
t o

ccu
r in

 sp
e
cific re

g
io

n
s 

o
f th

e
 g

e
n
o
m

e
 m

ig
h

t b
e
 o

f a
d
d

itio
n
a

l sig
n

ifica
n
ce

. 

S
o
, w

e
 a

n
a

lyse
d
 p

a
rticu

la
r p

a
tte

rn
s in

 th
e
 d

istrib
u
tio

n
 o

f th
e
 e

ld
e
rly A

M
L

 D
M

R
s
 

a
cro

ss g
e

n
o
m

ic p
o
sitio

n
s. W

e
 m

a
d
e

 tw
o

 m
a

in
 o

b
se

rva
tio

n
s: 1

) m
o

st ch
ro

m
o

so
m

e
s 

h
a
d

 co
m

p
a
ra

b
le

 a
m

o
u
n
ts o

f h
yp

e
rM

R
s a

n
d

 h
yp

o
M

R
s, e

xce
p
t fo

r ch
ro

m
o

so
m

e
s 1

6
 

a
n
d

 1
7
 w

h
e
re

 th
e
 n

u
m

b
e

r o
f h

yp
e
rm

e
th

yla
tio

n
s in

 sa
m

p
le

s o
f clu

ste
r o

f e
ld

e
rly A

M
L
 

w
a
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a
rly h

ig
h

 (F
ig

u
re

 4
.5

.4
A

) a
n
d
 2

) th
e
re

 w
a

s a
 te

n
d

e
n

cy o
f th

e
 h

yp
e
rM

R
s to

 b
e
 

lo
ca

te
d
 in

 th
e
 tip

s o
f ch

ro
m

o
so

m
e
s (F

ig
u
re

 4
.5

.4
B

). 

T
h

e
 h

ig
h

e
r m

e
th

yla
tio

n
 le

ve
ls o

f th
e
 sa

m
p

le
s fro

m
 th

e
 clu

ste
r o

f th
e
 e

ld
e
rly w

e
re

 

m
o

re
 strikin

g
 in

 ch
ro

m
o

so
m

e
 1

7
. T

h
is w

a
s th

e
 ch

ro
m

o
so

m
e

 w
ith

 th
e
 h

ig
h
e

st n
u
m

b
e
r 

o
f h

yp
e
rM

R
s (1

0
9

 o
f th

e
 9

7
9

, 1
1
%

) a
n
d
 m

a
n
y o

f th
e
se

 re
g

io
n
s w

e
re

 lo
ca

te
d

 in
 th

e
 

q
2

5
.3

 
b

a
n

d
 

(F
ig

u
re

 
4

.5
.4

B
, 

b
o
x). 

T
h

is 
w

a
s 

a
n
 

u
n
u

su
a

l 
co

n
ce

n
tra

tio
n
 

o
f 

h
yp

e
rm

e
th

yla
tio

n
 o

n
 th

e
 tip

 o
f ch

r1
7

 in
 w

h
ich

 3
5
 h

yp
e

rM
R

s (3
5
/1

0
9

, 3
2
%

, T
a
b

le
 4

.5
.1

) 

w
e

re
 co

n
ce

n
tra

te
d
 in

 a
b
o

u
t 2

.4
M

b
 (h

ig
h

e
st d

e
n
sity a

re
a
 in

 th
e
 b

lu
e
 b

o
x o

f F
ig

u
re

 

4
.5

.4
B

). 

W
ith

in
 th

is a
re

a
, th

e
re

 w
e

re
 2

 m
a

jo
r re

g
io

n
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n
g

ly h
yp

e
rm

e
th
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te

d
, th

e
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g

io
n
s 

re
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te
d
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n
e
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h
b

o
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g
 
g

e
n
e
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A

C
T

G
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1
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4
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a
n
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R
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T
O
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H
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P
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T
h

e
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e
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e
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e

n
e
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a
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a
d
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e
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h

e
st n

u
m

b
e
r o

f h
yp

e
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e
th
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d
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g
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n
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m
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e
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e
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d
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e
m
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h

e
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 w
e
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e
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R
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e
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a
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 p
a
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g
e

n
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C

T
G

1
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1
4
4
7
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n
d
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P
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O
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M
P
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e
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 re
g
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D
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a
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c
h
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m
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(A
) T

h
e

 b
a

r g
ra

p
h

 re
p
o

rts th
e
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u
m

b
e

r o
f D

M
R
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m
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e
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ste

r o
f e

ld
e

rly vs clu
ste

r o
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u
n

g
 in

 e
a
ch
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ro
m

o
so

m
e
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m

p
a
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n

 
o
f 

h
ie

ra
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l 
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ste

rs 
in

 
F

ig
u

re
 

4
.5
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T
h

e
se

 
w

e
re

 
cla

ssifie
d

 
a
s 

h
yp

e
rm

e
th
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te

d
 (h

yp
e

rM
R

s, in
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d
) o

r h
yp

o
m

e
th
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te

d
 (h

yp
o

M
R
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e
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rd
in

g
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e

 m
e
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tio
n
 

le
ve
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e
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ste
r o

f e
ld

e
rly A

M
L
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) T

h
e
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p
h

 sh
o

w
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e
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e
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R

s p
lo
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g
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e
n

o
m
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p
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n
 fro

m
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e
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rt o
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e
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o
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n
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n

g
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n
te
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h
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m
o
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m
e
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h
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 d

e
n
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p
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n
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e
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u
m

b
e

r o
f h
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e
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R
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te

d
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y p
a
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n

in
g
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e
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5
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 b
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d
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h
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 b
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e
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o
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h
e
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 o
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e
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o
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n
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n
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e
d

 re
g
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n

 o
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ro
m

o
so

m
e
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e

o
g
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m

s m
a
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n
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 c
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b
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b
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C

). 

In
 co

m
p

a
riso

n
, D

N
M

T
3
A

 m
u

ta
tio

n
s d

e
sp

ite
 b

e
in

g
 p

re
se

n
t in

 m
a

n
y sa

m
p

le
s w

ith
 

ID
H

1
/2

 
m

u
ta

tio
n
s 

d
o
 

n
o
t 

sh
o
w

 
a

n
y 

h
yp

e
rm

e
th

yla
te

d
 

re
g

io
n
s. 

F
u
rth

e
rm

o
re

, 

h
yp

o
m

e
th

yla
te

d
 

re
g

io
n
s 

in
 

D
N

M
T

3
A

 
m

u
ta

te
d
 

sa
m

p
le

s 
w

e
re

 
d

istin
ctly 

co
ve

rin
g

 

e
xte

n
d

e
d

 re
g

io
n
s o

f th
e
 g

e
n
o
m

e
, b

e
in

g
 b

ig
g

e
r th

a
n
 th

e
 a

ve
ra

g
e

 o
th

e
r D

M
R

s, m
o
stly 

d
u
e

 to
 la

rg
e
r n

u
m

b
e
rs o

f C
p
G

s ch
a
n
g

e
d
 b

y re
g

io
n
 (w

ith
 th

e
 a

ve
ra

g
e
 o

f 1
0
 C

p
G

s 

ch
a
n

g
e

d
 in

 e
a

ch
 re

g
io

n
, F

ig
u

re
 4

.7
.3

B
).  
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a

ra
c
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ris
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 in
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s
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u
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C
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s
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D

N
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T
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N
P

M
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F

L
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H

1
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C

lu
s

te
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S

a
m

p
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s
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9
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1
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2
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M
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7
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G

e
n

e
s
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s

s
o

c
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te
d
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y
p

o
M

R
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1

0
1
 

2
3

 
8

3
 

2
6

 
2
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H

y
p

o
M

R
s
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 a
 g

e
n

e
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6
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4

%
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1
3
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%
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5
8
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1

%
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1
9
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5

%
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1
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0
0

%
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3
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0
0

%
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H

y
p

o
M

R
s
 in

 a
 p

ro
m

o
te

r
2 

1
7
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2

%
) 

5
 (3

6
%
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1

8
 (2

5
%

) 
3

 (1
5

%
) 

1
 (1

0
0

%
) 

1
 (3

3
%

) 

 
H

y
p

o
M

R
s
 in

 a
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S
S

3 
9

 (1
1

%
) 

2
 (1

4
%

) 
9

 (1
3

%
) 

1
 (5

%
) 

1
 (1

0
0

%
) 

0
 (0

%
) 

 

H
y
p

e
rM

R
s

 
0

 
0

 
4

7
 

8
 

2
2

9
 

2
2
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G

e
n

e
s
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s

s
o

c
ia

te
d

 to
 

H
y
p

e
rM

R
s

 
0

 
0

 
8

1
 

2
6

 
3

5
2
 

3
3
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H

y
p

e
rM

R
s
 in

 a
 g

e
n

e
1 

 0
 (0

%
) 

 0
 (0

%
) 

4
3

 (9
1

%
) 

8
 (1

0
0

%
) 

1
8

7
 (8

2
%

) 
1

8
6

 (8
2

%
) 

 
H

y
p

e
rM

R
s
 in

 a
 p

ro
m

o
te

r
2 

 0
 (0

%
) 

 0
 (0

%
) 

2
2

 (4
7

%
) 

7
 (8

8
%

) 
1

0
9

 (4
8

%
) 

8
0

 (3
5

%
) 

 
H

y
p

e
rM

R
s
 in

 a
 T

S
S

3 
 0

 (0
%

) 
 0

 (0
%

) 
1

0
 (2

1
%

) 
2

 (2
5

%
) 

4
0

 (1
7

%
) 

3
8

 (1
7

%
) 

F
ig

u
re

 4
.7

.3
 S

p
e
c
ific

 s
ig

n
a

tu
re

 o
f d

iffe
re

n
tia

l m
e

th
y
la

tio
n

 fo
r m

u
ta

te
d

 g
e
n

e
s

 in
 

th
e
 S

A
L

 e
ld

e
rly

 A
M

L
.  

(A
) T

h
e

 d
e

n
sity o

f th
e

 sig
n

ifica
n

t d
iffe

re
n

tia
l m

e
th

yla
te

d
 re

g
io

n
s (D

M
R

s) fo
r g

ro
u

p
s o

f m
u

ta
n

t ve
rsu

s its 
w

ild
typ

e
 sa

m
p

le
s (fo

r ID
H

1
/2

, N
P

M
1

, F
L

T
3

 a
n

d
 D

N
M

T
3

A
 m

u
ta

tio
n
s) a

n
d
 fo

r th
e
 m

e
th

yla
tio

n
 clu

ste
rs 

a
g

a
in

st 
n

o
n

-clu
ste

r 
sa

m
p
le

s. 
D

M
R

s 
w

e
re

 
cla

ssifie
d

 
in

to
 

h
yp

e
rm

e
th

yla
te

d
 

D
M

R
s
 

(h
yp

e
rM

R
s) 

o
r 

h
yp

o
m

e
th

yla
te

d
 D

M
R

s (h
yp

o
M

R
s) a

cco
rd

in
g
 to

 th
is m

e
th

yla
tio

n
 ra

tio
. (B

) L
e

n
g

th
 o

f th
e

 D
M

R
s a

n
d
 

n
u

m
b
e

r o
f C

G
s th

e
y co

n
ta

in
e
d

, fo
r th

e
 D

M
R

s o
f D

N
M

T
3

A
 m

u
ta

n
ts vs a

ll th
e

 D
M

R
s fo

u
n
d

 fo
r a

ll o
th

e
r 

g
ro

u
p
s te

ste
d

 (n
o

n
D

N
M

T
3

A
: ID

H
1
/2

, N
P

M
1

, F
L

T
3

, T
E

T
2

, A
S

X
L

1
, R

U
N

X
1

, S
R

S
F

2
, a

n
d

 clu
ste

rs 1
,2

,3
). 

n
: th

e
 to

ta
l n

u
m

b
e

r o
f D

M
R

s fo
r e

a
ch

 co
m

p
a

riso
n
 g

ro
u
p; *p≤0.05; **p≤0.01. (C

) T
h

e
 ta

b
le

 re
p

o
rts 

d
iffe

re
n

tly m
e

th
yla

te
d

 re
g

io
n

s in
 sp

e
cific g

ro
u

p
s o

f th
e

 S
A

L
 e

ld
e

rly A
M

L
. D

M
R

s re
la

te
 th

e
 n

u
m

b
e

r o
f h

ig
h
ly 

sig
n
ifica

n
t D

M
R

s (w
ith

 a
t le

a
st 3

 C
G

s ch
a
n

g
e

d
) fo

r h
ig

h
 ra

te
 m

u
ta

te
d

 g
e

n
e
s o

r clu
ste

rs fro
m

 
th

e
 

u
n

su
p

e
rvise

d
 a

n
a

lysis. T
h

e
 D

M
R

s a
n

d
 th

e
 g

e
n

e
s fo

u
n

d
 to

 b
e

 a
sso

cia
te

d
 
w

ith
 th

e
se

 re
g

io
n
s w

e
re

 
cla

ssifie
d

 a
cco

rd
in

g
 to

 e
a

ch
 sta

te
 o

f d
iffe

re
n

tia
l m

e
th

yla
tio

n
 (h

yp
o

M
R

s o
r h

yp
e

rM
R

s). T
h

e
 n

u
m

b
e

r o
f 

D
M

R
s a

sso
cia

te
d

 to
 sp

e
cific re

g
u

la
to

ry fe
a
tu

re
s a

re
 sta

te
d

 w
ith

 th
e

 p
e

rce
n
ta

g
e
 th

e
y re

p
re

se
n

t:  1
- D

M
R

s 
w

ith
 a

t le
a

st 1
b
 o

ve
rla

p
p

in
g

 a
 g

e
n

e
; 2

- D
M

R
s w

ith
in

 1
kb

 o
f a

 g
e

n
e

 p
ro

m
o

te
r; 3

- D
M

R
s w

ith
 a

t le
a
st o

n
e
 

1
b

 o
ve

rla
p

p
in

g
 to

 a
 tra

n
scrip

tio
n

 sta
rt site

 (T
S

S
). A

sso
cia

tio
n

s w
e

re
 ca

lcu
la

te
d

 b
y E

p
iE

xp
lo

re
r 1

2
8. 
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  S
in

ce
 th

e
 a

d
ve

n
t o

f N
G

S
, w

e
 h

a
ve

 re
co

g
n

ize
d
 th

a
t A

M
L

 h
a
s a

 la
rg

e
 h

e
te

ro
g

e
n
e

ity 

in
 
m

o
le

cu
la

r 
a

lte
ra

tio
n
s 

th
a
t 

m
a
ke

 
it 

a
 
h

ig
h

ly co
m

p
le

x 
d

ise
a
se

, 
b

u
t 

its 
p

a
tte

rn
s 

a
re

 

re
so

lva
b
le

 fo
r th

e
 n

u
m

b
e
r o

f m
u

ta
tio

n
s fo

u
n

d
 in

 A
M

L
 (a

ve
ra

g
e

 1
3
 T

ie
r1

 m
u

ta
tio

n
s) is n

o
t 

a
s 

h
ig

h
 

a
s 

in
 

m
o

st 
o
f 

th
e
 

o
th

e
r 

ca
n
ce

rs
1
4
1. 

T
h

e
 

re
ce

n
t 

N
G

S
 

stu
d
ie

s 
su

g
g

e
st 

th
e
 

d
e
ve

lo
p
m

e
n
t o

f a
n
 A

M
L

 in
vo

lve
s th

e
 a

cq
u

isitio
n
 o

f so
m

a
tic m

u
ta

tio
n
s in

 a
 ste

p
w

ise
 

m
a

n
n

e
r, d

u
e
 to

 th
e
 a

ccu
m

u
la

tio
n

 o
f m

u
ta

tio
n
s in

 ste
m

 ce
ll p

ro
g

e
n
ito

rs re
sp

o
n
sib

le
 fo

r 

co
n
tin

u
o

u
s b

lo
o
d

 p
ro

d
u

ctio
n

. T
h

is d
yn

a
m

ic o
f th

e
 d

ise
a
se

 w
o

u
ld

 e
xp

la
in

 w
h

y A
M

L
 is m

o
re

 

fre
q

u
e
n
tly fo

u
n

d
 in

 th
e
 e

ld
e
rly p

o
p

u
la

tio
n
. 

A
m

o
n
g

 th
e
 m

o
le

cu
la

r a
lte

ra
tio

n
s fo

u
n

d
 in

 A
M

L
 m

a
n
y o

ccu
r in

 e
p

ig
e

n
e

tic re
g

u
la

to
rs, 

w
ith

 a
 h

ig
h
 p

re
va

le
n
ce

 o
f m

u
ta

tio
n
s fo

u
n

d
 fo

r e
xa

m
p

le
 in

 ID
H

1
, ID

H
2
, D

N
M

T
3
A

 a
n
d

 T
E

T
2
, 

w
h

ich
 u

n
d

e
rsco

re
d
 p

o
ssib

le
 ro

le
s o

f th
e
 e

p
ig

e
n
o

m
e

 in
 th

e
 p

a
th

o
g

e
n
e

sis o
f A

M
L

. T
h

e
 in

itia
l 

o
b
se

rva
tio

n
s th

a
t e

p
ig

e
n
e

tic m
e

ch
a

n
ism

s a
re

 d
ysre

g
u

la
te

d
 in

 A
M

L
 le

a
d
 to

 th
e
 a

n
a

lysis o
f 

th
e
 u

n
cle

a
r re

la
tio

n
sh

ip
s b

e
tw

e
e
n

 p
a
tte

rn
s o

f m
u
ta

tio
n

s a
n
d
 e

p
ig

e
n
e
tic p

h
e

n
o

typ
e
s

3
7
,7

9
,6

6. 

N
o

w
a

d
a

ys th
e
se

 p
a
tte

rn
s ca

n
 b

e
 co

m
p
re

h
e

n
sive

ly e
xp

lo
re

d
 sin

ce
 b

o
th

 ca
n
 b

e
 o

b
ta

in
e
d

 

w
ith

 w
h

o
le

 g
e

n
o

m
e
/e

xo
m

e
 co

ve
ra

g
e
.   

A
t th

e
 tim

e
 o

f o
u
r stu

d
y th

e
 m

o
le

cu
la

r a
n
a

lysis o
f A

M
L

, g
e

n
o
m

ic a
n
d
 e

p
ig

e
n
o
m

ic 

la
n
d

sca
p

e
s, re

fe
rre

d
 e

ith
e
r to

 se
le

cte
d
 g

ro
u

p
s o

f p
a
tie

n
ts, like

 cyto
g

e
n
e

tica
lly n

o
rm

a
l 

(C
N

6
6), 

d
e
 
n

o
v
o
 o

r se
co

n
d

a
ry A

M
L

 (sA
M

L
4

9), yo
u
n

g
 p

a
tie

n
ts (<

6
0

 ye
a

rs o
ld

7
9), o

r to
 

u
n
se

le
cte

d
 co

h
o
rts like

 th
e
 o

n
e

 w
ith

 2
0
0

 sa
m

p
le

s se
q

u
e
n

ce
d

 b
y T

C
G

A
37. D

e
sp

ite
 th

e
 

e
xp

o
n

e
n

tia
l in

cre
a

se
 o

f stu
d
ie

s in
 g

e
n
e
tic o

r e
p
ig

e
n

e
tic cla

ssifica
tio

n
s o

f A
M

L
 p

a
tie

n
ts in

 

th
e
 la

st 2
 ye

a
rs, b

o
th

 p
a
tte

rn
s h

a
d
 n

o
t b

e
e

n
 a

d
d
re

sse
d

 to
g

e
th

e
r sp

e
cifica

lly in
 th

e
 e

ld
e
rly 

p
a
tie

n
ts (u

sin
g

 e
ith

e
r g

lo
b
a

l o
r n

o
n
-g

lo
b
a

l a
p
p

ro
a
ch

e
s), u

n
til o

u
r stu

d
y

1.  

T
h

e
re

fo
re

, w
e
 a

im
e

d
 to

 u
n
ra

ve
l th

e
 g

e
n
e

tic a
n
d
 e

p
ig

e
n
e

tic p
a
tte

rn
s o

f th
e

 e
ld

e
rly 

A
M

L
 

th
a
t 

co
u
ld

 
p

ro
vid

e
 

m
o
re

 
d

e
ta

ile
d
 

e
vid

e
n

ce
 

in
to

 
its 

sp
e
cific 

p
a
th

o
g

e
n
e

sis. 
W

e
 

d
e
scrib

e
d

 m
a

n
y sp

e
cificitie

s fo
u
n

d
 in

 th
e
 S

A
L

 e
ld

e
rly co

h
o

rt a
n
d
 o

u
r p

ro
ce

d
u

re
s a

llo
w

e
d
 

u
s to

 p
o
in

t to
 kn

o
w

n
 a

n
d

 n
e
w

 m
o

le
cu

la
r a

lte
ra

tio
n

s o
f b

io
lo

g
ica

l re
le

va
n
ce

 o
r p

ro
g

n
o
stic 

va
lu

e
 th

a
t ca

n
 b

e
 u

se
d
 a

s d
ru

g
g

a
b
le

 ta
rg

e
ts. 
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5
.1

 
G

e
n

e
tic

 p
a
tte

rn
s
 o

f e
ld

e
rly

 A
M

L
 

In
 o

u
r co

m
p

re
h

e
n
sive

 a
p
p

ro
a

ch
, w

e
 a

n
a

lyse
d

 a
 la

rg
e
 se

t o
f ca

n
d

id
a
te

 ca
n
ce

r g
e

n
e
s 

(5
5
5

) b
y ta

rg
e
te

d
 N

G
S

 a
n

d
 e

sta
b

lish
e
d

 se
ve

ra
l p

a
rticu

la
ritie

s o
f th

e
 e

ld
e
rly A

M
L

 g
e

n
e

tic 

p
ro

file
s.  

W
ith

 th
is e

xte
n
d

e
d

 p
a
n
e

l se
q

u
e
n

cin
g

, w
e

 fo
u
n
d

 2
8
1

 g
e

n
e

s m
u
ta

te
d
, w

h
ich

 w
a

s 

a
b
o

u
t 5

x m
o

re
 g

e
n
e

s th
a
n

 in
clu

d
e

d
 in

 th
e
 p

a
n
e

l Illu
m

in
a

 h
a

s se
t u

p
 a

s th
e
 m

ye
lo

id
 

se
q

u
e
n

cin
g

 p
a

n
e

l (5
4
 g

e
n

e
s). S

in
ce

 the elderly patients of TC
G

A (≥
6

5
 ye

a
rs o

ld
) sh

o
w

e
d
 

th
a
t th

e
 m

e
d
ia

n
 m

u
ta

tio
n
s p

e
r p

a
tie

n
t w

a
s h

ig
h

 (w
h

e
n

 co
m

p
a
re

d
 to

 th
e
 yo

u
n

g
e
r p

a
tie

n
ts) 

p
a
n

e
ls like

 th
is w

o
u
ld

 h
a

ve
 p

ro
ve

d
 in

su
fficie

n
t to

 e
va

lu
a
te

 A
M

L
 in

 th
e
 e

ld
e
rly p

o
p

u
la

tio
n

.  

5
.1

.1
 

M
o

le
c
u

la
r a

lte
ra

tio
n

s
 c

o
rre

la
te

d
 to

 a
g

e
 

T
h

e
 n

u
m

b
e
r o

f m
u
ta

tio
n
s o

b
se

rve
d
 p

e
r p

a
tie

n
t d

id
 n

o
t d

ire
ctly co

rre
la

te
 w

ith
 th

e
 a

g
e
 

n
e
ith

e
r in

 th
e
 S

A
L

 e
ld

e
rly n

o
r in

 th
e
 T

C
G

A
 e

ld
e
rly, e

ve
n
 th

o
u

g
h
 th

e
 in

cre
a

se
d
 a

g
e
 re

la
te

d
 

to
 d

e
cre

a
se

d
 su

rviva
l p

ro
b

a
b
ility. In

ste
a

d
, th

e
 in

cre
a
se

 in
 th

e
 m

e
d
ia

n
 n

u
m

b
e

r o
f m

u
ta

tio
n
s 

p
e
r p

a
tie

n
t co

u
ld

 o
n

ly b
e
 se

e
n

 b
e
tw

e
e
n

 T
C

G
A

 yo
u
n

g
 a

n
d

 T
C

G
A

 e
ld

e
rly g

ro
u

p
 o

f p
a
tie

n
ts. 

B
o

th
 fa

cts w
e

re
 co

n
siste

n
t w

ith
 yo

u
n

g
 a

n
d
 e

ld
e
rly A

M
L

 b
e

in
g

 d
istin

ct g
ro

u
p

s o
f A

M
L

. 

T
h

is a
lso

 in
d
ica

te
d
 th

a
t sp

e
cific g

e
n

e
tic a

lte
ra

tio
n

s a
n
d

 p
a
tte

rn
s in

 e
ld

e
rly A

M
L

 w
o

u
ld

 

h
a
ve

 to
 b

e
 a

n
a

lyse
d
 fo

r o
n
ly th

e
y m

ig
h

t p
ro

vid
e
 n

o
ve

l in
sig

h
ts fo

r th
e
 d

ism
a

l p
ro

g
n

o
sis o

f 

th
e
se

 p
a
tie

n
ts. 

W
ith

 o
u
r a

p
p
ro

a
ch

, w
e

 o
b

ta
in

e
d

 e
x
te

n
s

iv
e

 in
fo

rm
a

tio
n

 th
a
t w

a
s n

o
t ca

p
tu

re
d

 a
s a

 

w
h

o
le

 
in

 
o

th
e

r 
stu

d
ie

s 
in

ve
stig

a
tin

g
 

e
ld

e
rly 

A
M

L
. 

W
h

ile
 

o
th

e
rs 

d
e
scrib

e
 

in
cre

a
se

d
 

fre
q

u
e
n

cie
s o

f ce
rta

in
 m

u
ta

tio
n
s in

 o
ld

e
r p

a
tie

n
ts

1
3
1
,1

4
2
,1

4
3, w

e
 w

e
re

 a
b
le

 to
 e

xte
n
d
 th

is 

m
u

ta
tio

n
a

l p
a
tte

rn
 b

y e
xp

lo
rin

g
 p

h
e
n

o
typ

ic in
te

ra
ctio

n
s b

e
tw

e
e
n

 fu
n
ctio

n
a

l g
ro

u
p

s o
f 

p
ro

te
in

s. T
h

e
 m

o
st p

ro
m

in
e
n

t ch
a
ra

cte
ristics o

f th
e
 g

e
n
e

tic p
a
tte

rn
s o

f e
ld

e
rly A

M
L

 to
 

e
m

e
rg

e
 w

e
re

: (i) th
a
t a

lm
o

st a
ll e

ld
e
rly p

a
tie

n
ts h

a
d

 a
t le

a
st o

n
e

 m
u

ta
tio

n
 in

 a
n
 e

p
ig

e
n
e
tic 

re
g

u
la

to
r (8

5
%

), (ii) th
e
 la

rg
e

 p
e
rce

n
ta

g
e

 o
f p

a
tie

n
ts w

ith
 m

u
ta

tio
n
s in

 sp
licin

g
 re

g
u

la
to

rs 

(3
8
%

) a
n
d
 (iii) th

e
 p

re
se

n
ce

 o
f m

u
ta

tio
n
s in

 se
ve

ra
l p

ro
te

in
s in

vo
lve

d
 in

 D
N

A
 re

p
a

ir.   

T
h

e
 h

ig
h

 co
ve

ra
g

e
 o

f ta
rg

e
ts o

b
ta

in
e
d

 in
 th

e
 m

a
n
y 

e
p

ig
e
n

e
tic

 
re

g
u

la
to

rs
 w

e
 

ta
rg

e
te

d
 co

u
ld

 b
e
 p

a
rtia

lly re
sp

o
n
sib

le
 fo

r th
e
 h

ig
h
 a

m
o

u
n
ts o

f a
lte

ra
tio

n
s d

e
te

cte
d
 in

 th
e
 

S
A

L
 e

ld
e
rly co

h
o

rt. S
in

ce
 th

e
se

 m
a

n
y o

f ta
rg

e
ts h

a
d

 o
n
ly b

e
e
n
 fo

u
n

d
 b

y th
e

 T
C

G
A

 stu
d
y, 

a
n
d
 b

e
ca

u
se

 it w
a

s d
o
n

e
 u

sin
g

 a
 w

h
o
le

-e
xo

m
e

 a
p
p

ro
a

ch
 th

e
y h

a
ve

 le
ss co

ve
ra

g
e

, th
e
re

 

w
e

re
 d

ifficu
ltie

s in
 e

ffe
ctin

g
 co

m
p

a
riso

n
s. H

e
n
ce

 w
e

 lo
o
ke

d
 fo

r fu
rth

e
r co

n
firm

a
tio

n
, w

h
ich

 

w
a

s th
e
n

 o
b
ta

in
e
d

 b
y a

n
a
lysis o

f th
e
 yo

u
n

g
 vs e

ld
e
rly p

a
tie

n
ts in

 th
e
 T

C
G

A
 co

h
o
rt. 

F
u
rth

e
rm

o
re

, 
th

e
 

in
cre

a
se

d
 

fre
q

u
e
n

cy 
o
f 

m
u
ta

tio
n

s 
in

 
e

p
ig

e
n
e

tic 
fa

cto
rs 

w
a

s 
n

o
t 

co
m

p
le

te
ly u

n
fo

re
se

e
n

, sin
ce

 m
a

n
y o

f th
e
se

 m
u
ta

tio
n

s h
a
d
 p

re
vio

u
sly b

e
e

n
 co

rre
la

te
d

 

w
ith

 in
cre

a
sin

g
 a

g
e
 o

f A
M

L
 p

a
tie

n
ts

2
8
, 1

3
1
,1

4
2
,1

4
4. 



1
0
0
 

  S
till, th

e
 a

m
o

u
n
t o

f th
e
se

 m
u

ta
tio

n
s th

a
t co

u
ld

 b
e
 id

e
n

tifie
d
 w

a
s p

ro
m

in
e
n

t fo
r 

to
g

e
th

e
r th

e
y 

a
re

 
p

re
se

n
t 

in
 th

e
 
m

a
jo

rity 
o
f 

p
a
tie

n
ts. O

n
e
 
e

xa
m

p
le

 
o
f 

th
is 

w
a

s 
th

e
 

u
n
e

xp
e
cte

d
ly h

ig
h

 a
m

o
u

n
t o

f ID
H

1
 m

u
ta

tio
n

s
 (1

7
%

), a
 fa

ct fo
r w

h
ich

 a
g

e
 co

u
ld

 b
e
 

b
la

m
e

d
 sin

ce
 n

o
 o

th
e
r e

xp
la

n
a

tio
n

 co
u
ld

 b
e
 re

trie
ve

d
. T

o
 o

u
r kn

o
w

le
d
g

e
 th

is h
a
s n

o
t b

e
e

n
 

co
n
firm

e
d
 in

 o
th

e
r co

h
o
rts, u

su
a

lly, ID
H

2
 is th

e
 e

n
zym

e
 w

ith
 m

o
re

 m
u

ta
tio

n
s (b

e
tw

e
e
n

 th
e
 

tw
o

) a
n
d

 th
e
 o

n
e

 th
a
t h

a
s b

e
e

n
 co

rre
la

te
d

 to
 o

ld
e
r A

M
L

 p
a
tie

n
ts

1
4
5
,1

4
6

,1
4
7. A

n
o
th

e
r e

xa
m

p
le

 

w
a

s th
e
 h

ig
h

 fre
q

u
e

n
c

y
 o

f m
u

ta
tio

n
s

 in
 A

S
X

L
1
 (2

2
%

) th
a
t w

a
s p

re
vio

u
sly fo

u
n

d
 a

t 6
%

 

in
 a

 yo
u
n

g
 A

M
L
 co

h
o

rt 1
3
2 a

n
d
 a

t 1
1
%

 in
 d

e
 n

o
v
o
 A

M
L

1
4

8. T
h

e
 la

tte
r stu

d
y co

rre
la

te
d
 A

S
X

L
1
 

m
u

ta
tio

n
s to

 a
g

e
 fo

r th
e
ir o

ccu
rre

n
ce

 in
 6

%
 o

f yo
u
n

g
 p

a
tie

n
ts (<

6
0
y) a

n
d
 in

 1
8
%

 o
f o

ld
e
r 

p
a
tie

n
ts (≥60y) 1

4
8. S

im
ila

rly, in
 a

 co
h
o

rt w
ith

 C
N

-A
M

L
 p

a
tie

n
ts, A

S
X

L
1
 m

u
ta

tio
n
s w

e
re

 

p
re

se
n

t in
 3

%
 o

f th
e
 yo

u
n
g

 p
a
tie

n
ts (≤60

y) a
n
d
 1

6
%

 in
 th

e
 o

ld
e
r p

a
tie

n
ts (>

6
0

y) 1
4
2. A

 

fu
rth

e
r e

xa
m

p
le

 w
a

s th
e
 2

6
%

 o
f th

e
 S

A
L
 e

ld
e
rly A

M
L

 p
a
tie

n
ts w

ith
 a

 T
E

T
2
 m

u
ta

tio
n

. T
h

is 

is co
n
sid

e
re

d
 a

 h
ig

h
 fre

q
u

e
n

c
y
 o

f T
E

T
2
 m

u
ta

tio
n

s
 b

e
ca

u
se

 th
e
se

 h
a
ve

 b
e
e
n
 re

p
o
rte

d
 

in
 a

g
e
 u

n
se

le
cte

d
 co

h
o

rts o
f d

e
 n

o
v
o
 A

M
L

 a
t 8

%
3
7 a

n
d

 1
3
%

1
3
1. T

h
is se

co
n
d
 stu

d
y a

lso
 

co
n
clu

d
e

d
 th

e
se

 w
e

re
 clo

se
ly a

sso
cia

te
d

 w
ith

 o
ld

e
r a

g
e

 a
s th

e
y w

e
re

 p
re

se
n
t in

 7
%

 o
f th

e
 

young patients (≤60y) and 24%
 in the older patients (>60y)

1
3
1. F

u
rth

e
rm

o
re

, n
e
w

 stu
d
ie

s 

th
a
t a

p
p

lie
d
 th

e
 m

o
st re

ce
n
t ta

rg
e

te
d
 N

G
S

 a
n
a

lysis (w
h

ich
 w

e
 u

se
d

 fo
r co

m
p

a
riso

n
 in

 

re
su

lts se
ctio

n
 4

.2
) h

a
ve

 a
lso

 co
n
firm

e
d
 th

e
 su

b
sta

n
tia

lly in
cre

a
se

d
 in

cid
e
n

ce
 o

f th
e
se

 

m
u

ta
tio

n
s w

ith
 a

g
e

3
4
,3

8. 

It w
a

s strikin
g

 to
 fin

d
 a

 h
ig

h
 fre

q
u

e
n

cy o
f m

u
ta

tio
n

s in
 s

p
lic

e
o

s
o

m
e
 c

o
m

p
o

n
e
n

ts
. 

W
e
 fo

u
n

d
 u

n
u

su
a

l th
e
 n

u
m

b
e

r o
f m

u
ta

tio
n

s in
 S

R
S

F
2
 (2

3
%

) sin
ce

 a
t th

e
 tim

e
 th

e
re

 w
a

s 

n
o
 co

m
p

a
ra

b
le

 va
lu

e
. A

fte
r o

u
r first re

p
o
rt 2 o

th
e
r stu

d
ie

s h
a
ve

 fo
u
n

d
 th

a
t th

e
 fre

q
u

e
n

cy o
f 

m
u

ta
tio

n
s in

 S
R

S
F

2
 re

p
o

rte
d
 b

y th
e
 e

a
rly stu

d
ie

s (~
1
%

) w
a
s m

u
ch

 lo
w

e
r th

a
n
 th

e
 o

n
e
s 

fo
u
n

d
 b

y p
a
n

e
l N

G
S

 n
o
w

a
d
a

ys (6
%

 o
r 1

0
%

)
3
8
,3

9. A
d

d
itio

n
a

lly, E
isfe

ld
 a

n
d

 co
lle

a
g

u
e
s

3
4 

h
a
ve

 re
p
o

rte
d
 a

 sim
ila

r va
lu

e
 (~

2
1
%

) w
h

e
n

 lo
o
kin

g
 a

t th
e
ir g

ro
u
p
 o

f o
ld

e
r p

a
tie

n
ts (≥

6
0
y). 

W
e
 b

e
lie

ve
d
 th

is w
a

s e
xp

la
in

e
d

 b
y th

e
 lo

w
 co

ve
ra

g
e

 o
f p

re
vio

u
s stu

d
ie

s, w
h

ich
 is b

e
lie

ve
d

 

to
 b

e
 d

u
e

 to
 th

e
 h

ig
h
 C

G
 co

n
te

n
t o

f th
e
 re

g
io

n
 w

ith
 th

e
 m

o
st fre

q
u

e
n

t m
u

ta
tio

n
 (P

ro
lin

e
 

9
5
), 

th
is 

w
a

s 
a

lso
 
th

e
 a

ssu
m

p
tio

n
 m

a
d
e
 
b

y 
P

a
p
a

e
m

m
a

n
u

il 
a

n
d
 

co
lle

a
g

u
e
s

3
9 (w

h
e
n

 

co
m

p
a

rin
g

 to
 T

C
G

A
). 

F
u
rth

e
rm

o
re

, u
sin

g
 o

u
r e

xte
n
sive

 ta
rg

e
t list, w

e
 id

e
n

tifie
d
 se

ve
ra

l m
u

ta
tio

n
s in

 g
e

n
e
s 

re
la

te
d

 to
 D

N
A

 re
p

a
ir th

a
t w

e
re

 n
o
t re

stricte
d
 to

 T
P

5
3
. T

h
e
se

 g
e

n
e

s in
clu

d
e
d

 o
th

e
r D

N
A

 

d
a
m

a
g

e
 re

sp
o

n
se

 a
n
d

 su
rve

illa
n
ce

 p
ro

te
in

s su
ch

 a
s B

M
L

, B
R

IP
1

, X
P

C
, E

R
C

C
2

, E
R

C
C

3
, 

E
R

C
C

4
, E

R
C

C
5

, B
R

C
A

2
, F

A
N

C
A

, F
A

N
C

C
, F

A
N

C
D

2
O

S
, F

A
N

C
F

, A
T

M
, C

H
E

K
2

, N
B

N
, 

M
S

H
6

 a
n
d

 M
L

H
1

 (m
a

n
y o

f th
e
se

 m
u
ta

tio
n

s h
a

ve
 b

e
e

n
 fo

u
n

d
 in

 o
th

e
r tu

m
o

r typ
e
s). 

F
u
rth

e
rm

o
re

, 
T

P
5

3
 w

a
s fre

q
u

e
n

tly m
u
ta

te
d
 in

 S
A

L
 e

ld
e
rly A

M
L

 (1
0
%

), a
 re

a
so

n
a

b
le

 



1
0
1
 

  

e
xp

e
cta

tio
n

 sin
ce

 a
n
 a

g
e

 a
sso

cia
tio

n
 fo

r th
is g

e
n

e
 co

u
ld

 b
e
 fo

u
n

d
 in

 th
e

 T
C

G
A

 co
h
o
rt 

(in
cre

a
sin

g
 fro

m
 4

%
 in

 T
C

G
A

 yo
u
n

g
 to

 1
8
%

 in
 T

C
G

A
 e

ld
e
rly). 

5
.1

.2
 

F
a
c

to
rs

 fo
r e

ld
e
rly

 A
M

L
 p

o
o

r p
ro

g
n

o
s
is

 

In
 th

e
 e

ld
e
rly A

M
L

, th
e
re

 a
re

 typ
ica

lly h
ig

h
 fre

q
u
e

n
cie

s o
f cyto

g
e

n
e

tic p
a

tte
rn

s o
f 

p
o
o

r p
ro

g
n

o
sis, w

h
ich

 m
ig

h
t h

e
lp

 e
xp

la
in

 th
e
 d

ism
a

l o
u
tco

m
e

s o
f th

e
se

 p
a
tie

n
ts. T

h
e
 S

A
L
 

e
ld

e
rly A

M
L

 h
a
d

 ra
te

s o
f C

N
-A

M
L

 n
o
t ve

ry d
iffe

re
n
t fro

m
 yo

u
n

g
e

r co
h
o
rts. In

 tu
rn

, C
B

F
 

sa
m

p
le

s o
r b

a
la

n
ce

d
 a

b
n

o
rm

a
litie

s (o
f fa

vo
ra

b
le

 p
ro

g
n

o
sis) w

e
re

 n
o
t a

s fre
q

u
e
n
t a

s in
 

yo
u
n

g
, b

u
t h

ig
h
 fre

q
u

e
n
cie

s o
f c

o
m

p
le

x
 k

a
ry

o
ty

p
e
s

 a
n
d
 u

n
b

a
la

n
c

e
d

 re
a
rra

n
g

e
m

e
n

ts
 

(o
f u

n
fa

vo
ra

b
le

 p
ro

g
n

o
sis) w

e
re

 se
e
n
. S

e
ve

ra
l p

a
p

e
rs

3
4
,4

0 p
u
b

lish
e
d

 a
 b

it b
e
fo

re
 a

n
d

 rig
h
t 

a
fte

r o
u
r re

p
o
rt 1 co

n
firm

e
d

 th
e
 co

n
g

ru
e

n
ce

 o
f th

is S
A

L
 e

ld
e
rly A

M
L

 cyto
g

e
n
e

tic d
istrib

u
tio

n
. 

T
h

is in
clu

d
e

s th
e
 co

m
p

a
ra

b
le

 a
m

o
u
n

t o
f C

N
, th

e
 in

cre
a

se
 in

 co
m

p
le

x ka
ryo

typ
e

 a
n
d
 th

e
 

lo
w

 a
m

o
u

n
t o

f C
B

F
 fo

u
n
d

 in
 o

ld
e
r p

a
tie

n
ts th

a
t w

e
re

 la
te

r co
rro

b
o

ra
te

d
 b

y E
isfe

ld
 a

n
d
 co

-

w
o

rke
rs

3
4. 

S
in

ce
 c

y
to

g
e

n
e

tic
 c

h
a
ra

c
te

ris
tic

s
 h

a
ve

 b
e
e

n
 in

su
fficie

n
t to

 e
xp

la
in

 e
ld

e
rly A

M
L

 

p
o
o

r p
ro

g
n

o
sis

1
0
6
,1

0
7 w

e
 h

a
d

 p
o
stu

la
te

d
 th

a
t s

p
e

c
ific

 g
e
n

e
tic

 a
lte

ra
tio

n
s

 co
u
ld

 co
rre

la
te

 

to
 th

e
 p

o
o
r p

ro
g

n
o
sis o

f th
e
se

 p
a
tie

n
ts.  

W
e
 fo

u
n

d
 th

e
 m

a
in
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n
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a
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f D
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 b
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e
 

g
e
n

o
m

ic cla
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ID 
Type 

Mut 
Chrom Position 

Ref 

Allele 
VarAllele 

Total 

Reads 

Ref 

Reads 

Var 

Reads 
VarFreq GeneName GeneID Effect HGVSc HGVSp EXON CANONICAL GMAF Existing_variation 

19 INDEL chr9 133759780 C -GAG 330 186 144 0.434 ABL1 ENSG00000097007 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372348.2:c.2161delG ENSP00000361423.2:p.Glu721ArgfsTer74 11/11 YES - - 

19 INDEL chr9 133759780 C -GAG 330 186 144 0.434 ABL1 ENSG00000097007 CODON_CHANGE_PLUS_CODON_DELETION ENST00000318560.5:c.2104delG ENSP00000323315.5:p.Glu702ArgfsTer74 11/11 - - - 

S21 SNV chr9 133760165 C T 285 159 126 0.442 ABL1 ENSG00000097007 NON_SYNONYMOUS_CODING ENST00000318560.5:c.2488C>T ENSP00000323315.5:p.Leu830Phe 11/11 - - - 

S21 SNV chr9 133760165 C T 285 159 126 0.442 ABL1 ENSG00000097007 NON_SYNONYMOUS_CODING ENST00000372348.2:c.2545C>T ENSP00000361423.2:p.Leu849Phe 11/11 YES - - 

62 SNV chr19 6333484 C T 189 98 91 0.472 ACER1 ENSG00000167769 NON_SYNONYMOUS_CODING ENST00000301452.4:c.79G>A ENSP00000301452.3:p.Glu27Lys 1/6 YES - - 

S40 SNV chr2 237489592 C T 784 383 401 0.51 ACKR3 ENSG00000144476 NON_SYNONYMOUS_CODING ENST00000272928.3:c.484C>T ENSP00000272928.3:p.Arg162Cys 2/2 YES - - 

S40 SNV chr2 237489592 C T 784 383 401 0.51 ACKR3 ENSG00000144476 NON_SYNONYMOUS_CODING ENST00000447924.1:c.484C>T ENSP00000405945.1:p.Arg162Cys 2/2 - - - 

1 SNV chr2 223806250 C T 160 86 74 0.462 ACSL3 ENSG00000123983 NON_SYNONYMOUS_CODING ENST00000357430.3:c.2041C>T ENSP00000350012.3:p.Arg681Cys 17/17 YES - COSM210156,COSM231696 

1 SNV chr2 223806250 C T 160 86 74 0.462 ACSL3 ENSG00000123983 NON_SYNONYMOUS_CODING ENST00000392066.3:c.2041C>T ENSP00000375918.3:p.Arg681Cys 16/16 - - COSM210156,COSM231696 

19 SNV chr5 131324260 G T 310 165 145 0.468 ACSL6 ENSG00000164398 NON_SYNONYMOUS_CODING ENST00000379272.2:c.611C>A ENSP00000368574.2:p.Ala204Asp 7/22 - - - 

19 SNV chr5 131324260 G T 310 165 145 0.468 ACSL6 ENSG00000164398 NON_SYNONYMOUS_CODING ENST00000431707.1:c.506C>A ENSP00000413329.1:p.Ala169Asp 6/21 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000423966.1:c.344A>G ENSP00000396582.1:p.Asp115Gly 5/5 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000409579.1:c.419A>G ENSP00000386834.1:p.Asp140Gly 6/25 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000317233.4:c.344A>G ENSP00000317421.4:p.Asp115Gly 5/24 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000441400.1:c.344A>G ENSP00000399795.1:p.Asp115Gly 4/4 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000432037.1:c.344A>G ENSP00000406484.1:p.Asp115Gly 3/3 - - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000356421.2:c.419A>G ENSP00000348793.2:p.Asp140Gly 5/24 YES - - 

21 SNV chr2 100623753 T C 299 141 158 0.528 AFF3 ENSG00000144218 NON_SYNONYMOUS_CODING ENST00000409236.2:c.344A>G ENSP00000387207.1:p.Asp115Gly 4/23 - - - 

24 SNV chr7 91726229 A G 563 302 261 0.464 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000359028.2:c.9968A>G ENSP00000351922.2:p.Glu3323Gly 41/50 - - - 

24 SNV chr7 91726229 A G 563 302 261 0.464 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000356239.3:c.9956A>G ENSP00000348573.3:p.Glu3319Gly 41/50 YES - - 

24 SNV chr7 91726229 A G 563 302 261 0.464 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000358100.2:c.9806A>G ENSP00000350813.2:p.Glu3269Gly 40/49 - - - 

24 SNV chr7 91726229 A G 563 302 261 0.464 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000394534.2:c.3494A>G ENSP00000378042.2:p.Glu1165Gly 15/23 - - - 

S10 SNV chr7 91709362 A G 515 287 228 0.443 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000358100.2:c.7951A>G ENSP00000350813.2:p.Lys2651Glu 32/49 - - - 

S10 SNV chr7 91709362 A G 515 287 228 0.443 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000359028.2:c.7951A>G ENSP00000351922.2:p.Lys2651Glu 32/50 - - - 

S10 SNV chr7 91709362 A G 515 287 228 0.443 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000356239.3:c.7915A>G ENSP00000348573.3:p.Lys2639Glu 31/50 YES - - 

S10 SNV chr7 91709362 A G 515 287 228 0.443 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000394534.2:c.1453A>G ENSP00000378042.2:p.Lys485Glu 5/23 - - - 

S42 SNV chr7 91718853 A T 475 225 250 0.526 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000435423.1:c.802A>T ENSP00000406937.1:p.Tyr268Phe 6/6 - 0.0030 rs180926926 

S48 SNV chr7 91631344 T G 339 178 161 0.475 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000358100.2:c.2149T>G ENSP00000350813.2:p.Leu717Val 9/49 - - - 

S48 SNV chr7 91631344 T G 339 178 161 0.475 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000359028.2:c.2149T>G ENSP00000351922.2:p.Leu717Val 9/50 - - - 

S48 SNV chr7 91631344 T G 339 178 161 0.475 AKAP9 ENSG00000127914 NON_SYNONYMOUS_CODING ENST00000356239.3:c.2113T>G ENSP00000348573.3:p.Leu705Val 8/50 YES - - 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000407796.2:c.10G>A ENSP00000384293.2:p.Val4Met 2/14 - - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000555528.1:c.10G>A ENSP00000450688.1:p.Val4Met 2/14 - - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000554581.1:c.10G>A ENSP00000451828.1:p.Val4Met 1/13 YES - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000402615.2:c.10G>A ENSP00000385326.2:p.Val4Met 2/14 - - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000554848.1:c.10G>A ENSP00000451166.1:p.Val4Met 2/14 - - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000555926.1:c.10G>A ENSP00000451824.1:p.Val4Met 3/5 - - COSM3814333 

S44 SNV chr14 105258971 C T 630 311 319 0.506 AKT1 ENSG00000142208 NON_SYNONYMOUS_CODING ENST00000349310.3:c.10G>A ENSP00000270202.4:p.Val4Met 3/15 - - COSM3814333 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000427375.1:c.94G>A ENSP00000403890.1:p.Asp32Asn 4/5 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000392037.1:c.94G>A ENSP00000375891.1:p.Asp32Asn 2/4 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000452077.1:c.94G>A ENSP00000404083.1:p.Asp32Asn 3/5 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000416994.2:c.94G>A ENSP00000392458.2:p.Asp32Asn 3/4 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000456441.1:c.94G>A ENSP00000396532.1:p.Asp32Asn 4/6 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000441941.2:c.94G>A ENSP00000396968.2:p.Asp32Asn 3/6 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000416362.1:c.94G>A ENSP00000407999.1:p.Asp32Asn 5/7 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000392038.2:c.94G>A ENSP00000375892.2:p.Asp32Asn 3/14 YES - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000423127.1:c.94G>A ENSP00000403842.1:p.Asp32Asn 5/7 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000358335.5:c.94G>A ENSP00000351095.5:p.Asp32Asn 3/5 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000311278.6:c.94G>A ENSP00000309428.6:p.Asp32Asn 2/12 - - - 

48 SNV chr19 40762914 C T 604 301 303 0.502 AKT2 ENSG00000105221 NON_SYNONYMOUS_CODING ENST00000424901.1:c.94G>A ENSP00000399532.1:p.Asp32Asn 2/13 - - - 

1 SNV chr12 112204710 G C 63 46 17 0.27 ALDH2 ENSG00000111275 UTR_5_PRIME ENST00000416293.3:c.-77G>C - 1/12 - - - 

S56 SNV chr12 112241747 C G 585 300 285 0.487 ALDH2 ENSG00000111275 STOP_GAINED ENST00000416293.3:c.1350C>G ENSP00000403349.3:p.Tyr450Ter 11/12 - 0.0002 rs201939387 

S56 SNV chr12 112241747 C G 585 300 285 0.487 ALDH2 ENSG00000111275 STOP_GAINED ENST00000261733.2:c.1491C>G ENSP00000261733.2:p.Tyr497Ter 12/13 YES 0.0002 rs201939387 

S40 SNV chrX 63410678 T C 709 337 372 0.525 AMER1 ENSG00000184675 NON_SYNONYMOUS_CODING ENST00000330258.3:c.2489A>G ENSP00000329117.3:p.Asn830Ser 2/2 YES - - 

1 SNV chr5 112179828 G C 188 94 94 0.5 APC ENSG00000134982 UTR_3_PRIME ENST00000508376.2:c.*5G>C - 17/17 - - - 

1 SNV chr5 112179828 G C 188 94 94 0.5 APC ENSG00000134982 UTR_3_PRIME ENST00000257430.4:c.*5G>C - 16/16 - - - 

1 SNV chr5 112179828 G C 188 94 94 0.5 APC ENSG00000134982 UTR_3_PRIME ENST00000457016.1:c.*5G>C - 16/16 YES - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000457016.1:c.1705G>A ENSP00000413133.1:p.Val569Met 14/16 YES - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000257430.4:c.1705G>A ENSP00000257430.4:p.Val569Met 14/16 - - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000504915.2:c.394G>A ENSP00000473355.1:p.Val132Met 5/7 - - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000508376.2:c.1705G>A ENSP00000427089.2:p.Val569Met 15/17 - - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000507379.1:c.1651G>A ENSP00000423224.1:p.Val551Met 12/14 - - - 

S22 SNV chr5 112164631 G A 610 318 292 0.479 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000512211.2:c.1705G>A ENSP00000423828.2:p.Val569Met 14/16 - - - 

S56 SNV chr5 112175198 C A 900 467 433 0.481 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000508376.2:c.3907C>A ENSP00000427089.2:p.Gln1303Lys 17/17 - - COSM13728,CM994441 

S56 SNV chr5 112175198 C A 900 467 433 0.481 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000512211.2:c.3907C>A ENSP00000423828.2:p.Gln1303Lys 16/16 - - COSM13728,CM994441 

S56 SNV chr5 112175198 C A 900 467 433 0.481 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000257430.4:c.3907C>A ENSP00000257430.4:p.Gln1303Lys 16/16 - - COSM13728,CM994441 

S56 SNV chr5 112175198 C A 900 467 433 0.481 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000457016.1:c.3907C>A ENSP00000413133.1:p.Gln1303Lys 16/16 YES - COSM13728,CM994441 

S58 SNV chr5 112043547 C T 483 256 227 0.47 APC ENSG00000134982 START_GAINED ENST00000457016.1:c.-51C>T - 1/16 YES - - 

S58 SNV chr5 112043547 C T 483 256 227 0.47 APC ENSG00000134982 NON_SYNONYMOUS_CODING ENST00000507379.1:c.133C>T ENSP00000423224.1:p.Arg45Cys 1/14 - - - 

19 SNV chr2 21252560 A G 691 373 318 0.46 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000399256.4:c.1568T>C ENSP00000382200.4:p.Ile523Thr 12/17 - - - 

19 SNV chr2 21252560 A G 691 373 318 0.46 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000233242.1:c.1568T>C ENSP00000233242.1:p.Ile523Thr 12/29 YES - - 

21 SNV chr2 21231788 G A 380 48 332 0.874 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000233242.1:c.7952C>T ENSP00000233242.1:p.Thr2651Ile 26/29 YES - - 

6 SNV chr2 21247703 T C 453 248 205 0.452 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000399256.4:c.2450A>G ENSP00000382200.4:p.Asp817Gly 17/17 - - rs576999094 

S46 SNV chr2 21231882 G A 596 350 246 0.413 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000233242.1:c.7858C>T ENSP00000233242.1:p.Pro2620Ser 26/29 YES - - 

S56 SNV chr2 21260009 C A 1107 547 560 0.505 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000399256.4:c.656G>T ENSP00000382200.4:p.Arg219Leu 6/17 - 0.0004 rs201606169 

S56 SNV chr2 21260009 C A 1107 547 560 0.505 APOB ENSG00000084674 NON_SYNONYMOUS_CODING ENST00000233242.1:c.656G>T ENSP00000233242.1:p.Arg219Leu 6/29 YES 0.0004 rs201606169 

55 SNV chr5 142586795 C T 414 220 194 0.469 ARHGAP26 ENSG00000145819 NON_SYNONYMOUS_CODING ENST00000378004.3:c.2021C>T ENSP00000367243.3:p.Ser674Leu 21/23 - - - 

55 SNV chr5 142586795 C T 414 220 194 0.469 ARHGAP26 ENSG00000145819 NON_SYNONYMOUS_CODING ENST00000274498.4:c.2021C>T ENSP00000274498.4:p.Ser674Leu 21/23 YES - - 

S21 SNV chr5 142252982 C T 290 152 138 0.476 ARHGAP26 ENSG00000145819 NON_SYNONYMOUS_CODING ENST00000378004.3:c.172C>T ENSP00000367243.3:p.Arg58Trp 2/23 - - - 

S21 SNV chr5 142252982 C T 290 152 138 0.476 ARHGAP26 ENSG00000145819 NON_SYNONYMOUS_CODING ENST00000274498.4:c.172C>T ENSP00000274498.4:p.Arg58Trp 2/23 YES - - 

S21 SNV chr5 142252982 C T 290 152 138 0.476 ARHGAP26 ENSG00000145819 NON_SYNONYMOUS_CODING ENST00000378013.2:c.88C>T ENSP00000367252.2:p.Arg30Trp 2/6 - - - 

23 INDEL chr11 73022097 A 
-

GGGGCCTGGCACCC
T 

360 245 115 0.319 ARHGEF17 ENSG00000110237 CODON_CHANGE_PLUS_CODON_DELETION ENST00000263674.3:c.2415delG ENSP00000263674.3:p.Pro807LeufsTer22 1/21 YES - - 

44 SNV chr11 73020773 G T 614 307 307 0.5 ARHGEF17 ENSG00000110237 NON_SYNONYMOUS_CODING ENST00000263674.3:c.1090G>T ENSP00000263674.3:p.Asp364Tyr 1/21 YES - - 

S54 SNV chr11 73019814 G A 152 80 72 0.474 ARHGEF17 ENSG00000110237 NON_SYNONYMOUS_CODING ENST00000263674.3:c.131G>A ENSP00000263674.3:p.Cys44Tyr 1/21 YES - COSM3687633 

31 SNV chr1 27056304 A C 153 83 70 0.458 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000457599.2:c.1300A>C ENSP00000387636.2:p.Met434Leu 2/20 - - rs1133451 

31 SNV chr1 27056304 A C 153 83 70 0.458 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000374152.2:c.151A>C ENSP00000363267.2:p.Met51Leu 1/19 - - rs1133451 

31 SNV chr1 27056304 A C 153 83 70 0.458 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000324856.7:c.1300A>C ENSP00000320485.7:p.Met434Leu 2/20 YES - rs1133451 

31 SNV chr1 27056304 A C 153 83 70 0.458 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000524572.1:c.151A>C ENSP00000432473.1:p.Met51Leu 2/3 - - rs1133451 

35 SNV chr1 27101699 A G 294 136 158 0.537 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000324856.7:c.4981A>G ENSP00000320485.7:p.Met1661Val 18/20 YES - - 

35 SNV chr1 27101699 A G 294 136 158 0.537 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000457599.2:c.4330A>G ENSP00000387636.2:p.Met1444Val 18/20 - - - 

35 SNV chr1 27101699 A G 294 136 158 0.537 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000374152.2:c.3832A>G ENSP00000363267.2:p.Met1278Val 17/19 - - - 

S16 INDEL chr1 27023620 C +GCG 200 116 84 0.42 ARID1A ENSG00000117713 CODON_CHANGE_PLUS_CODON_INSERTION - - 1/20 - - - 

S16 INDEL chr1 27023620 C +GCG 200 116 84 0.42 ARID1A ENSG00000117713 CODON_CHANGE_PLUS_CODON_INSERTION - - 1/20 YES - - 

S26 SNV chr1 27023402 C T 131 67 64 0.488 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000457599.2:c.508C>T ENSP00000387636.2:p.His170Tyr 1/20 - - - 

S26 SNV chr1 27023402 C T 131 67 64 0.488 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000324856.7:c.508C>T ENSP00000320485.7:p.His170Tyr 1/20 YES - - 

S40 SNV chr1 27023366 C T 156 75 81 0.519 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000324856.7:c.472C>T ENSP00000320485.7:p.Pro158Ser 1/20 YES 0.0004 rs567246585 



S40 SNV chr1 27023366 C T 156 75 81 0.519 ARID1A ENSG00000117713 NON_SYNONYMOUS_CODING ENST00000457599.2:c.472C>T ENSP00000387636.2:p.Pro158Ser 1/20 - 0.0004 rs567246585 

34 SNV chr12 46245235 G A 236 113 123 0.521 ARID2 ENSG00000189079 NON_SYNONYMOUS_CODING ENST00000422737.1:c.2882G>A ENSP00000415650.1:p.Gly961Glu 15/20 - - - 

34 SNV chr12 46245235 G A 236 113 123 0.521 ARID2 ENSG00000189079 NON_SYNONYMOUS_CODING ENST00000444670.1:c.2159G>A ENSP00000397307.1:p.Gly720Glu 7/13 - - - 

34 SNV chr12 46245235 G A 236 113 123 0.521 ARID2 ENSG00000189079 NON_SYNONYMOUS_CODING ENST00000334344.6:c.3329G>A ENSP00000335044.6:p.Gly1110Glu 15/21 YES - - 

S14 SNV chr12 46123904 T G 188 115 73 0.388 ARID2 ENSG00000189079 STOP_GAINED ENST00000334344.6:c.170T>G ENSP00000335044.6:p.Leu57Ter 2/21 YES - - 

S14 SNV chr12 46123904 T G 188 115 73 0.388 ARID2 ENSG00000189079 START_GAINED ENST00000422737.1:c.-278T>G - 2/20 - - - 

S51 SNV chr17 79941449 G A 347 164 183 0.527 ASPSCR1 ENSG00000169696 NON_SYNONYMOUS_CODING ENST00000581647.1:c.178G>A ENSP00000464408.1:p.Asp60Asn 3/5 - - - 

S51 SNV chr17 79941449 G A 347 164 183 0.527 ASPSCR1 ENSG00000169696 NON_SYNONYMOUS_CODING ENST00000306729.7:c.178G>A ENSP00000306625.7:p.Asp60Asn 3/17 YES - - 

S51 SNV chr17 79941449 G A 347 164 183 0.527 ASPSCR1 ENSG00000169696 NON_SYNONYMOUS_CODING ENST00000581484.1:c.169G>A ENSP00000463316.1:p.Asp57Asn 3/7 - - - 

S51 SNV chr17 79941449 G A 347 164 183 0.527 ASPSCR1 ENSG00000169696 NON_SYNONYMOUS_CODING ENST00000306739.4:c.178G>A ENSP00000302176.4:p.Asp60Asn 3/16 - - - 

S51 SNV chr17 79941449 G A 347 164 183 0.527 ASPSCR1 ENSG00000169696 NON_SYNONYMOUS_CODING ENST00000579684.1:c.120G>A ENSP00000461984.1:p.Asp41Asn 3/6 - - - 

S59 SNV chr17 79935467 C T 46 26 20 0.435 ASPSCR1 ENSG00000169696 START_GAINED ENST00000306739.4:c.-56C>T - 1/16 - - - 

S59 SNV chr17 79935467 C T 46 26 20 0.435 ASPSCR1 ENSG00000169696 START_GAINED ENST00000306729.7:c.-56C>T - 1/17 YES - - 

10 INDEL chr20 31022402 T 

-

CACCACTGCCATAGA
GAGGCGGC 

253 161 92 0.362 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000306058.5:c.1873delC ENSP00000305119.5:p.His625ThrfsTer73 12/12 - - - 

10 INDEL chr20 31022402 T 
-

CACCACTGCCATAGA
GAGGCGGC 

253 161 92 0.362 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000375687.4:c.1888delC ENSP00000364839.4:p.His630ThrfsTer73 13/13 YES - - 

12 INDEL chr20 31022441 A +G 153 111 42 0.268 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

12 INDEL chr20 31022441 A +G 153 111 42 0.268 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

25 INDEL chr20 31022441 A +G 145 91 54 0.362 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

25 INDEL chr20 31022441 A +G 145 91 54 0.362 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

26 INDEL chr20 31022441 A +G 198 127 71 0.353 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

26 INDEL chr20 31022441 A +G 198 127 71 0.353 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

29 SNV chr20 31022847 C T 516 308 208 0.403 ASXL1 ENSG00000171456 STOP_GAINED ENST00000375687.4:c.2332C>T ENSP00000364839.4:p.Gln778Ter 13/13 YES - COSM133576 

29 SNV chr20 31022847 C T 516 308 208 0.403 ASXL1 ENSG00000171456 STOP_GAINED ENST00000306058.5:c.2317C>T ENSP00000305119.5:p.Gln773Ter 12/12 - - COSM133576 

30 INDEL chr20 31022441 A +G 144 101 43 0.297 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

30 INDEL chr20 31022441 A +G 144 101 43 0.297 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

34 INDEL chr20 31022441 A +G 192 140 52 0.264 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

34 INDEL chr20 31022441 A +G 192 140 52 0.264 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

36 INDEL chr20 31022441 A +G 266 152 114 0.422 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

36 SNV chr20 31022947 A G 557 297 260 0.467 ASXL1 ENSG00000171456 NON_SYNONYMOUS_CODING ENST00000375687.4:c.2432A>G ENSP00000364839.4:p.Asn811Ser 13/13 YES - COSM1411085 

36 INDEL chr20 31022441 A +G 266 152 114 0.422 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

36 SNV chr20 31022947 A G 557 297 260 0.467 ASXL1 ENSG00000171456 NON_SYNONYMOUS_CODING ENST00000306058.5:c.2417A>G ENSP00000305119.5:p.Asn806Ser 12/12 - - COSM1411085 

44 SNV chr20 31023408 C T 651 410 241 0.37 ASXL1 ENSG00000171456 STOP_GAINED ENST00000375687.4:c.2893C>T ENSP00000364839.4:p.Arg965Ter 13/13 YES - rs397515401,COSM267971 

44 SNV chr20 31023408 C T 651 410 241 0.37 ASXL1 ENSG00000171456 STOP_GAINED ENST00000306058.5:c.2878C>T ENSP00000305119.5:p.Arg960Ter 12/12 - - rs397515401,COSM267971 

S03 INDEL chr20 31021157 T -TG 713 372 341 0.478 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000306058.5:c.1142delT ENSP00000305119.5:p.Leu381CysfsTer76 11/12 - - - 

S03 INDEL chr20 31021157 T -TG 713 372 341 0.478 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000553345.1:c.473delT ENSP00000451444.1:p.Leu158CysfsTer? 5/5 - - - 

S03 INDEL chr20 31021157 T -TG 713 372 341 0.478 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000375687.4:c.1157delT ENSP00000364839.4:p.Leu386CysfsTer76 12/13 YES - - 

S10 SNV chr20 31024458 C T 596 307 289 0.485 ASXL1 ENSG00000171456 STOP_GAINED ENST00000306058.5:c.3928C>T ENSP00000305119.5:p.Gln1310Ter 12/12 - - - 

S10 SNV chr20 31024458 C T 596 307 289 0.485 ASXL1 ENSG00000171456 STOP_GAINED ENST00000375687.4:c.3943C>T ENSP00000364839.4:p.Gln1315Ter 13/13 YES - - 

S12 INDEL chr20 31022402 T 

-

CACCACTGCCATAGA
GAGGCGGC 

280 199 81 0.289 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000306058.5:c.1873delC ENSP00000305119.5:p.His625ThrfsTer73 12/12 - - - 

S12 INDEL chr20 31022402 T 
-

CACCACTGCCATAGA

GAGGCGGC 
280 199 81 0.289 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000375687.4:c.1888delC ENSP00000364839.4:p.His630ThrfsTer73 13/13 YES - - 

S17 SNV chr20 31022288 C A 730 409 321 0.44 ASXL1 ENSG00000171456 STOP_GAINED ENST00000375687.4:c.1773C>A ENSP00000364839.4:p.Tyr591Ter 13/13 YES - rs371369583,COSM1681609,COSM53200 

S17 SNV chr20 31022288 C A 730 409 321 0.44 ASXL1 ENSG00000171456 STOP_GAINED ENST00000306058.5:c.1758C>A ENSP00000305119.5:p.Tyr586Ter 12/12 - - rs371369583,COSM1681609,COSM53200 

S36 SNV chr20 31022827 T A 885 475 410 0.463 ASXL1 ENSG00000171456 NON_SYNONYMOUS_CODING ENST00000306058.5:c.2297T>A ENSP00000305119.5:p.Val766Glu 12/12 - - - 

S36 INDEL chr20 31022825 A -G 897 482 415 0.463 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000306058.5:c.2296delG ENSP00000305119.5:p.Val766Ter 12/12 - - - 

S36 SNV chr20 31022827 T A 885 475 410 0.463 ASXL1 ENSG00000171456 NON_SYNONYMOUS_CODING ENST00000375687.4:c.2312T>A ENSP00000364839.4:p.Val771Glu 13/13 YES - - 

S36 INDEL chr20 31022825 A -G 897 482 415 0.463 ASXL1 ENSG00000171456 FRAME_SHIFT ENST00000375687.4:c.2311delG ENSP00000364839.4:p.Val771Ter 13/13 YES - - 

S37 SNV chr20 31022581 C G 628 413 215 0.342 ASXL1 ENSG00000171456 STOP_GAINED ENST00000306058.5:c.2051C>G ENSP00000305119.5:p.Ser684Ter 12/12 - - COSM133037 

S37 SNV chr20 31022581 C G 628 413 215 0.342 ASXL1 ENSG00000171456 STOP_GAINED ENST00000375687.4:c.2066C>G ENSP00000364839.4:p.Ser689Ter 13/13 YES - COSM133037 

S51 INDEL chr20 31022440 G +A 352 195 157 0.446 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM3737035 

S51 INDEL chr20 31022440 G +A 352 195 157 0.446 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM3737035 

S56 INDEL chr20 31022441 A +G 541 338 203 0.375 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

S56 INDEL chr20 31022441 A +G 541 338 203 0.375 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

S58 INDEL chr20 31022441 A +G 453 255 198 0.431 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

S58 INDEL chr20 31022441 A +G 453 255 198 0.431 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

S61 INDEL chr20 31022441 A +G 431 240 191 0.443 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

S61 INDEL chr20 31022441 A +G 431 240 191 0.443 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

S64 INDEL chr20 31022441 A +G 334 200 134 0.4 ASXL1 ENSG00000171456 FRAME_SHIFT - - 13/13 YES - COSM1180918,TMP_ESP_20_31022442_31022442 

S64 INDEL chr20 31022441 A +G 334 200 134 0.4 ASXL1 ENSG00000171456 FRAME_SHIFT - - 12/12 - - COSM1180918,TMP_ESP_20_31022442_31022442 

S22 SNV chr2 216213859 C T 552 296 256 0.464 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000540518.1:c.1369C>T ENSP00000440523.1:p.Pro457Ser 15/16 - - COSM3577496 

S22 SNV chr2 216213859 C T 552 296 256 0.464 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000435675.1:c.1543C>T ENSP00000415935.1:p.Pro515Ser 14/15 - - COSM3577496 

S22 SNV chr2 216213859 C T 552 296 256 0.464 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000236959.9:c.1546C>T ENSP00000236959.9:p.Pro516Ser 15/16 YES - COSM3577496 

S22 SNV chr2 216213859 C T 552 296 256 0.464 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000442048.1:c.91C>T ENSP00000391399.1:p.Pro31Ser 2/3 - - COSM3577496 

S22 SNV chr2 216213859 C T 552 296 256 0.464 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000426233.1:c.551C>T ENSP00000401936.1:p.Pro185Ser 5/5 - - COSM3577496 

S22 SNV chr2 216213414 G A 149 71 78 0.524 ATIC ENSG00000138363 NON_SYNONYMOUS_CODING ENST00000442048.1:c.8G>A ENSP00000391399.1:p.Arg3Gln 1/3 - 0.0004 rs560702336 

32 SNV chr11 108183218 G A 62 39 23 0.371 ATM ENSG00000149311 NON_SYNONYMOUS_CODING ENST00000452508.2:c.5999G>A ENSP00000388058.2:p.Ser2000Asn 41/64 - - - 

32 SNV chr11 108183218 G A 62 39 23 0.371 ATM ENSG00000149311 NON_SYNONYMOUS_CODING ENST00000278616.4:c.5999G>A ENSP00000278616.4:p.Ser2000Asn 40/63 YES - - 

48 SNV chr11 108214073 C A 255 136 119 0.467 ATM ENSG00000149311 NON_SYNONYMOUS_CODING ENST00000278616.4:c.8393C>A ENSP00000278616.4:p.Ala2798Asp 57/63 YES - - 

48 SNV chr11 108214073 C A 255 136 119 0.467 ATM ENSG00000149311 NON_SYNONYMOUS_CODING ENST00000452508.2:c.8393C>A ENSP00000388058.2:p.Ala2798Asp 58/64 - - - 

10 SNV chr7 70255459 G A 233 152 81 0.348 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000406775.2:c.3185G>A ENSP00000385263.2:p.Arg1062Gln 18/18 - - - 

10 SNV chr7 70255459 G A 233 152 81 0.348 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000342771.4:c.3257G>A ENSP00000344087.4:p.Arg1086Gln 19/19 YES - - 

19 SNV chr7 70242110 A G 818 455 363 0.444 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000406775.2:c.1882A>G ENSP00000385263.2:p.Met628Val 13/18 - - - 

19 SNV chr7 70242110 A G 818 455 363 0.444 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000342771.4:c.1954A>G ENSP00000344087.4:p.Met652Val 14/19 YES - - 

S25 SNV chr7 70250956 C T 90 61 29 0.322 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000418686.1:c.80C>T ENSP00000392333.1:p.Pro27Leu 2/4 - - - 

S25 SNV chr7 70250956 C T 90 61 29 0.322 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000342771.4:c.2240C>T ENSP00000344087.4:p.Pro747Leu 17/19 YES - - 

S25 SNV chr7 70250956 C T 90 61 29 0.322 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000406775.2:c.2168C>T ENSP00000385263.2:p.Pro723Leu 16/18 - - - 

S42 SNV chr7 70246662 G A 511 275 236 0.462 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000406775.2:c.1994G>A ENSP00000385263.2:p.Arg665His 14/18 - - - 

S42 SNV chr7 70246662 G A 511 275 236 0.462 AUTS2 ENSG00000158321 NON_SYNONYMOUS_CODING ENST00000342771.4:c.2066G>A ENSP00000344087.4:p.Arg689His 15/19 YES - - 

28 SNV chr3 52437803 T C 183 92 91 0.497 BAP1 ENSG00000163930 NON_SYNONYMOUS_CODING ENST00000296288.5:c.1304A>G ENSP00000296288.5:p.Lys435Arg 13/17 - - - 

28 SNV chr3 52437803 T C 183 92 91 0.497 BAP1 ENSG00000163930 NON_SYNONYMOUS_CODING ENST00000460680.1:c.1358A>G ENSP00000417132.1:p.Lys453Arg 13/17 YES - - 

S62 SNV chr1 85733617 T C 675 364 311 0.461 BCL10 ENSG00000142867 NON_SYNONYMOUS_CODING ENST00000370580.1:c.395A>G ENSP00000359612.1:p.Asn132Ser 3/3 YES - - 

25 SNV chr2 60687781 T G 340 210 130 0.382 BCL11A ENSG00000119866 NON_SYNONYMOUS_CODING ENST00000358510.4:c.2164A>C ENSP00000351307.4:p.Asn722His 3/3 - - - 

25 SNV chr2 60687781 T G 340 210 130 0.382 BCL11A ENSG00000119866 NON_SYNONYMOUS_CODING ENST00000538214.1:c.2164A>C ENSP00000438303.1:p.Asn722His 3/4 - - - 

25 SNV chr2 60687781 T G 340 210 130 0.382 BCL11A ENSG00000119866 NON_SYNONYMOUS_CODING ENST00000335712.6:c.2266A>C ENSP00000338774.6:p.Asn756His 4/4 YES - - 

46 SNV chr2 60687652 C T 170 93 77 0.453 BCL11A ENSG00000119866 NON_SYNONYMOUS_CODING ENST00000335712.6:c.2395G>A ENSP00000338774.6:p.Val799Ile 4/4 YES - - 

46 SNV chr2 60687652 C T 170 93 77 0.453 BCL11A ENSG00000119866 NON_SYNONYMOUS_CODING ENST00000358510.4:c.2293G>A ENSP00000351307.4:p.Val765Ile 3/3 - - - 

1 INDEL chr14 99737635 G +CGCCGCTGC 59 41 18 0.3 BCL11B ENSG00000127152 UTR_5_PRIME - - 1/2 - - - 

1 INDEL chr14 99737635 G +CGCCGCTGC 59 41 18 0.3 BCL11B ENSG00000127152 UTR_5_PRIME - - 1/3 - - - 

S60 SNV chr14 99642124 C T 358 200 158 0.441 BCL11B ENSG00000127152 NON_SYNONYMOUS_CODING ENST00000443726.2:c.467G>A ENSP00000387419.2:p.Arg156His 2/2 - - - 

S60 SNV chr14 99642124 C T 358 200 158 0.441 BCL11B ENSG00000127152 NON_SYNONYMOUS_CODING ENST00000345514.2:c.836G>A ENSP00000280435.6:p.Arg279His 3/3 - - - 

S60 SNV chr14 99642124 C T 358 200 158 0.441 BCL11B ENSG00000127152 NON_SYNONYMOUS_CODING ENST00000357195.3:c.1049G>A ENSP00000349723.3:p.Arg350His 4/4 YES - - 

33 SNV chr1 147086390 G A 307 160 147 0.479 BCL9 ENSG00000116128 NON_SYNONYMOUS_CODING ENST00000234739.3:c.535G>A ENSP00000234739.3:p.Val179Met 6/10 YES - - 

21 INDEL chrX 39933791 G +T 432 260 172 0.397 BCOR ENSG00000183337 FRAME_SHIFT - - 4/9 - - - 



21 INDEL chrX 39933791 G +T 432 260 172 0.397 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 YES - - 

21 INDEL chrX 39933791 G +T 432 260 172 0.397 BCOR ENSG00000183337 FRAME_SHIFT - - 4/14 - - - 

21 INDEL chrX 39933791 G +T 432 260 172 0.397 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 - - - 

21 INDEL chrX 39933791 G +T 432 260 172 0.397 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 6/7 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 13/14 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 14/15 YES - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 14/15 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 14/15 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 9/11 - - - 

30 INDEL chrX 39913178 A +G 256 136 120 0.469 BCOR ENSG00000183337 FRAME_SHIFT - - 8/10 - - - 

34 INDEL chrX 39934162 C -TGAA 366 279 87 0.234 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378455.4:c.437delG ENSP00000367716.4:p.Ser146MetfsTer15 4/14 - - - 

34 INDEL chrX 39934156 A -TAG 393 306 87 0.221 BCOR ENSG00000183337 CODON_CHANGE_PLUS_CODON_DELETION ENST00000397354.3:c.443delT ENSP00000380512.3:p.Ile148AsnfsTer13 4/15 - - - 

34 INDEL chrX 39934160 C -A 373 286 87 0.233 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378455.4:c.439delG ENSP00000367716.4:p.Ala147LeufsTer14 4/14 - - - 

34 INDEL chrX 39934160 C -A 373 286 87 0.233 BCOR ENSG00000183337 FRAME_SHIFT ENST00000342274.4:c.439delG ENSP00000345923.4:p.Ala147LeufsTer14 4/15 - - - 

34 INDEL chrX 39934160 C -A 373 286 87 0.233 BCOR ENSG00000183337 FRAME_SHIFT ENST00000406200.2:c.439delG ENSP00000384485.2:p.Ala147LeufsTer14 4/9 - - - 

34 INDEL chrX 39934156 A -TAG 393 306 87 0.221 BCOR ENSG00000183337 CODON_CHANGE_PLUS_CODON_DELETION ENST00000378444.4:c.443delT ENSP00000367705.4:p.Ile148AsnfsTer13 4/15 YES - - 

34 INDEL chrX 39934160 C -A 373 286 87 0.233 BCOR ENSG00000183337 FRAME_SHIFT ENST00000397354.3:c.439delG ENSP00000380512.3:p.Ala147LeufsTer14 4/15 - - - 

34 INDEL chrX 39934162 C -TGAA 366 279 87 0.234 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378444.4:c.437delG ENSP00000367705.4:p.Ser146MetfsTer15 4/15 YES - - 

34 INDEL chrX 39934156 A -TAG 393 306 87 0.221 BCOR ENSG00000183337 CODON_CHANGE_PLUS_CODON_DELETION ENST00000406200.2:c.443delT ENSP00000384485.2:p.Ile148AsnfsTer13 4/9 - - - 

34 INDEL chrX 39934156 A -TAG 393 306 87 0.221 BCOR ENSG00000183337 CODON_CHANGE_PLUS_CODON_DELETION ENST00000378455.4:c.443delT ENSP00000367716.4:p.Ile148AsnfsTer13 4/14 - - - 

34 INDEL chrX 39934162 C -TGAA 366 279 87 0.234 BCOR ENSG00000183337 FRAME_SHIFT ENST00000397354.3:c.437delG ENSP00000380512.3:p.Ser146MetfsTer15 4/15 - - - 

34 INDEL chrX 39934160 C -A 373 286 87 0.233 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378444.4:c.439delG ENSP00000367705.4:p.Ala147LeufsTer14 4/15 YES - - 

34 INDEL chrX 39934156 A -TAG 393 306 87 0.221 BCOR ENSG00000183337 CODON_CHANGE_PLUS_CODON_DELETION ENST00000342274.4:c.443delT ENSP00000345923.4:p.Ile148AsnfsTer13 4/15 - - - 

34 INDEL chrX 39934162 C -TGAA 366 279 87 0.234 BCOR ENSG00000183337 FRAME_SHIFT ENST00000342274.4:c.437delG ENSP00000345923.4:p.Ser146MetfsTer15 4/15 - - - 

34 INDEL chrX 39934162 C -TGAA 366 279 87 0.234 BCOR ENSG00000183337 FRAME_SHIFT ENST00000406200.2:c.437delG ENSP00000384485.2:p.Ser146MetfsTer15 4/9 - - - 

44 SNV chrX 39931673 G A 358 263 95 0.265 BCOR ENSG00000183337 STOP_GAINED ENST00000378455.4:c.2926C>T ENSP00000367716.4:p.Arg976Ter 4/14 - - rs121434619,CM040984 

44 SNV chrX 39931673 G A 358 263 95 0.265 BCOR ENSG00000183337 STOP_GAINED ENST00000378444.4:c.2926C>T ENSP00000367705.4:p.Arg976Ter 4/15 YES - rs121434619,CM040984 

44 SNV chrX 39931673 G A 358 263 95 0.265 BCOR ENSG00000183337 STOP_GAINED ENST00000342274.4:c.2926C>T ENSP00000345923.4:p.Arg976Ter 4/15 - - rs121434619,CM040984 

44 SNV chrX 39931673 G A 358 263 95 0.265 BCOR ENSG00000183337 STOP_GAINED ENST00000406200.2:c.2926C>T ENSP00000384485.2:p.Arg976Ter 4/9 - - rs121434619,CM040984 

44 SNV chrX 39931673 G A 358 263 95 0.265 BCOR ENSG00000183337 STOP_GAINED ENST00000397354.3:c.2926C>T ENSP00000380512.3:p.Arg976Ter 4/15 - - rs121434619,CM040984 

47 INDEL chrX 39932628 G +T 670 360 310 0.463 BCOR ENSG00000183337 FRAME_SHIFT - - 4/9 - - - 

47 INDEL chrX 39932628 G +T 670 360 310 0.463 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 YES - - 

47 INDEL chrX 39932628 G +T 670 360 310 0.463 BCOR ENSG00000183337 FRAME_SHIFT - - 4/14 - - - 

47 INDEL chrX 39932628 G +T 670 360 310 0.463 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 - - - 

47 INDEL chrX 39932628 G +T 670 360 310 0.463 BCOR ENSG00000183337 FRAME_SHIFT - - 4/15 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000378444.4:c.4976+1delG - 14/15 YES - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378455.4:c.4820+1delG - 13/14 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378463.1:c.1505+1delG - 9/11 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000342274.4:c.4874+1delG - 14/15 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000413905.1:c.1586+1delG - 8/10 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000397354.3:c.4874+1delG - 14/15 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000378444.4:c.4976+1delG - 14/15 YES - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000413905.1:c.1586+1delG - 8/10 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000397354.3:c.4874+1delG - 14/15 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 FRAME_SHIFT ENST00000442018.1:c.996delG ENSP00000387552.1:p.Ter333GlufsTer10 6/7 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000378455.4:c.4820+1delG - 13/14 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000378463.1:c.1505+1delG - 9/11 - - - 

S03 INDEL chrX 39913140 C -CT 240 19 221 0.921 BCOR ENSG00000183337 SPLICE_SITE_REGION ENST00000342274.4:c.4874+1delG - 14/15 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000378455.4:c.3502C>T ENSP00000367716.4:p.Gln1168Ter 7/14 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000342274.4:c.3556C>T ENSP00000345923.4:p.Gln1186Ter 8/15 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000397354.3:c.3556C>T ENSP00000380512.3:p.Gln1186Ter 8/15 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000378463.1:c.187C>T ENSP00000367724.1:p.Gln63Ter 3/11 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000406200.2:c.3556C>T ENSP00000384485.2:p.Gln1186Ter 8/9 - - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000378444.4:c.3658C>T ENSP00000367705.4:p.Gln1220Ter 8/15 YES - - 

S27 SNV chrX 39923050 G A 895 615 280 0.313 BCOR ENSG00000183337 STOP_GAINED ENST00000413905.1:c.268C>T ENSP00000408006.1:p.Gln90Ter 2/10 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000378463.1:c.121C>T ENSP00000367724.1:p.Arg41Ter 2/11 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000342274.4:c.3490C>T ENSP00000345923.4:p.Arg1164Ter 7/15 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000378444.4:c.3490C>T ENSP00000367705.4:p.Arg1164Ter 7/15 YES - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000378455.4:c.3436C>T ENSP00000367716.4:p.Arg1146Ter 6/14 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000397354.3:c.3490C>T ENSP00000380512.3:p.Arg1164Ter 7/15 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000413905.1:c.202C>T ENSP00000408006.1:p.Arg68Ter 1/10 - - - 

S29 SNV chrX 39923601 G A 110 14 96 0.873 BCOR ENSG00000183337 STOP_GAINED ENST00000406200.2:c.3490C>T ENSP00000384485.2:p.Arg1164Ter 7/9 - - - 

S51 SNV chrX 39932312 G A 423 1 422 0.998 BCOR ENSG00000183337 NON_SYNONYMOUS_CODING ENST00000378455.4:c.2287C>T ENSP00000367716.4:p.Arg763Trp 4/14 - - - 

S51 SNV chrX 39932312 G A 423 1 422 0.998 BCOR ENSG00000183337 NON_SYNONYMOUS_CODING ENST00000342274.4:c.2287C>T ENSP00000345923.4:p.Arg763Trp 4/15 - - - 

S51 SNV chrX 39932312 G A 423 1 422 0.998 BCOR ENSG00000183337 NON_SYNONYMOUS_CODING ENST00000378444.4:c.2287C>T ENSP00000367705.4:p.Arg763Trp 4/15 YES - - 

S51 SNV chrX 39932312 G A 423 1 422 0.998 BCOR ENSG00000183337 NON_SYNONYMOUS_CODING ENST00000406200.2:c.2287C>T ENSP00000384485.2:p.Arg763Trp 4/9 - - - 

S51 SNV chrX 39932312 G A 423 1 422 0.998 BCOR ENSG00000183337 NON_SYNONYMOUS_CODING ENST00000397354.3:c.2287C>T ENSP00000380512.3:p.Arg763Trp 4/15 - - - 

55 SNV chrX 129185888 G A 246 2 244 0.988 BCORL1 ENSG00000085185 NON_SYNONYMOUS_CODING ENST00000540052.1:c.4750G>A ENSP00000437775.1:p.Asp1584Asn 11/12 YES - COSM1682882 

55 SNV chrX 129185888 G A 246 2 244 0.988 BCORL1 ENSG00000085185 NON_SYNONYMOUS_CODING ENST00000218147.7:c.4750G>A ENSP00000218147.7:p.Asp1584Asn 12/13 - - COSM1682882 

55 SNV chrX 129185888 G A 246 2 244 0.988 BCORL1 ENSG00000085185 NON_SYNONYMOUS_CODING ENST00000303743.5:c.4972G>A ENSP00000307541.5:p.Asp1658Asn 13/14 - - COSM1682882 

55 SNV chrX 129185888 G A 246 2 244 0.988 BCORL1 ENSG00000085185 NON_SYNONYMOUS_CODING ENST00000456822.1:c.3772G>A ENSP00000399483.1:p.Asp1258Asn 10/11 - - COSM1682882 

55 SNV chrX 129185888 G A 246 2 244 0.988 BCORL1 ENSG00000085185 NON_SYNONYMOUS_CODING ENST00000359304.2:c.4360G>A ENSP00000352253.2:p.Asp1454Asn 11/12 - - COSM1682882 

S55 SNV chr22 23603177 G A 990 708 282 0.284 BCR ENSG00000186716 STOP_GAINED ENST00000359540.3:c.1502G>A ENSP00000352535.3:p.Trp501Ter 3/22 - - - 

S55 SNV chr22 23603177 G A 990 708 282 0.284 BCR ENSG00000186716 STOP_GAINED ENST00000427791.1:c.62G>A ENSP00000396531.1:p.Trp21Ter 2/8 - - - 

S55 SNV chr22 23603177 G A 990 708 282 0.284 BCR ENSG00000186716 STOP_GAINED ENST00000305877.8:c.1502G>A ENSP00000303507.8:p.Trp501Ter 3/23 YES - - 

38 SNV chr17 40962764 C G 453 227 226 0.499 BECN1 ENSG00000126581 UTR_3_PRIME ENST00000438274.3:c.*156G>C - 9/9 - - - 

38 SNV chr17 40962764 C G 453 227 226 0.499 BECN1 ENSG00000126581 UTR_3_PRIME ENST00000361523.4:c.*14G>C - 12/12 YES - - 

S61 SNV chr11 102201893 T A 565 275 290 0.513 BIRC3 ENSG00000023445 NON_SYNONYMOUS_CODING ENST00000263464.3:c.1245T>A ENSP00000263464.3:p.Asp415Glu 6/9 YES - - 

S61 SNV chr11 102201893 T A 565 275 290 0.513 BIRC3 ENSG00000023445 NON_SYNONYMOUS_CODING ENST00000532808.1:c.1245T>A ENSP00000432907.1:p.Asp415Glu 7/10 - - - 

S40 SNV chr15 91303500 G A 474 246 228 0.481 BLM ENSG00000197299 NON_SYNONYMOUS_CODING ENST00000355112.3:c.1211G>A ENSP00000347232.3:p.Arg404Gln 6/22 YES - - 

S40 SNV chr15 91303500 G A 474 246 228 0.481 BLM ENSG00000197299 NON_SYNONYMOUS_CODING ENST00000560509.1:c.1211G>A ENSP00000454158.1:p.Arg404Gln 6/20 - - - 

1 SNV chr7 140624440 C T 30 15 15 0.5 BRAF ENSG00000157764 NON_SYNONYMOUS_CODING ENST00000288602.6:c.64G>A ENSP00000288602.6:p.Asp22Asn 1/18 YES - rs397507456 

7 SNV chr7 140508726 G C 573 321 252 0.44 BRAF ENSG00000157764 NON_SYNONYMOUS_CODING ENST00000288602.6:c.574C>G ENSP00000288602.6:p.Pro192Ala 4/18 YES - - 

26 SNV chr13 32913726 T A 283 161 122 0.431 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000544455.1:c.5234T>A ENSP00000439902.1:p.Met1745Lys 11/28 YES - - 

26 SNV chr13 32913726 T A 283 161 122 0.431 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000380152.3:c.5234T>A ENSP00000369497.3:p.Met1745Lys 11/27 - - - 

43 SNV chr13 32907520 T G 215 118 97 0.451 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000380152.3:c.1905T>G ENSP00000369497.3:p.Asp635Glu 10/27 - - - 

43 SNV chr13 32907520 T G 215 118 97 0.451 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000544455.1:c.1905T>G ENSP00000439902.1:p.Asp635Glu 10/28 YES - - 

S37 SNV chr13 32913276 A C 646 321 325 0.503 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000380152.3:c.4784A>C ENSP00000369497.3:p.Gln1595Pro 11/27 - - - 

S37 SNV chr13 32913276 A C 646 321 325 0.503 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000544455.1:c.4784A>C ENSP00000439902.1:p.Gln1595Pro 11/28 YES - - 

S59 INDEL chr13 32903619 A -TAC 533 331 202 0.379 BRCA2 ENSG00000139618 CODON_CHANGE_PLUS_CODON_DELETION ENST00000380152.3:c.673delA ENSP00000369497.3:p.Thr225LeufsTer5 8/27 - - - 

S59 INDEL chr13 32903619 A -TAC 533 331 202 0.379 BRCA2 ENSG00000139618 CODON_CHANGE_PLUS_CODON_DELETION ENST00000544455.1:c.673delA ENSP00000439902.1:p.Thr225LeufsTer5 8/28 YES - - 

S59 INDEL chr13 32903619 A -TAC 533 331 202 0.379 BRCA2 ENSG00000139618 CODON_CHANGE_PLUS_CODON_DELETION ENST00000530893.2:c.304delA ENSP00000435699.2:p.Thr102LeufsTer5 8/10 - - - 

S61 SNV chr13 32912787 G A 526 263 263 0.5 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000380152.3:c.4295G>A ENSP00000369497.3:p.Ser1432Asn 11/27 - - - 

S61 SNV chr13 32912787 G A 526 263 263 0.5 BRCA2 ENSG00000139618 NON_SYNONYMOUS_CODING ENST00000544455.1:c.4295G>A ENSP00000439902.1:p.Ser1432Asn 11/28 YES - - 

12 SNV chr9 136910527 C T 457 234 223 0.488 BRD3 ENSG00000169925 NON_SYNONYMOUS_CODING ENST00000357885.2:c.1103G>A ENSP00000350557.2:p.Arg368Gln 7/10 - - - 

12 SNV chr9 136910527 C T 457 234 223 0.488 BRD3 ENSG00000169925 NON_SYNONYMOUS_CODING ENST00000371834.2:c.1103G>A ENSP00000360900.2:p.Arg368Gln 7/10 - - - 

12 SNV chr9 136910527 C T 457 234 223 0.488 BRD3 ENSG00000169925 NON_SYNONYMOUS_CODING ENST00000303407.7:c.1103G>A ENSP00000305918.6:p.Arg368Gln 7/12 YES - - 

59 SNV chr17 59761264 G A 41 20 21 0.512 BRIP1 ENSG00000136492 NON_SYNONYMOUS_CODING ENST00000259008.2:c.3143C>T ENSP00000259008.2:p.Pro1048Leu 20/20 YES - - 



S44 INDEL chr17 59876564 C -T 698 353 345 0.494 BRIP1 ENSG00000136492 FRAME_SHIFT ENST00000577598.1:c.1237delG ENSP00000464654.1:p.Val413PhefsTer10 8/18 - - - 

S44 INDEL chr17 59876564 C -T 698 353 345 0.494 BRIP1 ENSG00000136492 FRAME_SHIFT ENST00000259008.2:c.1237delG ENSP00000259008.2:p.Val413PhefsTer10 9/20 YES - - 

S40 SNV chr15 55710731 G A 417 203 214 0.513 C15orf65 ENSG00000261652 NON_SYNONYMOUS_CODING ENST00000569691.1:c.329G>A ENSP00000456337.1:p.Arg110Lys 2/2 YES - - 

46 INDEL chr20 31040147 C 
+CTGGGAGTAGGAG

GAGGCTGG 
157 119 38 0.239 C20orf112 ENSG00000197183 CODON_INSERTION - - 7/8 YES - - 

S06 SNV chr20 31052855 G A 449 223 226 0.503 C20orf112 ENSG00000197183 NON_SYNONYMOUS_CODING ENST00000375677.1:c.241C>T ENSP00000364829.1:p.Arg81Trp 3/3 - - rs527734660 

S06 SNV chr20 31052855 G A 449 223 226 0.503 C20orf112 ENSG00000197183 NON_SYNONYMOUS_CODING ENST00000326071.4:c.175C>T ENSP00000317413.4:p.Arg59Trp 3/3 - - rs527734660 

S42 SNV chr20 31041557 G T 383 206 177 0.462 C20orf112 ENSG00000197183 NON_SYNONYMOUS_CODING ENST00000359676.5:c.395C>A ENSP00000352704.5:p.Pro132His 4/8 YES 0.0004 rs563159052 

S62 SNV chr20 31052855 G A 675 330 345 0.51 C20orf112 ENSG00000197183 NON_SYNONYMOUS_CODING ENST00000375677.1:c.241C>T ENSP00000364829.1:p.Arg81Trp 3/3 - - rs527734660 

S62 SNV chr20 31052855 G A 675 330 345 0.51 C20orf112 ENSG00000197183 NON_SYNONYMOUS_CODING ENST00000326071.4:c.175C>T ENSP00000317413.4:p.Arg59Trp 3/3 - - rs527734660 

S47 SNV chr2 24261989 C T 660 329 331 0.501 C2orf44 ENSG00000163026 NON_SYNONYMOUS_CODING ENST00000406895.3:c.376G>A ENSP00000385816.3:p.Ala126Thr 2/3 - - - 

S47 SNV chr2 24261989 C T 660 329 331 0.501 C2orf44 ENSG00000163026 NON_SYNONYMOUS_CODING ENST00000295148.4:c.376G>A ENSP00000295148.4:p.Ala126Thr 2/4 YES - - 

S47 SNV chr2 24261989 C T 660 329 331 0.501 C2orf44 ENSG00000163026 NON_SYNONYMOUS_CODING ENST00000443232.1:c.376G>A ENSP00000413426.1:p.Ala126Thr 2/2 - - - 

35 SNV chr3 10123017 T C 485 259 226 0.466 C3orf24 ENSG00000163705 UTR_3_PRIME ENST00000524279.1:c.*242A>G - 3/3 - - - 

S03 SNV chr1 7723761 C T 489 247 242 0.495 CAMTA1 ENSG00000171735 NON_SYNONYMOUS_CODING ENST00000303635.7:c.1154C>T ENSP00000306522.6:p.Ala385Val 9/23 YES - COSM43046 

S03 SNV chr1 7723761 C T 489 247 242 0.495 CAMTA1 ENSG00000171735 NON_SYNONYMOUS_CODING ENST00000439411.2:c.1154C>T ENSP00000402561.2:p.Ala385Val 9/22 - - COSM43046 

35 SNV chr17 76993226 T A 512 275 237 0.463 CANT1 ENSG00000171302 NON_SYNONYMOUS_CODING ENST00000302345.2:c.479A>T ENSP00000307674.2:p.Glu160Val 2/4 YES - - 

35 SNV chr17 76993226 T A 512 275 237 0.463 CANT1 ENSG00000171302 NON_SYNONYMOUS_CODING ENST00000392446.5:c.479A>T ENSP00000376241.4:p.Glu160Val 3/5 - - - 

S05 SNV chr7 2998203 G A 170 89 81 0.476 CARD11 ENSG00000198286 START_GAINED ENST00000356408.3:c.-63C>T - 3/4 - 0.0002 rs573345021 

S05 SNV chr7 2998203 G A 170 89 81 0.476 CARD11 ENSG00000198286 START_GAINED ENST00000396946.4:c.-63C>T - 2/25 YES 0.0002 rs573345021 

S30 SNV chr7 2998203 G A 383 214 169 0.441 CARD11 ENSG00000198286 START_GAINED ENST00000396946.4:c.-63C>T - 2/25 YES 0.0002 rs573345021 

S30 SNV chr7 2998203 G A 383 214 169 0.441 CARD11 ENSG00000198286 START_GAINED ENST00000356408.3:c.-63C>T - 3/4 - 0.0002 rs573345021 

S18 SNV chr11 3060480 G C 292 135 157 0.538 CARS ENSG00000110619 NON_SYNONYMOUS_CODING ENST00000380525.4:c.595C>G ENSP00000369897.4:p.Arg199Gly 6/23 YES 0.0002 rs555551728 

S18 SNV chr11 3060480 G C 292 135 157 0.538 CARS ENSG00000110619 NON_SYNONYMOUS_CODING ENST00000278224.9:c.346C>G ENSP00000278224.9:p.Arg116Gly 5/22 - 0.0002 rs555551728 

S18 SNV chr11 3060480 G C 292 135 157 0.538 CARS ENSG00000110619 NON_SYNONYMOUS_CODING ENST00000401769.3:c.385C>G ENSP00000384069.3:p.Arg129Gly 6/23 - 0.0002 rs555551728 

S18 SNV chr11 3060480 G C 292 135 157 0.538 CARS ENSG00000110619 NON_SYNONYMOUS_CODING ENST00000397111.5:c.346C>G ENSP00000380300.5:p.Arg116Gly 5/22 - 0.0002 rs555551728 

S18 SNV chr11 3060480 G C 292 135 157 0.538 CARS ENSG00000110619 NON_SYNONYMOUS_CODING ENST00000397114.3:c.316C>G ENSP00000380303.3:p.Arg106Gly 6/23 - 0.0002 rs555551728 

S22 SNV chr16 67070577 G T 700 261 439 0.627 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000290858.6:c.201G>T ENSP00000290858.6:p.Gln67His 3/6 - - - 

S22 SNV chr16 67070577 G T 700 261 439 0.627 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000412916.2:c.201G>T ENSP00000415151.2:p.Gln67His 3/6 YES - - 

S51 SNV chr16 67100648 C T 591 307 284 0.479 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000564034.1:c.229C>T ENSP00000456637.1:p.Leu77Phe 3/3 - - - 

S51 SNV chr16 67100648 C T 591 307 284 0.479 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000561924.2:c.46C>T ENSP00000462273.1:p.Leu16Phe 4/6 - - - 

S51 SNV chr16 67100648 C T 591 307 284 0.479 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000290858.6:c.346C>T ENSP00000290858.6:p.Leu116Phe 4/6 - - - 

S51 SNV chr16 67100648 C T 591 307 284 0.479 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000412916.2:c.346C>T ENSP00000415151.2:p.Leu116Phe 4/6 YES - - 

S51 SNV chr16 67100648 C T 591 307 284 0.479 CBFB ENSG00000067955 NON_SYNONYMOUS_CODING ENST00000563939.2:c.46C>T ENSP00000462148.1:p.Leu16Phe 3/4 - - - 

21 SNV chr11 119148891 T C 161 43 118 0.733 CBL ENSG00000110395 NON_SYNONYMOUS_CODING ENST00000264033.4:c.1111T>C ENSP00000264033.3:p.Tyr371His 8/16 YES - rs267606706,COSM34053,COSM34052,CM105459,CM099544 

31 SNV chr11 119148931 G A 217 146 71 0.327 CBL ENSG00000110395 NON_SYNONYMOUS_CODING ENST00000264033.4:c.1151G>A ENSP00000264033.3:p.Cys384Tyr 8/16 YES - COSM34066 

43 INDEL chr11 119148880 A -ATATGAATT 191 146 45 0.234 CBL ENSG00000110395 CODON_CHANGE_PLUS_CODON_DELETION ENST00000264033.4:c.1101delA ENSP00000264033.3:p.Gln367HisfsTer25 8/16 YES - COSM3444158,COSM1351837 

58 SNV chr11 119149260 T A 249 65 184 0.739 CBL ENSG00000110395 NON_SYNONYMOUS_CODING ENST00000264033.4:c.1268T>A ENSP00000264033.3:p.Ile423Asn 9/16 YES - - 

S62 SNV chr11 119148901 T C 602 318 284 0.472 CBL ENSG00000110395 NON_SYNONYMOUS_CODING ENST00000264033.4:c.1121T>C ENSP00000264033.3:p.Met374Thr 8/16 YES - - 

S62 INDEL chr10 61666069 C -CCGCCGCCA 211 154 57 0.27 CCDC6 ENSG00000108091 CODON_DELETION ENST00000263102.6:c.116delG ENSP00000263102.6:p.Gly39GlufsTer35 1/9 YES - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000437553.2:c.562A>G ENSP00000409896.2:p.Ile188Val 6/7 - - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000398160.2:c.562A>G ENSP00000381226.2:p.Ile188Val 6/7 - - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000398163.2:c.562A>G ENSP00000381229.2:p.Ile188Val 6/7 - - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000398169.3:c.562A>G ENSP00000381235.3:p.Ile188Val 6/7 YES - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000358932.4:c.562A>G ENSP00000351810.4:p.Ile188Val 6/7 - - - 

33 SNV chr14 20781696 T C 373 216 157 0.421 CCNB1IP1 ENSG00000100814 NON_SYNONYMOUS_CODING ENST00000353689.4:c.562A>G ENSP00000337396.4:p.Ile188Val 5/6 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 UTR_5_PRIME ENST00000511642.1:c.-10C>G - 2/5 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 NON_SYNONYMOUS_CODING ENST00000514588.1:c.84C>G ENSP00000420991.1:p.Phe28Leu 3/3 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 UTR_5_PRIME ENST00000502771.1:c.-10C>G - 3/3 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 UTR_5_PRIME ENST00000510503.1:c.-10C>G - 2/4 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 UTR_5_PRIME ENST00000372988.4:c.-10C>G - 2/5 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 UTR_5_PRIME ENST00000505064.1:c.-10C>G - 1/3 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 NON_SYNONYMOUS_CODING ENST00000372987.4:c.84C>G ENSP00000362078.4:p.Phe28Leu 2/5 - - - 

11 SNV chr6 41908288 G C 88 50 38 0.432 CCND3 ENSG00000112576 NON_SYNONYMOUS_CODING ENST00000372991.4:c.234C>G ENSP00000362082.4:p.Phe78Leu 2/5 YES - - 

S36 INDEL chr19 30308100 C -AAA 894 488 406 0.454 CCNE1 ENSG00000105173 CODON_CHANGE_PLUS_CODON_DELETION ENST00000444983.2:c.193delA ENSP00000410179.2:p.Glu66LysfsTer28 3/10 - - - 

S36 INDEL chr19 30308100 C -AAA 894 488 406 0.454 CCNE1 ENSG00000105173 CODON_CHANGE_PLUS_CODON_DELETION ENST00000357943.5:c.238delA ENSP00000350625.5:p.Glu81LysfsTer28 5/11 - - - 

S36 INDEL chr19 30308100 C -AAA 894 488 406 0.454 CCNE1 ENSG00000105173 CODON_CHANGE_PLUS_CODON_DELETION ENST00000575243.1:c.229delA ENSP00000459024.1:p.Glu78LysfsTer28 5/8 - - - 

S36 INDEL chr19 30308100 C -AAA 894 488 406 0.454 CCNE1 ENSG00000105173 CODON_CHANGE_PLUS_CODON_DELETION ENST00000262643.3:c.238delA ENSP00000262643.3:p.Glu81LysfsTer28 5/12 YES - - 

S18 INDEL chr22 37964375 G 
-

CTGCAAACCCCCCA
GCCACTA 

127 88 39 0.307 CDC42EP1 ENSG00000128283 CODON_DELETION ENST00000249014.4:c.725delC ENSP00000249014.4:p.Ala242ValfsTer49 3/3 YES - - 

33 SNV chr1 193205402 G A 311 170 141 0.453 CDC73 ENSG00000134371 NON_SYNONYMOUS_CODING ENST00000367435.3:c.1333G>A ENSP00000356405.3:p.Val445Ile 15/17 YES - rs368442389,COSM901401 

35 SNV chr16 64981819 C T 304 230 74 0.243 CDH11 ENSG00000140937 UTR_3_PRIME ENST00000394156.3:c.*175G>A - 14/14 - - COSM1200408 

35 SNV chr16 64981819 C T 304 230 74 0.243 CDH11 ENSG00000140937 NON_SYNONYMOUS_CODING ENST00000268603.4:c.2078G>A ENSP00000268603.4:p.Arg693His 13/13 YES - COSM1200408 

1 INDEL chr13 28542772 G -TGCGGGTGGTGA 37 25 12 0.324 CDX2 ENSG00000165556 CODON_DELETION ENST00000381020.7:c.373delC ENSP00000370408.6:p.His125ThrfsTer57 1/3 YES - - 

S18 INDEL chr19 33792661 C +A 32 17 15 0.469 CEBPA ENSG00000245848 FRAME_SHIFT - - 1/1 YES - - 

S26 INDEL chr19 33792731 G +GCGGGT 103 76 27 0.262 CEBPA ENSG00000245848 CODON_CHANGE_PLUS_CODON_INSERTION - - 1/1 YES - - 

S32 SNV chr19 33792447 T C 796 400 396 0.498 CEBPA ENSG00000245848 NON_SYNONYMOUS_CODING ENST00000498907.2:c.874A>G ENSP00000427514.1:p.Asn292Asp 1/1 YES - - 

S38 INDEL chr19 33793053 T +A 274 215 59 0.215 CEBPA ENSG00000245848 FRAME_SHIFT - - 1/1 YES - - 

S61 INDEL chr19 33792512 C +CG 700 391 309 0.441 CEBPA ENSG00000245848 FRAME_SHIFT - - 1/1 YES - - 

48 SNV chr1 22307647 G A 223 122 101 0.453 CELA3B ENSG00000219073 NON_SYNONYMOUS_CODING ENST00000400277.2:c.53G>A ENSP00000383135.2:p.Arg18His 1/5 - - - 

48 SNV chr1 22307647 G A 223 122 101 0.453 CELA3B ENSG00000219073 NON_SYNONYMOUS_CODING ENST00000337107.6:c.344G>A ENSP00000338369.6:p.Arg115His 4/8 YES - - 

48 SNV chr1 22307647 G A 223 122 101 0.453 CELA3B ENSG00000219073 NON_SYNONYMOUS_CODING ENST00000374666.1:c.392G>A ENSP00000363798.1:p.Arg131His 4/5 - - - 

S29 SNV chr1 22313034 G C 165 80 85 0.515 CELA3B ENSG00000219073 NON_SYNONYMOUS_CODING ENST00000337107.6:c.653G>C ENSP00000338369.6:p.Gly218Ala 7/8 YES - - 

S29 SNV chr1 22313034 G C 165 80 85 0.515 CELA3B ENSG00000219073 NON_SYNONYMOUS_CODING ENST00000400277.2:c.362G>C ENSP00000383135.2:p.Gly121Ala 4/5 - - - 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000402731.1:c.470T>C ENSP00000384835.1:p.Ile157Thr 3/13 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000439200.1:c.563T>C ENSP00000408065.1:p.Ile188Thr 5/7 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 START_GAINED ENST00000544772.1:c.-308T>C - 4/16 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000348295.3:c.470T>C ENSP00000329012.5:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000328354.6:c.470T>C ENSP00000329178.6:p.Ile157Thr 4/15 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382566.1:c.470T>C ENSP00000372007.1:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382580.2:c.599T>C ENSP00000372023.2:p.Ile200Thr 5/16 YES 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000398017.2:c.500T>C ENSP00000381099.2:p.Ile167Thr 6/6 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000405598.1:c.470T>C ENSP00000386087.1:p.Ile157Thr 5/16 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 UTR_5_PRIME ENST00000425190.2:c.-194T>C - 3/9 - 0.0010 rs17879961,COSM3693990,CM993368 

32 SNV chr22 29121087 A G 131 76 55 0.42 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000404276.1:c.470T>C ENSP00000385747.1:p.Ile157Thr 3/14 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 UTR_5_PRIME ENST00000425190.2:c.-194T>C - 3/9 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000439200.1:c.563T>C ENSP00000408065.1:p.Ile188Thr 5/7 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000328354.6:c.470T>C ENSP00000329178.6:p.Ile157Thr 4/15 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382580.2:c.599T>C ENSP00000372023.2:p.Ile200Thr 5/16 YES 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000402731.1:c.470T>C ENSP00000384835.1:p.Ile157Thr 3/13 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000404276.1:c.470T>C ENSP00000385747.1:p.Ile157Thr 3/14 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 START_GAINED ENST00000544772.1:c.-308T>C - 4/16 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000348295.3:c.470T>C ENSP00000329012.5:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382566.1:c.470T>C ENSP00000372007.1:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000398017.2:c.500T>C ENSP00000381099.2:p.Ile167Thr 6/6 - 0.0010 rs17879961,COSM3693990,CM993368 

35 SNV chr22 29121087 A G 361 196 165 0.457 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000405598.1:c.470T>C ENSP00000386087.1:p.Ile157Thr 5/16 - 0.0010 rs17879961,COSM3693990,CM993368 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000403642.1:c.828delT ENSP00000384919.1:p.Asp277IlefsTer14 8/12 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000382580.2:c.1230delT ENSP00000372023.2:p.Asp411IlefsTer14 12/16 YES 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 



38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000544772.1:c.438delT ENSP00000442458.1:p.Asp147IlefsTer14 12/16 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000402731.1:c.1014delT ENSP00000384835.1:p.Asp339IlefsTer14 9/13 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 UTR_3_PRIME ENST00000382566.1:c.*169delT - 10/14 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000382578.1:c.828delT ENSP00000372021.1:p.Asp277IlefsTer14 9/13 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000405598.1:c.1101delT ENSP00000386087.1:p.Asp368IlefsTer14 12/16 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000348295.3:c.1014delT ENSP00000329012.5:p.Asp339IlefsTer14 10/14 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000328354.6:c.1101delT ENSP00000329178.6:p.Asp368IlefsTer14 11/15 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

38 INDEL chr22 29091856 A -G 473 241 232 0.49 CHEK2 ENSG00000183765 FRAME_SHIFT ENST00000404276.1:c.1101delT ENSP00000385747.1:p.Asp368IlefsTer14 10/14 - 0.0010 rs555607708,KinMutBase_CHEK2_DNA:g.49841delC,CD993415 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000398017.2:c.500T>C ENSP00000381099.2:p.Ile167Thr 6/6 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000328354.6:c.470T>C ENSP00000329178.6:p.Ile157Thr 4/15 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000402731.1:c.470T>C ENSP00000384835.1:p.Ile157Thr 3/13 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382566.1:c.470T>C ENSP00000372007.1:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000404276.1:c.470T>C ENSP00000385747.1:p.Ile157Thr 3/14 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000439200.1:c.563T>C ENSP00000408065.1:p.Ile188Thr 5/7 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 UTR_5_PRIME ENST00000425190.2:c.-194T>C - 3/9 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382580.2:c.599T>C ENSP00000372023.2:p.Ile200Thr 5/16 YES 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000405598.1:c.470T>C ENSP00000386087.1:p.Ile157Thr 5/16 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 START_GAINED ENST00000544772.1:c.-308T>C - 4/16 - 0.0010 rs17879961,COSM3693990,CM993368 

43 SNV chr22 29121087 A G 331 172 159 0.48 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000348295.3:c.470T>C ENSP00000329012.5:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382580.2:c.599T>C ENSP00000372023.2:p.Ile200Thr 5/16 YES 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 START_GAINED ENST00000544772.1:c.-308T>C - 4/16 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000398017.2:c.500T>C ENSP00000381099.2:p.Ile167Thr 6/6 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000439200.1:c.563T>C ENSP00000408065.1:p.Ile188Thr 5/7 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 START_GAINED ENST00000425190.2:c.-194T>C - 3/9 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000328354.6:c.470T>C ENSP00000329178.6:p.Ile157Thr 4/15 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382566.1:c.470T>C ENSP00000372007.1:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000348295.3:c.470T>C ENSP00000329012.5:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000405598.1:c.470T>C ENSP00000386087.1:p.Ile157Thr 5/16 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000402731.1:c.470T>C ENSP00000384835.1:p.Ile157Thr 3/13 - 0.0010 rs17879961,COSM3693990,CM993368 

S02 SNV chr22 29121087 A G 439 216 223 0.508 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000404276.1:c.470T>C ENSP00000385747.1:p.Ile157Thr 3/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000398017.2:c.500T>C ENSP00000381099.2:p.Ile167Thr 6/6 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000328354.6:c.470T>C ENSP00000329178.6:p.Ile157Thr 4/15 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382580.2:c.599T>C ENSP00000372023.2:p.Ile200Thr 5/16 YES 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 START_GAINED ENST00000425190.2:c.-194T>C - 3/9 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000402731.1:c.470T>C ENSP00000384835.1:p.Ile157Thr 3/13 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000382566.1:c.470T>C ENSP00000372007.1:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000348295.3:c.470T>C ENSP00000329012.5:p.Ile157Thr 4/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000404276.1:c.470T>C ENSP00000385747.1:p.Ile157Thr 3/14 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 START_GAINED ENST00000544772.1:c.-308T>C - 4/16 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000405598.1:c.470T>C ENSP00000386087.1:p.Ile157Thr 5/16 - 0.0010 rs17879961,COSM3693990,CM993368 

S59 SNV chr22 29121087 A G 684 357 327 0.478 CHEK2 ENSG00000183765 NON_SYNONYMOUS_CODING ENST00000439200.1:c.563T>C ENSP00000408065.1:p.Ile188Thr 5/7 - 0.0010 rs17879961,COSM3693990,CM993368 

26 SNV chr2 175711883 A C 121 70 51 0.422 CHN1 ENSG00000128656 UTR_5_PRIME ENST00000444573.1:c.-24T>G - 1/4 - - - 

26 SNV chr2 175711883 A C 121 70 51 0.422 CHN1 ENSG00000128656 UTR_5_PRIME ENST00000295497.7:c.-24T>G - 1/7 - - - 

24 SNV chr19 42797928 C T 57 31 26 0.456 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000160740.3:c.3974C>T ENSP00000160740.3:p.Thr1325Ile 16/20 - - - 

S15 SNV chr19 42799134 C A 133 82 51 0.384 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000575354.2:c.4618C>A ENSP00000458663.2:p.Pro1540Thr 20/20 YES - - 

S15 SNV chr19 42799134 C A 133 82 51 0.384 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000576505.2:c.752C>A ENSP00000459011.2:p.Pro252Thr 5/5 - - - 

S15 SNV chr19 42799134 C A 133 82 51 0.384 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000572681.2:c.7336C>A ENSP00000459719.1:p.Pro2446Thr 21/21 - - - 

S15 SNV chr19 42799134 C A 133 82 51 0.384 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000160740.3:c.4612C>A ENSP00000160740.3:p.Pro1538Thr 20/20 - - - 

S15 SNV chr19 42799134 C A 133 82 51 0.384 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000573349.1:c.799C>A ENSP00000458543.1:p.Pro267Thr 5/5 - - - 

S35 SNV chr19 42776512 A T 276 143 133 0.482 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000572681.2:c.577A>T ENSP00000459719.1:p.Thr193Ser 2/21 - - rs547565552 

S42 SNV chr19 42795740 C G 334 158 176 0.527 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000160740.3:c.2729C>G ENSP00000160740.3:p.Pro910Arg 11/20 - - - 

S42 SNV chr19 42795740 C G 334 158 176 0.527 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000575354.2:c.2729C>G ENSP00000458663.2:p.Pro910Arg 11/20 YES - - 

S42 SNV chr19 42795740 C G 334 158 176 0.527 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000572681.2:c.5456C>G ENSP00000459719.1:p.Pro1819Arg 12/21 - - - 

S48 SNV chr19 42777790 G A 933 334 599 0.642 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000572681.2:c.1855G>A ENSP00000459719.1:p.Val619Ile 2/21 - - - 

S54 SNV chr19 42776512 A T 496 263 233 0.47 CIC ENSG00000079432 NON_SYNONYMOUS_CODING ENST00000572681.2:c.577A>T ENSP00000459719.1:p.Thr193Ser 2/21 - - rs547565552 

S30 SNV chr16 11001448 G A 401 214 187 0.466 CIITA ENSG00000179583 NON_SYNONYMOUS_CODING ENST00000324288.8:c.2099G>A ENSP00000316328.8:p.Arg700Gln 11/20 YES - - 

S56 SNV chr16 11016073 G A 712 419 293 0.412 CIITA ENSG00000179583 NON_SYNONYMOUS_CODING ENST00000381835.5:c.1447G>A ENSP00000371257.5:p.Val483Met 15/18 - - - 

S56 SNV chr16 11016073 G A 712 419 293 0.412 CIITA ENSG00000179583 NON_SYNONYMOUS_CODING ENST00000324288.8:c.3199G>A ENSP00000316328.8:p.Val1067Met 17/20 YES - - 

S19 SNV chr22 19263296 A G 601 275 326 0.542 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000353891.5:c.100T>C ENSP00000439662.1:p.Ser34Pro 2/32 - - - 

S19 SNV chr22 19263296 A G 601 275 326 0.542 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000263200.10:c.100T>C ENSP00000445677.1:p.Ser34Pro 2/33 YES - - 

S19 SNV chr22 19263296 A G 601 275 326 0.542 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000449918.1:c.100T>C ENSP00000443264.1:p.Ser34Pro 2/4 - - - 

S19 SNV chr22 19263296 A G 601 275 326 0.542 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000427926.1:c.100T>C ENSP00000441158.1:p.Ser34Pro 2/34 - - - 

S61 SNV chr22 19220991 T A 710 343 367 0.516 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000427926.1:c.1322A>T ENSP00000441158.1:p.Gln441Leu 8/34 - - - 

S61 SNV chr22 19220991 T A 710 343 367 0.516 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000353891.5:c.1322A>T ENSP00000439662.1:p.Gln441Leu 8/32 - - - 

S61 SNV chr22 19220991 T A 710 343 367 0.516 CLTCL1 ENSG00000070371 NON_SYNONYMOUS_CODING ENST00000263200.10:c.1322A>T ENSP00000445677.1:p.Gln441Leu 8/33 YES - - 

63 SNV chr17 48278940 C T 73 39 34 0.466 COL1A1 ENSG00000108821 UTR_5_PRIME ENST00000225964.5:c.-66G>A - 1/51 YES 0.0002 rs565562045 

63 SNV chr17 48270375 G C 232 122 110 0.474 COL1A1 ENSG00000108821 NON_SYNONYMOUS_CODING ENST00000225964.5:c.1801C>G ENSP00000225964.5:p.Pro601Ala 26/51 YES - - 

25 SNV chr2 208440093 T G 347 201 146 0.421 CREB1 ENSG00000118260 UTR_3_PRIME ENST00000539789.1:c.*188T>G - 7/9 - - - 

55 SNV chr7 137686502 G C 75 40 35 0.467 CREB3L2 ENSG00000182158 UTR_5_PRIME ENST00000330387.6:c.-51C>G - 1/12 YES - - 

55 SNV chr7 137686502 G C 75 40 35 0.467 CREB3L2 ENSG00000182158 UTR_5_PRIME ENST00000452463.1:c.-51C>G - 1/4 - - - 

55 SNV chr7 137686502 G C 75 40 35 0.467 CREB3L2 ENSG00000182158 UTR_5_PRIME ENST00000456390.1:c.-51C>G - 1/10 - - - 

6 SNV chr16 3820668 G A 362 190 172 0.475 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000382070.3:c.2669C>T ENSP00000371502.3:p.Pro890Leu 13/30 - - - 

6 SNV chr16 3820668 G A 362 190 172 0.475 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000262367.5:c.2783C>T ENSP00000262367.5:p.Pro928Leu 14/31 YES - - 

S46 SNV chr16 3828111 G A 358 267 91 0.254 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000572134.1:c.327C>T ENSP00000458254.1:p.Arg110Cys 3/5 - - COSM175791 

S46 SNV chr16 3828111 G A 358 267 91 0.254 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000262367.5:c.2014C>T ENSP00000262367.5:p.Arg672Cys 10/31 YES - COSM175791 

S46 SNV chr16 3828111 G A 358 267 91 0.254 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000571826.1:c.63C>T ENSP00000459490.1:p.Arg22Cys 1/4 - - COSM175791 

S46 SNV chr16 3828111 G A 358 267 91 0.254 CREBBP ENSG00000005339 NON_SYNONYMOUS_CODING ENST00000382070.3:c.1900C>T ENSP00000371502.3:p.Arg634Cys 9/30 - - COSM175791 

46 SNV chr19 18885731 G A 425 220 205 0.482 CRTC1 ENSG00000105662 NON_SYNONYMOUS_CODING ENST00000338797.6:c.1495G>A ENSP00000345001.5:p.Val499Met 13/15 YES - - 

46 SNV chr19 18885731 G A 425 220 205 0.482 CRTC1 ENSG00000105662 NON_SYNONYMOUS_CODING ENST00000321949.8:c.1447G>A ENSP00000323332.7:p.Val483Met 12/14 - - - 

S14 SNV chr19 18885735 T C 166 106 60 0.361 CRTC1 ENSG00000105662 NON_SYNONYMOUS_CODING ENST00000321949.8:c.1451T>C ENSP00000323332.7:p.Phe484Ser 12/14 - - - 

S14 SNV chr19 18885735 T C 166 106 60 0.361 CRTC1 ENSG00000105662 NON_SYNONYMOUS_CODING ENST00000594658.1:c.1328T>C ENSP00000468893.1:p.Phe443Ser 12/14 - - - 

S14 SNV chr19 18885735 T C 166 106 60 0.361 CRTC1 ENSG00000105662 NON_SYNONYMOUS_CODING ENST00000338797.6:c.1499T>C ENSP00000345001.5:p.Phe500Ser 13/15 YES - - 

S26 SNV chr15 91172643 C A 297 125 172 0.579 CRTC3 ENSG00000140577 NON_SYNONYMOUS_CODING ENST00000268184.6:c.1145C>A ENSP00000268184.6:p.Pro382Gln 11/15 YES - - 

S26 SNV chr15 91172643 C A 297 125 172 0.579 CRTC3 ENSG00000140577 NON_SYNONYMOUS_CODING ENST00000420329.2:c.1145C>A ENSP00000416573.2:p.Pro382Gln 11/15 - - - 

26 SNV chr16 50813611 T G 331 179 152 0.459 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000398568.2:c.1165T>G ENSP00000381574.2:p.Ser389Ala 8/18 - - - 

26 SNV chr16 50813611 T G 331 179 152 0.459 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000311559.9:c.1174T>G ENSP00000308928.9:p.Ser392Ala 10/20 - - - 

26 SNV chr16 50813611 T G 331 179 152 0.459 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000427738.3:c.1174T>G ENSP00000392025.3:p.Ser392Ala 8/18 YES - - 

26 SNV chr16 50813611 T G 331 179 152 0.459 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000540145.1:c.1174T>G ENSP00000445447.1:p.Ser392Ala 9/19 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000566679.2:c.88G>A ENSP00000456912.2:p.Val30Ile 3/5 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000569418.1:c.88G>A ENSP00000457576.1:p.Val30Ile 3/18 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000540145.1:c.88G>A ENSP00000445447.1:p.Val30Ile 4/19 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000568704.2:c.88G>A ENSP00000456488.2:p.Val30Ile 1/14 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000564326.1:c.88G>A ENSP00000454515.1:p.Val30Ile 2/17 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000427738.3:c.88G>A ENSP00000392025.3:p.Val30Ile 2/18 YES - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000398568.2:c.88G>A ENSP00000381574.2:p.Val30Ile 3/18 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000569681.1:c.88G>A ENSP00000457108.1:p.Val30Ile 3/3 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000564634.1:c.88G>A ENSP00000455535.1:p.Val30Ile 4/4 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000311559.9:c.88G>A ENSP00000308928.9:p.Val30Ile 4/20 - - - 

S59 SNV chr16 50783697 G A 514 257 257 0.5 CYLD ENSG00000083799 NON_SYNONYMOUS_CODING ENST00000566206.1:c.88G>A ENSP00000462134.1:p.Val30Ile 3/18 - - - 



62 SNV chr9 124535601 C G 50 28 22 0.44 DAB2IP ENSG00000136848 NON_SYNONYMOUS_CODING ENST00000373782.3:c.2521C>G ENSP00000362887.3:p.Arg841Gly 10/15 - - - 

62 SNV chr9 124535601 C G 50 28 22 0.44 DAB2IP ENSG00000136848 NON_SYNONYMOUS_CODING ENST00000259371.2:c.2710C>G ENSP00000259371.2:p.Arg904Gly 12/17 YES - - 

62 SNV chr9 124535601 C G 50 28 22 0.44 DAB2IP ENSG00000136848 NON_SYNONYMOUS_CODING ENST00000408936.3:c.2794C>G ENSP00000386183.3:p.Arg932Gly 12/16 - - - 

62 SNV chr9 124535601 C G 50 28 22 0.44 DAB2IP ENSG00000136848 NON_SYNONYMOUS_CODING ENST00000309989.1:c.2422C>G ENSP00000310827.1:p.Arg808Gly 10/14 - - - 

S03 SNV chr9 124414086 C T 48 25 23 0.479 DAB2IP ENSG00000136848 NON_SYNONYMOUS_CODING ENST00000408936.3:c.32C>T ENSP00000386183.3:p.Thr11Ile 1/16 - 0.0036 rs576970717 

S21 SNV chr13 72049882 G A 476 233 243 0.51 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000313174.7:c.1532C>T ENSP00000318506.7:p.Thr511Met 6/8 - - - 

S21 SNV chr13 72049882 G A 476 233 243 0.51 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000359684.2:c.2132C>T ENSP00000352712.2:p.Thr711Met 10/12 - - - 

S21 SNV chr13 72049882 G A 476 233 243 0.51 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000305425.4:c.1976C>T ENSP00000304994.4:p.Thr659Met 9/11 YES - - 

S21 SNV chr13 72049882 G A 476 233 243 0.51 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000354591.4:c.1370C>T ENSP00000346604.4:p.Thr457Met 5/7 - - - 

S64 SNV chr13 72063217 T C 843 454 389 0.461 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000359684.2:c.1796A>G ENSP00000352712.2:p.His599Arg 8/12 - - - 

S64 SNV chr13 72063217 T C 843 454 389 0.461 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000354591.4:c.1034A>G ENSP00000346604.4:p.His345Arg 3/7 - - - 

S64 SNV chr13 72063217 T C 843 454 389 0.461 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000305425.4:c.1640A>G ENSP00000304994.4:p.His547Arg 7/11 YES - - 

S64 SNV chr13 72063217 T C 843 454 389 0.461 DACH1 ENSG00000165659 NON_SYNONYMOUS_CODING ENST00000313174.7:c.1196A>G ENSP00000318506.7:p.His399Arg 4/8 - - - 

S43 SNV chr11 126213205 G A 667 239 428 0.642 DCPS ENSG00000110063 NON_SYNONYMOUS_CODING ENST00000263579.4:c.640G>A ENSP00000263579.4:p.Asp214Asn 5/6 YES - - 

55 SNV chr17 62496694 G T 321 177 144 0.449 DDX5 ENSG00000108654 NON_SYNONYMOUS_CODING ENST00000450599.2:c.1177C>A ENSP00000403085.2:p.Leu393Ile 11/12 - - - 

55 SNV chr17 62496694 G T 321 177 144 0.449 DDX5 ENSG00000108654 NON_SYNONYMOUS_CODING ENST00000225792.5:c.1414C>A ENSP00000225792.5:p.Leu472Ile 12/13 YES - - 

S44 SNV chr17 62496288 C A 735 388 347 0.472 DDX5 ENSG00000108654 NON_SYNONYMOUS_CODING ENST00000225792.5:c.1598G>T ENSP00000225792.5:p.Gly533Val 13/13 YES - COSM74350 

S44 SNV chr17 62496288 C A 735 388 347 0.472 DDX5 ENSG00000108654 NON_SYNONYMOUS_CODING ENST00000450599.2:c.1361G>T ENSP00000403085.2:p.Gly454Val 12/12 - - COSM74350 

S44 SNV chr17 62496288 C A 735 388 347 0.472 DDX5 ENSG00000108654 NON_SYNONYMOUS_CODING ENST00000578804.1:c.1598G>T ENSP00000462885.1:p.Gly533Val 13/13 - - COSM74350 

S54 SNV chr17 62501974 C A 589 291 298 0.506 DDX5 ENSG00000108654 START_GAINED ENST00000578804.1:c.-67G>T - 1/13 - 0.0002 rs566114785 

S46 SNV chr6 18255982 G T 437 218 219 0.501 DEK ENSG00000124795 NON_SYNONYMOUS_CODING ENST00000244776.7:c.451C>A ENSP00000244776.7:p.His151Asn 5/10 - - - 

S46 SNV chr6 18255982 G T 437 218 219 0.501 DEK ENSG00000124795 NON_SYNONYMOUS_CODING ENST00000397239.3:c.553C>A ENSP00000380414.3:p.His185Asn 6/11 YES - - 

S46 SNV chr6 18255982 G T 437 218 219 0.501 DEK ENSG00000124795 NON_SYNONYMOUS_CODING ENST00000503715.1:c.352C>A ENSP00000425399.1:p.His118Asn 5/5 - - - 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 20/21 - - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 20/21 YES - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 2/2 - - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 20/21 - - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 19/20 - - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 20/21 - - COSM1390225,COSM1390224 

S54 INDEL chr19 10940881 G +C 362 252 110 0.304 DNM2 ENSG00000079805 FRAME_SHIFT - - 19/20 - - COSM1390225,COSM1390224 

S26 SNV chr19 10248653 A G 109 46 63 0.578 DNMT1 ENSG00000130816 NON_SYNONYMOUS_CODING ENST00000540357.1:c.4100T>C ENSP00000440457.1:p.Val1367Ala 35/40 - - - 

S26 SNV chr19 10248653 A G 109 46 63 0.578 DNMT1 ENSG00000130816 NON_SYNONYMOUS_CODING ENST00000340748.4:c.4100T>C ENSP00000345739.3:p.Val1367Ala 35/40 - - - 

S26 SNV chr19 10248653 A G 109 46 63 0.578 DNMT1 ENSG00000130816 NON_SYNONYMOUS_CODING ENST00000359526.4:c.4148T>C ENSP00000352516.3:p.Val1383Ala 36/41 YES - - 

11 SNV chr2 25457242 C T 188 114 74 0.394 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

11 SNV chr2 25457242 C T 188 114 74 0.394 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

11 SNV chr2 25457242 C T 188 114 74 0.394 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

11 SNV chr2 25457242 C T 188 114 74 0.394 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

20 SNV chr2 25457243 G A 329 177 152 0.462 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2077C>T ENSP00000370122.4:p.Arg693Cys 19/19 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

20 SNV chr2 25457243 G A 329 177 152 0.462 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2644C>T ENSP00000264709.3:p.Arg882Cys 23/23 YES - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

20 SNV chr2 25457243 G A 329 177 152 0.462 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1975C>T ENSP00000384237.1:p.Arg659Cys 18/18 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

20 SNV chr2 25457243 G A 329 177 152 0.462 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2644C>T ENSP00000324375.5:p.Arg882Cys 23/23 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

21 INDEL chr2 25463235 C -AGA 240 54 186 0.775 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000380746.4:c.1692delG ENSP00000370122.4:p.Trp564CysfsTer26 15/19 - - COSM133134 

21 INDEL chr2 25463235 C -AGA 240 54 186 0.775 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000264709.3:c.2259delG ENSP00000264709.3:p.Trp753CysfsTer26 19/23 YES - COSM133134 

21 INDEL chr2 25463235 C -AGA 240 54 186 0.775 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000402667.1:c.1590delG ENSP00000384237.1:p.Trp530CysfsTer26 14/18 - - COSM133134 

21 INDEL chr2 25463235 C -AGA 240 54 186 0.775 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000321117.5:c.2259delG ENSP00000324375.5:p.Trp753CysfsTer26 19/23 - - COSM133134 

23 SNV chr2 25457249 T C 250 30 220 0.88 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1969A>G ENSP00000384237.1:p.Met657Val 18/18 - - COSM120499 

23 SNV chr2 25457249 T C 250 30 220 0.88 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2071A>G ENSP00000370122.4:p.Met691Val 19/19 - - COSM120499 

23 SNV chr2 25457249 T C 250 30 220 0.88 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2638A>G ENSP00000324375.5:p.Met880Val 23/23 - - COSM120499 

23 SNV chr2 25457249 T C 250 30 220 0.88 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2638A>G ENSP00000264709.3:p.Met880Val 23/23 YES - COSM120499 

24 SNV chr2 25463248 G A 215 123 92 0.428 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1678C>T ENSP00000370122.4:p.Arg560Cys 15/19 - - COSM219133,COSM3580252 

24 SNV chr2 25463248 G A 215 123 92 0.428 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1576C>T ENSP00000384237.1:p.Arg526Cys 14/18 - - COSM219133,COSM3580252 

24 SNV chr2 25463248 G A 215 123 92 0.428 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2245C>T ENSP00000324375.5:p.Arg749Cys 19/23 - - COSM219133,COSM3580252 

24 SNV chr2 25463248 G A 215 123 92 0.428 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2245C>T ENSP00000264709.3:p.Arg749Cys 19/23 YES - COSM219133,COSM3580252 

31 SNV chr2 25463228 A C 197 19 178 0.904 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1698T>G ENSP00000370122.4:p.Phe566Leu 15/19 - - - 

31 SNV chr2 25463228 A C 197 19 178 0.904 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2265T>G ENSP00000324375.5:p.Phe755Leu 19/23 - - - 

31 SNV chr2 25463228 A C 197 19 178 0.904 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1596T>G ENSP00000384237.1:p.Phe532Leu 14/18 - - - 

31 SNV chr2 25463228 A C 197 19 178 0.904 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2265T>G ENSP00000264709.3:p.Phe755Leu 19/23 YES - - 

40 SNV chr2 25457243 G A 147 87 60 0.408 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1975C>T ENSP00000384237.1:p.Arg659Cys 18/18 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

40 SNV chr2 25457243 G A 147 87 60 0.408 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2644C>T ENSP00000324375.5:p.Arg882Cys 23/23 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

40 SNV chr2 25457243 G A 147 87 60 0.408 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2644C>T ENSP00000264709.3:p.Arg882Cys 23/23 YES - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

40 SNV chr2 25457243 G A 147 87 60 0.408 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2077C>T ENSP00000370122.4:p.Arg693Cys 19/19 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

42 INDEL chr2 25457181 G -A 308 190 118 0.383 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000402667.1:c.2037delC ENSP00000384237.1:p.Phe679LeufsTer4 18/18 - - rs587777510 

42 INDEL chr2 25457181 G -A 308 190 118 0.383 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000264709.3:c.2706delC ENSP00000264709.3:p.Phe902LeufsTer4 23/23 YES - rs587777510 

42 INDEL chr2 25457181 G -A 308 190 118 0.383 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000321117.5:c.2706delC ENSP00000324375.5:p.Phe902LeufsTer4 23/23 - - rs587777510 

42 INDEL chr2 25457181 G -A 308 190 118 0.383 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000380746.4:c.2139delC ENSP00000370122.4:p.Phe713LeufsTer4 19/19 - - rs587777510 

42 SNV chr2 25457183 A G 309 190 119 0.385 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2704T>C ENSP00000324375.5:p.Phe902Leu 23/23 - - - 

42 SNV chr2 25457183 A G 309 190 119 0.385 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2137T>C ENSP00000370122.4:p.Phe713Leu 19/19 - - - 

42 SNV chr2 25457183 A G 309 190 119 0.385 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2704T>C ENSP00000264709.3:p.Phe902Leu 23/23 YES - - 

42 SNV chr2 25457183 A G 309 190 119 0.385 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.2035T>C ENSP00000384237.1:p.Phe679Leu 18/18 - - - 

44 SNV chr2 25462040 G C 400 251 149 0.372 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1698C>G ENSP00000384237.1:p.His566Gln 15/18 - - - 

44 SNV chr2 25462040 G C 400 251 149 0.372 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2367C>G ENSP00000324375.5:p.His789Gln 20/23 - - - 

44 INDEL chr2 25462028 G +T 369 232 137 0.371 DNMT3A ENSG00000119772 FRAME_SHIFT - - 20/23 YES - COSM231553 

44 INDEL chr2 25462028 G +T 369 232 137 0.371 DNMT3A ENSG00000119772 FRAME_SHIFT - - 16/19 - - COSM231553 

44 INDEL chr2 25462028 G +T 369 232 137 0.371 DNMT3A ENSG00000119772 FRAME_SHIFT - - 15/18 - - COSM231553 

44 SNV chr2 25462040 G C 400 251 149 0.372 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2367C>G ENSP00000264709.3:p.His789Gln 20/23 YES - - 

44 SNV chr2 25462040 G C 400 251 149 0.372 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1800C>G ENSP00000370122.4:p.His600Gln 16/19 - - - 

44 INDEL chr2 25462028 G +T 369 232 137 0.371 DNMT3A ENSG00000119772 FRAME_SHIFT - - 20/23 - - COSM231553 

46 SNV chr2 25457242 C T 261 132 129 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

46 SNV chr2 25457242 C T 261 132 129 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

46 SNV chr2 25457242 C T 261 132 129 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

46 SNV chr2 25457242 C T 261 132 129 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

58 INDEL chr2 25469616 G -AACAGCTTCCC 151 103 48 0.318 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000402667.1:c.485delC ENSP00000384237.1:p.Pro162ArgfsTer22 5/18 - - - 

58 INDEL chr2 25469616 G -AACAGCTTCCC 151 103 48 0.318 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000380746.4:c.587delC ENSP00000370122.4:p.Pro196ArgfsTer22 6/19 - - - 

58 SNV chr2 25464537 C G 256 139 117 0.457 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.1976G>C ENSP00000324375.5:p.Arg659Pro 17/23 - - COSM1019235,COSM1019236 

58 INDEL chr2 25469616 G -AACAGCTTCCC 151 103 48 0.318 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000264709.3:c.1154delC ENSP00000264709.3:p.Pro385ArgfsTer22 10/23 YES - - 

58 SNV chr2 25464537 C G 256 139 117 0.457 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.1976G>C ENSP00000264709.3:p.Arg659Pro 17/23 YES - COSM1019235,COSM1019236 

58 INDEL chr2 25469616 G -AACAGCTTCCC 151 103 48 0.318 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000321117.5:c.1154delC ENSP00000324375.5:p.Pro385ArgfsTer22 10/23 - - - 

58 SNV chr2 25464537 C G 256 139 117 0.457 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1307G>C ENSP00000384237.1:p.Arg436Pro 12/18 - - COSM1019235,COSM1019236 

58 SNV chr2 25464537 C G 256 139 117 0.457 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1409G>C ENSP00000370122.4:p.Arg470Pro 13/19 - - COSM1019235,COSM1019236 

59 INDEL chr2 25467149 T -GGCTGCCTG 169 84 85 0.503 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000321117.5:c.1726delA ENSP00000324375.5:p.Ile576LeufsTer75 15/23 - - - 

59 INDEL chr2 25467149 T -GGCTGCCTG 169 84 85 0.503 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000264709.3:c.1726delA ENSP00000264709.3:p.Ile576LeufsTer75 15/23 YES - - 

59 INDEL chr2 25467149 T -GGCTGCCTG 169 84 85 0.503 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000380746.4:c.1159delA ENSP00000370122.4:p.Ile387LeufsTer75 11/19 - - - 

59 INDEL chr2 25467149 T -GGCTGCCTG 169 84 85 0.503 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000402667.1:c.1057delA ENSP00000384237.1:p.Ile353LeufsTer75 10/18 - - - 

S02 SNV chr2 25457243 G A 325 181 144 0.443 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2644C>T ENSP00000264709.3:p.Arg882Cys 23/23 YES - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S02 SNV chr2 25457243 G A 325 181 144 0.443 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2644C>T ENSP00000324375.5:p.Arg882Cys 23/23 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S02 SNV chr2 25457243 G A 325 181 144 0.443 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2077C>T ENSP00000370122.4:p.Arg693Cys 19/19 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S02 SNV chr2 25457243 G A 325 181 144 0.443 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1975C>T ENSP00000384237.1:p.Arg659Cys 18/18 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S05 SNV chr2 25467436 A T 367 199 168 0.458 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1073T>A ENSP00000370122.4:p.Leu358His 10/19 - - rs111848085,COSM231556,COSM1583072 

S05 SNV chr2 25467436 A T 367 199 168 0.458 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.1640T>A ENSP00000324375.5:p.Leu547His 14/23 - - rs111848085,COSM231556,COSM1583072 



S05 SNV chr2 25467436 A T 367 199 168 0.458 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.1640T>A ENSP00000264709.3:p.Leu547His 14/23 YES - rs111848085,COSM231556,COSM1583072 

S05 SNV chr2 25467436 A T 367 199 168 0.458 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.971T>A ENSP00000384237.1:p.Leu324His 9/18 - - rs111848085,COSM231556,COSM1583072 

S17 SNV chr2 25457242 C T 654 333 321 0.491 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S17 SNV chr2 25457242 C T 654 333 321 0.491 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S17 SNV chr2 25457242 C T 654 333 321 0.491 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S17 SNV chr2 25457242 C T 654 333 321 0.491 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S19 SNV chr2 25457242 C T 491 271 220 0.448 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S19 SNV chr2 25457242 C T 491 271 220 0.448 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S19 SNV chr2 25457242 C T 491 271 220 0.448 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S19 SNV chr2 25457242 C T 491 271 220 0.448 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S23 INDEL chr2 25470488 A -T 625 317 308 0.493 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000264709.3:c.986delT ENSP00000264709.3:p.Met329SerfsTer16 8/23 YES - COSM1725001,COSM1725002 

S23 INDEL chr2 25470488 A -T 625 317 308 0.493 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000380746.4:c.419delT ENSP00000370122.4:p.Met140SerfsTer16 4/19 - - COSM1725001,COSM1725002 

S23 INDEL chr2 25470488 A -T 625 317 308 0.493 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000321117.5:c.986delT ENSP00000324375.5:p.Met329SerfsTer16 8/23 - - COSM1725001,COSM1725002 

S23 INDEL chr2 25470488 A -T 625 317 308 0.493 DNMT3A ENSG00000119772 FRAME_SHIFT ENST00000402667.1:c.317delT ENSP00000384237.1:p.Met106SerfsTer16 3/18 - - COSM1725001,COSM1725002 

S25 SNV chr2 25457242 C G 233 153 80 0.343 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>C ENSP00000264709.3:p.Arg882Pro 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S25 SNV chr2 25457242 C G 233 153 80 0.343 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>C ENSP00000384237.1:p.Arg659Pro 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S25 SNV chr2 25457242 C G 233 153 80 0.343 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>C ENSP00000370122.4:p.Arg693Pro 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S25 SNV chr2 25457242 C G 233 153 80 0.343 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>C ENSP00000324375.5:p.Arg882Pro 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S29 SNV chr2 25464439 G C 270 145 125 0.463 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1507C>G ENSP00000370122.4:p.Gln503Glu 13/19 - - - 

S29 SNV chr2 25464439 G C 270 145 125 0.463 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2074C>G ENSP00000324375.5:p.Gln692Glu 17/23 - - - 

S29 SNV chr2 25464439 G C 270 145 125 0.463 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2074C>G ENSP00000264709.3:p.Gln692Glu 17/23 YES - - 

S29 SNV chr2 25464439 G C 270 145 125 0.463 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1405C>G ENSP00000384237.1:p.Gln469Glu 12/18 - - - 

S30 SNV chr2 25463276 A C 310 161 149 0.481 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1650T>G ENSP00000370122.4:p.His550Gln 15/19 - - - 

S30 SNV chr2 25463276 A C 310 161 149 0.481 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2217T>G ENSP00000264709.3:p.His739Gln 19/23 YES - - 

S30 SNV chr2 25463276 A C 310 161 149 0.481 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2217T>G ENSP00000324375.5:p.His739Gln 19/23 - - - 

S30 SNV chr2 25463276 A C 310 161 149 0.481 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1548T>G ENSP00000384237.1:p.His516Gln 14/18 - - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 STOP_GAINED ENST00000380746.4:c.1699delG ENSP00000370122.4:p.Glu567ArgfsTer23 15/19 - - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 STOP_GAINED ENST00000402667.1:c.1597delG ENSP00000384237.1:p.Glu533ArgfsTer23 14/18 - - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000380746.4:c.1699delG ENSP00000370122.4:p.Glu567ArgfsTer23 15/19 - - - 

S32 SNV chr2 25463299 A C 329 164 165 0.501 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1525T>G ENSP00000384237.1:p.Phe509Val 14/18 - - rs149043640 

S32 SNV chr2 25463299 A C 329 164 165 0.501 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.1627T>G ENSP00000370122.4:p.Phe543Val 15/19 - - rs149043640 

S32 SNV chr2 25463299 A C 329 164 165 0.501 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2194T>G ENSP00000324375.5:p.Phe732Val 19/23 - - rs149043640 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000402667.1:c.1597delG ENSP00000384237.1:p.Glu533ArgfsTer23 14/18 - - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 STOP_GAINED ENST00000321117.5:c.2266delG ENSP00000324375.5:p.Glu756ArgfsTer23 19/23 - - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000264709.3:c.2266delG ENSP00000264709.3:p.Glu756ArgfsTer23 19/23 YES - - 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 CODON_CHANGE_PLUS_CODON_DELETION ENST00000321117.5:c.2266delG ENSP00000324375.5:p.Glu756ArgfsTer23 19/23 - - - 

S32 SNV chr2 25463299 A C 329 164 165 0.501 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2194T>G ENSP00000264709.3:p.Phe732Val 19/23 YES - rs149043640 

S32 INDEL chr2 25463227 C -AAAGAGCCAGAA 347 228 119 0.343 DNMT3A ENSG00000119772 STOP_GAINED ENST00000264709.3:c.2266delG ENSP00000264709.3:p.Glu756ArgfsTer23 19/23 YES - - 

S34 SNV chr2 25457242 C T 468 290 178 0.38 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S34 SNV chr2 25457242 C T 468 290 178 0.38 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S34 SNV chr2 25457242 C T 468 290 178 0.38 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S34 SNV chr2 25457242 C T 468 290 178 0.38 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S36 SNV chr2 25457243 G A 559 283 276 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2077C>T ENSP00000370122.4:p.Arg693Cys 19/19 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S36 SNV chr2 25457243 G A 559 283 276 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2644C>T ENSP00000324375.5:p.Arg882Cys 23/23 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S36 SNV chr2 25457243 G A 559 283 276 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2644C>T ENSP00000264709.3:p.Arg882Cys 23/23 YES - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S36 SNV chr2 25457243 G A 559 283 276 0.494 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1975C>T ENSP00000384237.1:p.Arg659Cys 18/18 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S45 SNV chr2 25463182 G A 387 211 176 0.455 DNMT3A ENSG00000119772 STOP_GAINED ENST00000380746.4:c.1744C>T ENSP00000370122.4:p.Arg582Ter 15/19 - - COSM231563,COSM1583105 

S45 SNV chr2 25463182 G A 387 211 176 0.455 DNMT3A ENSG00000119772 STOP_GAINED ENST00000264709.3:c.2311C>T ENSP00000264709.3:p.Arg771Ter 19/23 YES - COSM231563,COSM1583105 

S45 SNV chr2 25463182 G A 387 211 176 0.455 DNMT3A ENSG00000119772 STOP_GAINED ENST00000402667.1:c.1642C>T ENSP00000384237.1:p.Arg548Ter 14/18 - - COSM231563,COSM1583105 

S45 SNV chr2 25463182 G A 387 211 176 0.455 DNMT3A ENSG00000119772 STOP_GAINED ENST00000321117.5:c.2311C>T ENSP00000324375.5:p.Arg771Ter 19/23 - - COSM231563,COSM1583105 

S46 SNV chr2 25457242 C T 419 193 226 0.539 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S46 SNV chr2 25457242 C T 419 193 226 0.539 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S46 SNV chr2 25457242 C T 419 193 226 0.539 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S46 SNV chr2 25457242 C T 419 193 226 0.539 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S47 SNV chr2 25470497 C T 367 193 174 0.474 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.410G>A ENSP00000370122.4:p.Arg137His 4/19 - - COSM477214 

S47 SNV chr2 25470497 C T 367 193 174 0.474 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.977G>A ENSP00000324375.5:p.Arg326His 8/23 - - COSM477214 

S47 SNV chr2 25470497 C T 367 193 174 0.474 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.308G>A ENSP00000384237.1:p.Arg103His 3/18 - - COSM477214 

S47 SNV chr2 25470497 C T 367 193 174 0.474 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.977G>A ENSP00000264709.3:p.Arg326His 8/23 YES - COSM477214 

S53 SNV chr2 25457242 C T 470 251 219 0.466 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S53 SNV chr2 25457242 C T 470 251 219 0.466 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S53 SNV chr2 25457242 C T 470 251 219 0.466 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S53 SNV chr2 25457242 C T 470 251 219 0.466 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S57 SNV chr2 25457242 C T 674 364 310 0.46 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S57 SNV chr2 25457242 C T 674 364 310 0.46 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S57 SNV chr2 25457242 C T 674 364 310 0.46 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S57 SNV chr2 25457242 C T 674 364 310 0.46 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S58 SNV chr2 25457242 C T 727 355 372 0.512 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2645G>A ENSP00000324375.5:p.Arg882His 23/23 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S58 SNV chr2 25457242 C T 727 355 372 0.512 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2078G>A ENSP00000370122.4:p.Arg693His 19/19 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S58 SNV chr2 25457242 C T 727 355 372 0.512 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1976G>A ENSP00000384237.1:p.Arg659His 18/18 - - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S58 SNV chr2 25457242 C T 727 355 372 0.512 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2645G>A ENSP00000264709.3:p.Arg882His 23/23 YES - rs147001633,COSM99740,COSM52944,COSM1583129,COSM3356083,COSM442676 

S63 SNV chr2 25466834 G C 340 231 109 0.321 DNMT3A ENSG00000119772 STOP_GAINED ENST00000264709.3:c.1869C>G ENSP00000264709.3:p.Tyr623Ter 16/23 YES - COSM144489 

S63 SNV chr2 25466834 G C 340 231 109 0.321 DNMT3A ENSG00000119772 STOP_GAINED ENST00000402667.1:c.1200C>G ENSP00000384237.1:p.Tyr400Ter 11/18 - - COSM144489 

S63 SNV chr2 25466834 G C 340 231 109 0.321 DNMT3A ENSG00000119772 STOP_GAINED ENST00000321117.5:c.1869C>G ENSP00000324375.5:p.Tyr623Ter 16/23 - - COSM144489 

S63 SNV chr2 25466834 G C 340 231 109 0.321 DNMT3A ENSG00000119772 STOP_GAINED ENST00000380746.4:c.1302C>G ENSP00000370122.4:p.Tyr434Ter 12/19 - - COSM144489 

S65 SNV chr2 25457243 G A 582 322 260 0.447 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000402667.1:c.1975C>T ENSP00000384237.1:p.Arg659Cys 18/18 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S65 SNV chr2 25457243 G A 582 322 260 0.447 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000380746.4:c.2077C>T ENSP00000370122.4:p.Arg693Cys 19/19 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S65 SNV chr2 25457243 G A 582 322 260 0.447 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000321117.5:c.2644C>T ENSP00000324375.5:p.Arg882Cys 23/23 - - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

S65 SNV chr2 25457243 G A 582 322 260 0.447 DNMT3A ENSG00000119772 NON_SYNONYMOUS_CODING ENST00000264709.3:c.2644C>T ENSP00000264709.3:p.Arg882Cys 23/23 YES - rs377577594,COSM1583136,COSM87001,COSM53042,COSM1166704 

1 SNV chr20 32264462 C T 123 74 49 0.398 E2F1 ENSG00000101412 UTR_3_PRIME ENST00000343380.5:c.*76G>A - 7/7 YES 0.0002 rs532185356 

64 SNV chr20 32266124 A G 221 123 98 0.443 E2F1 ENSG00000101412 NON_SYNONYMOUS_CODING ENST00000343380.5:c.608T>C ENSP00000345571.5:p.Leu203Pro 4/7 YES 0.0002 rs546049774 

S22 INDEL chr20 32266127 C -G 438 290 148 0.337 E2F1 ENSG00000101412 FRAME_SHIFT ENST00000343380.5:c.606delG ENSP00000345571.5:p.Glu204ArgfsTer3 4/7 YES - rs377637237 

S36 SNV chr5 158250225 C T 867 468 399 0.46 EBF1 ENSG00000164330 NON_SYNONYMOUS_CODING ENST00000313708.6:c.737G>A ENSP00000322898.6:p.Arg246Lys 8/16 YES - - 

S36 SNV chr5 158250225 C T 867 468 399 0.46 EBF1 ENSG00000164330 NON_SYNONYMOUS_CODING ENST00000380654.4:c.668G>A ENSP00000370029.4:p.Arg223Lys 7/15 - - - 

S36 SNV chr5 158250225 C T 867 468 399 0.46 EBF1 ENSG00000164330 NON_SYNONYMOUS_CODING ENST00000517373.1:c.737G>A ENSP00000428020.1:p.Arg246Lys 8/15 - - - 

8 SNV chr6 139170538 G A 821 429 392 0.477 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000423192.1:c.1036G>A ENSP00000387388.1:p.Asp346Asn 8/21 YES - - 

8 SNV chr6 139170538 G A 821 429 392 0.477 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000541398.1:c.829G>A ENSP00000442307.1:p.Asp277Asn 6/17 - - - 

8 SNV chr6 139170538 G A 821 429 392 0.477 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000367682.2:c.1036G>A ENSP00000356655.2:p.Asp346Asn 7/20 - - - 

S20 SNV chr6 139165601 C G 965 452 513 0.532 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000367682.2:c.648C>G ENSP00000356655.2:p.Ser216Arg 5/20 - 0.0002 rs549245814 

S20 SNV chr6 139165601 C G 965 452 513 0.532 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000541398.1:c.441C>G ENSP00000442307.1:p.Ser147Arg 4/17 - 0.0002 rs549245814 

S20 SNV chr6 139165601 C G 965 452 513 0.532 ECT2L ENSG00000203734 NON_SYNONYMOUS_CODING ENST00000423192.1:c.648C>G ENSP00000387388.1:p.Ser216Arg 6/21 YES 0.0002 rs549245814 

7 SNV chr19 18555667 G C 212 127 85 0.401 ELL ENSG00000105656 NON_SYNONYMOUS_CODING ENST00000262809.4:c.1761C>G ENSP00000262809.3:p.Asn587Lys 12/12 YES 0.0006 rs568878298 

S14 SNV chr19 18572617 G A 178 84 94 0.528 ELL ENSG00000105656 NON_SYNONYMOUS_CODING ENST00000596124.3:c.116C>T ENSP00000475648.2:p.Ala39Val 5/12 - - - 

S14 SNV chr19 18572617 G A 178 84 94 0.528 ELL ENSG00000105656 NON_SYNONYMOUS_CODING ENST00000262809.4:c.515C>T ENSP00000262809.3:p.Ala172Val 5/12 YES - - 

S59 SNV chr19 18561673 T C 590 284 306 0.518 ELL ENSG00000105656 NON_SYNONYMOUS_CODING ENST00000262809.4:c.1079A>G ENSP00000262809.3:p.Asn360Ser 8/12 YES 0.0002 rs553696102 

S59 SNV chr19 18561673 T C 590 284 306 0.518 ELL ENSG00000105656 NON_SYNONYMOUS_CODING ENST00000596124.3:c.680A>G ENSP00000475648.2:p.Asn227Ser 8/12 - 0.0002 rs553696102 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380553.4:c.947C>T ENSP00000369926.4:p.Pro316Leu 14/25 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000357036.5:c.1313C>T ENSP00000349540.5:p.Pro438Leu 20/32 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000414324.1:c.1283C>T ENSP00000392575.1:p.Pro428Leu 19/31 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000458204.1:c.1268C>T ENSP00000403162.1:p.Pro423Leu 19/32 - - - 



64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000320399.6:c.1298C>T ENSP00000313565.6:p.Pro433Leu 20/33 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000429192.1:c.1313C>T ENSP00000391129.1:p.Pro438Leu 20/31 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380575.4:c.1268C>T ENSP00000369949.4:p.Pro423Leu 19/30 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380576.5:c.1298C>T ENSP00000369950.5:p.Pro433Leu 20/32 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000445912.1:c.1298C>T ENSP00000389857.1:p.Pro433Leu 20/32 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000358929.4:c.1298C>T ENSP00000351807.4:p.Pro433Leu 20/34 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000252034.7:c.1298C>T ENSP00000252034.7:p.Pro433Leu 20/33 YES - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380584.4:c.1256C>T ENSP00000369958.4:p.Pro419Leu 19/29 - - - 

64 SNV chr7 73470748 C T 137 61 76 0.555 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380562.4:c.1298C>T ENSP00000369936.4:p.Pro433Leu 20/33 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380584.4:c.1765G>A ENSP00000369958.4:p.Ala589Thr 25/29 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000320492.7:c.1666G>A ENSP00000315607.7:p.Ala556Thr 24/29 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000414324.1:c.1837G>A ENSP00000392575.1:p.Ala613Thr 26/31 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380562.4:c.1927G>A ENSP00000369936.4:p.Ala643Thr 28/33 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000358929.4:c.2113G>A ENSP00000351807.4:p.Ala705Thr 29/34 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000458204.1:c.1879G>A ENSP00000403162.1:p.Ala627Thr 27/32 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000320399.6:c.2008G>A ENSP00000313565.6:p.Ala670Thr 28/33 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000429192.1:c.1867G>A ENSP00000391129.1:p.Ala623Thr 27/31 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000252034.7:c.1909G>A ENSP00000252034.7:p.Ala637Thr 28/33 YES - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380576.5:c.1852G>A ENSP00000369950.5:p.Ala618Thr 27/32 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380553.4:c.1501G>A ENSP00000369926.4:p.Ala501Thr 21/25 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000380575.4:c.1822G>A ENSP00000369949.4:p.Ala608Thr 26/30 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000445912.1:c.1909G>A ENSP00000389857.1:p.Ala637Thr 28/32 - - - 

S54 SNV chr7 73477690 G A 319 161 158 0.495 ELN ENSG00000049540 NON_SYNONYMOUS_CODING ENST00000357036.5:c.1924G>A ENSP00000349540.5:p.Ala642Thr 28/32 - - - 

S22 SNV chr2 42522551 T G 655 331 324 0.495 EML4 ENSG00000143924 NON_SYNONYMOUS_CODING ENST00000318522.5:c.1384T>G ENSP00000320663.5:p.Leu462Val 13/23 YES - - 

S22 SNV chr2 42522551 T G 655 331 324 0.495 EML4 ENSG00000143924 NON_SYNONYMOUS_CODING ENST00000402711.2:c.1210T>G ENSP00000385059.2:p.Leu404Val 12/22 - - - 

S22 SNV chr2 42522551 T G 655 331 324 0.495 EML4 ENSG00000143924 NON_SYNONYMOUS_CODING ENST00000401738.3:c.1417T>G ENSP00000384939.3:p.Leu473Val 14/24 - - - 

19 INDEL chr22 41574340 A -ACCAGTTCCAGC 814 515 299 0.367 EP300 ENSG00000100393 CODON_DELETION ENST00000263253.7:c.6626delA ENSP00000263253.7:p.Asn2209ThrfsTer34 31/31 YES - - 

25 INDEL chr22 41574281 T -GCAACAGCAGCA 603 402 201 0.333 EP300 ENSG00000100393 CODON_CHANGE_PLUS_CODON_DELETION ENST00000263253.7:c.6567delG ENSP00000263253.7:p.Met2189IlefsTer13 31/31 YES - - 

30 SNV chr22 41536257 A G 196 125 71 0.362 EP300 ENSG00000100393 NON_SYNONYMOUS_CODING ENST00000263253.7:c.1874A>G ENSP00000263253.7:p.Asn625Ser 9/31 YES - - 

8 INDEL chr22 41574340 A -ACCAGTTCCAGC 1531 1172 359 0.234 EP300 ENSG00000100393 CODON_DELETION ENST00000263253.7:c.6626delA ENSP00000263253.7:p.Asn2209ThrfsTer34 31/31 YES - - 

S54 INDEL chr22 41574340 A -ACCAGTTCCAGC 707 511 196 0.277 EP300 ENSG00000100393 CODON_DELETION ENST00000263253.7:c.6626delA ENSP00000263253.7:p.Asn2209ThrfsTer34 31/31 YES - - 

S56 SNV chr22 41564741 G T 1056 610 446 0.422 EP300 ENSG00000100393 STOP_GAINED ENST00000263253.7:c.4042G>T ENSP00000263253.7:p.Glu1348Ter 25/31 YES - - 

46 SNV chr19 11491756 G C 131 65 66 0.504 EPOR ENSG00000187266 NON_SYNONYMOUS_CODING ENST00000222139.6:c.715C>G ENSP00000222139.5:p.Pro239Ala 5/8 YES - - 

S52 SNV chr19 11489237 C A 470 259 211 0.449 EPOR ENSG00000187266 NON_SYNONYMOUS_CODING ENST00000222139.6:c.950G>T ENSP00000222139.5:p.Trp317Leu 8/8 YES - - 

S58 SNV chr19 11488727 T C 737 400 337 0.457 EPOR ENSG00000187266 NON_SYNONYMOUS_CODING ENST00000222139.6:c.1460A>G ENSP00000222139.5:p.Asn487Ser 8/8 YES 0.0022 rs62638745,CM962728 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000541774.1:c.1058A>G ENSP00000446466.1:p.Lys353Arg 9/27 - - - 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000445658.2:c.275A>G ENSP00000404047.2:p.Lys92Arg 3/21 - - - 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000406381.2:c.1013A>G ENSP00000385185.2:p.Lys338Arg 11/29 - - - 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000540147.1:c.1013A>G ENSP00000443562.1:p.Lys338Arg 9/27 - - - 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000269571.5:c.1103A>G ENSP00000269571.4:p.Lys368Arg 9/27 YES - - 

23 SNV chr17 37868656 A G 235 121 114 0.485 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000540042.1:c.1013A>G ENSP00000446382.1:p.Lys338Arg 9/15 - - - 

43 SNV chr17 37866402 G A 381 186 195 0.512 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000406381.2:c.617G>A ENSP00000385185.2:p.Cys206Tyr 8/29 - - - 

43 SNV chr17 37866402 G A 381 186 195 0.512 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000540042.1:c.617G>A ENSP00000446382.1:p.Cys206Tyr 6/15 - - - 

43 SNV chr17 37866402 G A 381 186 195 0.512 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000269571.5:c.707G>A ENSP00000269571.4:p.Cys236Tyr 6/27 YES - - 

43 SNV chr17 37866402 G A 381 186 195 0.512 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000540147.1:c.617G>A ENSP00000443562.1:p.Cys206Tyr 6/27 - - - 

43 SNV chr17 37866402 G A 381 186 195 0.512 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000541774.1:c.662G>A ENSP00000446466.1:p.Cys221Tyr 6/27 - - - 

63 SNV chr17 37882045 G C 454 236 218 0.48 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000269571.5:c.2811G>C ENSP00000269571.4:p.Lys937Asn 23/27 YES - COSM3516815 

63 SNV chr17 37882045 G C 454 236 218 0.48 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000406381.2:c.2721G>C ENSP00000385185.2:p.Lys907Asn 25/29 - - COSM3516815 

63 SNV chr17 37882045 G C 454 236 218 0.48 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000445658.2:c.1983G>C ENSP00000404047.2:p.Lys661Asn 17/21 - - COSM3516815 

63 SNV chr17 37882045 G C 454 236 218 0.48 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000540147.1:c.2721G>C ENSP00000443562.1:p.Lys907Asn 23/27 - - COSM3516815 

63 SNV chr17 37882045 G C 454 236 218 0.48 ERBB2 ENSG00000141736 NON_SYNONYMOUS_CODING ENST00000541774.1:c.2766G>C ENSP00000446466.1:p.Lys922Asn 23/27 - - COSM3516815 

1 SNV chr19 45860581 C T 346 182 164 0.474 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391941.2:c.1354G>A ENSP00000375805.2:p.Val452Ile 14/21 - 0.0018 rs531021258 

1 SNV chr19 45860581 C T 346 182 164 0.474 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391944.3:c.1192G>A ENSP00000375808.3:p.Val398Ile 13/21 - 0.0018 rs531021258 

1 SNV chr19 45860581 C T 346 182 164 0.474 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391945.4:c.1426G>A ENSP00000375809.3:p.Val476Ile 15/23 YES 0.0018 rs531021258 

38 SNV chr19 45855826 G A 664 354 310 0.467 ERCC2 ENSG00000104884 STOP_GAINED ENST00000391944.3:c.1750C>T ENSP00000375808.3:p.Gln584Ter 19/21 - - CM091461 

38 SNV chr19 45855826 G A 664 354 310 0.467 ERCC2 ENSG00000104884 STOP_GAINED ENST00000391941.2:c.1912C>T ENSP00000375805.2:p.Gln638Ter 20/21 - - CM091461 

38 SNV chr19 45855826 G A 664 354 310 0.467 ERCC2 ENSG00000104884 STOP_GAINED ENST00000391945.4:c.1984C>T ENSP00000375809.3:p.Gln662Ter 21/23 YES - CM091461 

40 SNV chr19 45864820 A C 159 92 67 0.421 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391941.2:c.1127T>G ENSP00000375805.2:p.Leu376Arg 11/21 - - - 

40 SNV chr19 45864820 A C 159 92 67 0.421 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391944.3:c.965T>G ENSP00000375808.3:p.Leu322Arg 10/21 - - - 

40 SNV chr19 45864820 A C 159 92 67 0.421 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391945.4:c.1199T>G ENSP00000375809.3:p.Leu400Arg 12/23 YES - - 

40 SNV chr19 45864820 A C 159 92 67 0.421 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000485403.2:c.1127T>G ENSP00000431229.2:p.Leu376Arg 11/12 - - - 

40 SNV chr19 45864820 A C 159 92 67 0.421 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391940.4:c.1127T>G ENSP00000375804.4:p.Leu376Arg 12/13 - - - 

S10 INDEL chr19 45856553 T -AA 216 106 110 0.509 ERCC2 ENSG00000104884 FRAME_SHIFT ENST00000391945.4:c.1705delA ENSP00000375809.3:p.Ile569LeufsTer140 18/23 YES 0.0002 rs141944141,CD013475 

S10 INDEL chr19 45856553 T -AA 216 106 110 0.509 ERCC2 ENSG00000104884 FRAME_SHIFT ENST00000391941.2:c.1633delA ENSP00000375805.2:p.Ile545LeufsTer140 17/21 - 0.0002 rs141944141,CD013475 

S10 INDEL chr19 45856553 T -AA 216 106 110 0.509 ERCC2 ENSG00000104884 FRAME_SHIFT ENST00000391944.3:c.1471delA ENSP00000375808.3:p.Ile491LeufsTer140 16/21 - 0.0002 rs141944141,CD013475 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000586131.1:c.226G>A ENSP00000464887.1:p.Glu76Lys 5/10 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391940.4:c.226G>A ENSP00000375804.4:p.Glu76Lys 5/13 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000485403.2:c.226G>A ENSP00000431229.2:p.Glu76Lys 4/12 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391945.4:c.298G>A ENSP00000375809.3:p.Glu100Lys 5/23 YES - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000586856.1:c.148G>A ENSP00000466998.1:p.Glu50Lys 3/4 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391941.2:c.226G>A ENSP00000375805.2:p.Glu76Lys 4/21 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000221481.6:c.298G>A ENSP00000221481.6:p.Glu100Lys 5/8 - - - 

S20 SNV chr19 45871950 C T 959 488 471 0.491 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391944.3:c.298G>A ENSP00000375808.3:p.Glu100Lys 5/21 - - - 

S22 SNV chr19 45856577 T C 296 160 136 0.46 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391944.3:c.1447A>G ENSP00000375808.3:p.Ile483Val 16/21 - - - 

S22 SNV chr19 45856577 T C 296 160 136 0.46 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391945.4:c.1681A>G ENSP00000375809.3:p.Ile561Val 18/23 YES - - 

S22 SNV chr19 45856577 T C 296 160 136 0.46 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391941.2:c.1609A>G ENSP00000375805.2:p.Ile537Val 17/21 - - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000485403.2:c.701G>A ENSP00000431229.2:p.Arg234Gln 8/12 - - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391944.3:c.539G>A ENSP00000375808.3:p.Arg180Gln 7/21 - - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391940.4:c.701G>A ENSP00000375804.4:p.Arg234Gln 9/13 - - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391945.4:c.773G>A ENSP00000375809.3:p.Arg258Gln 9/23 YES - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000586131.1:c.701G>A ENSP00000464887.1:p.Arg234Gln 9/10 - - - 

S39 SNV chr19 45867535 C T 301 159 142 0.472 ERCC2 ENSG00000104884 NON_SYNONYMOUS_CODING ENST00000391941.2:c.701G>A ENSP00000375805.2:p.Arg234Gln 8/21 - - - 

S32 INDEL chr2 128029022 T -C 509 245 264 0.518 ERCC3 ENSG00000163161 FRAME_SHIFT ENST00000285398.2:c.1835delA ENSP00000285398.2:p.Asp612AlafsTer29 12/15 YES - - 

S32 INDEL chr2 128029022 T -C 509 245 264 0.518 ERCC3 ENSG00000163161 FRAME_SHIFT ENST00000493187.2:c.1643delA ENSP00000444796.1:p.Asp548AlafsTer29 12/15 - - - 

S20 SNV chr16 14042064 A G 1264 682 582 0.46 ERCC4 ENSG00000175595 NON_SYNONYMOUS_CODING ENST00000311895.7:c.2611A>G ENSP00000310520.7:p.Lys871Glu 11/11 YES - - 

31 SNV chr13 103518074 C G 304 161 143 0.469 ERCC5 ENSG00000134899 UTR_5_PRIME ENST00000375954.1:c.-640C>G - 1/6 - - - 

31 SNV chr13 103518074 C G 304 161 143 0.469 ERCC5 ENSG00000134899 NON_SYNONYMOUS_CODING ENST00000355739.4:c.2012C>G ENSP00000347978.4:p.Pro671Arg 9/15 YES - - 

55 SNV chr3 185797727 C G 195 148 47 0.241 ETV5 ENSG00000244405 NON_SYNONYMOUS_CODING ENST00000537818.1:c.655G>C ENSP00000441737.1:p.Ala219Pro 7/13 - 0.0008 rs185636057,COSM3846945,COSM1251548,COSM1251547,COSM3846946,COSM3846947 

55 SNV chr3 185797727 C G 195 148 47 0.241 ETV5 ENSG00000244405 NON_SYNONYMOUS_CODING ENST00000306376.5:c.529G>C ENSP00000306894.5:p.Ala177Pro 7/13 YES 0.0008 rs185636057,COSM3846945,COSM1251548,COSM1251547,COSM3846946,COSM3846947 

55 SNV chr3 185797727 C G 195 148 47 0.241 ETV5 ENSG00000244405 NON_SYNONYMOUS_CODING ENST00000434744.1:c.529G>C ENSP00000413755.1:p.Ala177Pro 7/13 - 0.0008 rs185636057,COSM3846945,COSM1251548,COSM1251547,COSM3846946,COSM3846947 

S65 INDEL chr3 185826274 T +G 349 184 165 0.471 ETV5 ENSG00000244405 FRAME_SHIFT - - 1/13 - - - 

25 SNV chr12 12037445 G T 340 190 150 0.441 ETV6 ENSG00000139083 NON_SYNONYMOUS_CODING ENST00000396373.4:c.1076G>T ENSP00000379658.3:p.Arg359Leu 6/8 YES - - 

S33 INDEL chr12 12006487 A +T 722 571 151 0.209 ETV6 ENSG00000139083 FRAME_SHIFT - - 4/8 YES - - 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000460911.1:c.338G>A ENSP00000419711.1:p.Trp113Ter 4/20 - - - 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000476773.1:c.311G>A ENSP00000419050.1:p.Trp104Ter 4/19 - - - 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000483967.1:c.2008C>T ENSP00000419856.1:p.Arg670Cys 18/20 - - COSM53005 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000536783.1:c.11G>A ENSP00000439305.1:p.Trp4Ter 5/12 - - - 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000350995.2:c.1918C>T ENSP00000223193.2:p.Arg640Cys 17/19 - - COSM53005 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000460911.1:c.2035C>T ENSP00000419711.1:p.Arg679Cys 18/20 - - COSM53005 



10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000478654.1:c.1882C>T ENSP00000417062.1:p.Arg628Cys 18/20 - - COSM53005 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000541220.1:c.1882C>T ENSP00000443219.1:p.Arg628Cys 17/19 - - COSM53005 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000476773.1:c.1882C>T ENSP00000419050.1:p.Arg628Cys 17/19 - - COSM53005 

10 SNV chr7 148506462 G A 89 59 30 0.337 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000320356.2:c.2050C>T ENSP00000320147.2:p.Arg684Cys 18/20 YES - COSM53005 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000541220.1:c.311G>A ENSP00000443219.1:p.Trp104Ter 4/19 - - - 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000320356.2:c.338G>A ENSP00000320147.2:p.Trp113Ter 4/20 YES - - 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000483967.1:c.311G>A ENSP00000419856.1:p.Trp104Ter 4/20 - - - 

10 SNV chr7 148529751 C T 50 38 12 0.24 EZH2 ENSG00000106462 STOP_GAINED ENST00000478654.1:c.311G>A ENSP00000417062.1:p.Trp104Ter 5/20 - - - 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000350995.2:c.1846G>A ENSP00000223193.2:p.Gly616Arg 16/19 - - COSM53027 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000460911.1:c.2218G>A ENSP00000419711.1:p.Glu740Lys 20/20 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000476773.1:c.2065G>A ENSP00000419050.1:p.Glu689Lys 19/19 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000350995.2:c.2101G>A ENSP00000223193.2:p.Glu701Lys 19/19 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000483967.1:c.1936G>A ENSP00000419856.1:p.Gly646Arg 17/20 - - COSM53027 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000320356.2:c.2233G>A ENSP00000320147.2:p.Glu745Lys 20/20 YES - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000483967.1:c.2191G>A ENSP00000419856.1:p.Glu731Lys 20/20 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000476773.1:c.1810G>A ENSP00000419050.1:p.Gly604Arg 16/19 - - COSM53027 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000541220.1:c.1810G>A ENSP00000443219.1:p.Gly604Arg 16/19 - - COSM53027 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000541220.1:c.2065G>A ENSP00000443219.1:p.Glu689Lys 19/19 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000460911.1:c.1963G>A ENSP00000419711.1:p.Gly655Arg 17/20 - - COSM53027 

S03 SNV chr7 148504761 C T 373 191 182 0.488 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000478654.1:c.2065G>A ENSP00000417062.1:p.Glu689Lys 20/20 - - rs397515548,COSM1087033,COSM1087034 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000320356.2:c.1978G>A ENSP00000320147.2:p.Gly660Arg 17/20 YES - COSM53027 

S03 SNV chr7 148507476 C T 538 271 267 0.496 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000478654.1:c.1810G>A ENSP00000417062.1:p.Gly604Arg 17/20 - - COSM53027 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000460911.1:c.1228G>C ENSP00000419711.1:p.Ala410Pro 11/20 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000460911.1:c.955C>T ENSP00000419711.1:p.Pro319Ser 9/20 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000460911.1:c.1228G>C ENSP00000419711.1:p.Ala410Pro 11/20 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000350995.2:c.1111G>C ENSP00000223193.2:p.Ala371Pro 10/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000541220.1:c.1201G>C ENSP00000443219.1:p.Ala401Pro 11/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000320356.2:c.1243G>C ENSP00000320147.2:p.Ala415Pro 11/20 YES - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000350995.2:c.1111G>C ENSP00000223193.2:p.Ala371Pro 10/19 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000483967.1:c.928C>T ENSP00000419856.1:p.Pro310Ser 9/20 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000541220.1:c.928C>T ENSP00000443219.1:p.Pro310Ser 9/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000541220.1:c.1201G>C ENSP00000443219.1:p.Ala401Pro 11/19 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000478654.1:c.928C>T ENSP00000417062.1:p.Pro310Ser 10/20 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000478654.1:c.1201G>C ENSP00000417062.1:p.Ala401Pro 12/20 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000350995.2:c.838C>T ENSP00000223193.2:p.Pro280Ser 8/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000476773.1:c.1201G>C ENSP00000419050.1:p.Ala401Pro 11/19 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000320356.2:c.970C>T ENSP00000320147.2:p.Pro324Ser 9/20 YES - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000320356.2:c.1243G>C ENSP00000320147.2:p.Ala415Pro 11/20 YES - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 SPLICE_SITE_REGION ENST00000483967.1:c.1201G>C ENSP00000419856.1:p.Ala401Pro 11/20 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000476773.1:c.1201G>C ENSP00000419050.1:p.Ala401Pro 11/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000478654.1:c.1201G>C ENSP00000417062.1:p.Ala401Pro 12/20 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000536783.1:c.628C>T ENSP00000439305.1:p.Pro210Ser 10/12 - - - 

S59 SNV chr7 148516717 G A 566 309 257 0.454 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000476773.1:c.928C>T ENSP00000419050.1:p.Pro310Ser 9/19 - - - 

S59 SNV chr7 148514481 C G 406 222 184 0.453 EZH2 ENSG00000106462 NON_SYNONYMOUS_CODING ENST00000483967.1:c.1201G>C ENSP00000419856.1:p.Ala401Pro 11/20 - - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 NON_SYNONYMOUS_CODING ENST00000337147.7:c.10C>T ENSP00000338934.7:p.Pro4Ser 1/13 - - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 SPLICE_SITE_REGION ENST00000392177.4:c.10C>T ENSP00000376016.4:p.Pro4Ser 1/12 - - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 SPLICE_SITE_REGION ENST00000337147.7:c.10C>T ENSP00000338934.7:p.Pro4Ser 1/13 - - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 NON_SYNONYMOUS_CODING ENST00000392177.4:c.10C>T ENSP00000376016.4:p.Pro4Ser 1/12 - - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 NON_SYNONYMOUS_CODING ENST00000367075.3:c.10C>T ENSP00000356042.3:p.Pro4Ser 2/14 YES - - 

S38 SNV chr6 159239116 G A 534 249 285 0.534 EZR ENSG00000092820 SPLICE_SITE_REGION ENST00000367075.3:c.10C>T ENSP00000356042.3:p.Pro4Ser 2/14 YES - - 

11 SNV chr16 89837018 A C 59 43 16 0.271 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000389301.3:c.2176T>G ENSP00000373952.3:p.Phe726Val 24/43 YES - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000389301.3:c.562C>G ENSP00000373952.3:p.Gln188Glu 6/43 YES - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000534992.1:c.562C>G ENSP00000443675.1:p.Gln188Glu 6/11 - - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000563673.1:c.562C>G ENSP00000456443.1:p.Gln188Glu 6/10 - - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000543736.1:c.466C>G ENSP00000443409.1:p.Gln156Glu 5/10 - - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000568369.1:c.562C>G ENSP00000456829.1:p.Gln188Glu 6/43 - - - 

S47 SNV chr16 89874736 G C 386 218 168 0.435 FANCA ENSG00000187741 NON_SYNONYMOUS_CODING ENST00000389302.3:c.562C>G ENSP00000373953.3:p.Gln188Glu 6/11 - - - 

1 SNV chr9 97933410 C T 194 111 83 0.428 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000289081.3:c.472G>A ENSP00000289081.3:p.Ala158Thr 6/15 YES - rs372338418 

1 SNV chr9 98011619 A G 183 98 85 0.464 FANCC ENSG00000158169 UTR_5_PRIME ENST00000375305.1:c.-46T>C - 2/15 - - - 

1 SNV chr9 97933410 C T 194 111 83 0.428 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000375305.1:c.472G>A ENSP00000364454.1:p.Ala158Thr 6/15 - - rs372338418 

1 SNV chr9 98011619 A G 183 98 85 0.464 FANCC ENSG00000158169 UTR_5_PRIME ENST00000289081.3:c.-46T>C - 2/15 YES - - 

1 SNV chr9 98011619 A G 183 98 85 0.464 FANCC ENSG00000158169 UTR_5_PRIME ENST00000433829.1:c.-46T>C - 2/5 - - - 

21 SNV chr9 97897632 G A 230 123 107 0.465 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000375305.1:c.839C>T ENSP00000364454.1:p.Ser280Leu 8/15 - - - 

21 SNV chr9 97897632 G A 230 123 107 0.465 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000289081.3:c.839C>T ENSP00000289081.3:p.Ser280Leu 8/15 YES - - 

S60 SNV chr9 97897732 G A 641 338 303 0.473 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000375305.1:c.739C>T ENSP00000364454.1:p.Leu247Phe 8/15 - - - 

S60 SNV chr9 97897732 G A 641 338 303 0.473 FANCC ENSG00000158169 NON_SYNONYMOUS_CODING ENST00000289081.3:c.739C>T ENSP00000289081.3:p.Leu247Phe 8/15 YES - - 

31 SNV chr11 22647134 C T 256 144 112 0.438 FANCF ENSG00000183161 NON_SYNONYMOUS_CODING ENST00000327470.3:c.223G>A ENSP00000330875.3:p.Gly75Ser 1/1 YES - - 

24 SNV chr4 187518126 C T 411 265 146 0.355 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.12568G>A ENSP00000406229.2:p.Ala4190Thr 25/27 YES - - 

31 SNV chr4 187627734 T C 260 127 133 0.511 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.3248A>G ENSP00000406229.2:p.Lys1083Arg 2/27 YES - - 

64 SNV chr4 187538299 A G 95 50 45 0.474 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.8935T>C ENSP00000406229.2:p.Tyr2979His 11/27 YES - - 

S19 SNV chr4 187509919 C T 537 278 259 0.482 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000512772.1:c.932G>A ENSP00000424157.1:p.Val312Ile 4/4 - - - 

S19 SNV chr4 187509919 C T 537 278 259 0.482 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.13594G>A ENSP00000406229.2:p.Val4532Ile 27/27 YES - - 

S38 SNV chr4 187541862 C G 701 362 339 0.484 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.5878G>C ENSP00000406229.2:p.Ala1960Pro 10/27 YES - - 

S46 SNV chr4 187628169 T C 613 321 292 0.476 FAT1 ENSG00000083857 NON_SYNONYMOUS_CODING ENST00000441802.2:c.2813A>G ENSP00000406229.2:p.Glu938Gly 2/27 YES - - 

21 SNV chr5 150947190 T C 606 347 259 0.427 FAT2 ENSG00000086570 NON_SYNONYMOUS_CODING ENST00000261800.5:c.1303A>G ENSP00000261800.5:p.Thr435Ala 1/23 YES - - 

S22 SNV chr5 150933988 C T 659 330 329 0.499 FAT2 ENSG00000086570 NON_SYNONYMOUS_CODING ENST00000261800.5:c.3880G>A ENSP00000261800.5:p.Asp1294Asn 4/23 YES - - 

S65 SNV chr5 150924104 G A 821 422 399 0.486 FAT2 ENSG00000086570 NON_SYNONYMOUS_CODING ENST00000261800.5:c.6584C>T ENSP00000261800.5:p.Ala2195Val 9/23 YES - - 

12 SNV chr11 92531596 A G 160 95 65 0.406 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000298047.6:c.5417A>G ENSP00000298047.6:p.Asn1806Ser 9/27 YES - - 

12 SNV chr11 92531596 A G 160 95 65 0.406 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000409404.2:c.5417A>G ENSP00000387040.2:p.Asn1806Ser 9/25 - - - 

12 SNV chr11 92531596 A G 160 95 65 0.406 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000525166.1:c.4967A>G ENSP00000432586.1:p.Asn1656Ser 9/27 - - - 

S61 SNV chr11 92565100 T C 845 440 405 0.479 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000525166.1:c.9344T>C ENSP00000432586.1:p.Ile3115Thr 13/27 - - - 

S61 SNV chr11 92565100 T C 845 440 405 0.479 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000409404.2:c.9794T>C ENSP00000387040.2:p.Ile3265Thr 13/25 - - - 

S61 SNV chr11 92565100 T C 845 440 405 0.479 FAT3 ENSG00000165323 NON_SYNONYMOUS_CODING ENST00000298047.6:c.9794T>C ENSP00000298047.6:p.Ile3265Thr 13/27 YES - - 

59 INDEL chr4 153332910 C +AGG 32 20 12 0.375 FBXW7 ENSG00000109670 CODON_INSERTION - - 2/12 YES - rs368702202 

S35 SNV chr1 157557280 G T 525 260 265 0.505 FCRL4 ENSG00000163518 NON_SYNONYMOUS_CODING ENST00000271532.1:c.633C>A ENSP00000271532.1:p.Ser211Arg 5/12 YES - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369060.4:c.988A>G ENSP00000358056.4:p.Arg330Gly 8/16 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000360144.3:c.1072A>G ENSP00000353262.3:p.Arg358Gly 9/17 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000358487.5:c.1336A>G ENSP00000351276.5:p.Arg446Gly 10/18 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000457416.2:c.1339A>G ENSP00000410294.2:p.Arg447Gly 10/18 YES - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000336553.6:c.1063A>G ENSP00000337665.6:p.Arg355Gly 9/16 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000478859.1:c.652A>G ENSP00000474011.1:p.Arg218Gly 9/17 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369056.1:c.1339A>G ENSP00000358052.1:p.Arg447Gly 9/17 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000429361.1:c.112A>G ENSP00000404219.1:p.Arg38Gly 2/9 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000351936.6:c.1330A>G ENSP00000309878.8:p.Arg444Gly 10/18 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000357555.5:c.1069A>G ENSP00000350166.5:p.Arg357Gly 9/17 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369059.1:c.994A>G ENSP00000358055.1:p.Arg332Gly 8/16 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369058.3:c.1339A>G ENSP00000358054.3:p.Arg447Gly 10/17 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000356226.4:c.985A>G ENSP00000348559.4:p.Arg329Gly 8/16 - - - 

10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369061.4:c.1000A>G ENSP00000358057.4:p.Arg334Gly 7/15 - - - 



10 SNV chr10 123263407 T C 187 99 88 0.468 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000346997.2:c.1330A>G ENSP00000263451.5:p.Arg444Gly 9/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000429361.1:c.307G>A ENSP00000404219.1:p.Ala103Thr 3/9 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369059.1:c.1189G>A ENSP00000358055.1:p.Ala397Thr 9/16 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000358487.5:c.1531G>A ENSP00000351276.5:p.Ala511Thr 11/18 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369061.4:c.1195G>A ENSP00000358057.4:p.Ala399Thr 8/15 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000357555.5:c.1264G>A ENSP00000350166.5:p.Ala422Thr 10/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000336553.6:c.1258G>A ENSP00000337665.6:p.Ala420Thr 10/16 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000478859.1:c.847G>A ENSP00000474011.1:p.Ala283Thr 10/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369060.4:c.1183G>A ENSP00000358056.4:p.Ala395Thr 9/16 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000457416.2:c.1534G>A ENSP00000410294.2:p.Ala512Thr 11/18 YES - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000346997.2:c.1525G>A ENSP00000263451.5:p.Ala509Thr 10/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000360144.3:c.1267G>A ENSP00000353262.3:p.Ala423Thr 10/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369056.1:c.1534G>A ENSP00000358052.1:p.Ala512Thr 10/17 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000351936.6:c.1525G>A ENSP00000309878.8:p.Ala509Thr 11/18 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000356226.4:c.1180G>A ENSP00000348559.4:p.Ala394Thr 9/16 - - - 

38 SNV chr10 123260370 C T 519 251 268 0.515 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369058.3:c.1534G>A ENSP00000358054.3:p.Ala512Thr 11/17 - - - 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369061.4:c.289G>A ENSP00000358057.4:p.Ala97Thr 2/15 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000359354.2:c.289G>A ENSP00000352309.2:p.Ala97Thr 3/7 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000351936.6:c.289G>A ENSP00000309878.8:p.Ala97Thr 3/18 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000346997.2:c.289G>A ENSP00000263451.5:p.Ala97Thr 2/17 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369056.1:c.289G>A ENSP00000358052.1:p.Ala97Thr 2/17 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369058.3:c.289G>A ENSP00000358054.3:p.Ala97Thr 3/17 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000358487.5:c.289G>A ENSP00000351276.5:p.Ala97Thr 3/18 - - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000457416.2:c.289G>A ENSP00000410294.2:p.Ala97Thr 3/18 YES - rs372430349,COSM49174 

58 SNV chr10 123325039 C T 375 182 193 0.513 FGFR2 ENSG00000066468 NON_SYNONYMOUS_CODING ENST00000369060.4:c.289G>A ENSP00000358056.4:p.Ala97Thr 3/16 - - rs372430349,COSM49174 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000412135.2:c.1004A>T ENSP00000412903.2:p.Glu335Val 8/16 - - - 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000340107.4:c.1345G>T ENSP00000339824.4:p.Glu449Ter 10/18 YES - rs35317612 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000440486.2:c.1339G>T ENSP00000414914.2:p.Glu447Ter 10/18 - - rs35317612 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000481110.2:c.1342G>T ENSP00000420533.2:p.Glu448Ter 10/17 - - rs35317612 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000340107.4:c.1346A>T ENSP00000339824.4:p.Glu449Val 10/18 YES - - 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000260795.2:c.1339G>T ENSP00000260795.2:p.Glu447Ter 9/17 - - rs35317612 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000412135.2:c.1003G>T ENSP00000412903.2:p.Glu335Ter 8/16 - - rs35317612 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000260795.2:c.1340A>T ENSP00000260795.2:p.Glu447Val 9/17 - - - 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000481110.2:c.1343A>T ENSP00000420533.2:p.Glu448Val 10/17 - - - 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000352904.1:c.1004A>T ENSP00000231803.1:p.Glu335Val 7/15 - - - 

S65 SNV chr4 1806624 A T 170 82 88 0.518 FGFR3 ENSG00000068078 NON_SYNONYMOUS_CODING ENST00000440486.2:c.1340A>T ENSP00000414914.2:p.Glu447Val 10/18 - - - 

S65 SNV chr4 1806623 G T 168 82 86 0.512 FGFR3 ENSG00000068078 STOP_GAINED ENST00000352904.1:c.1003G>T ENSP00000231803.1:p.Glu335Ter 7/15 - - rs35317612 

1 SNV chr1 241661075 G A 92 47 45 0.489 FH ENSG00000091483 UTR_3_PRIME ENST00000366560.3:c.*53C>T - 10/10 YES - - 

33 SNV chrX 153595129 C T 136 0 136 1 FLNA ENSG00000196924 NON_SYNONYMOUS_CODING ENST00000422373.1:c.958G>A ENSP00000416926.1:p.Val320Met 6/47 - - - 

33 SNV chrX 153595129 C T 136 0 136 1 FLNA ENSG00000196924 NON_SYNONYMOUS_CODING ENST00000360319.4:c.958G>A ENSP00000353467.4:p.Val320Met 5/46 - - - 

33 SNV chrX 153595129 C T 136 0 136 1 FLNA ENSG00000196924 NON_SYNONYMOUS_CODING ENST00000344736.4:c.958G>A ENSP00000358863.3:p.Val320Met 5/45 - - - 

33 SNV chrX 153595129 C T 136 0 136 1 FLNA ENSG00000196924 NON_SYNONYMOUS_CODING ENST00000369850.3:c.958G>A ENSP00000358866.3:p.Val320Met 6/48 YES - - 

19 SNV chr13 28592642 C A 756 407 349 0.462 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>T ENSP00000241453.7:p.Asp835Tyr 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

19 SNV chr13 28592642 C A 756 407 349 0.462 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>T ENSP00000370369.4:p.Asp835Tyr 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3

_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

6 SNV chr13 28592642 C G 872 525 347 0.386 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>C ENSP00000241453.7:p.Asp835His 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

6 SNV chr13 28592642 C G 872 525 347 0.386 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>C ENSP00000370369.4:p.Asp835His 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

7 SNV chr13 28608276 A T 349 244 105 0.301 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.1780T>A ENSP00000370369.4:p.Phe594Ile 14/24 - - COSM96544 

7 SNV chr13 28608276 A T 349 244 105 0.301 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.1780T>A ENSP00000241453.7:p.Phe594Ile 14/24 YES - COSM96544 

7 SNV chr13 28608276 A T 349 244 105 0.301 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000537084.1:c.1780T>A ENSP00000438139.1:p.Phe594Ile 14/23 - - COSM96544 

S03 SNV chr13 28592642 C A 665 409 256 0.385 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>T ENSP00000370369.4:p.Asp835Tyr 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S03 SNV chr13 28592642 C A 665 409 256 0.385 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>T ENSP00000241453.7:p.Asp835Tyr 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3

_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S12 SNV chr13 28592642 C G 684 388 296 0.433 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>C ENSP00000241453.7:p.Asp835His 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3

_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S12 SNV chr13 28592642 C G 684 388 296 0.433 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>C ENSP00000370369.4:p.Asp835His 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S32 SNV chr13 28592642 C G 682 512 170 0.214 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>C ENSP00000241453.7:p.Asp835His 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S32 SNV chr13 28592642 C G 682 512 170 0.214 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>C ENSP00000370369.4:p.Asp835His 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3

_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S48 SNV chr13 28608281 A T 481 304 177 0.368 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000537084.1:c.1775T>A ENSP00000438139.1:p.Val592Asp 14/23 - - COSM28045,COSM19522 

S48 SNV chr13 28608281 A T 481 304 177 0.368 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.1775T>A ENSP00000370369.4:p.Val592Asp 14/24 - - COSM28045,COSM19522 

S48 SNV chr13 28608281 A T 481 304 177 0.368 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.1775T>A ENSP00000241453.7:p.Val592Asp 14/24 YES - COSM28045,COSM19522 

S65 SNV chr13 28592642 C A 794 589 205 0.258 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000241453.7:c.2503G>T ENSP00000241453.7:p.Asp835Tyr 20/24 YES - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3

_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S65 SNV chr13 28592642 C A 794 589 205 0.258 FLT3 ENSG00000122025 NON_SYNONYMOUS_CODING ENST00000380982.4:c.2503G>T ENSP00000370369.4:p.Asp835Tyr 20/24 - - 
KinMutBase_FLT3_DNA:g.53109G>T,KinMutBase_FLT3_DNA:g.53109G>C,KinMutBase_FLT3
_DNA:g.53109G>A,KinMutBase_FLT3_DNA:g.53109delG,COSM783,COSM789,COSM785 

S47 INDEL chr3 138664890 C -GCT 213 101 112 0.526 FOXL2 ENSG00000183770 CODON_DELETION ENST00000330315.3:c.676delG ENSP00000333188.3:p.Ala226LeufsTer45 1/1 YES - - 

S66 INDEL chr3 138664869 T +GCAGCC 168 113 55 0.327 FOXL2 ENSG00000183770 CODON_INSERTION - - 1/1 YES - - 

22 SNV chrX 70321212 C G 161 96 65 0.399 FOXO4 ENSG00000184481 NON_SYNONYMOUS_CODING ENST00000374259.3:c.1132C>G ENSP00000363377.3:p.Pro378Ala 2/3 YES - - 

22 SNV chrX 70321212 C G 161 96 65 0.399 FOXO4 ENSG00000184481 NON_SYNONYMOUS_CODING ENST00000341558.3:c.967C>G ENSP00000342209.3:p.Pro323Ala 3/4 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000468577.1:c.577C>G ENSP00000418883.1:p.Gln193Glu 5/14 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000484350.1:c.349C>G ENSP00000417857.1:p.Gln117Glu 5/16 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000491238.1:c.583C>G ENSP00000420736.1:p.Gln195Glu 5/16 YES - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000485326.2:c.277C>G ENSP00000417941.2:p.Gln93Glu 4/6 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000498215.1:c.577C>G ENSP00000418102.1:p.Gln193Glu 6/17 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000497355.1:c.265C>G ENSP00000418225.1:p.Gln89Glu 3/14 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000497553.1:c.277C>G ENSP00000418784.1:p.Gln93Glu 4/4 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000318789.4:c.577C>G ENSP00000318902.4:p.Gln193Glu 10/21 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000475937.1:c.577C>G ENSP00000419393.1:p.Gln193Glu 9/20 - - - 

10 SNV chr3 71096180 G C 42 32 10 0.238 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000493089.1:c.577C>G ENSP00000418524.1:p.Gln193Glu 10/21 - - - 

20 SNV chr3 71247125 G T 308 162 146 0.472 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000318779.3:c.275C>A ENSP00000318721.3:p.Pro92His 7/7 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000491238.1:c.983A>T ENSP00000420736.1:p.His328Leu 8/16 YES - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000493089.1:c.977A>T ENSP00000418524.1:p.His326Leu 13/21 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000491238.1:c.983A>T ENSP00000420736.1:p.His328Leu 8/16 YES - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000484350.1:c.749A>T ENSP00000417857.1:p.His250Leu 8/16 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000475937.1:c.977A>T ENSP00000419393.1:p.His326Leu 12/20 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000497355.1:c.665A>T ENSP00000418225.1:p.His222Leu 6/14 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000497355.1:c.665A>T ENSP00000418225.1:p.His222Leu 6/14 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000493089.1:c.977A>T ENSP00000418524.1:p.His326Leu 13/21 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000318789.4:c.977A>T ENSP00000318902.4:p.His326Leu 13/21 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000468577.1:c.977A>T ENSP00000418883.1:p.His326Leu 8/14 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000468577.1:c.977A>T ENSP00000418883.1:p.His326Leu 8/14 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000498215.1:c.977A>T ENSP00000418102.1:p.His326Leu 9/17 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000498215.1:c.977A>T ENSP00000418102.1:p.His326Leu 9/17 - - - 



S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000484350.1:c.749A>T ENSP00000417857.1:p.His250Leu 8/16 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000475937.1:c.977A>T ENSP00000419393.1:p.His326Leu 12/20 - - - 

S27 SNV chr3 71050208 T A 274 184 90 0.328 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000318789.4:c.977A>T ENSP00000318902.4:p.His326Leu 13/21 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000497355.1:c.557G>A ENSP00000418225.1:p.Ser186Asn 4/14 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000485326.2:c.569G>A ENSP00000417941.2:p.Ser190Asn 5/6 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000468577.1:c.869G>A ENSP00000418883.1:p.Ser290Asn 6/14 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000484350.1:c.641G>A ENSP00000417857.1:p.Ser214Asn 6/16 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000498215.1:c.869G>A ENSP00000418102.1:p.Ser290Asn 7/17 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000498215.1:c.869G>A ENSP00000418102.1:p.Ser290Asn 7/17 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000491238.1:c.875G>A ENSP00000420736.1:p.Ser292Asn 6/16 YES - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000493089.1:c.869G>A ENSP00000418524.1:p.Ser290Asn 11/21 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000485326.2:c.569G>A ENSP00000417941.2:p.Ser190Asn 5/6 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000493089.1:c.869G>A ENSP00000418524.1:p.Ser290Asn 11/21 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000491238.1:c.875G>A ENSP00000420736.1:p.Ser292Asn 6/16 YES - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000475937.1:c.869G>A ENSP00000419393.1:p.Ser290Asn 10/20 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000318789.4:c.869G>A ENSP00000318902.4:p.Ser290Asn 11/21 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000318789.4:c.869G>A ENSP00000318902.4:p.Ser290Asn 11/21 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000475937.1:c.869G>A ENSP00000419393.1:p.Ser290Asn 10/20 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000484350.1:c.641G>A ENSP00000417857.1:p.Ser214Asn 6/16 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 SPLICE_SITE_REGION ENST00000497355.1:c.557G>A ENSP00000418225.1:p.Ser186Asn 4/14 - - - 

S55 SNV chr3 71090479 C T 694 476 218 0.314 FOXP1 ENSG00000114861 NON_SYNONYMOUS_CODING ENST00000468577.1:c.869G>A ENSP00000418883.1:p.Ser290Asn 6/14 - - - 

23 SNV chr4 48523068 A G 160 87 73 0.456 FRYL ENSG00000075539 UTR_5_PRIME ENST00000264319.7:c.-127T>C - 55/63 - - - 

23 SNV chr4 48523068 A G 160 87 73 0.456 FRYL ENSG00000075539 UTR_5_PRIME ENST00000507873.2:c.-127T>C - 22/30 - - - 

24 SNV chr4 48581115 C A 467 254 213 0.456 FRYL ENSG00000075539 NON_SYNONYMOUS_CODING ENST00000503238.1:c.2403G>T ENSP00000426064.1:p.Trp801Cys 20/61 - - - 

24 SNV chr4 48581115 C A 467 254 213 0.456 FRYL ENSG00000075539 NON_SYNONYMOUS_CODING ENST00000358350.4:c.2403G>T ENSP00000351113.4:p.Trp801Cys 23/64 YES - - 

24 SNV chr4 48581115 C A 467 254 213 0.456 FRYL ENSG00000075539 NON_SYNONYMOUS_CODING ENST00000507711.1:c.2403G>T ENSP00000421584.1:p.Trp801Cys 23/38 - - - 

24 SNV chr4 48581115 C A 467 254 213 0.456 FRYL ENSG00000075539 UTR_5_PRIME ENST00000264319.7:c.-5410G>T - 23/63 - - - 

24 SNV chr4 48581115 C A 467 254 213 0.456 FRYL ENSG00000075539 NON_SYNONYMOUS_CODING ENST00000537810.1:c.2403G>T ENSP00000441114.1:p.Trp801Cys 23/64 - - - 

S56 SNV chr17 9923312 G A 1284 656 628 0.489 GAS7 ENSG00000007237 START_GAINED ENST00000579158.1:c.-107C>T - 1/13 - 0.0006 rs569962505 

S56 SNV chr17 9923312 G A 1284 656 628 0.489 GAS7 ENSG00000007237 START_GAINED ENST00000542249.1:c.-21C>T - 1/14 - 0.0006 rs569962505 

1 SNV chr3 128200703 G C 288 154 134 0.465 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000430265.2:c.1060C>G ENSP00000400259.2:p.Pro354Ala 5/6 - - - 

1 SNV chr3 128200703 G C 288 154 134 0.465 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000341105.2:c.1102C>G ENSP00000345681.2:p.Pro368Ala 5/6 YES - - 

1 SNV chr3 128200703 G C 288 154 134 0.465 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000487848.1:c.1102C>G ENSP00000417074.1:p.Pro368Ala 6/7 - - - 

S02 SNV chr3 128202755 T C 204 160 44 0.216 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000341105.2:c.965A>G ENSP00000345681.2:p.Tyr322Cys 4/6 YES - - 

S02 SNV chr3 128202755 T C 204 160 44 0.216 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000430265.2:c.965A>G ENSP00000400259.2:p.Tyr322Cys 4/6 - - - 

S02 SNV chr3 128202755 T C 204 160 44 0.216 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000487848.1:c.965A>G ENSP00000417074.1:p.Tyr322Cys 5/7 - - - 

S46 SNV chr3 128202767 G A 319 180 139 0.436 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000430265.2:c.953C>T ENSP00000400259.2:p.Ala318Val 4/6 - - COSM255084,COSM249850 

S46 SNV chr3 128202767 G A 319 180 139 0.436 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000341105.2:c.953C>T ENSP00000345681.2:p.Ala318Val 4/6 YES - COSM255084,COSM249850 

S46 SNV chr3 128202767 G A 319 180 139 0.436 GATA2 ENSG00000179348 NON_SYNONYMOUS_CODING ENST00000487848.1:c.953C>T ENSP00000417074.1:p.Ala318Val 5/7 - - COSM255084,COSM249850 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000306090.10:c.41A>G ENSP00000304472.10:p.Asn14Ser 2/13 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000265620.7:c.41A>G ENSP00000265620.7:p.Asn14Ser 1/12 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371085.3:c.41A>G ENSP00000360126.3:p.Asn14Ser 1/13 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371095.3:c.41A>G ENSP00000360136.3:p.Asn14Ser 1/12 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000354359.7:c.41A>G ENSP00000346328.7:p.Asn14Ser 1/13 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000338783.6:c.8A>G ENSP00000345971.6:p.Asn3Ser 1/3 - - - 

22 SNV chr20 57466822 A G 64 46 18 0.281 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371081.1:c.41A>G ENSP00000360122.1:p.Asn14Ser 1/4 - - - 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000354359.7:c.683A>G ENSP00000346328.7:p.Gln228Arg 9/13 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371095.3:c.638A>G ENSP00000360136.3:p.Gln213Arg 8/12 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371085.3:c.680A>G ENSP00000360126.3:p.Gln227Arg 9/13 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000306090.10:c.638A>G ENSP00000304472.10:p.Gln213Arg 9/13 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000265620.7:c.635A>G ENSP00000265620.7:p.Gln212Arg 8/12 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 UTR_3_PRIME ENST00000371075.3:c.*586A>G - 9/13 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 UTR_3_PRIME ENST00000313949.7:c.*583A>G - 9/13 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371100.4:c.2609A>G ENSP00000360141.3:p.Gln870Arg 9/13 YES - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

26 SNV chr20 57484596 A G 305 187 118 0.387 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371102.4:c.2567A>G ENSP00000360143.4:p.Gln856Arg 8/12 - - rs121913494,COSM27896,COSM27888,COSM1566191,COSM1731065 

S17 SNV chr20 57428952 G A 656 358 298 0.454 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371099.2:c.632G>A ENSP00000360140.2:p.Gly211Asp 1/2 - - - 

S17 SNV chr20 57428952 G A 656 358 298 0.454 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371100.4:c.632G>A ENSP00000360141.3:p.Gly211Asp 1/13 YES - - 

S17 SNV chr20 57428952 G A 656 358 298 0.454 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000306120.3:c.442G>A ENSP00000302237.3:p.Ala148Thr 1/1 - - - 

S17 SNV chr20 57428952 G A 656 358 298 0.454 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371102.4:c.632G>A ENSP00000360143.4:p.Gly211Asp 1/12 - - - 

S19 SNV chr20 57415882 C T 353 203 150 0.425 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371075.3:c.721C>T ENSP00000360115.3:p.Pro241Ser 1/13 - - COSM3548233 

S19 SNV chr20 57415882 C T 353 203 150 0.425 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000313949.7:c.721C>T ENSP00000323571.7:p.Pro241Ser 1/13 - - COSM3548233 

S19 SNV chr20 57415882 C T 353 203 150 0.425 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000419558.1:c.324C>T ENSP00000416234.1:p.Pro109Ser 1/5 - - COSM3548233 

S19 SNV chr20 57415882 C T 353 203 150 0.425 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000371098.2:c.721C>T ENSP00000360139.2:p.Pro241Ser 1/4 - - COSM3548233 

S19 SNV chr20 57415882 C T 353 203 150 0.425 GNAS ENSG00000087460 NON_SYNONYMOUS_CODING ENST00000453292.1:c.484C>T ENSP00000392000.1:p.Pro162Ser 1/3 - - COSM3548233 

S33 SNV chr15 63901455 C T 122 60 62 0.508 HERC1 ENSG00000103657 NON_SYNONYMOUS_CODING ENST00000443617.2:c.14411G>A ENSP00000390158.2:p.Ser4804Asn 78/78 YES - - 

S38 SNV chr15 63921004 C A 368 189 179 0.486 HERC1 ENSG00000103657 NON_SYNONYMOUS_CODING ENST00000443617.2:c.12977G>T ENSP00000390158.2:p.Gly4326Val 70/78 YES - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369554.2:c.2750G>A ENSP00000358567.2:p.Arg917Gln 13/15 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000406344.1:c.1703G>A ENSP00000384960.1:p.Arg568Gln 11/13 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000340480.4:c.1763G>A ENSP00000340956.4:p.Arg588Gln 13/15 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369555.2:c.2750G>A ENSP00000358568.1:p.Arg917Gln 13/15 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369553.1:c.1703G>A ENSP00000358566.1:p.Arg568Gln 12/14 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369559.4:c.2885G>A ENSP00000358572.4:p.Arg962Gln 14/15 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369561.4:c.2783G>A ENSP00000358574.4:p.Arg928Gln 14/16 - - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000369558.1:c.2885G>A ENSP00000358571.1:p.Arg962Gln 14/16 YES - - 

10 SNV chr1 114512691 G A 184 112 72 0.391 HIPK1 ENSG00000163349 NON_SYNONYMOUS_CODING ENST00000426820.2:c.2885G>A ENSP00000407442.3:p.Arg962Gln 14/16 - - - 

12 SNV chr12 121439934 G A 83 47 36 0.434 HNF1A ENSG00000135100 UTR_3_PRIME ENST00000541395.1:c.*939G>A - 9/9 - - - 

12 SNV chr12 121439934 G A 83 47 36 0.434 HNF1A ENSG00000135100 UTR_3_PRIME ENST00000257555.6:c.*939G>A - 10/10 YES - - 

37 SNV chr12 121416672 G A 68 39 29 0.426 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000541395.1:c.101G>A ENSP00000443112.1:p.Gly34Glu 1/9 - - - 

37 SNV chr12 121416672 G A 68 39 29 0.426 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000400024.2:c.101G>A ENSP00000476181.1:p.Gly34Glu 1/7 - - - 

37 SNV chr12 121416672 G A 68 39 29 0.426 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000257555.6:c.101G>A ENSP00000257555.4:p.Gly34Glu 1/10 YES - - 

37 SNV chr12 121416672 G A 68 39 29 0.426 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000402929.1:c.101G>A ENSP00000475300.1:p.Gly34Glu 1/6 - - - 

37 SNV chr12 121416672 G A 68 39 29 0.426 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000544413.1:c.101G>A ENSP00000438804.1:p.Gly34Glu 1/10 - - - 

43 SNV chr12 121437286 G A 235 125 110 0.468 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000541395.1:c.1717G>A ENSP00000443112.1:p.Val573Ile 8/9 - - - 

43 SNV chr12 121437286 G A 235 125 110 0.468 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000544413.1:c.1645G>A ENSP00000438804.1:p.Val549Ile 9/10 - - - 

43 SNV chr12 121437286 G A 235 125 110 0.468 HNF1A ENSG00000135100 NON_SYNONYMOUS_CODING ENST00000257555.6:c.1624G>A ENSP00000257555.4:p.Val542Ile 9/10 YES - - 

S18 SNV chr2 176972154 C T 446 231 215 0.481 HOXD11 ENSG00000128713 NON_SYNONYMOUS_CODING ENST00000249504.5:c.71C>T ENSP00000249504.5:p.Ala24Val 1/2 YES - - 

S51 SNV chr2 176957862 C T 359 173 186 0.518 HOXD13 ENSG00000128714 NON_SYNONYMOUS_CODING ENST00000392539.3:c.244C>T ENSP00000376322.3:p.Arg82Cys 1/2 YES - - 

25 INDEL chr6 44218831 T -TCC 149 81 68 0.456 HSP90AB1 ENSG00000096384 CODON_CHANGE_PLUS_CODON_DELETION ENST00000371554.1:c.1005delT ENSP00000360609.1:p.Pro336LeufsTer34 7/12 YES - - 

25 INDEL chr6 44218831 T -TCC 149 81 68 0.456 HSP90AB1 ENSG00000096384 CODON_CHANGE_PLUS_CODON_DELETION ENST00000371646.5:c.1005delT ENSP00000360709.5:p.Pro336LeufsTer34 7/12 - - - 

25 INDEL chr6 44218831 T -TCC 149 81 68 0.456 HSP90AB1 ENSG00000096384 CODON_CHANGE_PLUS_CODON_DELETION ENST00000353801.3:c.1005delT ENSP00000325875.3:p.Pro336LeufsTer34 7/12 - - - 

20 SNV chr2 209113113 G A 414 248 166 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

20 SNV chr2 209113113 G A 414 248 166 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

20 SNV chr2 209113113 G A 414 248 166 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

20 SNV chr2 209113113 G A 414 248 166 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

24 SNV chr2 209113112 C T 369 221 148 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.395G>A ENSP00000390265.1:p.Arg132His 4/10 YES - rs121913500,COSM28746,COSM28750 

24 SNV chr2 209113112 C T 369 221 148 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.395G>A ENSP00000410513.1:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

24 SNV chr2 209113112 C T 369 221 148 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.395G>A ENSP00000260985.2:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

24 SNV chr2 209113112 C T 369 221 148 0.401 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.395G>A ENSP00000391075.1:p.Arg132His 3/4 - - rs121913500,COSM28746,COSM28750 

31 SNV chr2 209113113 G A 313 175 138 0.441 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 



31 SNV chr2 209113113 G A 313 175 138 0.441 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

31 SNV chr2 209113113 G A 313 175 138 0.441 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

31 SNV chr2 209113113 G A 313 175 138 0.441 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

33 SNV chr2 209113112 C T 465 278 187 0.402 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.395G>A ENSP00000391075.1:p.Arg132His 3/4 - - rs121913500,COSM28746,COSM28750 

33 SNV chr2 209113112 C T 465 278 187 0.402 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.395G>A ENSP00000390265.1:p.Arg132His 4/10 YES - rs121913500,COSM28746,COSM28750 

33 SNV chr2 209113112 C T 465 278 187 0.402 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.395G>A ENSP00000410513.1:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

33 SNV chr2 209113112 C T 465 278 187 0.402 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.395G>A ENSP00000260985.2:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

44 SNV chr2 209113113 G A 261 171 90 0.345 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

44 SNV chr2 209113113 G A 261 171 90 0.345 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

44 SNV chr2 209113113 G A 261 171 90 0.345 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

44 SNV chr2 209113113 G A 261 171 90 0.345 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

62 SNV chr2 209113113 G A 105 75 30 0.286 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

62 SNV chr2 209113113 G A 105 75 30 0.286 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

62 SNV chr2 209113113 G A 105 75 30 0.286 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

62 SNV chr2 209113113 G A 105 75 30 0.286 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

63 SNV chr2 209113113 G A 589 318 271 0.46 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

63 SNV chr2 209113113 G A 589 318 271 0.46 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

63 SNV chr2 209113113 G A 589 318 271 0.46 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

63 SNV chr2 209113113 G A 589 318 271 0.46 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S19 SNV chr2 209113113 G A 662 373 289 0.437 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S19 SNV chr2 209113113 G A 662 373 289 0.437 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S19 SNV chr2 209113113 G A 662 373 289 0.437 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S19 SNV chr2 209113113 G A 662 373 289 0.437 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S30 SNV chr2 209113113 G A 504 301 203 0.403 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S30 SNV chr2 209113113 G A 504 301 203 0.403 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S30 SNV chr2 209113113 G A 504 301 203 0.403 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S30 SNV chr2 209113113 G A 504 301 203 0.403 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S39 SNV chr2 209110064 A G 391 210 181 0.463 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.499T>C ENSP00000410513.1:p.Tyr167His 5/10 - - - 

S39 SNV chr2 209110064 A G 391 210 181 0.463 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.499T>C ENSP00000390265.1:p.Tyr167His 5/10 YES - - 

S39 SNV chr2 209110064 A G 391 210 181 0.463 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.499T>C ENSP00000260985.2:p.Tyr167His 5/10 - - - 

S42 SNV chr2 209113112 C T 601 442 159 0.265 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.395G>A ENSP00000390265.1:p.Arg132His 4/10 YES - rs121913500,COSM28746,COSM28750 

S42 SNV chr2 209113112 C T 601 442 159 0.265 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.395G>A ENSP00000410513.1:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

S42 SNV chr2 209113112 C T 601 442 159 0.265 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.395G>A ENSP00000391075.1:p.Arg132His 3/4 - - rs121913500,COSM28746,COSM28750 

S42 SNV chr2 209113112 C T 601 442 159 0.265 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.395G>A ENSP00000260985.2:p.Arg132His 4/10 - - rs121913500,COSM28746,COSM28750 

S45 SNV chr2 209113113 G A 585 325 260 0.444 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S45 SNV chr2 209113113 G A 585 325 260 0.444 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S45 SNV chr2 209113113 G A 585 325 260 0.444 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S45 SNV chr2 209113113 G A 585 325 260 0.444 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S52 SNV chr2 209113113 G A 707 419 288 0.407 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S52 SNV chr2 209113113 G A 707 419 288 0.407 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S52 SNV chr2 209113113 G A 707 419 288 0.407 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S52 SNV chr2 209113113 G A 707 419 288 0.407 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S56 SNV chr2 209113113 G A 939 546 393 0.419 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S56 SNV chr2 209113113 G A 939 546 393 0.419 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S56 SNV chr2 209113113 G A 939 546 393 0.419 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S56 SNV chr2 209113113 G A 939 546 393 0.419 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S58 SNV chr2 209113113 G A 795 408 387 0.486 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S58 SNV chr2 209113113 G A 795 408 387 0.486 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S58 SNV chr2 209113113 G A 795 408 387 0.486 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S58 SNV chr2 209113113 G A 795 408 387 0.486 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S63 SNV chr2 209113113 G A 654 425 229 0.35 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000446179.1:c.394C>T ENSP00000410513.1:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

S63 SNV chr2 209113113 G A 654 425 229 0.35 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415282.1:c.394C>T ENSP00000391075.1:p.Arg132Cys 3/4 - - rs121913499,COSM28749,COSM28747,COSM28748 

S63 SNV chr2 209113113 G A 654 425 229 0.35 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000415913.1:c.394C>T ENSP00000390265.1:p.Arg132Cys 4/10 YES - rs121913499,COSM28749,COSM28747,COSM28748 

S63 SNV chr2 209113113 G A 654 425 229 0.35 IDH1 ENSG00000138413 NON_SYNONYMOUS_CODING ENST00000345146.2:c.394C>T ENSP00000260985.2:p.Arg132Cys 4/10 - - rs121913499,COSM28749,COSM28747,COSM28748 

12 SNV chr15 90631934 C T 198 111 87 0.439 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

12 SNV chr15 90631934 C T 198 111 87 0.439 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

12 SNV chr15 90631934 C T 198 111 87 0.439 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

36 SNV chr15 90631934 C T 259 130 129 0.498 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

36 SNV chr15 90631934 C T 259 130 129 0.498 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

36 SNV chr15 90631934 C T 259 130 129 0.498 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

40 SNV chr15 90631838 C T 123 72 51 0.415 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.125G>A ENSP00000438457.1:p.Arg42Lys 2/9 - - rs121913503,COSM33732,COSM33733,COSM1636997 

40 SNV chr15 90631838 C T 123 72 51 0.415 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.515G>A ENSP00000331897.3:p.Arg172Lys 4/11 YES - rs121913503,COSM33732,COSM33733,COSM1636997 

40 SNV chr15 90631838 C T 123 72 51 0.415 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.359G>A ENSP00000446147.2:p.Arg120Lys 4/11 - - rs121913503,COSM33732,COSM33733,COSM1636997 

58 SNV chr15 90631835 T G 226 137 89 0.394 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.362A>C ENSP00000446147.2:p.His121Pro 4/11 - - COSM3999681 

58 SNV chr15 90631836 G C 260 169 91 0.35 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.361C>G ENSP00000446147.2:p.His121Asp 4/11 - - COSM3999682 

58 SNV chr15 90631836 G C 260 169 91 0.35 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.127C>G ENSP00000438457.1:p.His43Asp 2/9 - - COSM3999682 

58 SNV chr15 90631836 G C 260 169 91 0.35 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.517C>G ENSP00000331897.3:p.His173Asp 4/11 YES - COSM3999682 

58 SNV chr15 90631837 C A 227 139 88 0.342 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.126G>T ENSP00000438457.1:p.Arg42Ser 2/9 - - COSM34090,COSM133672 

58 SNV chr15 90631837 C A 227 139 88 0.342 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.360G>T ENSP00000446147.2:p.Arg120Ser 4/11 - - COSM34090,COSM133672 

58 SNV chr15 90631837 C A 227 139 88 0.342 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.516G>T ENSP00000331897.3:p.Arg172Ser 4/11 YES - COSM34090,COSM133672 

58 SNV chr15 90631835 T G 226 137 89 0.394 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.128A>C ENSP00000438457.1:p.His43Pro 2/9 - - COSM3999681 

58 SNV chr15 90631835 T G 226 137 89 0.394 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.518A>C ENSP00000331897.3:p.His173Pro 4/11 YES - COSM3999681 

S06 SNV chr15 90631934 C T 298 154 144 0.483 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S06 SNV chr15 90631934 C T 298 154 144 0.483 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S06 SNV chr15 90631934 C T 298 154 144 0.483 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S14 SNV chr15 90631934 C T 200 109 91 0.455 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S14 SNV chr15 90631934 C T 200 109 91 0.455 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S14 SNV chr15 90631934 C T 200 109 91 0.455 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S18 SNV chr15 90631934 C T 405 205 200 0.494 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S18 SNV chr15 90631934 C T 405 205 200 0.494 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S18 SNV chr15 90631934 C T 405 205 200 0.494 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S35 SNV chr15 90631934 C T 389 210 179 0.46 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S35 SNV chr15 90631934 C T 389 210 179 0.46 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S35 SNV chr15 90631934 C T 389 210 179 0.46 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S36 SNV chr15 90631934 C T 507 277 230 0.454 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S36 SNV chr15 90631934 C T 507 277 230 0.454 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S36 SNV chr15 90631934 C T 507 277 230 0.454 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S53 SNV chr15 90631934 C T 413 252 161 0.39 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000540499.2:c.263G>A ENSP00000446147.2:p.Arg88Gln 4/11 - - rs121913502,COSM41875,COSM41590,CM106818 

S53 SNV chr15 90631934 C T 413 252 161 0.39 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000330062.3:c.419G>A ENSP00000331897.3:p.Arg140Gln 4/11 YES - rs121913502,COSM41875,COSM41590,CM106818 

S53 SNV chr15 90631934 C T 413 252 161 0.39 IDH2 ENSG00000182054 NON_SYNONYMOUS_CODING ENST00000539790.1:c.29G>A ENSP00000438457.1:p.Arg10Gln 2/9 - - rs121913502,COSM41875,COSM41590,CM106818 

S48 SNV chr15 99500419 G T 671 326 345 0.514 IGF1R ENSG00000140443 NON_SYNONYMOUS_CODING ENST00000268035.6:c.3852G>T ENSP00000268035.6:p.Glu1284Asp 21/21 YES - - 

S48 SNV chr15 99500419 G T 671 326 345 0.514 IGF1R ENSG00000140443 NON_SYNONYMOUS_CODING ENST00000558762.1:c.3849G>T ENSP00000453007.1:p.Glu1283Asp 21/21 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 4/7 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 5/7 YES - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 4/7 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 5/8 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 5/6 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 5/7 - - - 

S29 INDEL chr7 50450369 A +GG 215 133 82 0.376 IKZF1 ENSG00000185811 FRAME_SHIFT - - 5/8 - - - 



S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000359197.5:c.472G>A ENSP00000352123.5:p.Gly158Ser 5/7 - - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000439701.1:c.472G>A ENSP00000413025.1:p.Gly158Ser 5/7 YES - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000357364.4:c.472G>A ENSP00000349928.4:p.Gly158Ser 5/6 - - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000440768.2:c.472G>A ENSP00000401507.2:p.Gly158Ser 5/8 - - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000331340.3:c.472G>A ENSP00000331614.3:p.Gly158Ser 5/8 - - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000343574.5:c.211G>A ENSP00000342750.5:p.Gly71Ser 4/7 - - COSM249841,COSM303844 

S54 SNV chr7 50450288 G A 642 336 306 0.477 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000438033.1:c.211G>A ENSP00000396554.1:p.Gly71Ser 4/7 - - COSM249841,COSM303844 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000343574.5:c.64G>A ENSP00000342750.5:p.Asp22Asn 3/7 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000440768.2:c.64G>A ENSP00000401507.2:p.Asp22Asn 3/8 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000357364.4:c.64G>A ENSP00000349928.4:p.Asp22Asn 3/6 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000331340.3:c.64G>A ENSP00000331614.3:p.Asp22Asn 3/8 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000346667.4:c.64G>A ENSP00000340080.4:p.Asp22Asn 3/4 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000349824.4:c.64G>A ENSP00000342485.4:p.Asp22Asn 3/5 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000359197.5:c.64G>A ENSP00000352123.5:p.Asp22Asn 3/7 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000439701.1:c.64G>A ENSP00000413025.1:p.Asp22Asn 3/7 YES - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000413698.1:c.64G>A ENSP00000388478.1:p.Asp22Asn 3/4 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000426121.1:c.13G>A ENSP00000409588.1:p.Asp5Asn 1/2 - - COSM3265388 

S58 SNV chr7 50367257 G A 911 443 468 0.514 IKZF1 ENSG00000185811 NON_SYNONYMOUS_CODING ENST00000438033.1:c.64G>A ENSP00000396554.1:p.Asp22Asn 3/7 - - COSM3265388 

34 SNV chr16 27460524 G A 234 108 126 0.538 IL21R ENSG00000103522 NON_SYNONYMOUS_CODING ENST00000395754.4:c.1537G>A ENSP00000379103.4:p.Glu513Lys 9/9 - - COSM255978 

34 SNV chr16 27460524 G A 234 108 126 0.538 IL21R ENSG00000103522 NON_SYNONYMOUS_CODING ENST00000395755.1:c.1537G>A ENSP00000379104.1:p.Glu513Lys 9/9 - - COSM255978 

34 SNV chr16 27460524 G A 234 108 126 0.538 IL21R ENSG00000103522 NON_SYNONYMOUS_CODING ENST00000337929.3:c.1537G>A ENSP00000338010.3:p.Glu513Lys 9/9 YES - COSM255978 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 NON_SYNONYMOUS_CODING ENST00000336909.5:c.1151C>A ENSP00000338799.5:p.Ala384Asp 8/15 - - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 UTR_3_PRIME ENST00000536319.1:c.*78C>A - 7/13 - - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 NON_SYNONYMOUS_CODING ENST00000381298.2:c.1151C>A ENSP00000370698.2:p.Ala384Asp 10/17 YES - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 UTR_3_PRIME ENST00000381287.4:c.*78C>A - 7/14 - - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 UTR_3_PRIME ENST00000522633.2:c.*78C>A - 8/13 - - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 NON_SYNONYMOUS_CODING ENST00000381294.3:c.1151C>A ENSP00000370694.3:p.Ala384Asp 8/14 - - - 

47 SNV chr5 55251969 G T 143 74 69 0.482 IL6ST ENSG00000134352 NON_SYNONYMOUS_CODING ENST00000502326.3:c.1151C>A ENSP00000462158.1:p.Ala384Asp 9/16 - - - 

S27 SNV chr13 111371893 C T 638 324 314 0.492 ING1 ENSG00000153487 NON_SYNONYMOUS_CODING ENST00000375774.3:c.883C>T ENSP00000364929.3:p.Arg295Trp 2/2 YES - - 

S27 SNV chr13 111371893 C T 638 324 314 0.492 ING1 ENSG00000153487 NON_SYNONYMOUS_CODING ENST00000375775.3:c.247C>T ENSP00000364930.3:p.Arg83Trp 2/2 - - - 

S27 SNV chr13 111371893 C T 638 324 314 0.492 ING1 ENSG00000153487 NON_SYNONYMOUS_CODING ENST00000338450.7:c.322C>T ENSP00000345202.7:p.Arg108Trp 2/2 - - - 

S27 SNV chr13 111371893 C T 638 324 314 0.492 ING1 ENSG00000153487 NON_SYNONYMOUS_CODING ENST00000333219.7:c.454C>T ENSP00000328436.7:p.Arg152Trp 2/2 - - - 

S65 SNV chr6 405037 C G 742 380 362 0.488 IRF4 ENSG00000137265 NON_SYNONYMOUS_CODING ENST00000380956.4:c.1119C>G ENSP00000370343.4:p.His373Gln 8/9 YES - - 

47 SNV chr5 156671451 C T 118 59 59 0.5 ITK ENSG00000113263 NON_SYNONYMOUS_CODING ENST00000422843.3:c.1412C>T ENSP00000398655.3:p.Ala471Val 13/17 YES - - 

S52 SNV chr1 65301857 G A 621 317 304 0.49 JAK1 ENSG00000162434 NON_SYNONYMOUS_CODING ENST00000342505.4:c.3182C>T ENSP00000343204.4:p.Ala1061Val 23/25 YES - - 

S30 SNV chr9 5073770 G T 476 40 436 0.916 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000539801.1:c.1849G>T ENSP00000440387.1:p.Val617Phe 13/24 - - rs77375493,COSM12600,COSM29117 

S30 SNV chr9 5073770 G T 476 40 436 0.916 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000544510.1:c.1402G>T ENSP00000443103.1:p.Val468Phe 11/22 - - rs77375493,COSM12600,COSM29117 

S30 SNV chr9 5073770 G T 476 40 436 0.916 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000381652.3:c.1849G>T ENSP00000371067.3:p.Val617Phe 14/25 YES - rs77375493,COSM12600,COSM29117 

S51 SNV chr9 5073770 G T 494 318 176 0.356 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000381652.3:c.1849G>T ENSP00000371067.3:p.Val617Phe 14/25 YES - rs77375493,COSM12600,COSM29117 

S51 SNV chr9 5073770 G T 494 318 176 0.356 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000539801.1:c.1849G>T ENSP00000440387.1:p.Val617Phe 13/24 - - rs77375493,COSM12600,COSM29117 

S51 SNV chr9 5073770 G T 494 318 176 0.356 JAK2 ENSG00000096968 NON_SYNONYMOUS_CODING ENST00000544510.1:c.1402G>T ENSP00000443103.1:p.Val468Phe 11/22 - - rs77375493,COSM12600,COSM29117 

12 SNV chr19 17953950 G C 174 111 63 0.362 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000534444.1:c.452C>G ENSP00000436421.1:p.Pro151Arg 5/23 - 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00

0171 

12 SNV chr19 17953950 G C 174 111 63 0.362 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000458235.1:c.452C>G ENSP00000391676.1:p.Pro151Arg 5/24 YES 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00

0171 

12 SNV chr19 17953950 G C 174 111 63 0.362 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000527670.1:c.452C>G ENSP00000432511.1:p.Pro151Arg 4/23 - 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00
0171 

38 SNV chr19 17953950 G C 267 141 126 0.472 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000534444.1:c.452C>G ENSP00000436421.1:p.Pro151Arg 5/23 - 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00
0171 

38 SNV chr19 17953950 G C 267 141 126 0.472 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000458235.1:c.452C>G ENSP00000391676.1:p.Pro151Arg 5/24 YES 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00
0171 

38 SNV chr19 17953950 G C 267 141 126 0.472 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000527670.1:c.452C>G ENSP00000432511.1:p.Pro151Arg 4/23 - 0.0018 
rs55778349,JAK3base_D0095:g.6333C>G,COSM35867,COSM3530608,COSM3530609,CM00
0171 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 SPLICE_SITE_REGION ENST00000534444.1:c.2807G>C ENSP00000436421.1:p.Gly936Ala 21/23 - - - 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 SPLICE_SITE_REGION ENST00000458235.1:c.2807G>C ENSP00000391676.1:p.Gly936Ala 21/24 YES - - 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 SPLICE_SITE_REGION ENST00000527670.1:c.2807G>C ENSP00000432511.1:p.Gly936Ala 20/23 - - - 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000458235.1:c.2807G>C ENSP00000391676.1:p.Gly936Ala 21/24 YES - - 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000527670.1:c.2807G>C ENSP00000432511.1:p.Gly936Ala 20/23 - - - 

S66 SNV chr19 17942208 C G 349 174 175 0.501 JAK3 ENSG00000105639 NON_SYNONYMOUS_CODING ENST00000534444.1:c.2807G>C ENSP00000436421.1:p.Gly936Ala 21/23 - - - 

10 SNV chr6 15487765 C G 158 106 52 0.329 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000341776.2:c.898C>G ENSP00000341280.2:p.Arg300Gly 6/18 YES - rs375479047,COSM171612 

10 SNV chr6 15487765 C G 158 106 52 0.329 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000541660.1:c.784C>G ENSP00000444623.1:p.Arg262Gly 5/12 - - rs375479047,COSM171612 

10 SNV chr6 15487765 C G 158 106 52 0.329 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000397311.3:c.382C>G ENSP00000380478.3:p.Arg128Gly 6/18 - - rs375479047,COSM171612 

31 SNV chr6 15517413 G A 527 287 240 0.455 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000341776.2:c.3472G>A ENSP00000341280.2:p.Val1158Ile 17/18 YES - - 

31 SNV chr6 15517413 G A 527 287 240 0.455 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000397311.3:c.2956G>A ENSP00000380478.3:p.Val986Ile 17/18 - - - 

S12 SNV chr6 15501627 A G 291 144 147 0.505 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000341776.2:c.2435A>G ENSP00000341280.2:p.Lys812Arg 8/18 YES - - 

S12 SNV chr6 15501627 A G 291 144 147 0.505 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000397311.3:c.1919A>G ENSP00000380478.3:p.Lys640Arg 8/18 - - - 

S12 SNV chr6 15501627 A G 291 144 147 0.505 JARID2 ENSG00000008083 NON_SYNONYMOUS_CODING ENST00000541660.1:c.2321A>G ENSP00000444623.1:p.Lys774Arg 7/12 - - - 

S17 INDEL chr6 15497066 A -G 718 204 514 0.716 JARID2 ENSG00000008083 FRAME_SHIFT ENST00000541660.1:c.1497delG ENSP00000444623.1:p.Asp500ThrfsTer52 6/12 - - - 

S17 INDEL chr6 15497066 A -G 718 204 514 0.716 JARID2 ENSG00000008083 FRAME_SHIFT ENST00000397311.3:c.1095delG ENSP00000380478.3:p.Asp366ThrfsTer52 7/18 - - - 

S17 INDEL chr6 15497066 A -G 718 204 514 0.716 JARID2 ENSG00000008083 FRAME_SHIFT ENST00000341776.2:c.1611delG ENSP00000341280.2:p.Asp538ThrfsTer52 7/18 YES - - 

28 SNV chr1 59248294 A C 117 75 42 0.359 JUN ENSG00000177606 NON_SYNONYMOUS_CODING ENST00000371222.2:c.449T>G ENSP00000360266.2:p.Val150Gly 1/1 YES - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 16/18 - - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 26/28 - - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 15/17 - - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 27/29 - - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 27/29 YES - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 25/27 - - - 

S40 INDEL chrX 44966739 G +C 554 321 233 0.421 KDM6A ENSG00000147050 FRAME_SHIFT - - 3/5 - - - 

S06 SNV chr4 55972900 A G 440 232 208 0.473 KDR ENSG00000128052 NON_SYNONYMOUS_CODING ENST00000263923.4:c.1490T>C ENSP00000263923.4:p.Ile497Thr 11/30 YES - COSM587587 

1 SNV chr14 105353184 A G 332 185 147 0.443 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000418279.1:c.2398A>G ENSP00000415006.1:p.Thr800Ala 11/18 - - - 

1 SNV chr14 105353184 A G 332 185 147 0.443 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000453495.1:c.2611A>G ENSP00000407238.1:p.Thr871Ala 12/19 - - - 

1 SNV chr14 105353184 A G 332 185 147 0.443 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000414716.3:c.2608A>G ENSP00000404151.2:p.Thr870Ala 12/19 YES - - 

S47 SNV chr14 105350774 C A 157 79 78 0.497 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000453495.1:c.1661C>A ENSP00000407238.1:p.Thr554Asn 9/19 - - - 

S47 SNV chr14 105350774 C A 157 79 78 0.497 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000556508.1:c.1448C>A ENSP00000451249.1:p.Thr483Asn 8/18 - - - 

S47 SNV chr14 105350774 C A 157 79 78 0.497 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000414716.3:c.1658C>A ENSP00000404151.2:p.Thr553Asn 9/19 YES - - 

S47 SNV chr14 105350774 C A 157 79 78 0.497 KIAA0284 ENSG00000099814 NON_SYNONYMOUS_CODING ENST00000418279.1:c.1448C>A ENSP00000415006.1:p.Thr483Asn 8/18 - - - 

S27 SNV chr20 30898062 C A 385 200 185 0.48 KIF3B ENSG00000101350 NON_SYNONYMOUS_CODING ENST00000375712.3:c.482C>A ENSP00000364864.3:p.Thr161Asn 2/9 YES - - 

S53 SNV chr10 32322952 T C 418 207 211 0.505 KIF5B ENSG00000170759 NON_SYNONYMOUS_CODING ENST00000302418.4:c.1126A>G ENSP00000307078.4:p.Ile376Val 12/26 YES 0.0002 rs190199916 

S40 SNV chr4 55599340 T G 613 315 298 0.486 KIT ENSG00000157404 NON_SYNONYMOUS_CODING ENST00000412167.2:c.2454T>G ENSP00000390987.2:p.Asn818Lys 17/21 - - 
rs121913514,KinMutBase_KIT_DNA:g.76159T>A,COSM1321,COSM1320,COSM1322,COSM1

319 

S40 SNV chr4 55599340 T G 613 315 298 0.486 KIT ENSG00000157404 NON_SYNONYMOUS_CODING ENST00000288135.5:c.2466T>G ENSP00000288135.5:p.Asn822Lys 17/21 YES - 
rs121913514,KinMutBase_KIT_DNA:g.76159T>A,COSM1321,COSM1320,COSM1322,COSM1

319 

24 SNV chr13 33629468 A T 298 148 150 0.503 KL ENSG00000133116 STOP_GAINED ENST00000426690.2:c.694A>T ENSP00000399513.2:p.Lys232Ter 3/4 - - rs373674206 

38 SNV chr13 33590954 A T 210 94 116 0.552 KL ENSG00000133116 NON_SYNONYMOUS_CODING ENST00000380099.3:c.376A>T ENSP00000369442.3:p.Ser126Cys 1/5 YES - - 

47 SNV chr12 25380275 T A 169 100 69 0.408 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000256078.4:c.183A>T ENSP00000256078.4:p.Gln61His 3/6 YES - rs17851045,COSM555,COSM554,COSM1135364,COSM1146992 

47 SNV chr12 25380275 T A 169 100 69 0.408 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000311936.3:c.183A>T ENSP00000308495.3:p.Gln61His 3/5 - - rs17851045,COSM555,COSM554,COSM1135364,COSM1146992 

S23 SNV chr12 25398284 C T 513 283 230 0.448 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000556131.1:c.35G>A ENSP00000451856.1:p.Gly12Asp 2/3 - - 
COSM520,COSM521,COSM522,COSM12657,COSM1140133,COSM1135366,COSM1140134,
CM087372 

S23 SNV chr12 25398284 C T 513 283 230 0.448 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000311936.3:c.35G>A ENSP00000308495.3:p.Gly12Asp 2/5 - - 
COSM520,COSM521,COSM522,COSM12657,COSM1140133,COSM1135366,COSM1140134,
CM087372 



S23 SNV chr12 25398284 C T 513 283 230 0.448 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000256078.4:c.35G>A ENSP00000256078.4:p.Gly12Asp 2/6 YES - 
COSM520,COSM521,COSM522,COSM12657,COSM1140133,COSM1135366,COSM1140134,

CM087372 

S23 SNV chr12 25398284 C T 513 283 230 0.448 KRAS ENSG00000133703 NON_SYNONYMOUS_CODING ENST00000557334.1:c.35G>A ENSP00000452512.1:p.Gly12Asp 2/3 - - 
COSM520,COSM521,COSM522,COSM12657,COSM1140133,COSM1135366,COSM1140134,
CM087372 

58 SNV chr9 133944333 G A 183 100 83 0.454 LAMC3 ENSG00000050555 NON_SYNONYMOUS_CODING ENST00000361069.4:c.2786G>A ENSP00000354360.4:p.Cys929Tyr 16/28 YES - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000361308.4:c.659G>A ENSP00000355292.4:p.Arg220His 4/10 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000473598.2:c.362G>A ENSP00000421821.1:p.Arg121His 5/13 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000368299.3:c.659G>A ENSP00000357282.3:p.Arg220His 4/12 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000392353.3:c.416G>A ENSP00000376164.3:p.Arg139His 4/10 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000368297.1:c.416G>A ENSP00000357280.1:p.Arg139His 5/11 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000448611.2:c.323G>A ENSP00000395597.2:p.Arg108His 4/13 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000368300.4:c.659G>A ENSP00000357283.4:p.Arg220His 4/12 YES - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000347559.2:c.659G>A ENSP00000292304.3:p.Arg220His 4/11 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000368301.2:c.659G>A ENSP00000357284.2:p.Arg220His 7/13 - - - 

S30 SNV chr1 156104615 G A 421 331 90 0.214 LMNA ENSG00000160789 NON_SYNONYMOUS_CODING ENST00000504687.1:c.410G>A ENSP00000426535.1:p.Arg137His 4/4 - - - 

S43 SNV chr11 33886286 C T 438 235 203 0.464 LMO2 ENSG00000135363 NON_SYNONYMOUS_CODING ENST00000395833.3:c.119G>A ENSP00000379175.3:p.Arg40His 2/3 - - - 

S43 SNV chr11 33886286 C T 438 235 203 0.464 LMO2 ENSG00000135363 NON_SYNONYMOUS_CODING ENST00000257818.2:c.326G>A ENSP00000257818.2:p.Arg109His 5/6 YES - - 

8 SNV chr3 188327502 G A 1252 471 781 0.624 LPP ENSG00000145012 NON_SYNONYMOUS_CODING ENST00000448637.1:c.983G>A ENSP00000393602.1:p.Arg328Gln 6/7 - - - 

8 SNV chr3 188327502 G A 1252 471 781 0.624 LPP ENSG00000145012 NON_SYNONYMOUS_CODING ENST00000543006.1:c.983G>A ENSP00000438891.1:p.Arg328Gln 6/11 - - - 

8 SNV chr3 188327502 G A 1252 471 781 0.624 LPP ENSG00000145012 NON_SYNONYMOUS_CODING ENST00000312675.4:c.983G>A ENSP00000318089.4:p.Arg328Gln 6/11 YES - - 

8 SNV chr3 188327502 G A 1252 471 781 0.624 LPP ENSG00000145012 NON_SYNONYMOUS_CODING ENST00000415906.1:c.494G>A ENSP00000393008.1:p.Arg165Gln 1/3 - - - 

6 SNV chr12 59271268 C G 613 325 288 0.47 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000320743.3:c.2450G>C ENSP00000326759.3:p.Cys817Ser 15/19 YES - COSM1285970 

6 SNV chr12 59271268 C G 613 325 288 0.47 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000379141.4:c.2270G>C ENSP00000368436.4:p.Cys757Ser 15/19 - - COSM1285970 

S10 SNV chr12 59274576 T C 771 381 390 0.506 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000320743.3:c.1588A>G ENSP00000326759.3:p.Met530Val 13/19 YES - - 

S10 SNV chr12 59274576 T C 771 381 390 0.506 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000379141.4:c.1408A>G ENSP00000368436.4:p.Met470Val 13/19 - - - 

S16 SNV chr12 59314010 C A 69 40 29 0.42 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000320743.3:c.7G>T ENSP00000326759.3:p.Ala3Ser 1/19 YES - - 

S65 SNV chr12 59274476 G T 744 357 387 0.52 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000379141.4:c.1508C>A ENSP00000368436.4:p.Thr503Asn 13/19 - - - 

S65 SNV chr12 59274476 G T 744 357 387 0.52 LRIG3 ENSG00000139263 NON_SYNONYMOUS_CODING ENST00000320743.3:c.1688C>A ENSP00000326759.3:p.Thr563Asn 13/19 YES - - 

19 SNV chr17 11984813 T C 510 270 240 0.471 MAP2K4 ENSG00000065559 NON_SYNONYMOUS_CODING ENST00000353533.5:c.359T>C ENSP00000262445.5:p.Val120Ala 3/11 YES - - 

19 SNV chr17 11984813 T C 510 270 240 0.471 MAP2K4 ENSG00000065559 NON_SYNONYMOUS_CODING ENST00000415385.3:c.392T>C ENSP00000410402.3:p.Val131Ala 4/12 - - - 

25 SNV chr1 23956027 C T 278 154 124 0.446 MDS2 ENSG00000197880 UTR_5_PRIME ENST00000374555.3:c.-18C>T - 4/7 YES - rs372767616 

S19 SNV chrX 70355014 C T 275 41 234 0.851 MED12 ENSG00000184634 STOP_GAINED ENST00000374102.1:c.4936C>T ENSP00000363215.1:p.Arg1646Ter 36/45 - - COSM3845293,COSM3845294 

S19 SNV chrX 70355014 C T 275 41 234 0.851 MED12 ENSG00000184634 STOP_GAINED ENST00000333646.6:c.4936C>T ENSP00000333125.6:p.Arg1646Ter 36/45 - - COSM3845293,COSM3845294 

S19 SNV chrX 70355014 C T 275 41 234 0.851 MED12 ENSG00000184634 STOP_GAINED ENST00000374080.3:c.4936C>T ENSP00000363193.3:p.Arg1646Ter 36/45 YES - COSM3845293,COSM3845294 

47 SNV chr7 116340189 C G 249 106 143 0.574 MET ENSG00000105976 NON_SYNONYMOUS_CODING ENST00000397752.3:c.1051C>G ENSP00000380860.3:p.Pro351Ala 2/21 - - - 

47 SNV chr7 116340189 C G 249 106 143 0.574 MET ENSG00000105976 NON_SYNONYMOUS_CODING ENST00000436117.2:c.1051C>G ENSP00000410980.2:p.Pro351Ala 1/9 - - - 

47 SNV chr7 116340189 C G 249 106 143 0.574 MET ENSG00000105976 NON_SYNONYMOUS_CODING ENST00000318493.6:c.1051C>G ENSP00000317272.6:p.Pro351Ala 2/21 YES - - 

S10 INDEL chr22 40815141 G -CCA 85 52 33 0.388 MKL1 ENSG00000196588 CODON_CHANGE_PLUS_CODON_DELETION ENST00000355630.3:c.1302delC ENSP00000347847.3:p.Thr435ArgfsTer8 12/15 YES 0.0002 rs149045760 

S10 INDEL chr22 40815141 G -CCA 85 52 33 0.388 MKL1 ENSG00000196588 CODON_CHANGE_PLUS_CODON_DELETION ENST00000396617.3:c.1302delC ENSP00000379861.3:p.Thr435ArgfsTer8 12/15 - 0.0002 rs149045760 

S10 INDEL chr22 40815141 G -CCA 85 52 33 0.388 MKL1 ENSG00000196588 CODON_CHANGE_PLUS_CODON_DELETION ENST00000402042.1:c.1152delC ENSP00000385584.1:p.Thr385ArgfsTer8 11/14 - 0.0002 rs149045760 

S10 INDEL chr22 40815141 G -CCA 85 52 33 0.388 MKL1 ENSG00000196588 CODON_CHANGE_PLUS_CODON_DELETION ENST00000407029.1:c.1302delC ENSP00000385835.1:p.Thr435ArgfsTer8 9/12 - 0.0002 rs149045760 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000539477.1:c.1010A>G ENSP00000443665.1:p.Glu337Gly 15/18 - - rs63751612,MMR_c.1733A>G,CM950806 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000435176.1:c.1439A>G ENSP00000402564.1:p.Glu480Gly 16/19 - - rs63751612,MMR_c.1733A>G,CM950806 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000536378.1:c.1010A>G ENSP00000444286.1:p.Glu337Gly 16/19 - - rs63751612,MMR_c.1733A>G,CM950806 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000455445.2:c.1010A>G ENSP00000398272.2:p.Glu337Gly 16/19 - - rs63751612,MMR_c.1733A>G,CM950806 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000458205.2:c.1010A>G ENSP00000402667.2:p.Glu337Gly 17/20 - - rs63751612,MMR_c.1733A>G,CM950806 

37 SNV chr3 37089011 A G 32 20 12 0.375 MLH1 ENSG00000076242 NON_SYNONYMOUS_CODING ENST00000231790.2:c.1733A>G ENSP00000231790.2:p.Glu578Gly 16/19 YES - rs63751612,MMR_c.1733A>G,CM950806 

47 SNV chr11 118344095 T A 310 152 158 0.51 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000531904.2:c.2320T>A ENSP00000432391.2:p.Phe774Ile 4/10 - - - 

47 SNV chr11 118344095 T A 310 152 158 0.51 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000534358.1:c.2221T>A ENSP00000436786.1:p.Phe741Ile 3/36 YES - - 

47 SNV chr11 118344095 T A 310 152 158 0.51 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000354520.4:c.2221T>A ENSP00000346516.4:p.Phe741Ile 3/35 - - - 

47 SNV chr11 118344095 T A 310 152 158 0.51 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000389506.5:c.2221T>A ENSP00000374157.5:p.Phe741Ile 3/36 - - - 

S59 SNV chr11 118373257 G A 696 339 357 0.513 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000534358.1:c.6650G>A ENSP00000436786.1:p.Arg2217Lys 27/36 YES - - 

S59 SNV chr11 118373257 G A 696 339 357 0.513 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000389506.5:c.6641G>A ENSP00000374157.5:p.Arg2214Lys 27/36 - - - 

S59 SNV chr11 118373257 G A 696 339 357 0.513 MLL ENSG00000118058 NON_SYNONYMOUS_CODING ENST00000354520.4:c.6527G>A ENSP00000346516.4:p.Arg2176Lys 26/35 - - - 

11 SNV chr12 49427360 C T 179 111 68 0.38 MLL2 ENSG00000167548 NON_SYNONYMOUS_CODING ENST00000301067.7:c.11128G>A ENSP00000301067.7:p.Gly3710Arg 39/54 YES - - 

12 INDEL chr12 49427265 T +TGC 170 113 57 0.331 MLL2 ENSG00000167548 CODON_CHANGE_PLUS_CODON_INSERTION - - 39/54 YES - - 

35 INDEL chr12 49427265 T +TGC 217 142 75 0.346 MLL2 ENSG00000167548 CODON_CHANGE_PLUS_CODON_INSERTION - - 39/54 YES - - 

7 SNV chr12 49445391 G C 324 177 147 0.454 MLL2 ENSG00000167548 NON_SYNONYMOUS_CODING ENST00000301067.7:c.2075C>G ENSP00000301067.7:p.Pro692Arg 10/54 YES - - 

S45 SNV chr12 49447286 G C 403 209 194 0.481 MLL2 ENSG00000167548 NON_SYNONYMOUS_CODING ENST00000301067.7:c.812C>G ENSP00000301067.7:p.Pro271Arg 6/54 YES - - 

1 SNV chr7 151877921 T C 281 157 124 0.441 MLL3 ENSG00000055609 NON_SYNONYMOUS_CODING ENST00000262189.6:c.7024A>G ENSP00000262189.6:p.Met2342Val 36/59 YES - - 

1 SNV chr7 151877921 T C 281 157 124 0.441 MLL3 ENSG00000055609 NON_SYNONYMOUS_CODING ENST00000355193.2:c.7024A>G ENSP00000347325.2:p.Met2342Val 36/60 - - - 

S15 SNV chr7 151932991 G A 453 350 103 0.227 MLL3 ENSG00000055609 NON_SYNONYMOUS_CODING ENST00000262189.6:c.2680C>T ENSP00000262189.6:p.Arg894Trp 16/59 YES - - 

S15 SNV chr7 151932991 G A 453 350 103 0.227 MLL3 ENSG00000055609 NON_SYNONYMOUS_CODING ENST00000418673.1:c.146C>T ENSP00000403483.1:p.Arg50Trp 2/6 - - - 

S15 SNV chr7 151932991 G A 453 350 103 0.227 MLL3 ENSG00000055609 NON_SYNONYMOUS_CODING ENST00000355193.2:c.2680C>T ENSP00000347325.2:p.Arg894Trp 16/60 - - - 

S22 INDEL chr9 20414400 G +CTG 85 61 24 0.279 MLLT3 ENSG00000171843 CODON_INSERTION - - 5/11 YES - - 

S22 INDEL chr9 20414400 G +CTG 85 61 24 0.279 MLLT3 ENSG00000171843 CODON_INSERTION - - 5/11 - - - 

S43 SNV chr9 20448225 G A 366 192 174 0.475 MLLT3 ENSG00000171843 START_GAINED ENST00000355930.6:c.-903C>T - 4/10 - - COSM3942994 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400822.3:c.3509G>A ENSP00000383623.3:p.Arg1170His 26/34 - - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392112.1:c.3461G>A ENSP00000375960.1:p.Arg1154His 26/33 - - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000351017.4:c.3533G>A ENSP00000252692.5:p.Arg1178His 27/34 - - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000447894.2:c.3512G>A ENSP00000404595.2:p.Arg1171His 26/33 - - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000366806.2:c.3512G>A ENSP00000355771.2:p.Arg1171His 27/34 - - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392108.3:c.3512G>A ENSP00000375956.3:p.Arg1171His 26/30 YES - - 

S05 SNV chr6 168347561 G A 350 192 158 0.451 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000344191.4:c.3512G>A ENSP00000341118.4:p.Arg1171His 26/31 - - - 

S34 INDEL chr6 168366912 C +A 373 205 168 0.45 MLLT4 ENSG00000130396 FRAME_SHIFT - - 1/3 - - - 

S34 INDEL chr6 168366912 C +A 373 205 168 0.45 MLLT4 ENSG00000130396 FRAME_SHIFT - - 1/3 - - - 

S38 SNV chr6 168366557 C T 114 53 61 0.535 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000447894.2:c.5068C>T ENSP00000404595.2:p.Arg1690Trp 31/33 - - COSM1173200 

S38 SNV chr6 168366557 C T 114 53 61 0.535 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000351017.4:c.5089C>T ENSP00000252692.5:p.Arg1697Trp 32/34 - - COSM1173200 

S38 SNV chr6 168366557 C T 114 53 61 0.535 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000507704.1:c.534C>T ENSP00000421441.1:p.Arg179Trp 3/5 - - COSM1173200 

S38 SNV chr6 168366557 C T 114 53 61 0.535 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400822.3:c.5098C>T ENSP00000383623.3:p.Arg1700Trp 32/34 - - COSM1173200 

S38 SNV chr6 168366557 C T 114 53 61 0.535 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000366806.2:c.5068C>T ENSP00000355771.2:p.Arg1690Trp 32/34 - - COSM1173200 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392112.1:c.4419C>G ENSP00000375960.1:p.Ile1473Met 29/33 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000366806.2:c.4470C>G ENSP00000355771.2:p.Ile1490Met 30/34 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400822.3:c.4467C>G ENSP00000383623.3:p.Ile1489Met 29/34 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000351017.4:c.4491C>G ENSP00000252692.5:p.Ile1497Met 30/34 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000447894.2:c.4470C>G ENSP00000404595.2:p.Ile1490Met 29/33 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000344191.4:c.4470C>G ENSP00000341118.4:p.Ile1490Met 29/31 - - rs377069127 

S42 SNV chr6 168352525 C G 584 303 281 0.481 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392108.3:c.4470C>G ENSP00000375956.3:p.Ile1490Met 29/30 YES - rs377069127 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400825.4:c.593T>C ENSP00000383626.4:p.Leu198Pro 5/6 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392108.3:c.593T>C ENSP00000375956.3:p.Leu198Pro 5/30 YES - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000344191.4:c.593T>C ENSP00000341118.4:p.Leu198Pro 5/31 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000447894.2:c.593T>C ENSP00000404595.2:p.Leu198Pro 5/33 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000392112.1:c.590T>C ENSP00000375960.1:p.Leu197Pro 5/33 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000366806.2:c.593T>C ENSP00000355771.2:p.Leu198Pro 5/34 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400822.3:c.590T>C ENSP00000383623.3:p.Leu197Pro 5/34 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000351017.4:c.593T>C ENSP00000252692.5:p.Leu198Pro 5/34 - - - 

S48 SNV chr6 168276029 T C 546 398 148 0.271 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000400824.4:c.596T>C ENSP00000383625.4:p.Leu199Pro 5/5 - - - 

S52 SNV chr6 168366779 C T 521 255 266 0.511 MLLT4 ENSG00000130396 NON_SYNONYMOUS_CODING ENST00000485634.2:c.164C>T ENSP00000423035.1:p.Pro56Ser 1/3 - - - 

25 SNV chr22 28193237 G C 74 43 31 0.419 MN1 ENSG00000169184 NON_SYNONYMOUS_CODING ENST00000302326.4:c.3295C>G ENSP00000304956.4:p.Pro1099Ala 1/2 YES 0.0002 rs560561226 



25 SNV chr22 28193598 C A 156 87 69 0.442 MN1 ENSG00000169184 NON_SYNONYMOUS_CODING ENST00000302326.4:c.2934G>T ENSP00000304956.4:p.Gln978His 1/2 YES 0.0010 rs140987101 

S05 INDEL chr22 28194188 C 
-

GCCACCGCCGCCAC
CAGAGCT 

38 25 13 0.342 MN1 ENSG00000169184 CODON_CHANGE_PLUS_CODON_DELETION ENST00000302326.4:c.2348delG ENSP00000304956.4:p.Gly783ValfsTer53 1/2 YES - - 

21 SNV chr7 156798348 C T 111 67 44 0.396 MNX1 ENSG00000130675 NON_SYNONYMOUS_CODING ENST00000543409.1:c.436G>A ENSP00000438552.1:p.Glu146Lys 3/3 - - - 

21 SNV chr7 156798348 C T 111 67 44 0.396 MNX1 ENSG00000130675 NON_SYNONYMOUS_CODING ENST00000252971.6:c.1072G>A ENSP00000252971.5:p.Glu358Lys 3/3 YES - - 

S22 SNV chr7 156802466 G C 98 49 49 0.5 MNX1 ENSG00000130675 NON_SYNONYMOUS_CODING ENST00000252971.6:c.579C>G ENSP00000252971.5:p.His193Gln 1/3 YES - - 

S20 SNV chr1 43818309 C T 1070 626 444 0.415 MPL ENSG00000117400 STOP_GAINED ENST00000372470.3:c.1774C>T ENSP00000361548.3:p.Arg592Ter 12/12 YES - COSM366895 

S20 SNV chr1 43804323 A T 1058 637 421 0.398 MPL ENSG00000117400 NON_SYNONYMOUS_CODING ENST00000413998.2:c.323A>T ENSP00000414004.2:p.His108Leu 3/10 - - - 

S20 SNV chr1 43804323 A T 1058 637 421 0.398 MPL ENSG00000117400 NON_SYNONYMOUS_CODING ENST00000372470.3:c.323A>T ENSP00000361548.3:p.His108Leu 3/12 YES - - 

38 SNV chr2 48027478 T A 766 373 393 0.513 MSH6 ENSG00000116062 NON_SYNONYMOUS_CODING ENST00000540021.1:c.1966T>A ENSP00000446475.1:p.Tyr656Asn 2/8 - - - 

38 SNV chr2 48027478 T A 766 373 393 0.513 MSH6 ENSG00000116062 NON_SYNONYMOUS_CODING ENST00000234420.5:c.2356T>A ENSP00000234420.4:p.Tyr786Asn 4/10 YES - - 

38 SNV chr2 48027478 T A 766 373 393 0.513 MSH6 ENSG00000116062 NON_SYNONYMOUS_CODING ENST00000538136.1:c.1450T>A ENSP00000438580.1:p.Tyr484Asn 4/10 - - - 

21 SNV chr1 11190824 G A 245 143 102 0.416 MTOR ENSG00000198793 UTR_5_PRIME ENST00000376838.1:c.-11C>T - 1/20 - - COSM1215724 

21 SNV chr1 11190824 G A 245 143 102 0.416 MTOR ENSG00000198793 NON_SYNONYMOUS_CODING ENST00000361445.4:c.5375C>T ENSP00000354558.4:p.Ala1792Val 39/58 YES - COSM1215724 

6 SNV chr1 11166761 T C 793 411 382 0.482 MTOR ENSG00000198793 UTR_3_PRIME ENST00000361445.4:c.*781A>G - 58/58 YES - - 

6 SNV chr1 11166761 T C 793 411 382 0.482 MTOR ENSG00000198793 UTR_3_PRIME ENST00000376838.1:c.*781A>G - 20/20 - - - 

S12 SNV chr1 11272403 G A 453 253 200 0.442 MTOR ENSG00000198793 NON_SYNONYMOUS_CODING ENST00000361445.4:c.3527C>T ENSP00000354558.4:p.Thr1176Met 23/58 YES 0.0002 rs557533784 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000367814.4:c.859delG ENSP00000356788.4:p.Glu287Lys 8/15 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000442647.2:c.859delG ENSP00000410825.2:p.Glu287Lys 8/15 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000527615.1:c.859delG ENSP00000433227.1:p.Glu287Lys 8/14 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000430686.2:c.721delG ENSP00000390460.2:p.Glu241Lys 7/7 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000420123.2:c.787delG ENSP00000403387.2:p.Glu263Lys 7/7 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000341911.5:c.859delG ENSP00000339992.5:p.Glu287Lys 8/16 YES - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000534121.1:c.859delG ENSP00000432851.1:p.Glu287Lys 8/16 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000534044.1:c.859delG ENSP00000435055.1:p.Glu287Lys 8/14 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000316528.8:c.859delG ENSP00000326328.8:p.Glu287Lys 8/17 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000525369.1:c.859delG ENSP00000435938.1:p.Glu287Lys 8/14 - - - 

35 INDEL chr6 135515508 T -G 319 197 122 0.381 MYB ENSG00000118513 FRAME_SHIFT ENST00000528774.1:c.859delG ENSP00000434723.1:p.Glu287Lys 8/16 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000420123.2:c.575delA ENSP00000403387.2:p.Lys192ArgfsTer5 5/7 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000367814.4:c.647delA ENSP00000356788.4:p.Lys216ArgfsTer5 6/15 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000430686.2:c.509delA ENSP00000390460.2:p.Lys170ArgfsTer5 5/7 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000316528.8:c.647delA ENSP00000326328.8:p.Lys216ArgfsTer5 6/17 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000341911.5:c.647delA ENSP00000339992.5:p.Lys216ArgfsTer5 6/16 YES - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000442647.2:c.647delA ENSP00000410825.2:p.Lys216ArgfsTer5 6/15 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000527615.1:c.647delA ENSP00000433227.1:p.Lys216ArgfsTer5 6/14 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000525369.1:c.647delA ENSP00000435938.1:p.Lys216ArgfsTer5 6/14 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000534044.1:c.647delA ENSP00000435055.1:p.Lys216ArgfsTer5 6/14 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000533624.1:c.647delA ENSP00000436605.1:p.Lys216ArgfsTer5 6/14 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000528774.1:c.647delA ENSP00000434723.1:p.Lys216ArgfsTer5 6/16 - - - 

47 INDEL chr6 135513580 A -AG 301 178 123 0.409 MYB ENSG00000118513 FRAME_SHIFT ENST00000534121.1:c.647delA ENSP00000432851.1:p.Lys216ArgfsTer5 6/16 - - - 

S54 SNV chr1 40366674 G C 202 99 103 0.51 MYCL ENSG00000116990 NON_SYNONYMOUS_CODING ENST00000429311.1:c.433C>G ENSP00000389358.1:p.Pro145Ala 2/2 - - - 

S54 SNV chr1 40366674 G C 202 99 103 0.51 MYCL ENSG00000116990 NON_SYNONYMOUS_CODING ENST00000372816.2:c.433C>G ENSP00000361903.2:p.Pro145Ala 1/2 - - - 

S54 SNV chr1 40366674 G C 202 99 103 0.51 MYCL ENSG00000116990 NON_SYNONYMOUS_CODING ENST00000397332.2:c.523C>G ENSP00000380494.2:p.Pro175Ala 2/3 YES - - 

S54 SNV chr1 40366674 G C 202 99 103 0.51 MYCL ENSG00000116990 NON_SYNONYMOUS_CODING ENST00000372815.1:c.523C>G ENSP00000361902.1:p.Pro175Ala 2/2 - - - 

S43 SNV chr2 16082290 T A 681 338 343 0.504 MYCN ENSG00000134323 NON_SYNONYMOUS_CODING ENST00000281043.3:c.104T>A ENSP00000281043.3:p.Phe35Tyr 2/3 YES - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000417037.2:c.157C>T ENSP00000401399.2:p.Arg53Trp 1/5 YES - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000495303.1:c.157C>T ENSP00000417848.1:p.Arg53Trp 1/3 - - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000443433.2:c.157C>T ENSP00000390565.2:p.Arg53Trp 1/4 - - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000424893.1:c.157C>T ENSP00000389979.1:p.Arg53Trp 1/4 - - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000421516.1:c.154C>T ENSP00000391753.1:p.Arg52Trp 1/5 - - - 

S37 SNV chr3 38180309 C T 547 269 278 0.508 MYD88 ENSG00000172936 NON_SYNONYMOUS_CODING ENST00000396334.3:c.157C>T ENSP00000379625.3:p.Arg53Trp 1/5 - - - 

33 SNV chr16 15832439 A G 389 203 186 0.477 MYH11 ENSG00000133392 NON_SYNONYMOUS_CODING ENST00000452625.2:c.3125T>C ENSP00000407821.2:p.Met1042Thr 25/43 - 0.0002 rs557463209 

33 SNV chr16 15832439 A G 389 203 186 0.477 MYH11 ENSG00000133392 NON_SYNONYMOUS_CODING ENST00000300036.5:c.3104T>C ENSP00000300036.5:p.Met1035Thr 24/41 - 0.0002 rs557463209 

33 SNV chr16 15832439 A G 389 203 186 0.477 MYH11 ENSG00000133392 NON_SYNONYMOUS_CODING ENST00000396324.3:c.3125T>C ENSP00000379616.3:p.Met1042Thr 25/42 YES 0.0002 rs557463209 

S66 SNV chr19 8619556 G C 644 345 299 0.464 MYO1F ENSG00000142347 NON_SYNONYMOUS_CODING ENST00000338257.8:c.213C>G ENSP00000344871.6:p.Ile71Met 3/28 YES 0.0002 rs569345387,COSM1397796 

S66 SNV chr19 8619556 G C 644 345 299 0.464 MYO1F ENSG00000142347 NON_SYNONYMOUS_CODING ENST00000596675.1:c.201C>G ENSP00000469668.1:p.Ile67Met 3/5 - 0.0002 rs569345387,COSM1397796 

62 SNV chr8 41798416 C T 120 56 64 0.533 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000265713.2:c.2983G>A ENSP00000265713.2:p.Glu995Lys 15/17 - - - 

62 SNV chr8 41798416 C T 120 56 64 0.533 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000406337.1:c.2983G>A ENSP00000385888.1:p.Glu995Lys 16/18 - - - 

62 SNV chr8 41798416 C T 120 56 64 0.533 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000418721.1:c.1723G>A ENSP00000399638.1:p.Glu575Lys 8/10 - - - 

62 SNV chr8 41798416 C T 120 56 64 0.533 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000396930.3:c.2983G>A ENSP00000380136.3:p.Glu995Lys 16/18 YES - - 

S20 SNV chr8 41798392 G C 950 599 351 0.37 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000418721.1:c.1747C>G ENSP00000399638.1:p.Pro583Ala 8/10 - - - 

S20 SNV chr8 41798392 G C 950 599 351 0.37 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000396930.3:c.3007C>G ENSP00000380136.3:p.Pro1003Ala 16/18 YES - - 

S20 SNV chr8 41798392 G C 950 599 351 0.37 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000265713.2:c.3007C>G ENSP00000265713.2:p.Pro1003Ala 15/17 - - - 

S20 SNV chr8 41798392 G C 950 599 351 0.37 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000406337.1:c.3007C>G ENSP00000385888.1:p.Pro1003Ala 16/18 - - - 

S34 INDEL chr8 41794777 C +A 427 301 126 0.295 MYST3 ENSG00000083168 FRAME_SHIFT - - 16/17 - - - 

S34 INDEL chr8 41794777 C +A 427 301 126 0.295 MYST3 ENSG00000083168 FRAME_SHIFT - - 17/18 - - - 

S34 INDEL chr8 41794777 C +A 427 301 126 0.295 MYST3 ENSG00000083168 FRAME_SHIFT - - 9/10 - - - 

S34 INDEL chr8 41794777 C +A 427 301 126 0.295 MYST3 ENSG00000083168 FRAME_SHIFT - - 17/18 YES - - 

S43 SNV chr8 41839415 C T 560 280 280 0.5 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000396930.3:c.767G>A ENSP00000380136.3:p.Arg256Gln 5/18 YES - - 

S43 SNV chr8 41839415 C T 560 280 280 0.5 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000265713.2:c.767G>A ENSP00000265713.2:p.Arg256Gln 4/17 - - - 

S43 SNV chr8 41839415 C T 560 280 280 0.5 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000485568.1:c.767G>A ENSP00000430606.1:p.Arg256Gln 4/14 - - - 

S43 SNV chr8 41839415 C T 560 280 280 0.5 MYST3 ENSG00000083168 NON_SYNONYMOUS_CODING ENST00000406337.1:c.767G>A ENSP00000385888.1:p.Arg256Gln 5/18 - - - 

36 SNV chr10 76790664 A T 538 272 266 0.494 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372711.1:c.5533A>T ENSP00000361796.1:p.Met1845Leu 17/17 - - - 

36 SNV chr10 76790664 A T 538 272 266 0.494 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372714.1:c.5206A>T ENSP00000361799.1:p.Met1736Leu 17/17 - - - 

36 SNV chr10 76790664 A T 538 272 266 0.494 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372724.1:c.5206A>T ENSP00000361809.1:p.Met1736Leu 18/18 - - - 

36 SNV chr10 76790664 A T 538 272 266 0.494 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372725.1:c.5206A>T ENSP00000361810.1:p.Met1736Leu 17/17 - - - 

36 SNV chr10 76790664 A T 538 272 266 0.494 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000287239.4:c.6082A>T ENSP00000287239.4:p.Met2028Leu 18/18 YES - - 

63 SNV chr10 76789417 G A 838 442 396 0.473 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372724.1:c.3959G>A ENSP00000361809.1:p.Arg1320His 18/18 - 0.0006 rs72803461,COSM196444 

63 SNV chr10 76789417 G A 838 442 396 0.473 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000287239.4:c.4835G>A ENSP00000287239.4:p.Arg1612His 18/18 YES 0.0006 rs72803461,COSM196444 

63 SNV chr10 76789417 G A 838 442 396 0.473 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372725.1:c.3959G>A ENSP00000361810.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 

63 SNV chr10 76789417 G A 838 442 396 0.473 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372714.1:c.3959G>A ENSP00000361799.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 

63 SNV chr10 76789417 G A 838 442 396 0.473 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372711.1:c.4286G>A ENSP00000361796.1:p.Arg1429His 17/17 - 0.0006 rs72803461,COSM196444 

S22 INDEL chr10 76781836 G -GAGGAGGAGGAC 312 173 139 0.445 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372724.1:c.2344delG ENSP00000361809.1:p.Glu782ArgfsTer40 16/18 - - - 

S22 INDEL chr10 76781836 G -GAGGAGGAGGAC 312 173 139 0.445 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372714.1:c.2344delG ENSP00000361799.1:p.Glu782ArgfsTer40 15/17 - - - 

S22 INDEL chr10 76781836 G -GAGGAGGAGGAC 312 173 139 0.445 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372725.1:c.2344delG ENSP00000361810.1:p.Glu782ArgfsTer40 15/17 - - - 

S22 INDEL chr10 76781836 G -GAGGAGGAGGAC 312 173 139 0.445 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372711.1:c.2671delG ENSP00000361796.1:p.Glu891ArgfsTer40 15/17 - - - 

S22 INDEL chr10 76781836 G -GAGGAGGAGGAC 312 173 139 0.445 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000287239.4:c.3220delG ENSP00000287239.4:p.Glu1074ArgfsTer40 16/18 YES - - 

S25 INDEL chr10 76781836 G -GAGGAGGAGGAC 110 83 27 0.246 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000287239.4:c.3220delG ENSP00000287239.4:p.Glu1074ArgfsTer40 16/18 YES - - 

S25 INDEL chr10 76781836 G -GAGGAGGAGGAC 110 83 27 0.246 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372724.1:c.2344delG ENSP00000361809.1:p.Glu782ArgfsTer40 16/18 - - - 

S25 INDEL chr10 76781836 G -GAGGAGGAGGAC 110 83 27 0.246 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372714.1:c.2344delG ENSP00000361799.1:p.Glu782ArgfsTer40 15/17 - - - 

S25 INDEL chr10 76781836 G -GAGGAGGAGGAC 110 83 27 0.246 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372725.1:c.2344delG ENSP00000361810.1:p.Glu782ArgfsTer40 15/17 - - - 

S25 INDEL chr10 76781836 G -GAGGAGGAGGAC 110 83 27 0.246 MYST4 ENSG00000156650 CODON_CHANGE_PLUS_CODON_DELETION ENST00000372711.1:c.2671delG ENSP00000361796.1:p.Glu891ArgfsTer40 15/17 - - - 

S55 SNV chr10 76789417 G A 1173 603 570 0.486 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372725.1:c.3959G>A ENSP00000361810.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 

S55 SNV chr10 76789417 G A 1173 603 570 0.486 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372711.1:c.4286G>A ENSP00000361796.1:p.Arg1429His 17/17 - 0.0006 rs72803461,COSM196444 

S55 SNV chr10 76789417 G A 1173 603 570 0.486 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372724.1:c.3959G>A ENSP00000361809.1:p.Arg1320His 18/18 - 0.0006 rs72803461,COSM196444 

S55 SNV chr10 76789417 G A 1173 603 570 0.486 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000287239.4:c.4835G>A ENSP00000287239.4:p.Arg1612His 18/18 YES 0.0006 rs72803461,COSM196444 

S55 SNV chr10 76789417 G A 1173 603 570 0.486 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372714.1:c.3959G>A ENSP00000361799.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 

S62 SNV chr10 76789417 G A 1170 587 583 0.498 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372714.1:c.3959G>A ENSP00000361799.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 



S62 SNV chr10 76789417 G A 1170 587 583 0.498 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372711.1:c.4286G>A ENSP00000361796.1:p.Arg1429His 17/17 - 0.0006 rs72803461,COSM196444 

S62 SNV chr10 76789417 G A 1170 587 583 0.498 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000287239.4:c.4835G>A ENSP00000287239.4:p.Arg1612His 18/18 YES 0.0006 rs72803461,COSM196444 

S62 SNV chr10 76789417 G A 1170 587 583 0.498 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372724.1:c.3959G>A ENSP00000361809.1:p.Arg1320His 18/18 - 0.0006 rs72803461,COSM196444 

S62 SNV chr10 76789417 G A 1170 587 583 0.498 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372725.1:c.3959G>A ENSP00000361810.1:p.Arg1320His 17/17 - 0.0006 rs72803461,COSM196444 

S65 SNV chr10 76788793 G A 810 428 382 0.472 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000287239.4:c.4211G>A ENSP00000287239.4:p.Arg1404His 18/18 YES - rs563033366 

S65 SNV chr10 76788793 G A 810 428 382 0.472 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372714.1:c.3335G>A ENSP00000361799.1:p.Arg1112His 17/17 - - rs563033366 

S65 SNV chr10 76788793 G A 810 428 382 0.472 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372724.1:c.3335G>A ENSP00000361809.1:p.Arg1112His 18/18 - - rs563033366 

S65 SNV chr10 76788793 G A 810 428 382 0.472 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372711.1:c.3662G>A ENSP00000361796.1:p.Arg1221His 17/17 - - rs563033366 

S65 SNV chr10 76788793 G A 810 428 382 0.472 MYST4 ENSG00000156650 NON_SYNONYMOUS_CODING ENST00000372725.1:c.3335G>A ENSP00000361810.1:p.Arg1112His 17/17 - - rs563033366 

25 SNV chr12 57115079 C T 282 145 137 0.486 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000454682.1:c.235G>A ENSP00000403817.1:p.Glu79Lys 3/9 - - - 

25 SNV chr12 57115079 C T 282 145 137 0.486 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000550952.1:c.235G>A ENSP00000448035.1:p.Glu79Lys 3/11 YES - - 

S22 SNV chr12 57112433 A C 174 137 37 0.213 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000454682.1:c.2881T>G ENSP00000403817.1:p.Trp961Gly 3/9 - - - 

S32 SNV chr12 57111953 G A 140 76 64 0.457 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000454682.1:c.3361C>T ENSP00000403817.1:p.Pro1121Ser 3/9 - 0.0002 rs544182420 

S37 SNV chr12 57114484 G C 759 391 368 0.485 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000454682.1:c.830C>G ENSP00000403817.1:p.Ser277Cys 3/9 - 0.0004 rs543527270 

S37 SNV chr12 57114484 G C 759 391 368 0.485 NACA ENSG00000196531 NON_SYNONYMOUS_CODING ENST00000550952.1:c.830C>G ENSP00000448035.1:p.Ser277Cys 3/11 YES 0.0004 rs543527270 

20 SNV chr8 90965695 G C 255 137 118 0.463 NBN ENSG00000104320 NON_SYNONYMOUS_CODING ENST00000265433.3:c.1622C>G ENSP00000265433.3:p.Ala541Gly 11/16 YES - - 

20 SNV chr8 90965695 G C 255 137 118 0.463 NBN ENSG00000104320 NON_SYNONYMOUS_CODING ENST00000409330.1:c.1376C>G ENSP00000386924.1:p.Ala459Gly 11/16 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000406961.1:c.3199C>T ENSP00000385216.1:p.Gln1067Ter 17/23 YES - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000405141.1:c.3199C>T ENSP00000385097.1:p.Gln1067Ter 18/25 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000395856.3:c.3199C>T ENSP00000379197.3:p.Gln1067Ter 15/21 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000348332.3:c.3199C>T ENSP00000320940.5:p.Gln1067Ter 15/21 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000538539.1:c.3199C>T ENSP00000444039.1:p.Gln1067Ter 16/23 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000288599.5:c.3199C>T ENSP00000288599.5:p.Gln1067Ter 15/22 - - - 

63 SNV chr2 24952682 C T 426 208 218 0.512 NCOA1 ENSG00000084676 STOP_GAINED ENST00000407230.1:c.2746C>T ENSP00000385195.1:p.Gln916Ter 15/22 - - - 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000395856.3:c.1445C>G ENSP00000379197.3:p.Ser482Cys 11/21 - - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000348332.3:c.1445C>G ENSP00000320940.5:p.Ser482Cys 11/21 - - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000406961.1:c.1445C>G ENSP00000385216.1:p.Ser482Cys 13/23 YES - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000288599.5:c.1445C>G ENSP00000288599.5:p.Ser482Cys 11/22 - - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000538539.1:c.1445C>G ENSP00000444039.1:p.Ser482Cys 12/23 - - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000405141.1:c.1445C>G ENSP00000385097.1:p.Ser482Cys 14/25 - - rs555210413 

S53 SNV chr2 24929784 C G 750 385 365 0.487 NCOA1 ENSG00000084676 NON_SYNONYMOUS_CODING ENST00000407230.1:c.992C>G ENSP00000385195.1:p.Ser331Cys 11/22 - - rs555210413 

40 SNV chr10 21101814 A G 39 20 19 0.487 NEBL ENSG00000078114 NON_SYNONYMOUS_CODING ENST00000377122.4:c.2402T>C ENSP00000366326.4:p.Val801Ala 24/28 YES - - 

40 SNV chr10 21101814 A G 39 20 19 0.487 NEBL ENSG00000078114 NON_SYNONYMOUS_CODING ENST00000377159.4:c.311T>C ENSP00000366364.4:p.Val104Ala 4/6 - - - 

40 SNV chr10 21101814 A G 39 20 19 0.487 NEBL ENSG00000078114 NON_SYNONYMOUS_CODING ENST00000417816.2:c.413T>C ENSP00000393896.2:p.Val138Ala 5/7 - - - 

62 SNV chr10 21358886 G A 156 72 84 0.538 NEBL ENSG00000078114 NON_SYNONYMOUS_CODING ENST00000377159.4:c.59C>T ENSP00000366364.4:p.Pro20Leu 1/6 - 0.0006 rs572181068 

28 INDEL chr17 29553477 A +C 319 190 129 0.404 NF1 ENSG00000196712 FRAME_SHIFT - - 10/50 - - COSM36864 

28 INDEL chr17 29553477 A +C 319 190 129 0.404 NF1 ENSG00000196712 FRAME_SHIFT - - 18/58 YES - COSM36864 

28 INDEL chr17 29553477 A +C 319 190 129 0.404 NF1 ENSG00000196712 FRAME_SHIFT - - 18/57 - - COSM36864 

36 SNV chr17 29554590 T A 398 215 183 0.46 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000356175.3:c.2375T>A ENSP00000348498.3:p.Leu792His 20/57 - - COSM560397,COSM560396 

36 SNV chr17 29554590 T A 398 215 183 0.46 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000456735.2:c.1373T>A ENSP00000389907.2:p.Leu458His 12/50 - - COSM560397,COSM560396 

36 SNV chr17 29554590 T A 398 215 183 0.46 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000358273.4:c.2375T>A ENSP00000351015.4:p.Leu792His 20/58 YES - COSM560397,COSM560396 

48 SNV chr17 29560206 C T 328 164 164 0.5 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000456735.2:c.2681C>T ENSP00000389907.2:p.Ala894Val 19/50 - - - 

48 SNV chr17 29560206 C T 328 164 164 0.5 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000358273.4:c.3683C>T ENSP00000351015.4:p.Ala1228Val 27/58 YES - - 

48 SNV chr17 29560206 C T 328 164 164 0.5 NF1 ENSG00000196712 NON_SYNONYMOUS_CODING ENST00000356175.3:c.3683C>T ENSP00000348498.3:p.Ala1228Val 27/57 - - - 

S10 INDEL chr17 29553477 A +C 811 503 308 0.378 NF1 ENSG00000196712 FRAME_SHIFT - - 18/57 - - COSM36864 

S10 INDEL chr17 29553477 A +C 811 503 308 0.378 NF1 ENSG00000196712 FRAME_SHIFT - - 18/58 YES - COSM36864 

S10 SNV chr17 29562979 T A 561 434 127 0.226 NF1 ENSG00000196712 STOP_GAINED ENST00000356175.3:c.3914T>A ENSP00000348498.3:p.Leu1305Ter 29/57 - - - 

S10 SNV chr17 29562979 T A 561 434 127 0.226 NF1 ENSG00000196712 STOP_GAINED ENST00000456735.2:c.2912T>A ENSP00000389907.2:p.Leu971Ter 21/50 - - - 

S10 SNV chr17 29562979 T A 561 434 127 0.226 NF1 ENSG00000196712 STOP_GAINED ENST00000358273.4:c.3914T>A ENSP00000351015.4:p.Leu1305Ter 29/58 YES - - 

S10 INDEL chr17 29553477 A +C 811 503 308 0.378 NF1 ENSG00000196712 FRAME_SHIFT - - 10/50 - - COSM36864 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000361452.4:c.215T>C ENSP00000354897.4:p.Val72Ala 2/16 - - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000338641.4:c.215T>C ENSP00000344666.4:p.Val72Ala 2/16 YES - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000403435.1:c.215T>C ENSP00000384029.1:p.Val72Ala 2/17 - - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000413209.2:c.215T>C ENSP00000409921.2:p.Val72Ala 2/5 - - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000403999.3:c.215T>C ENSP00000384797.3:p.Val72Ala 2/16 - - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000397789.3:c.215T>C ENSP00000380891.3:p.Val72Ala 2/17 - - - 

S29 SNV chr22 30032840 T C 342 175 167 0.488 NF2 ENSG00000186575 NON_SYNONYMOUS_CODING ENST00000361166.4:c.215T>C ENSP00000354529.4:p.Val72Ala 2/17 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000421929.1:c.422T>C ENSP00000412191.1:p.Ile141Thr 4/5 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000397062.3:c.470T>C ENSP00000380252.3:p.Ile157Thr 4/5 YES - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000586532.1:c.467T>C ENSP00000464920.1:p.Ile156Thr 5/6 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000446151.2:c.401T>C ENSP00000411575.2:p.Ile134Thr 4/5 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000397063.4:c.422T>C ENSP00000380253.4:p.Ile141Thr 4/5 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000588123.1:c.422T>C ENSP00000468089.1:p.Ile141Thr 5/5 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000448782.1:c.422T>C ENSP00000400073.1:p.Ile141Thr 4/5 - - - 

S42 SNV chr2 178097244 A G 519 264 255 0.491 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000464747.1:c.422T>C ENSP00000467401.1:p.Ile141Thr 7/8 - - - 

S54 SNV chr2 178129270 G A 199 89 110 0.553 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000397062.3:c.35C>T ENSP00000380252.3:p.Pro12Leu 1/5 YES - - 

S54 SNV chr2 178129270 G A 199 89 110 0.553 NFE2L2 ENSG00000116044 NON_SYNONYMOUS_CODING ENST00000430047.1:c.35C>T ENSP00000391291.1:p.Pro12Leu 1/3 - - - 

33 SNV chr14 51224492 T C 677 368 309 0.456 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000245441.5:c.3256A>G ENSP00000245441.5:p.Thr1086Ala 18/31 - - - 

33 SNV chr14 51224492 T C 677 368 309 0.456 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000382041.3:c.3256A>G ENSP00000371472.3:p.Thr1086Ala 18/30 YES - - 

33 SNV chr14 51224492 T C 677 368 309 0.456 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000324330.9:c.3256A>G ENSP00000324210.9:p.Thr1086Ala 18/31 - - - 

33 SNV chr14 51224492 T C 677 368 309 0.456 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000453196.1:c.3256A>G ENSP00000412391.1:p.Thr1086Ala 18/30 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000453196.1:c.3575A>C ENSP00000412391.1:p.Glu1192Ala 18/30 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000324330.9:c.3575A>C ENSP00000324210.9:p.Glu1192Ala 18/31 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000382041.3:c.3575A>C ENSP00000371472.3:p.Glu1192Ala 18/30 YES - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000389869.3:c.2046A>C ENSP00000374519.3:p.Glu683Ala 6/18 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000530853.1:c.2046A>C ENSP00000433717.1:p.Glu683Ala 6/18 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000530997.2:c.3575A>C ENSP00000436092.2:p.Glu1192Ala 16/29 - - - 

S37 SNV chr14 51224173 T G 707 346 361 0.511 NIN ENSG00000100503 NON_SYNONYMOUS_CODING ENST00000245441.5:c.3575A>C ENSP00000245441.5:p.Glu1192Ala 18/31 - - - 

34 SNV chr14 36988763 T G 224 112 112 0.5 NKX2-1 ENSG00000136352 UTR_5_PRIME ENST00000498187.2:c.-201A>C - 1/2 - - rs561607086 

34 SNV chr14 36988763 T G 224 112 112 0.5 NKX2-1 ENSG00000136352 UTR_5_PRIME ENST00000522719.2:c.-104A>C - 2/4 - - rs561607086 

19 SNV chr9 139393401 C T 695 377 318 0.458 NOTCH1 ENSG00000148400 NON_SYNONYMOUS_CODING ENST00000277541.6:c.6130G>A ENSP00000277541.6:p.Ala2044Thr 33/34 YES 0.0002 rs544856644 

25 SNV chr9 139405180 C T 124 73 51 0.411 NOTCH1 ENSG00000148400 NON_SYNONYMOUS_CODING ENST00000277541.6:c.2665G>A ENSP00000277541.6:p.Gly889Ser 17/34 YES 0.0002 rs557590721 

32 SNV chr1 120506232 T C 125 96 29 0.232 NOTCH2 ENSG00000134250 NON_SYNONYMOUS_CODING ENST00000256646.2:c.1880A>G ENSP00000256646.2:p.Asn627Ser 11/34 YES - COSM3934035 

19 INDEL chr5 170837543 C +TCTG 37 26 11 0.297 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

19 INDEL chr5 170837543 C +TCTG 37 26 11 0.297 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

19 INDEL chr5 170837543 C +TCTG 37 26 11 0.297 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

33 INDEL chr5 170837545 C +TGCA 103 62 41 0.398 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - COSM36379 

33 INDEL chr5 170837545 C +TGCA 103 62 41 0.398 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - COSM36379 

33 INDEL chr5 170837545 C +TGCA 103 62 41 0.398 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - COSM36379 

42 INDEL chr5 170837543 C +TCTG 159 100 59 0.371 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

42 INDEL chr5 170837543 C +TCTG 159 100 59 0.371 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

42 INDEL chr5 170837543 C +TCTG 159 100 59 0.371 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

46 INDEL chr5 170837543 C +TCTG 143 94 49 0.34 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

46 INDEL chr5 170837543 C +TCTG 143 94 49 0.34 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

46 INDEL chr5 170837543 C +TCTG 143 94 49 0.34 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

59 INDEL chr5 170837545 C +TGCA 114 66 48 0.421 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - COSM36379 

59 INDEL chr5 170837545 C +TGCA 114 66 48 0.421 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - COSM36379 

59 INDEL chr5 170837545 C +TGCA 114 66 48 0.421 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - COSM36379 

7 INDEL chr5 170837543 C +TCTG 92 66 26 0.283 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 



7 INDEL chr5 170837543 C +TCTG 92 66 26 0.283 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

7 INDEL chr5 170837543 C +TCTG 92 66 26 0.283 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S02 INDEL chr5 170837544 T +CTGC 66 39 27 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S02 INDEL chr5 170837544 T +CTGC 66 39 27 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S02 INDEL chr5 170837544 T +CTGC 66 39 27 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S06 INDEL chr5 170837543 C +TCTG 88 44 44 0.484 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S06 INDEL chr5 170837543 C +TCTG 88 44 44 0.484 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S06 INDEL chr5 170837543 C +TCTG 88 44 44 0.484 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S32 INDEL chr5 170837543 C +TCTG 133 75 58 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S32 INDEL chr5 170837543 C +TCTG 133 75 58 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S32 INDEL chr5 170837543 C +TCTG 133 75 58 0.409 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S45 INDEL chr5 170837543 C +TCTG 133 83 50 0.37 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S45 INDEL chr5 170837543 C +TCTG 133 83 50 0.37 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S45 INDEL chr5 170837543 C +TCTG 133 83 50 0.37 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S47 INDEL chr5 170837544 T +CTGC 103 63 40 0.381 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S47 INDEL chr5 170837544 T +CTGC 103 63 40 0.381 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S47 INDEL chr5 170837544 T +CTGC 103 63 40 0.381 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S52 INDEL chr5 170837543 C +TCTG 165 118 47 0.278 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S52 INDEL chr5 170837543 C +TCTG 165 118 47 0.278 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S52 INDEL chr5 170837543 C +TCTG 165 118 47 0.278 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S57 INDEL chr5 170837543 C +TCTG 203 109 94 0.456 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S57 INDEL chr5 170837543 C +TCTG 203 109 94 0.456 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S57 INDEL chr5 170837543 C +TCTG 203 109 94 0.456 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S65 INDEL chr5 170837543 C +TCTG 180 122 58 0.319 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S65 INDEL chr5 170837543 C +TCTG 180 122 58 0.319 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

S65 INDEL chr5 170837543 C +TCTG 180 122 58 0.319 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S66 INDEL chr5 170837543 C +TCTG 136 76 60 0.432 NPM1 ENSG00000181163 FRAME_SHIFT - - 10/10 - - - 

S66 INDEL chr5 170837543 C +TCTG 136 76 60 0.432 NPM1 ENSG00000181163 FRAME_SHIFT - - 12/12 - - - 

S66 INDEL chr5 170837543 C +TCTG 136 76 60 0.432 NPM1 ENSG00000181163 FRAME_SHIFT - - 11/11 YES - - 

32 SNV chr9 102626046 T A 128 80 48 0.375 NR4A3 ENSG00000119508 NON_SYNONYMOUS_CODING ENST00000395097.2:c.1778T>A ENSP00000378531.2:p.Ile593Asn 8/8 - - - 

32 SNV chr9 102626046 T A 128 80 48 0.375 NR4A3 ENSG00000119508 NON_SYNONYMOUS_CODING ENST00000330847.1:c.1811T>A ENSP00000333122.1:p.Ile604Asn 7/7 YES - - 

S20 INDEL chr9 102590524 G -CAA 717 377 340 0.474 NR4A3 ENSG00000119508 CODON_CHANGE_PLUS_CODON_DELETION ENST00000338488.4:c.201delC ENSP00000340301.4:p.Ser67ArgfsTer17 3/5 - - - 

S20 INDEL chr9 102590524 G -CAA 717 377 340 0.474 NR4A3 ENSG00000119508 CODON_CHANGE_PLUS_CODON_DELETION ENST00000395097.2:c.201delC ENSP00000378531.2:p.Ser67ArgfsTer17 3/8 - - - 

S20 INDEL chr9 102590524 G -CAA 717 377 340 0.474 NR4A3 ENSG00000119508 CODON_CHANGE_PLUS_CODON_DELETION ENST00000330847.1:c.234delC ENSP00000333122.1:p.Ser78ArgfsTer17 2/7 YES - - 

42 SNV chr1 115256529 T C 193 131 62 0.321 NRAS ENSG00000213281 NON_SYNONYMOUS_CODING ENST00000369535.4:c.182A>G ENSP00000358548.4:p.Gln61Arg 3/7 YES - COSM584,COSM583,COSM582 

S18 SNV chr1 115256535 G C 485 280 205 0.423 NRAS ENSG00000213281 NON_SYNONYMOUS_CODING ENST00000369535.4:c.176C>G ENSP00000358548.4:p.Ala59Gly 3/7 YES - COSM253327 

S25 SNV chr1 115258747 C T 50 31 19 0.38 NRAS ENSG00000213281 NON_SYNONYMOUS_CODING ENST00000369535.4:c.35G>A ENSP00000358548.4:p.Gly12Asp 2/7 YES - COSM565,COSM564,COSM566 

S46 SNV chr1 115256530 G T 498 339 159 0.319 NRAS ENSG00000213281 NON_SYNONYMOUS_CODING ENST00000369535.4:c.181C>A ENSP00000358548.4:p.Gln61Lys 3/7 YES - COSM580,COSM581 

38 SNV chr5 176631227 T A 747 373 374 0.501 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000354179.4:c.363T>A ENSP00000346111.4:p.His121Gln 5/24 - - - 

38 SNV chr5 176631227 T A 747 373 374 0.501 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000510954.1:c.363T>A ENSP00000423982.1:p.His121Gln 5/5 - - - 

38 SNV chr5 176631227 T A 747 373 374 0.501 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000508896.1:c.363T>A ENSP00000423372.1:p.His121Gln 5/6 - - - 

38 SNV chr5 176631227 T A 747 373 374 0.501 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000347982.4:c.363T>A ENSP00000343209.4:p.His121Gln 5/24 - - - 

38 SNV chr5 176631227 T A 747 373 374 0.501 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000439151.2:c.1170T>A ENSP00000395929.2:p.His390Gln 4/23 YES - - 

48 SNV chr5 176709485 A G 307 191 116 0.378 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000347982.4:c.5105A>G ENSP00000343209.4:p.Tyr1702Cys 20/24 - - COSM1166637,COSM1166638 

48 SNV chr5 176709485 A G 307 191 116 0.378 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000439151.2:c.5912A>G ENSP00000395929.2:p.Tyr1971Cys 19/23 YES - COSM1166637,COSM1166638 

48 SNV chr5 176709485 A G 307 191 116 0.378 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000354179.4:c.5105A>G ENSP00000346111.4:p.Tyr1702Cys 20/24 - - COSM1166637,COSM1166638 

48 SNV chr5 176709485 A G 307 191 116 0.378 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000361032.4:c.5603A>G ENSP00000354310.4:p.Tyr1868Cys 16/20 - - COSM1166637,COSM1166638 

59 SNV chr5 176709485 A G 111 62 49 0.441 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000361032.4:c.5603A>G ENSP00000354310.4:p.Tyr1868Cys 16/20 - - COSM1166637,COSM1166638 

59 SNV chr5 176709485 A G 111 62 49 0.441 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000439151.2:c.5912A>G ENSP00000395929.2:p.Tyr1971Cys 19/23 YES - COSM1166637,COSM1166638 

59 SNV chr5 176709485 A G 111 62 49 0.441 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000354179.4:c.5105A>G ENSP00000346111.4:p.Tyr1702Cys 20/24 - - COSM1166637,COSM1166638 

59 SNV chr5 176709485 A G 111 62 49 0.441 NSD1 ENSG00000165671 NON_SYNONYMOUS_CODING ENST00000347982.4:c.5105A>G ENSP00000343209.4:p.Tyr1702Cys 20/24 - - COSM1166637,COSM1166638 

31 INDEL chr9 134107752 A -GT 269 168 101 0.375 NUP214 ENSG00000126883 UTR_3_PRIME ENST00000498010.1:c.*38delG - 3/3 - - - 

37 SNV chr9 134072846 T A 106 55 51 0.481 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000411637.2:c.3935T>A ENSP00000396576.2:p.Phe1312Tyr 29/36 - - - 

37 SNV chr9 134072846 T A 106 55 51 0.481 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000451030.1:c.3968T>A ENSP00000405014.1:p.Phe1323Tyr 29/36 - - - 

37 SNV chr9 134072846 T A 106 55 51 0.481 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000359428.5:c.3965T>A ENSP00000352400.5:p.Phe1322Tyr 29/36 YES - - 

37 SNV chr9 134072846 T A 106 55 51 0.481 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000531600.1:c.296T>A ENSP00000435364.1:p.Phe99Tyr 2/2 - - - 

37 SNV chr9 134072846 T A 106 55 51 0.481 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000483497.2:c.443T>A ENSP00000436793.1:p.Phe148Tyr 4/11 - - - 

40 SNV chr9 134022967 C T 94 46 48 0.511 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000411637.2:c.2006C>T ENSP00000396576.2:p.Pro669Leu 14/36 - - - 

40 SNV chr9 134022967 C T 94 46 48 0.511 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000451030.1:c.2039C>T ENSP00000405014.1:p.Pro680Leu 14/36 - - - 

40 SNV chr9 134022967 C T 94 46 48 0.511 NUP214 ENSG00000126883 NON_SYNONYMOUS_CODING ENST00000359428.5:c.2036C>T ENSP00000352400.5:p.Pro679Leu 14/36 YES - - 

S05 SNV chr11 3726535 C T 512 269 243 0.475 NUP98 ENSG00000110713 NON_SYNONYMOUS_CODING ENST00000359171.4:c.2977G>A ENSP00000352091.4:p.Asp993Asn 22/34 - - - 

S05 SNV chr11 3726535 C T 512 269 243 0.475 NUP98 ENSG00000110713 NON_SYNONYMOUS_CODING ENST00000429801.1:c.143G>A ENSP00000413146.1:p.Asp49Asn 2/13 - - - 

S05 SNV chr11 3726535 C T 512 269 243 0.475 NUP98 ENSG00000110713 NON_SYNONYMOUS_CODING ENST00000324932.7:c.2977G>A ENSP00000316032.7:p.Asp993Asn 22/33 YES - - 

S05 SNV chr11 3726535 C T 512 269 243 0.475 NUP98 ENSG00000110713 NON_SYNONYMOUS_CODING ENST00000355260.3:c.2977G>A ENSP00000347404.3:p.Asp993Asn 22/32 - - - 

S64 SNV chr11 3784267 T A 501 258 243 0.485 NUP98 ENSG00000110713 SPLICE_SITE_REGION ENST00000355260.3:c.951A>T ENST00000355260.3:c.951A>T(p.%3D) 9/32 - - - 

S64 SNV chr11 3784267 T A 501 258 243 0.485 NUP98 ENSG00000110713 SPLICE_SITE_REGION ENST00000397007.4:c.951A>T ENST00000397007.4:c.951A>T(p.%3D) 9/20 - - - 

S64 SNV chr11 3784267 T A 501 258 243 0.485 NUP98 ENSG00000110713 SPLICE_SITE_REGION ENST00000324932.7:c.951A>T ENST00000324932.7:c.951A>T(p.%3D) 9/33 YES - - 

S64 SNV chr11 3784267 T A 501 258 243 0.485 NUP98 ENSG00000110713 SPLICE_SITE_REGION ENST00000359171.4:c.951A>T ENST00000359171.4:c.951A>T(p.%3D) 9/34 - - - 

S64 SNV chr11 3784267 T A 501 258 243 0.485 NUP98 ENSG00000110713 SPLICE_SITE_REGION ENST00000397004.4:c.951A>T ENST00000397004.4:c.951A>T(p.%3D) 9/20 - - - 

S14 SNV chr15 34640808 C T 369 186 183 0.496 NUTM1 ENSG00000184507 NON_SYNONYMOUS_CODING ENST00000537011.1:c.739C>T ENSP00000444896.1:p.Arg247Cys 3/8 - - - 

S14 SNV chr15 34640808 C T 369 186 183 0.496 NUTM1 ENSG00000184507 NON_SYNONYMOUS_CODING ENST00000438749.3:c.709C>T ENSP00000407031.3:p.Arg237Cys 2/7 - - - 

S14 SNV chr15 34640808 C T 369 186 183 0.496 NUTM1 ENSG00000184507 NON_SYNONYMOUS_CODING ENST00000333756.4:c.655C>T ENSP00000329448.4:p.Arg219Cys 2/7 YES - - 

S18 SNV chr10 88988322 C A 96 63 33 0.344 NUTM2A ENSG00000184923 NON_SYNONYMOUS_CODING ENST00000381689.4:c.685C>A ENSP00000371107.3:p.Leu229Ile 2/7 - 0.0004 rs571729371 

S18 SNV chr10 88988322 C A 96 63 33 0.344 NUTM2A ENSG00000184923 NON_SYNONYMOUS_CODING ENST00000381707.2:c.685C>A ENSP00000371126.1:p.Leu229Ile 2/7 YES 0.0004 rs571729371 

S27 SNV chr10 88992480 C A 33 21 12 0.364 NUTM2A ENSG00000184923 NON_SYNONYMOUS_CODING ENST00000381707.2:c.1472C>A ENSP00000371126.1:p.Thr491Asn 5/7 YES - - 

S27 SNV chr10 88992480 C A 33 21 12 0.364 NUTM2A ENSG00000184923 NON_SYNONYMOUS_CODING ENST00000381689.4:c.1472C>A ENSP00000371107.3:p.Thr491Asn 5/7 - - - 

S25 INDEL chr9 95179129 G -A 83 51 32 0.385 OMD ENSG00000127083 FRAME_SHIFT ENST00000375550.4:c.712delC ENSP00000364700.4:p.Leu238CysfsTer3 2/3 YES - - 

S48 SNV chr22 31723284 A G 523 342 181 0.346 PATZ1 ENSG00000100105 NON_SYNONYMOUS_CODING ENST00000351933.4:c.1519T>C ENSP00000337520.4:p.Cys507Arg 4/4 - - - 

S48 SNV chr22 31723284 A G 523 342 181 0.346 PATZ1 ENSG00000100105 NON_SYNONYMOUS_CODING ENST00000266269.5:c.1657T>C ENSP00000266269.5:p.Cys553Arg 5/5 YES - - 

S48 SNV chr22 31723284 A G 523 342 181 0.346 PATZ1 ENSG00000100105 NON_SYNONYMOUS_CODING ENST00000405309.3:c.1592T>C ENSP00000384173.3:p.Met531Thr 5/5 - - - 

63 INDEL chr9 37034092 T -TTC 34 27 7 0.206 PAX5 ENSG00000196092 UTR_5_PRIME ENST00000358127.4:c.-58delA - 1/10 YES - - 

12 INDEL chr1 18962801 C -AAG 309 182 127 0.411 PAX7 ENSG00000009709 CODON_CHANGE_PLUS_CODON_DELETION ENST00000420770.2:c.523delA ENSP00000403389.2:p.Lys175ArgfsTer39 4/9 - - - 

12 INDEL chr1 18962801 C -AAG 309 182 127 0.411 PAX7 ENSG00000009709 CODON_CHANGE_PLUS_CODON_DELETION ENST00000400661.3:c.517delA ENSP00000383502.3:p.Lys173ArgfsTer39 4/8 - - - 

12 INDEL chr1 18962801 C -AAG 309 182 127 0.411 PAX7 ENSG00000009709 CODON_CHANGE_PLUS_CODON_DELETION ENST00000375375.3:c.523delA ENSP00000364524.3:p.Lys175ArgfsTer39 4/8 YES - - 

S15 SNV chr1 19018326 C T 238 119 119 0.5 PAX7 ENSG00000009709 NON_SYNONYMOUS_CODING ENST00000375375.3:c.665C>T ENSP00000364524.3:p.Thr222Ile 5/8 YES - - 

S15 SNV chr1 19018326 C T 238 119 119 0.5 PAX7 ENSG00000009709 NON_SYNONYMOUS_CODING ENST00000400661.3:c.659C>T ENSP00000383502.3:p.Thr220Ile 5/8 - - - 

S15 SNV chr1 19018326 C T 238 119 119 0.5 PAX7 ENSG00000009709 NON_SYNONYMOUS_CODING ENST00000420770.2:c.665C>T ENSP00000403389.2:p.Thr222Ile 5/9 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000423351.1:c.1523G>A ENSP00000387775.1:p.Gly508Asp 13/26 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000356770.4:c.1427G>A ENSP00000349213.4:p.Gly476Asp 12/28 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000446103.1:c.1355G>A ENSP00000397662.1:p.Gly452Asp 12/20 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000423351.1:c.3973delA ENSP00000387775.1:p.Ile1325LeufsTer58 24/26 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000337303.4:c.1523G>A ENSP00000338302.4:p.Gly508Asp 13/28 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000409114.3:c.1523G>A ENSP00000386643.3:p.Gly508Asp 13/30 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000394830.3:c.3901delA ENSP00000378307.3:p.Ile1301LeufsTer31 25/30 YES - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000296302.7:c.1523G>A ENSP00000296302.7:p.Gly508Asp 13/30 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000409057.1:c.1523G>A ENSP00000386593.1:p.Gly508Asp 13/29 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000410007.1:c.1523G>A ENSP00000386529.1:p.Gly508Asp 13/29 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000337303.4:c.3976delA ENSP00000338302.4:p.Ile1326LeufsTer58 24/28 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000409057.1:c.3976delA ENSP00000386593.1:p.Ile1326LeufsTer58 24/29 - - - 



47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000409767.1:c.4021delA ENSP00000386601.1:p.Ile1341LeufsTer58 25/29 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000394830.3:c.1523G>A ENSP00000378307.3:p.Gly508Asp 14/30 YES - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000356770.4:c.3880delA ENSP00000349213.4:p.Ile1294LeufsTer58 23/28 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000409114.3:c.4021delA ENSP00000386643.3:p.Ile1341LeufsTer58 25/30 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000410007.1:c.3901delA ENSP00000386529.1:p.Ile1301LeufsTer58 24/29 - - - 

47 INDEL chr3 52597409 T -ATC 234 121 113 0.483 PBRM1 ENSG00000163939 CODON_CHANGE_PLUS_CODON_DELETION ENST00000296302.7:c.3976delA ENSP00000296302.7:p.Ile1326LeufsTer58 24/30 - - - 

47 SNV chr3 52661307 C T 112 50 62 0.554 PBRM1 ENSG00000163939 NON_SYNONYMOUS_CODING ENST00000409767.1:c.1523G>A ENSP00000386601.1:p.Gly508Asp 13/29 - - - 

12 SNV chr11 117078379 G A 461 342 119 0.258 PCSK7 ENSG00000160613 UTR_3_PRIME ENST00000540028.1:c.*68C>T - 7/10 - - - 

30 SNV chr1 144857635 G A 595 450 145 0.244 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.6101C>T ENSP00000327209.9:p.Thr2034Met 41/46 - 0.0002 rs587627879 

30 SNV chr1 144857635 G A 595 450 145 0.244 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.6674C>T ENSP00000435654.1:p.Thr2225Met 41/46 - 0.0002 rs587627879 

30 SNV chr1 144857635 G A 595 450 145 0.244 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.6419C>T ENSP00000358363.4:p.Thr2140Met 39/44 YES 0.0002 rs587627879 

30 SNV chr1 144857635 G A 595 450 145 0.244 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.6827C>T ENSP00000358366.4:p.Thr2276Met 42/47 - 0.0002 rs587627879 

30 SNV chr1 144857635 G A 595 450 145 0.244 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.6419C>T ENSP00000358360.3:p.Thr2140Met 39/44 - 0.0002 rs587627879 

36 SNV chr1 144879227 G A 1018 779 239 0.235 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.4223C>T ENSP00000358360.3:p.Ser1408Leu 27/44 - - - 

36 SNV chr1 144879227 G A 1018 779 239 0.235 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.4091C>T ENSP00000327209.9:p.Ser1364Leu 30/46 - - - 

36 SNV chr1 144879227 G A 1018 779 239 0.235 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.4223C>T ENSP00000358363.4:p.Ser1408Leu 27/44 YES - - 

36 SNV chr1 144879227 G A 1018 779 239 0.235 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.4631C>T ENSP00000358366.4:p.Ser1544Leu 30/47 - - - 

36 SNV chr1 144879227 G A 1018 779 239 0.235 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.4631C>T ENSP00000435654.1:p.Ser1544Leu 30/46 - - - 

48 SNV chr1 144855853 G A 452 322 130 0.288 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.6700C>T ENSP00000358363.4:p.Arg2234Trp 41/44 YES - rs142861673 

48 SNV chr1 144855853 G A 452 322 130 0.288 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.6700C>T ENSP00000358360.3:p.Arg2234Trp 41/44 - - rs142861673 

48 SNV chr1 144855853 G A 452 322 130 0.288 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.6382C>T ENSP00000327209.9:p.Arg2128Trp 43/46 - - rs142861673 

48 SNV chr1 144855853 G A 452 322 130 0.288 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.7108C>T ENSP00000358366.4:p.Arg2370Trp 44/47 - - rs142861673 

48 SNV chr1 144855853 G A 452 322 130 0.288 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.6955C>T ENSP00000435654.1:p.Arg2319Trp 43/46 - - rs142861673 

S34 SNV chr1 144877123 T C 970 731 239 0.246 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.4972A>G ENSP00000358366.4:p.Ile1658Val 31/47 - - - 

S34 SNV chr1 144877123 T C 970 731 239 0.246 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.4432A>G ENSP00000327209.9:p.Ile1478Val 31/46 - - - 

S34 SNV chr1 144877123 T C 970 731 239 0.246 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.4564A>G ENSP00000358360.3:p.Ile1522Val 28/44 - - - 

S34 SNV chr1 144877123 T C 970 731 239 0.246 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.4972A>G ENSP00000435654.1:p.Ile1658Val 31/46 - - - 

S34 SNV chr1 144877123 T C 970 731 239 0.246 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.4564A>G ENSP00000358363.4:p.Ile1522Val 28/44 YES - - 

S44 SNV chr1 145014096 G A 1718 1359 359 0.209 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000493130.2:c.446C>T ENSP00000432251.1:p.Ala149Val 4/4 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.2446G>A ENSP00000327209.9:p.Gly816Arg 20/46 - - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313431.9:c.2902C>G ENSP00000316434.9:p.Gln968Glu 14/19 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.1255C>T ENSP00000358360.3:p.Arg419Cys 10/44 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.1666C>T ENSP00000435654.1:p.Arg556Cys 13/46 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.2248G>A ENSP00000358360.3:p.Gly750Arg 17/44 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369349.3:c.2248G>A ENSP00000358355.3:p.Gly750Arg 17/23 - - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369349.3:c.2413C>G ENSP00000358355.3:p.Gln805Glu 18/23 - - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000529945.1:c.2902C>G ENSP00000433392.1:p.Gln968Glu 14/17 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.2659G>A ENSP00000435654.1:p.Gly887Arg 20/46 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000529945.1:c.2737G>A ENSP00000433392.1:p.Gly913Arg 13/17 - - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.2824C>G ENSP00000358366.4:p.Gln942Glu 21/47 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000479408.2:c.1609G>A ENSP00000436791.1:p.Gly537Arg 13/17 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.1453C>T ENSP00000327209.9:p.Arg485Cys 13/46 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.2248G>A ENSP00000358363.4:p.Gly750Arg 17/44 YES - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369351.3:c.2413C>G ENSP00000358357.3:p.Gln805Glu 18/22 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.1255C>T ENSP00000358363.4:p.Arg419Cys 10/44 YES - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000479408.2:c.1774C>G ENSP00000436791.1:p.Gln592Glu 14/17 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000529945.1:c.1744C>T ENSP00000433392.1:p.Arg582Cys 6/17 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369354.3:c.2413C>G ENSP00000358360.3:p.Gln805Glu 18/44 - - - 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000530740.1:c.2824C>G ENSP00000435654.1:p.Gln942Glu 21/46 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313431.9:c.2737G>A ENSP00000316434.9:p.Gly913Arg 13/19 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.1666C>T ENSP00000358366.4:p.Arg556Cys 13/47 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369351.3:c.1255C>T ENSP00000358357.3:p.Arg419Cys 10/22 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369349.3:c.1255C>T ENSP00000358355.3:p.Arg419Cys 10/23 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313382.9:c.2611C>G ENSP00000327209.9:p.Gln871Glu 21/46 - - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369351.3:c.2248G>A ENSP00000358357.3:p.Gly750Arg 17/22 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000313431.9:c.1744C>T ENSP00000316434.9:p.Arg582Cys 6/19 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S63 SNV chr1 144906444 G C 670 327 343 0.512 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369356.4:c.2413C>G ENSP00000358363.4:p.Gln805Glu 18/44 YES - - 

S63 SNV chr1 144909940 C T 997 767 230 0.23 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000369359.4:c.2659G>A ENSP00000358366.4:p.Gly887Arg 20/47 - - - 

S63 SNV chr1 144918931 G A 1529 1110 419 0.274 PDE4DIP ENSG00000178104 NON_SYNONYMOUS_CODING ENST00000479408.2:c.616C>T ENSP00000436791.1:p.Arg206Cys 6/17 - - rs371722785,COSM4021668,COSM4021669,COSM4021670,COSM4021671,COSM4021667 

S34 SNV chr5 149511607 T C 352 166 186 0.528 PDGFRB ENSG00000113721 NON_SYNONYMOUS_CODING ENST00000261799.4:c.1178A>G ENSP00000261799.4:p.His393Arg 8/23 YES - COSM590942 

35 SNV chr17 8050686 G A 296 171 125 0.422 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000354903.5:c.1463C>T ENSP00000346979.5:p.Pro488Leu 13/18 - - - 

35 SNV chr17 8050686 G A 296 171 125 0.422 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000317276.4:c.1511C>T ENSP00000314420.4:p.Pro504Leu 13/23 YES - - 

42 SNV chr17 8059644 C G 407 213 194 0.477 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000354903.5:c.29G>C ENSP00000346979.5:p.Ser10Thr 1/18 - 0.0004 rs563360327 

S43 SNV chr17 8051107 T C 210 20 190 0.905 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000354903.5:c.1225A>G ENSP00000346979.5:p.Ile409Val 11/18 - - - 

S43 SNV chr17 8051107 T C 210 20 190 0.905 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000581082.1:c.1213A>G ENSP00000462064.1:p.Ile405Val 10/22 - - - 

S43 SNV chr17 8051107 T C 210 20 190 0.905 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000317276.4:c.1273A>G ENSP00000314420.4:p.Ile425Val 11/23 YES - - 

S57 SNV chr17 8047949 T C 527 266 261 0.495 PER1 ENSG00000179094 NON_SYNONYMOUS_CODING ENST00000354903.5:c.2533A>G ENSP00000346979.5:p.Thr845Ala 18/18 - - - 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000370803.3:c.820C>T ENSP00000359839.3:p.Arg274Ter 8/11 - - COSM144567,COSM1134629 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000416404.2:c.718C>T ENSP00000394480.2:p.Arg240Ter 7/10 - - COSM144567,COSM1134629 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000332070.3:c.820C>T ENSP00000329097.3:p.Arg274Ter 8/10 YES - COSM144567,COSM1134629 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000394292.1:c.823C>T ENSP00000377831.1:p.Arg275Ter 8/11 - - COSM144567,COSM1134629 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000370799.1:c.823C>T ENSP00000359835.1:p.Arg275Ter 8/9 - - COSM144567,COSM1134629 

S34 SNV chrX 133549136 C T 209 110 99 0.474 PHF6 ENSG00000156531 STOP_GAINED ENST00000370800.4:c.823C>T ENSP00000359836.4:p.Arg275Ter 8/8 - - COSM144567,COSM1134629 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000394292.1:c.676C>T ENSP00000377831.1:p.Arg226Ter 7/11 - - COSM255184 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000416404.2:c.571C>T ENSP00000394480.2:p.Arg191Ter 6/10 - - COSM255184 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000370800.4:c.676C>T ENSP00000359836.4:p.Arg226Ter 7/8 - - COSM255184 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000332070.3:c.673C>T ENSP00000329097.3:p.Arg225Ter 7/10 YES - COSM255184 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000370803.3:c.673C>T ENSP00000359839.3:p.Arg225Ter 7/11 - - COSM255184 

S35 SNV chrX 133547940 C T 325 19 306 0.942 PHF6 ENSG00000156531 STOP_GAINED ENST00000370799.1:c.676C>T ENSP00000359835.1:p.Arg226Ter 7/9 - - COSM255184 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 6/10 - - - 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 7/11 - - - 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 7/8 - - - 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 7/10 YES - - 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 7/9 - - - 

S36 INDEL chrX 133547926 A +G 881 482 399 0.453 PHF6 ENSG00000156531 FRAME_SHIFT - - 7/11 - - - 

S54 SNV chrX 133551263 C T 673 360 313 0.465 PHF6 ENSG00000156531 NON_SYNONYMOUS_CODING ENST00000416404.2:c.797C>T ENSP00000394480.2:p.Thr266Ile 8/10 - - - 

S54 SNV chrX 133551263 C T 673 360 313 0.465 PHF6 ENSG00000156531 NON_SYNONYMOUS_CODING ENST00000394292.1:c.902C>T ENSP00000377831.1:p.Thr301Ile 9/11 - - - 

S54 SNV chrX 133551263 C T 673 360 313 0.465 PHF6 ENSG00000156531 NON_SYNONYMOUS_CODING ENST00000370803.3:c.899C>T ENSP00000359839.3:p.Thr300Ile 9/11 - - - 

S54 SNV chrX 133551263 C T 673 360 313 0.465 PHF6 ENSG00000156531 NON_SYNONYMOUS_CODING ENST00000370799.1:c.902C>T ENSP00000359835.1:p.Thr301Ile 9/9 - - - 

S54 SNV chrX 133551263 C T 673 360 313 0.465 PHF6 ENSG00000156531 NON_SYNONYMOUS_CODING ENST00000332070.3:c.899C>T ENSP00000329097.3:p.Thr300Ile 9/10 YES - - 

S37 INDEL chr4 41749672 C -GA 459 265 194 0.423 PHOX2B ENSG00000109132 FRAME_SHIFT ENST00000510424.1:c.53delG ENSP00000426733.1:p.Arg19AlafsTer55 1/3 - - - 

46 SNV chr11 85670067 A C 62 40 22 0.355 PICALM ENSG00000073921 UTR_3_PRIME ENST00000528398.1:c.*22T>G - 19/19 - - - 

46 SNV chr11 85670067 A C 62 40 22 0.355 PICALM ENSG00000073921 UTR_3_PRIME ENST00000356360.5:c.*22T>G - 19/19 - - - 

46 SNV chr11 85670067 A C 62 40 22 0.355 PICALM ENSG00000073921 UTR_3_PRIME ENST00000393346.3:c.*22T>G - 20/20 YES - - 

46 SNV chr11 85670067 A C 62 40 22 0.355 PICALM ENSG00000073921 UTR_3_PRIME ENST00000532317.1:c.*22T>G - 20/20 - - - 

46 SNV chr11 85670067 A C 62 40 22 0.355 PICALM ENSG00000073921 UTR_3_PRIME ENST00000526033.1:c.*22T>G - 20/20 - - - 

32 SNV chr1 204436089 C T 50 28 22 0.44 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367184.2:c.77G>A ENSP00000356152.2:p.Arg26Gln 1/3 - - rs547113789 

37 SNV chr1 204435964 G A 59 28 31 0.525 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367184.2:c.202C>T ENSP00000356152.2:p.Leu68Phe 1/3 - 0.0008 rs372874064 

55 SNV chr1 204409407 T A 405 227 178 0.438 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367187.3:c.3292A>T ENSP00000356155.3:p.Ile1098Phe 23/34 YES - - 



55 SNV chr1 204409407 T A 405 227 178 0.438 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000424712.2:c.3208A>T ENSP00000400561.2:p.Ile1070Phe 24/35 - - - 

63 SNV chr1 204436162 G A 159 89 70 0.44 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367184.2:c.4C>T ENSP00000356152.2:p.Arg2Trp 1/3 - - - 

S03 SNV chr1 204433674 C G 520 273 247 0.473 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367184.2:c.427G>C ENSP00000356152.2:p.Val143Leu 3/3 - - - 

S03 SNV chr1 204433674 C G 520 273 247 0.473 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000424712.2:c.1093G>C ENSP00000400561.2:p.Val365Leu 5/35 - - - 

S03 SNV chr1 204433674 C G 520 273 247 0.473 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367187.3:c.1093G>C ENSP00000356155.3:p.Val365Leu 5/34 YES - - 

S14 SNV chr1 204435981 T G 88 44 44 0.5 PIK3C2B ENSG00000133056 NON_SYNONYMOUS_CODING ENST00000367184.2:c.185A>C ENSP00000356152.2:p.Asp62Ala 1/3 - 0.0002 rs375101836 

30 SNV chr3 178952037 C T 225 126 99 0.44 PIK3CA ENSG00000121879 NON_SYNONYMOUS_CODING ENST00000263967.3:c.3092C>T ENSP00000263967.3:p.Thr1031Ile 21/21 YES - COSM28543 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000435786.2:c.-14C>G - 1/7 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000436891.3:c.-14C>G - 1/8 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000359928.4:c.-14C>G - 1/6 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000395132.2:c.-14C>G - 1/5 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000395135.3:c.-14C>G - 1/8 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000268058.3:c.-14C>G - 1/9 YES - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000268059.6:c.-14C>G - 1/8 - - - 

32 SNV chr15 74287140 C G 94 45 49 0.521 PML ENSG00000140464 UTR_5_PRIME ENST00000354026.6:c.-14C>G - 1/7 - - - 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000447232.2:c.178G>A ENSP00000401064.2:p.Gly60Ser 3/12 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000441310.2:c.178G>A ENSP00000406490.2:p.Gly60Ser 3/13 YES - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000424766.1:c.178G>A ENSP00000410082.1:p.Gly60Ser 3/5 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000374826.4:c.178G>A ENSP00000363959.4:p.Gly60Ser 3/5 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409823.3:c.178G>A ENSP00000387125.3:p.Gly60Ser 3/12 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 UTR_5_PRIME ENST00000418224.3:c.-248G>A - 3/12 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409985.1:c.178G>A ENSP00000386623.1:p.Gly60Ser 3/4 - - COSM572886 

24 SNV chr2 190660540 G A 244 148 96 0.393 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000420421.1:c.178G>A ENSP00000391136.1:p.Gly60Ser 2/2 - - COSM572886 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000447232.2:c.335C>T ENSP00000401064.2:p.Thr112Met 4/12 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000424766.1:c.335C>T ENSP00000410082.1:p.Thr112Met 4/5 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000424307.1:c.152C>T ENSP00000389938.1:p.Thr51Met 2/8 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409985.1:c.335C>T ENSP00000386623.1:p.Thr112Met 4/4 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409823.3:c.335C>T ENSP00000387125.3:p.Thr112Met 4/12 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000374826.4:c.335C>T ENSP00000363959.4:p.Thr112Met 4/5 - 0.0002 rs576285843 

S22 SNV chr2 190670397 C T 513 253 260 0.507 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000441310.2:c.335C>T ENSP00000406490.2:p.Thr112Met 4/13 YES 0.0002 rs576285843 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000418224.3:c.1228C>T ENSP00000404492.3:p.Arg410Cys 8/12 - 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000447232.2:c.1756C>T ENSP00000401064.2:p.Arg586Cys 9/12 - 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000424307.1:c.1573C>T ENSP00000389938.1:p.Arg525Cys 7/8 - 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000432292.3:c.1228C>T ENSP00000398378.3:p.Arg410Cys 7/11 - 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409823.3:c.1639C>T ENSP00000387125.3:p.Arg547Cys 8/12 - 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000441310.2:c.1756C>T ENSP00000406490.2:p.Arg586Cys 9/13 YES 0.0002 rs566975683,COSM3575566 

S35 SNV chr2 190719754 C T 656 325 331 0.505 PMS1 ENSG00000064933 NON_SYNONYMOUS_CODING ENST00000409593.1:c.1111C>T ENSP00000387169.1:p.Arg371Cys 4/7 - 0.0002 rs566975683,COSM3575566 

1 SNV chr7 72412504 C A 106 63 43 0.406 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000434423.2:c.1972C>A ENSP00000405562.2:p.Pro658Thr 11/13 - - - 

1 SNV chr7 72412504 C A 106 63 43 0.406 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000358357.3:c.1177C>A ENSP00000351124.3:p.Pro393Thr 11/13 - - - 

1 SNV chr7 72412504 C A 106 63 43 0.406 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000257622.4:c.1177C>A ENSP00000257622.4:p.Pro393Thr 13/15 - - - 

1 SNV chr7 72412504 C A 106 63 43 0.406 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000395270.1:c.1177C>A ENSP00000378687.1:p.Pro393Thr 14/16 YES - - 

1 SNV chr7 72412504 C A 106 63 43 0.406 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000446813.1:c.1177C>A ENSP00000393020.1:p.Pro393Thr 13/15 - - - 

42 SNV chr7 72412540 A G 251 168 83 0.331 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000446813.1:c.1213A>G ENSP00000393020.1:p.Met405Val 13/15 - - - 

42 SNV chr7 72412540 A G 251 168 83 0.331 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000257622.4:c.1213A>G ENSP00000257622.4:p.Met405Val 13/15 - - - 

42 SNV chr7 72412540 A G 251 168 83 0.331 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000434423.2:c.2008A>G ENSP00000405562.2:p.Met670Val 11/13 - - - 

42 SNV chr7 72412540 A G 251 168 83 0.331 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000358357.3:c.1213A>G ENSP00000351124.3:p.Met405Val 11/13 - - - 

42 SNV chr7 72412540 A G 251 168 83 0.331 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000395270.1:c.1213A>G ENSP00000378687.1:p.Met405Val 14/16 YES - - 

S15 INDEL chr7 72395725 C -GGCCGG 32 8 24 0.75 POM121 ENSG00000196313 CODON_CHANGE_PLUS_CODON_DELETION ENST00000434423.2:c.67delG ENSP00000405562.2:p.Gly23AlafsTer36 1/13 - - - 

S29 SNV chr7 72395869 C G 130 56 74 0.569 POM121 ENSG00000196313 NON_SYNONYMOUS_CODING ENST00000434423.2:c.210C>G ENSP00000405562.2:p.Ser70Arg 1/13 - - - 

55 SNV chr1 156737757 C T 65 26 39 0.6 PRCC ENSG00000143294 NON_SYNONYMOUS_CODING ENST00000271526.4:c.194C>T ENSP00000271526.4:p.Pro65Leu 1/7 YES 0.0004 rs369713102 

55 SNV chr1 156737757 C T 65 26 39 0.6 PRCC ENSG00000143294 NON_SYNONYMOUS_CODING ENST00000353233.3:c.194C>T ENSP00000339300.3:p.Pro65Leu 1/6 - 0.0004 rs369713102 

S57 SNV chr1 156737838 C A 289 115 174 0.602 PRCC ENSG00000143294 NON_SYNONYMOUS_CODING ENST00000271526.4:c.275C>A ENSP00000271526.4:p.Pro92Gln 1/7 YES - - 

S57 SNV chr1 156737838 C A 289 115 174 0.602 PRCC ENSG00000143294 NON_SYNONYMOUS_CODING ENST00000353233.3:c.275C>A ENSP00000339300.3:p.Pro92Gln 1/6 - - - 

63 SNV chr6 106553012 G A 446 235 211 0.473 PRDM1 ENSG00000057657 NON_SYNONYMOUS_CODING ENST00000369089.3:c.575G>A ENSP00000358085.3:p.Arg192His 3/5 - - COSM1262935 

63 SNV chr6 106553012 G A 446 235 211 0.473 PRDM1 ENSG00000057657 NON_SYNONYMOUS_CODING ENST00000369091.2:c.869G>A ENSP00000358087.2:p.Arg290His 5/7 - - COSM1262935 

63 SNV chr6 106553012 G A 446 235 211 0.473 PRDM1 ENSG00000057657 NON_SYNONYMOUS_CODING ENST00000369096.4:c.977G>A ENSP00000358092.4:p.Arg326His 5/7 YES - COSM1262935 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000514189.1:c.310A>C ENSP00000421400.1:p.Met104Leu 2/16 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000442529.2:c.310A>C ENSP00000405253.2:p.Met104Leu 2/17 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000441472.2:c.310A>C ENSP00000407968.2:p.Met104Leu 2/17 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000378391.2:c.310A>C ENSP00000367643.2:p.Met104Leu 2/17 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000511072.1:c.310A>C ENSP00000426975.1:p.Met104Leu 2/16 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000378398.3:c.310A>C ENSP00000367651.3:p.Met104Leu 2/18 - - - 

S53 SNV chr1 3102961 A C 462 245 217 0.47 PRDM16 ENSG00000142611 NON_SYNONYMOUS_CODING ENST00000270722.5:c.310A>C ENSP00000270722.5:p.Met104Leu 2/17 YES - - 

6 SNV chr10 72360198 G C 388 278 110 0.284 PRF1 ENSG00000180644 NON_SYNONYMOUS_CODING ENST00000441259.1:c.461C>G ENSP00000398568.1:p.Ala154Gly 2/3 YES - - 

6 SNV chr10 72360198 G C 388 278 110 0.284 PRF1 ENSG00000180644 NON_SYNONYMOUS_CODING ENST00000373209.2:c.461C>G ENSP00000362305.1:p.Ala154Gly 2/3 - - - 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000430669.2:c.3950C>T ENSP00000410287.2:p.Pro1317Leu 23/23 - 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000437951.1:c.3950C>T ENSP00000389744.1:p.Pro1317Leu 23/24 - 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000375274.2:c.4145C>T ENSP00000364423.2:p.Pro1382Leu 23/24 - 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000421141.1:c.3695C>T ENSP00000399981.1:p.Pro1232Leu 23/24 - 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000331920.6:c.4148C>T ENSP00000332353.6:p.Pro1383Leu 23/24 YES 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000418258.1:c.3695C>T ENSP00000396135.1:p.Pro1232Leu 23/24 - 0.0002 rs571030658 

19 SNV chr9 98209390 G A 176 104 72 0.409 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000429896.2:c.3695C>T ENSP00000414823.2:p.Pro1232Leu 23/24 - 0.0002 rs571030658 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000418258.1:c.3719G>A ENSP00000396135.1:p.Arg1240Gln 23/24 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000331920.6:c.4172G>A ENSP00000332353.6:p.Arg1391Gln 23/24 YES - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000437951.1:c.3974G>A ENSP00000389744.1:p.Arg1325Gln 23/24 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000421141.1:c.3719G>A ENSP00000399981.1:p.Arg1240Gln 23/24 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000429896.2:c.3719G>A ENSP00000414823.2:p.Arg1240Gln 23/24 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000430669.2:c.3974G>A ENSP00000410287.2:p.Arg1325Gln 23/23 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

37 SNV chr9 98209366 C T 60 29 31 0.517 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000375274.2:c.4169G>A ENSP00000364423.2:p.Arg1390Gln 23/24 - - COSM3746113,COSM3746114,COSM3746116,COSM3746115 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000375274.2:c.1516G>A ENSP00000364423.2:p.Ala506Thr 11/24 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000430669.2:c.1321G>A ENSP00000410287.2:p.Ala441Thr 11/23 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000418258.1:c.1066G>A ENSP00000396135.1:p.Ala356Thr 11/24 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000429896.2:c.1066G>A ENSP00000414823.2:p.Ala356Thr 11/24 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000437951.1:c.1321G>A ENSP00000389744.1:p.Ala441Thr 11/24 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000331920.6:c.1519G>A ENSP00000332353.6:p.Ala507Thr 11/24 YES - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000421141.1:c.1066G>A ENSP00000399981.1:p.Ala356Thr 11/24 - - - 

S03 SNV chr9 98239124 C T 549 319 230 0.419 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000375271.4:c.514G>A ENSP00000364420.4:p.Ala172Thr 5/8 - - - 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000437951.1:c.2437G>A ENSP00000389744.1:p.Asp813Asn 16/24 - - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000429896.2:c.2182G>A ENSP00000414823.2:p.Asp728Asn 16/24 - - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000418258.1:c.2182G>A ENSP00000396135.1:p.Asp728Asn 16/24 - - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000375274.2:c.2632G>A ENSP00000364423.2:p.Asp878Asn 16/24 - - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000331920.6:c.2635G>A ENSP00000332353.6:p.Asp879Asn 16/24 YES - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000430669.2:c.2437G>A ENSP00000410287.2:p.Asp813Asn 16/23 - - COSM27115,COSM95096,COSM95097,COSM95098 

S29 SNV chr9 98224206 C T 369 193 176 0.476 PTCH1 ENSG00000185920 NON_SYNONYMOUS_CODING ENST00000421141.1:c.2182G>A ENSP00000399981.1:p.Asp728Asn 16/24 - - COSM27115,COSM95096,COSM95097,COSM95098 

46 SNV chr12 112888199 C A 157 90 67 0.427 PTPN11 ENSG00000179295 NON_SYNONYMOUS_CODING ENST00000351677.2:c.215C>A ENSP00000340944.2:p.Ala72Asp 3/16 YES - rs121918454,COSM13035,COSM13015,CM013417 

46 SNV chr12 112888199 C A 157 90 67 0.427 PTPN11 ENSG00000179295 NON_SYNONYMOUS_CODING ENST00000392597.1:c.215C>A ENSP00000376376.1:p.Ala72Asp 3/11 - - rs121918454,COSM13035,COSM13015,CM013417 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373184.1:c.4123G>A ENSP00000362280.1:p.Glu1375Lys 29/31 - - - 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000356100.2:c.4120G>A ENSP00000348408.2:p.Glu1374Lys 29/31 - - - 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373201.1:c.4063G>A ENSP00000362297.1:p.Glu1355Lys 28/30 - - - 



S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373190.1:c.4090G>A ENSP00000362286.1:p.Glu1364Lys 29/31 - - - 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373198.4:c.4150G>A ENSP00000362294.4:p.Glu1384Lys 30/32 - - - 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373193.3:c.4102G>A ENSP00000362289.3:p.Glu1368Lys 29/31 - - - 

S12 SNV chr20 40713365 C T 203 94 109 0.537 PTPRT ENSG00000196090 NON_SYNONYMOUS_CODING ENST00000373187.1:c.4093G>A ENSP00000362283.1:p.Glu1365Lys 29/31 YES - - 

S25 SNV chr3 12645699 G A 97 58 39 0.402 RAF1 ENSG00000132155 NON_SYNONYMOUS_CODING ENST00000432427.2:c.407C>T ENSP00000398591.2:p.Ser136Leu 4/14 - - rs80338796,COSM181063,COSM581519,COSM3586964,CM073301 

S25 SNV chr3 12645699 G A 97 58 39 0.402 RAF1 ENSG00000132155 NON_SYNONYMOUS_CODING ENST00000251849.4:c.770C>T ENSP00000251849.4:p.Ser257Leu 7/17 YES - rs80338796,COSM181063,COSM581519,COSM3586964,CM073301 

S25 SNV chr3 12645699 G A 97 58 39 0.402 RAF1 ENSG00000132155 NON_SYNONYMOUS_CODING ENST00000442415.2:c.770C>T ENSP00000401888.2:p.Ser257Leu 7/18 - - rs80338796,COSM181063,COSM581519,COSM3586964,CM073301 

S25 SNV chr3 12645699 G A 97 58 39 0.402 RAF1 ENSG00000132155 NON_SYNONYMOUS_CODING ENST00000542177.1:c.527C>T ENSP00000443567.1:p.Ser176Leu 6/16 - - rs80338796,COSM181063,COSM581519,COSM3586964,CM073301 

S25 SNV chr3 12645699 G A 97 58 39 0.402 RAF1 ENSG00000132155 NON_SYNONYMOUS_CODING ENST00000534997.1:c.125C>T ENSP00000441186.1:p.Ser42Leu 3/13 - - rs80338796,COSM181063,COSM581519,COSM3586964,CM073301 

S65 SNV chr9 135996490 G A 62 34 28 0.452 RALGDS ENSG00000160271 NON_SYNONYMOUS_CODING ENST00000372047.3:c.52C>T ENSP00000361117.3:p.Pro18Ser 1/18 - - - 

S65 SNV chr9 135996490 G A 62 34 28 0.452 RALGDS ENSG00000160271 NON_SYNONYMOUS_CODING ENST00000372050.3:c.52C>T ENSP00000361120.3:p.Pro18Ser 1/18 YES - - 

S44 SNV chr5 170610229 C T 388 212 176 0.454 RANBP17 ENSG00000204764 NON_SYNONYMOUS_CODING ENST00000523189.1:c.1924C>T ENSP00000427975.1:p.His642Tyr 17/28 YES - - 

55 SNV chr2 109367845 G A 479 239 240 0.501 RANBP2 ENSG00000153201 NON_SYNONYMOUS_CODING ENST00000283195.6:c.1399G>A ENSP00000283195.6:p.Glu467Lys 10/29 YES - - 

S25 INDEL chr2 109383942 T -A 39 29 10 0.256 RANBP2 ENSG00000153201 FRAME_SHIFT ENST00000283195.6:c.6948delA ENSP00000283195.6:p.Leu2316PhefsTer4 20/29 YES - - 

S25 SNV chr2 109383921 A T 33 23 10 0.303 RANBP2 ENSG00000153201 NON_SYNONYMOUS_CODING ENST00000283195.6:c.6926A>T ENSP00000283195.6:p.Tyr2309Phe 20/29 YES - - 

S25 SNV chr2 109383944 C T 39 29 10 0.256 RANBP2 ENSG00000153201 NON_SYNONYMOUS_CODING ENST00000283195.6:c.6949C>T ENSP00000283195.6:p.Pro2317Ser 20/29 YES - - 

38 SNV chr17 38512515 C T 323 158 165 0.511 RARA ENSG00000131759 UTR_3_PRIME ENST00000425707.3:c.*37C>T - 7/7 - 0.0002 rs543619460 

38 SNV chr17 38512515 C T 323 158 165 0.511 RARA ENSG00000131759 UTR_3_PRIME ENST00000394089.2:c.*37C>T - 9/9 - 0.0002 rs543619460 

38 SNV chr17 38512515 C T 323 158 165 0.511 RARA ENSG00000131759 UTR_3_PRIME ENST00000254066.5:c.*37C>T - 9/9 YES 0.0002 rs543619460 

38 SNV chr17 38512515 C T 323 158 165 0.511 RARA ENSG00000131759 UTR_3_PRIME ENST00000394081.3:c.*37C>T - 8/8 - 0.0002 rs543619460 

38 SNV chr17 38512515 C T 323 158 165 0.511 RARA ENSG00000131759 UTR_3_PRIME ENST00000394086.3:c.*37C>T - 8/8 - 0.0002 rs543619460 

S29 SNV chr17 38512390 G T 135 57 78 0.578 RARA ENSG00000131759 NON_SYNONYMOUS_CODING ENST00000394089.2:c.1301G>T ENSP00000377649.2:p.Gly434Val 9/9 - 0.0004 rs553921530 

S29 SNV chr17 38512390 G T 135 57 78 0.578 RARA ENSG00000131759 NON_SYNONYMOUS_CODING ENST00000425707.3:c.1010G>T ENSP00000389993.3:p.Gly337Val 7/7 - 0.0004 rs553921530 

S29 SNV chr17 38512390 G T 135 57 78 0.578 RARA ENSG00000131759 NON_SYNONYMOUS_CODING ENST00000254066.5:c.1301G>T ENSP00000254066.5:p.Gly434Val 9/9 YES 0.0004 rs553921530 

S29 SNV chr17 38512390 G T 135 57 78 0.578 RARA ENSG00000131759 NON_SYNONYMOUS_CODING ENST00000394081.3:c.1286G>T ENSP00000377643.3:p.Gly429Val 8/8 - 0.0004 rs553921530 

S29 SNV chr17 38512390 G T 135 57 78 0.578 RARA ENSG00000131759 NON_SYNONYMOUS_CODING ENST00000394086.3:c.1349G>T ENSP00000377648.3:p.Gly450Val 8/8 - 0.0004 rs553921530 

S64 SNV chr13 49030384 C T 845 444 401 0.475 RB1 ENSG00000139687 NON_SYNONYMOUS_CODING ENST00000267163.4:c.1859C>T ENSP00000267163.4:p.Thr620Met 19/27 YES - rs554834063 

35 SNV chr1 110882106 G A 287 145 142 0.495 RBM15 ENSG00000162775 NON_SYNONYMOUS_CODING ENST00000487146.2:c.79G>A ENSP00000473552.1:p.Ala27Thr 1/2 - - - 

35 SNV chr1 110882106 G A 287 145 142 0.495 RBM15 ENSG00000162775 NON_SYNONYMOUS_CODING ENST00000369784.3:c.79G>A ENSP00000358799.3:p.Ala27Thr 1/3 YES - - 

S10 INDEL chr1 110882648 G -TCGGGT 285 183 102 0.358 RBM15 ENSG00000162775 CODON_CHANGE_PLUS_CODON_DELETION ENST00000369784.3:c.622delT ENSP00000358799.3:p.Ser208ArgfsTer10 1/3 YES - - 

S10 INDEL chr1 110882648 G -TCGGGT 285 183 102 0.358 RBM15 ENSG00000162775 CODON_CHANGE_PLUS_CODON_DELETION ENST00000487146.2:c.622delT ENSP00000473552.1:p.Ser208ArgfsTer10 1/2 - - - 

S10 INDEL chr1 110882648 G -TCGGGT 285 183 102 0.358 RBM15 ENSG00000162775 CODON_CHANGE_PLUS_CODON_DELETION ENST00000602849.1:c.622delT ENSP00000473638.1:p.Ser208ArgfsTer10 1/1 - - - 

24 INDEL chr8 145738410 T +GGTGCA 85 66 19 0.224 RECQL4 ENSG00000160957 CODON_INSERTION - - 16/22 YES - - 

24 INDEL chr8 145738410 T +GGTGCA 85 66 19 0.224 RECQL4 ENSG00000160957 CODON_INSERTION - - 6/8 - - - 

47 SNV chr8 145739069 G T 240 130 110 0.458 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000534626.2:c.455C>A ENSP00000477457.1:p.Arg153Ser 4/8 - 0.0024 rs531970883 

47 SNV chr8 145739069 G T 240 130 110 0.458 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000428558.2:c.2086C>A ENSP00000475456.1:p.Arg696Ser 13/22 YES 0.0024 rs531970883 

6 SNV chr8 145738998 G A 394 227 167 0.424 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000534626.2:c.526C>T ENST00000534626.2:c.526C>T(p.%3D) 4/8 - - - 

6 SNV chr8 145738998 G A 394 227 167 0.424 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000428558.2:c.2157C>T ENST00000428558.2:c.2157C>T(p.%3D) 13/22 YES - - 

S54 SNV chr8 145738639 C T 234 115 119 0.509 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000428558.2:c.2425G>A ENSP00000475456.1:p.Gly809Arg 15/22 YES - - 

S62 SNV chr8 145738644 C T 198 88 110 0.556 RECQL4 ENSG00000160957 NON_SYNONYMOUS_CODING ENST00000428558.2:c.2420G>A ENSP00000475456.1:p.Arg807His 15/22 YES 0.0002 rs571684398 

S46 SNV chr2 61118914 C T 650 371 279 0.429 REL ENSG00000162924 NON_SYNONYMOUS_CODING ENST00000295025.8:c.107C>T ENSP00000295025.7:p.Pro36Leu 2/11 YES - - 

S46 SNV chr2 61118914 C T 650 371 279 0.429 REL ENSG00000162924 NON_SYNONYMOUS_CODING ENST00000394479.3:c.107C>T ENSP00000377989.3:p.Pro36Leu 2/10 - - - 

21 SNV chr10 43597846 C A 380 208 172 0.453 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000340058.5:c.394C>A ENSP00000344798.4:p.Leu132Ile 3/19 - - - 

21 SNV chr10 43597846 C A 380 208 172 0.453 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000355710.3:c.394C>A ENSP00000347942.3:p.Leu132Ile 3/20 YES - - 

38 SNV chr10 43596063 G A 272 131 141 0.518 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000355710.3:c.230G>A ENSP00000347942.3:p.Arg77His 2/20 YES 0.0004 rs570176656,COSM294752,COSM538683,COSM1648717 

38 SNV chr10 43596063 G A 272 131 141 0.518 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000340058.5:c.230G>A ENSP00000344798.4:p.Arg77His 2/19 - 0.0004 rs570176656,COSM294752,COSM538683,COSM1648717 

42 SNV chr10 43620336 G A 194 108 86 0.443 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000340058.5:c.2945G>A ENSP00000344798.4:p.Arg982His 18/19 - - rs368550200,COSM1264016 

42 SNV chr10 43620336 G A 194 108 86 0.443 RET ENSG00000165731 NON_SYNONYMOUS_CODING ENST00000355710.3:c.2945G>A ENSP00000347942.3:p.Arg982His 18/20 YES - rs368550200,COSM1264016 

10 SNV chr17 78345721 A T 402 227 175 0.434 RNF213 ENSG00000173821 NON_SYNONYMOUS_CODING ENST00000336301.6:c.6692A>T ENSP00000338218.6:p.Lys2231Ile 22/43 - - - 

10 SNV chr17 78345721 A T 402 227 175 0.434 RNF213 ENSG00000173821 NON_SYNONYMOUS_CODING ENST00000508628.2:c.12620A>T ENSP00000425956.2:p.Lys4207Ile 48/69 - - - 

S32 SNV chr17 78252690 C T 612 323 289 0.472 RNF213 ENSG00000173821 NON_SYNONYMOUS_CODING ENST00000508628.2:c.389C>T ENSP00000425956.2:p.Pro130Leu 4/69 - - rs529986297 

S52 SNV chr17 78252690 C T 698 361 337 0.483 RNF213 ENSG00000173821 NON_SYNONYMOUS_CODING ENST00000508628.2:c.389C>T ENSP00000425956.2:p.Pro130Leu 4/69 - - rs529986297 

44 SNV chr6 117609821 C T 349 239 110 0.315 ROS1 ENSG00000047936 NON_SYNONYMOUS_CODING ENST00000368508.3:c.6878G>A ENSP00000357494.3:p.Gly2293Asp 43/43 YES - - 

44 SNV chr6 117609821 C T 349 239 110 0.315 ROS1 ENSG00000047936 NON_SYNONYMOUS_CODING ENST00000368507.3:c.6860G>A ENSP00000357493.3:p.Gly2287Asp 44/44 - - - 

S33 SNV chr6 117622266 G A 931 647 284 0.305 ROS1 ENSG00000047936 NON_SYNONYMOUS_CODING ENST00000368508.3:c.6604C>T ENSP00000357494.3:p.Pro2202Ser 42/43 YES - - 

S33 SNV chr6 117622266 G A 931 647 284 0.305 ROS1 ENSG00000047936 NON_SYNONYMOUS_CODING ENST00000368507.3:c.6586C>T ENSP00000357493.3:p.Pro2196Ser 43/44 - - - 

29 SNV chr21 36171751 G A 458 309 149 0.325 RUNX1 ENSG00000159216 STOP_GAINED ENST00000344691.4:c.733C>T ENSP00000340690.4:p.Gln245Ter 5/6 - - - 

29 SNV chr21 36171751 G A 458 309 149 0.325 RUNX1 ENSG00000159216 STOP_GAINED ENST00000300305.3:c.814C>T ENSP00000300305.3:p.Gln272Ter 7/8 YES - - 

29 SNV chr21 36171751 G A 458 309 149 0.325 RUNX1 ENSG00000159216 STOP_GAINED ENST00000399240.1:c.541C>T ENSP00000382184.1:p.Gln181Ter 4/5 - - - 

29 SNV chr21 36171751 G A 458 309 149 0.325 RUNX1 ENSG00000159216 STOP_GAINED ENST00000325074.5:c.778C>T ENSP00000319459.5:p.Gln260Ter 6/7 - - - 

29 SNV chr21 36171751 G A 458 309 149 0.325 RUNX1 ENSG00000159216 STOP_GAINED ENST00000437180.1:c.814C>T ENSP00000409227.1:p.Gln272Ter 8/9 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.232C>T ENSP00000340690.4:p.His78Tyr 1/6 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.313C>T ENSP00000409227.1:p.His105Tyr 4/9 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.241C>T ENSP00000438019.1:p.His81Tyr 4/7 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.277C>T ENSP00000319459.5:p.His93Tyr 2/7 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.232C>T ENSP00000351123.5:p.His78Tyr 1/5 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.232C>T ENSP00000382184.1:p.His78Tyr 1/5 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.313C>T ENSP00000300305.3:p.His105Tyr 3/8 YES - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.277C>T ENSP00000382182.2:p.His93Tyr 2/5 - - - 

35 SNV chr21 36259178 G A 165 71 94 0.57 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.274C>T ENSP00000388189.1:p.His92Tyr 3/4 - - - 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.690G>T ENSP00000300305.3:p.Gln230His 6/8 YES - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.695G>T ENSP00000300305.3:p.Arg232Leu 6/8 YES - rs368711448,COSM1030460 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.654G>T ENSP00000319459.5:p.Gln218His 5/7 - - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.614G>T ENSP00000351123.5:p.Arg205Leu 4/5 - - rs368711448,COSM1030460 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000325074.5:c.656delT ENSP00000319459.5:p.Leu219ArgfsTer6 5/7 - - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.659G>T ENSP00000319459.5:p.Arg220Leu 5/7 - - rs368711448,COSM1030460 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.609G>T ENSP00000351123.5:p.Gln203His 4/5 - - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.614G>T ENSP00000340690.4:p.Arg205Leu 4/6 - - rs368711448,COSM1030460 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.609G>T ENSP00000340690.4:p.Gln203His 4/6 - - - 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000437180.1:c.692delT ENSP00000409227.1:p.Leu231ArgfsTer6 7/9 - - - 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000300305.3:c.692delT ENSP00000300305.3:p.Leu231ArgfsTer6 6/8 YES - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.659G>T ENSP00000382182.2:p.Arg220Leu 5/5 - - rs368711448,COSM1030460 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.654G>T ENSP00000382182.2:p.Gln218His 5/5 - - - 

43 SNV chr21 36206822 C A 127 67 60 0.472 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.690G>T ENSP00000409227.1:p.Gln230His 7/9 - - - 

43 SNV chr21 36206817 C A 126 84 42 0.333 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.695G>T ENSP00000409227.1:p.Arg232Leu 7/9 - - rs368711448,COSM1030460 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000344691.4:c.611delT ENSP00000340690.4:p.Leu204ArgfsTer6 4/6 - - - 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000358356.5:c.611delT ENSP00000351123.5:p.Leu204ArgfsTer6 4/5 - - - 

43 INDEL chr21 36206820 A -G 126 67 59 0.468 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000399237.2:c.656delT ENSP00000382182.2:p.Leu219ArgfsTer6 5/5 - - - 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.299T>C ENSP00000382182.2:p.Leu100Pro 2/5 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.254T>C ENSP00000351123.5:p.Leu85Pro 1/5 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.335T>C ENSP00000409227.1:p.Leu112Pro 4/9 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.299T>C ENSP00000319459.5:p.Leu100Pro 2/7 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.335T>C ENSP00000300305.3:p.Leu112Pro 3/8 YES - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.254T>C ENSP00000382184.1:p.Leu85Pro 1/5 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.254T>C ENSP00000340690.4:p.Leu85Pro 1/6 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.263T>C ENSP00000438019.1:p.Leu88Pro 4/7 - - COSM3737026 

44 SNV chr21 36259156 A G 175 126 49 0.28 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.296T>C ENSP00000388189.1:p.Leu99Pro 3/4 - - COSM3737026 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.530G>A ENSP00000382184.1:p.Arg177Gln 3/5 - - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.575G>A ENSP00000382182.2:p.Arg192Gln 4/5 - - COSM24731,COSM1413953,COSM3423938,CM093278 



6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.539G>A ENSP00000438019.1:p.Arg180Gln 6/7 - - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.530G>A ENSP00000351123.5:p.Arg177Gln 3/5 - - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.530G>A ENSP00000340690.4:p.Arg177Gln 3/6 - - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.611G>A ENSP00000300305.3:p.Arg204Gln 5/8 YES - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.575G>A ENSP00000319459.5:p.Arg192Gln 4/7 - - COSM24731,COSM1413953,COSM3423938,CM093278 

6 SNV chr21 36231773 C T 664 65 599 0.901 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.611G>A ENSP00000409227.1:p.Arg204Gln 6/9 - - COSM24731,COSM1413953,COSM3423938,CM093278 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.446T>G ENSP00000382182.2:p.Leu149Arg 3/5 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.410T>G ENSP00000438019.1:p.Leu137Arg 5/7 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.482T>G ENSP00000300305.3:p.Leu161Arg 4/8 YES - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.482T>G ENSP00000409227.1:p.Leu161Arg 5/9 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.401T>G ENSP00000340690.4:p.Leu134Arg 2/6 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.446T>G ENSP00000319459.5:p.Leu149Arg 3/7 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.401T>G ENSP00000382184.1:p.Leu134Arg 2/5 - - COSM444417 

62 SNV chr21 36252880 A C 181 129 52 0.286 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.401T>G ENSP00000351123.5:p.Leu134Arg 2/5 - - COSM444417 

63 INDEL chr21 36164652 C +CGTA 118 63 55 0.458 RUNX1 ENSG00000159216 FRAME_SHIFT - - 9/9 - - - 

63 INDEL chr21 36164652 C +CGTA 118 63 55 0.458 RUNX1 ENSG00000159216 FRAME_SHIFT - - 6/6 - - - 

63 INDEL chr21 36164652 C +CGTA 118 63 55 0.458 RUNX1 ENSG00000159216 FRAME_SHIFT - - 7/7 - - - 

63 INDEL chr21 36164652 C +CGTA 118 63 55 0.458 RUNX1 ENSG00000159216 FRAME_SHIFT - - 5/5 - - - 

63 INDEL chr21 36164652 C +CGTA 118 63 55 0.458 RUNX1 ENSG00000159216 FRAME_SHIFT - - 8/8 YES - - 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.566G>A ENSP00000382182.2:p.Arg189Gln 4/5 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.521G>A ENSP00000382184.1:p.Arg174Gln 3/5 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.328A>C ENSP00000409227.1:p.Lys110Gln 4/9 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.602G>A ENSP00000409227.1:p.Arg201Gln 6/9 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.289A>C ENSP00000388189.1:p.Lys97Gln 3/4 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.247A>C ENSP00000340690.4:p.Lys83Gln 1/6 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.247A>C ENSP00000351123.5:p.Lys83Gln 1/5 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.247A>C ENSP00000382184.1:p.Lys83Gln 1/5 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.530G>A ENSP00000438019.1:p.Arg177Gln 6/7 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.292A>C ENSP00000382182.2:p.Lys98Gln 2/5 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.328A>C ENSP00000300305.3:p.Lys110Gln 3/8 YES - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.602G>A ENSP00000300305.3:p.Arg201Gln 5/8 YES - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.566G>A ENSP00000319459.5:p.Arg189Gln 4/7 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.292A>C ENSP00000319459.5:p.Lys98Gln 2/7 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36259163 T G 276 138 138 0.498 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.256A>C ENSP00000438019.1:p.Lys86Gln 4/7 - - rs121912498,COSM4170263,CM025982 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.521G>A ENSP00000340690.4:p.Arg174Gln 3/6 - - rs74315450,COSM24805,CM992140 

S03 SNV chr21 36231782 C T 437 205 232 0.531 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.521G>A ENSP00000351123.5:p.Arg174Gln 3/5 - - rs74315450,COSM24805,CM992140 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.319C>A ENSP00000300305.3:p.Arg107Ser 3/8 YES - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.238C>A ENSP00000351123.5:p.Arg80Ser 1/5 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.238C>A ENSP00000340690.4:p.Arg80Ser 1/6 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.280C>A ENSP00000388189.1:p.Arg94Ser 3/4 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.283C>A ENSP00000319459.5:p.Arg95Ser 2/7 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.238C>A ENSP00000382184.1:p.Arg80Ser 1/5 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.247C>A ENSP00000438019.1:p.Arg83Ser 4/7 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.319C>A ENSP00000409227.1:p.Arg107Ser 4/9 - - COSM24736 

S17 SNV chr21 36259172 G T 324 196 128 0.395 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.283C>A ENSP00000382182.2:p.Arg95Ser 2/5 - - COSM24736 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 5/7 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 2/5 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 3/5 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 5/9 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 3/7 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 4/8 YES - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 2/6 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 2/5 - - - 

S21 INDEL chr21 36253000 A +G 468 267 201 0.43 RUNX1 ENSG00000159216 FRAME_SHIFT - - 4/4 - - - 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.283C>T ENSP00000382182.2:p.Arg95Cys 2/5 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.319C>T ENSP00000300305.3:p.Arg107Cys 3/8 YES - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.238C>T ENSP00000340690.4:p.Arg80Cys 1/6 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.319C>T ENSP00000409227.1:p.Arg107Cys 4/9 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.280C>T ENSP00000388189.1:p.Arg94Cys 3/4 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.247C>T ENSP00000438019.1:p.Arg83Cys 4/7 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.283C>T ENSP00000319459.5:p.Arg95Cys 2/7 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.238C>T ENSP00000351123.5:p.Arg80Cys 1/5 - - COSM24736 

S34 SNV chr21 36259172 G A 366 113 253 0.691 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.238C>T ENSP00000382184.1:p.Arg80Cys 1/5 - - COSM24736 

S35 INDEL chr21 36164771 C -ATGCCGATGCCGAT 148 95 53 0.358 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000437180.1:c.1104delG ENSP00000409227.1:p.Met368IlefsTer226 9/9 - - - 

S35 INDEL chr21 36164771 C -ATGCCGATGCCGAT 148 95 53 0.358 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000300305.3:c.1104delG ENSP00000300305.3:p.Met368IlefsTer226 8/8 YES - - 

S35 INDEL chr21 36164771 C -ATGCCGATGCCGAT 148 95 53 0.358 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000399240.1:c.831delG ENSP00000382184.1:p.Met277IlefsTer226 5/5 - - - 

S35 INDEL chr21 36164771 C -ATGCCGATGCCGAT 148 95 53 0.358 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000325074.5:c.1068delG ENSP00000319459.5:p.Met356IlefsTer226 7/7 - - - 

S35 INDEL chr21 36164771 C -ATGCCGATGCCGAT 148 95 53 0.358 RUNX1 ENSG00000159216 FRAME_SHIFT ENST00000344691.4:c.1023delG ENSP00000340690.4:p.Met341IlefsTer226 6/6 - - - 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.335T>C ENSP00000300305.3:p.Leu112Pro 3/8 YES - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.263T>C ENSP00000438019.1:p.Leu88Pro 4/7 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.299T>C ENSP00000319459.5:p.Leu100Pro 2/7 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.335T>C ENSP00000409227.1:p.Leu112Pro 4/9 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.254T>C ENSP00000340690.4:p.Leu85Pro 1/6 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000455571.1:c.296T>C ENSP00000388189.1:p.Leu99Pro 3/4 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.254T>C ENSP00000382184.1:p.Leu85Pro 1/5 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.254T>C ENSP00000351123.5:p.Leu85Pro 1/5 - - COSM3737026 

S36 SNV chr21 36259156 A G 361 214 147 0.407 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.299T>C ENSP00000382182.2:p.Leu100Pro 2/5 - - COSM3737026 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000344691.4:c.520C>T ENSP00000340690.4:p.Arg174Ter 3/6 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000325074.5:c.565C>T ENSP00000319459.5:p.Arg189Ter 4/7 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000300305.3:c.601C>T ENSP00000300305.3:p.Arg201Ter 5/8 YES - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000437180.1:c.601C>T ENSP00000409227.1:p.Arg201Ter 6/9 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000399240.1:c.520C>T ENSP00000382184.1:p.Arg174Ter 3/5 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000486278.2:c.529C>T ENSP00000438019.1:p.Arg177Ter 6/7 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000399237.2:c.565C>T ENSP00000382182.2:p.Arg189Ter 4/5 - - COSM186279,COSM24771,COSM3356082,CM992141 

S43 SNV chr21 36231783 G A 500 275 225 0.45 RUNX1 ENSG00000159216 STOP_GAINED ENST00000358356.5:c.520C>T ENSP00000351123.5:p.Arg174Ter 3/5 - - COSM186279,COSM24771,COSM3356082,CM992141 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399237.2:c.449G>A ENSP00000382182.2:p.Arg150Lys 3/5 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000325074.5:c.449G>A ENSP00000319459.5:p.Arg150Lys 3/7 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000399240.1:c.404G>A ENSP00000382184.1:p.Arg135Lys 2/5 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000344691.4:c.404G>A ENSP00000340690.4:p.Arg135Lys 2/6 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000486278.2:c.413G>A ENSP00000438019.1:p.Arg138Lys 5/7 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000358356.5:c.404G>A ENSP00000351123.5:p.Arg135Lys 2/5 - - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000300305.3:c.485G>A ENSP00000300305.3:p.Arg162Lys 4/8 YES - COSM96546 

S53 SNV chr21 36252877 C T 575 336 239 0.415 RUNX1 ENSG00000159216 NON_SYNONYMOUS_CODING ENST00000437180.1:c.485G>A ENSP00000409227.1:p.Arg162Lys 5/9 - - COSM96546 

S56 SNV chr21 36171607 G A 1080 638 442 0.409 RUNX1 ENSG00000159216 STOP_GAINED ENST00000344691.4:c.877C>T ENSP00000340690.4:p.Arg293Ter 5/6 - - COSM41699,COSM1413949,CM086912 

S56 SNV chr21 36171607 G A 1080 638 442 0.409 RUNX1 ENSG00000159216 STOP_GAINED ENST00000325074.5:c.922C>T ENSP00000319459.5:p.Arg308Ter 6/7 - - COSM41699,COSM1413949,CM086912 

S56 SNV chr21 36171607 G A 1080 638 442 0.409 RUNX1 ENSG00000159216 STOP_GAINED ENST00000399240.1:c.685C>T ENSP00000382184.1:p.Arg229Ter 4/5 - - COSM41699,COSM1413949,CM086912 

S56 SNV chr21 36171607 G A 1080 638 442 0.409 RUNX1 ENSG00000159216 STOP_GAINED ENST00000300305.3:c.958C>T ENSP00000300305.3:p.Arg320Ter 7/8 YES - COSM41699,COSM1413949,CM086912 

S56 SNV chr21 36171607 G A 1080 638 442 0.409 RUNX1 ENSG00000159216 STOP_GAINED ENST00000437180.1:c.958C>T ENSP00000409227.1:p.Arg320Ter 8/9 - - COSM41699,COSM1413949,CM086912 

1 INDEL chr10 102107196 G -CGACCC 61 40 21 0.344 SCD ENSG00000099194 UTR_5_PRIME ENST00000370355.2:c.-64delG - 1/6 YES - - 



33 SNV chr1 17380536 C G 116 66 50 0.431 SDHB ENSG00000117118 UTR_5_PRIME ENST00000375499.3:c.-22G>C - 1/8 YES - - 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000525291.1:c.34G>A ENSP00000436669.1:p.Gly12Ser 1/3 - 0.0050 rs34677591,CM003169 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000375549.3:c.34G>A ENSP00000364699.3:p.Gly12Ser 1/4 YES 0.0050 rs34677591,CM003169 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528182.1:c.34G>A ENSP00000435475.1:p.Gly12Ser 1/4 - 0.0050 rs34677591,CM003169 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528021.1:c.34G>A ENSP00000432465.1:p.Gly12Ser 1/4 - 0.0050 rs34677591,CM003169 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000526592.1:c.34G>A ENSP00000432005.1:p.Gly12Ser 1/5 - 0.0050 rs34677591,CM003169 

37 SNV chr11 111957665 G A 44 20 24 0.546 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528048.1:c.34G>A ENSP00000436217.1:p.Gly12Ser 1/3 - 0.0050 rs34677591,CM003169 

S25 SNV chr11 111958677 A G 1238 98 1140 0.921 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000375549.3:c.149A>G ENSP00000364699.3:p.His50Arg 2/4 YES 0.0066 rs11214077,CM022244 

S25 SNV chr11 111958677 A G 1238 98 1140 0.921 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528021.1:c.149A>G ENSP00000432465.1:p.His50Arg 2/4 - 0.0066 rs11214077,CM022244 

S25 SNV chr11 111958677 A G 1238 98 1140 0.921 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528048.1:c.149A>G ENSP00000436217.1:p.His50Arg 2/3 - 0.0066 rs11214077,CM022244 

S25 SNV chr11 111958677 A G 1238 98 1140 0.921 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000526592.1:c.149A>G ENSP00000432005.1:p.His50Arg 2/5 - 0.0066 rs11214077,CM022244 

S25 SNV chr11 111958677 A G 1238 98 1140 0.921 SDHD ENSG00000204370 NON_SYNONYMOUS_CODING ENST00000528182.1:c.149A>G ENSP00000435475.1:p.His50Arg 2/4 - 0.0066 rs11214077,CM022244 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000360051.3:c.476G>A ENSP00000353157.3:p.Gly159Glu 7/14 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000401990.1:c.506G>A ENSP00000385109.1:p.Gly169Glu 10/17 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000428282.1:c.356G>A ENSP00000397195.1:p.Gly119Glu 5/7 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000421717.1:c.41G>A ENSP00000408296.1:p.Gly14Glu 1/7 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000391973.2:c.476G>A ENSP00000375834.2:p.Gly159Glu 6/13 YES - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000402092.2:c.476G>A ENSP00000385172.2:p.Gly159Glu 7/14 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000449239.1:c.476G>A ENSP00000391717.1:p.Gly159Glu 5/6 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000443492.1:c.356G>A ENSP00000399195.1:p.Gly119Glu 6/7 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000407971.1:c.356G>A ENSP00000384525.1:p.Gly119Glu 5/12 - - - 

6 SNV chr2 242276931 G A 760 450 310 0.407 SEPT2 ENSG00000168385 NON_SYNONYMOUS_CODING ENST00000391971.2:c.476G>A ENSP00000375832.2:p.Gly159Glu 6/13 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/11 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/11 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/10 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/10 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/10 YES - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/11 - - - 

7 INDEL chrX 118827099 T 
+GCCGCCGCAACGG

GA 
67 43 24 0.358 SEPT6 ENSG00000125354 UTR_5_PRIME - - 1/10 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000449803.2:c.*15A>C - 12/12 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427674.2:c.*15A>C - 11/11 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427177.1:c.*15A>C - 12/12 YES - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000541152.2:c.*15A>C - 10/10 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000431235.2:c.*15A>C - 12/12 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427180.1:c.*15A>C - 10/10 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000423034.2:c.*15A>C - 11/11 - - - 

1 SNV chr17 75494755 A C 55 44 11 0.2 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000329047.8:c.*15A>C - 11/11 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000541152.2:c.*15A>C - 10/10 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000329047.8:c.*15A>C - 11/11 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427177.1:c.*15A>C - 12/12 YES - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427674.2:c.*15A>C - 11/11 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427180.1:c.*15A>C - 10/10 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000431235.2:c.*15A>C - 12/12 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000423034.2:c.*15A>C - 11/11 - - - 

10 SNV chr17 75494755 A C 85 66 19 0.224 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000449803.2:c.*15A>C - 12/12 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427674.2:c.*15A>C - 11/11 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000431235.2:c.*15A>C - 12/12 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000329047.8:c.*15A>C - 11/11 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000423034.2:c.*15A>C - 11/11 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427177.1:c.*15A>C - 12/12 YES - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000449803.2:c.*15A>C - 12/12 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427180.1:c.*15A>C - 10/10 - - - 

12 SNV chr17 75494755 A C 55 39 16 0.286 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000541152.2:c.*15A>C - 10/10 - - - 

25 SNV chr17 75471872 G C 283 143 140 0.495 SEPT9 ENSG00000184640 NON_SYNONYMOUS_CODING ENST00000427180.1:c.272G>C ENSP00000415624.1:p.Gly91Ala 1/10 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427180.1:c.*15A>C - 10/10 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000541152.2:c.*15A>C - 10/10 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000449803.2:c.*15A>C - 12/12 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427177.1:c.*15A>C - 12/12 YES - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427674.2:c.*15A>C - 11/11 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000329047.8:c.*15A>C - 11/11 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000423034.2:c.*15A>C - 11/11 - - - 

32 SNV chr17 75494755 A C 59 44 15 0.254 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000431235.2:c.*15A>C - 12/12 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000423034.2:c.*417C>T - 11/11 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427177.1:c.*417C>T - 12/12 YES - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000431235.2:c.*417C>T - 12/12 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427674.2:c.*417C>T - 11/11 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000449803.2:c.*417C>T - 12/12 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000329047.8:c.*417C>T - 11/11 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000541152.2:c.*417C>T - 10/10 - - - 

63 SNV chr17 75495157 C T 227 117 110 0.485 SEPT9 ENSG00000184640 UTR_3_PRIME ENST00000427180.1:c.*417C>T - 10/10 - - - 

S63 SNV chr9 131447370 C T 348 179 169 0.486 SET ENSG00000119335 START_GAINED ENST00000409104.3:c.-77C>T - 1/8 - 0.0002 rs536265082 

12 INDEL chr3 47162644 G -A 190 129 61 0.321 SETD2 ENSG00000181555 FRAME_SHIFT ENST00000412450.1:c.3350delC ENSP00000416401.1:p.Ser1117PhefsTer16 3/3 - - - 

12 INDEL chr3 47162644 G -A 190 129 61 0.321 SETD2 ENSG00000181555 FRAME_SHIFT ENST00000409792.3:c.3482delC ENSP00000386759.3:p.Ser1161PhefsTer16 3/21 YES - - 

12 INDEL chr3 47058645 T +A 392 251 141 0.358 SETD2 ENSG00000181555 FRAME_SHIFT - - 21/21 YES - - 

64 SNV chr3 47155429 T A 61 47 14 0.229 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000409792.3:c.4652A>T ENSP00000386759.3:p.Asp1551Val 5/21 YES - - 

S18 SNV chr3 47164370 G T 430 227 203 0.472 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000409792.3:c.1756C>A ENSP00000386759.3:p.His586Asn 3/21 YES - - 

S18 SNV chr3 47164370 G T 430 227 203 0.472 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000412450.1:c.1624C>A ENSP00000416401.1:p.His542Asn 3/3 - - - 

S40 SNV chr3 47164472 C G 576 282 294 0.51 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000412450.1:c.1522G>C ENSP00000416401.1:p.Ala508Pro 3/3 - - - 

S40 SNV chr3 47164472 C G 576 282 294 0.51 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000409792.3:c.1654G>C ENSP00000386759.3:p.Ala552Pro 3/21 YES - - 

S51 SNV chr3 47164922 G A 696 344 352 0.505 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000412450.1:c.1072C>T ENSP00000416401.1:p.Arg358Trp 3/3 - - - 

S51 SNV chr3 47164922 G A 696 344 352 0.505 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000409792.3:c.1204C>T ENSP00000386759.3:p.Arg402Trp 3/21 YES - - 

S59 SNV chr3 47164124 G C 586 302 284 0.485 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000412450.1:c.1870C>G ENSP00000416401.1:p.Pro624Ala 3/3 - - - 

S59 SNV chr3 47164124 G C 586 302 284 0.485 SETD2 ENSG00000181555 NON_SYNONYMOUS_CODING ENST00000409792.3:c.2002C>G ENSP00000386759.3:p.Pro668Ala 3/21 YES - - 

1 SNV chr2 198266468 T C 175 126 49 0.28 SF3B1 ENSG00000115524 NON_SYNONYMOUS_CODING ENST00000335508.6:c.2368A>G ENSP00000335321.5:p.Lys790Glu 16/25 YES - - 

37 SNV chr2 198266713 C T 54 31 23 0.426 SF3B1 ENSG00000115524 NON_SYNONYMOUS_CODING ENST00000335508.6:c.2219G>A ENSP00000335321.5:p.Gly740Glu 15/25 YES - COSM1530097,COSM133120 

43 SNV chr2 198266834 T C 200 94 106 0.53 SF3B1 ENSG00000115524 NON_SYNONYMOUS_CODING ENST00000335508.6:c.2098A>G ENSP00000335321.5:p.Lys700Glu 15/25 YES 0.0002 rs559063155,COSM84677 

59 SNV chr2 198266834 T C 39 20 19 0.487 SF3B1 ENSG00000115524 NON_SYNONYMOUS_CODING ENST00000335508.6:c.2098A>G ENSP00000335321.5:p.Lys700Glu 15/25 YES 0.0002 rs559063155,COSM84677 

8 SNV chr11 236327 A G 170 62 108 0.635 SIRT3 ENSG00000142082 START_LOST ENST00000525319.1:c.2T>C ENSP00000435464.1:p.Met1? 1/7 - 0.0002 rs558345508 

8 SNV chr11 236327 A G 170 62 108 0.635 SIRT3 ENSG00000142082 START_LOST ENST00000382743.4:c.2T>C ENSP00000372191.4:p.Met1? 1/7 YES 0.0002 rs558345508 

8 SNV chr11 236327 A G 170 62 108 0.635 SIRT3 ENSG00000142082 START_LOST ENST00000532956.1:c.2T>C ENSP00000433077.1:p.Met1? 1/6 - 0.0002 rs558345508 

8 SNV chr11 236327 A G 170 62 108 0.635 SIRT3 ENSG00000142082 START_LOST ENST00000524564.1:c.2T>C ENSP00000432937.1:p.Met1? 1/6 - 0.0002 rs558345508 

S18 SNV chr4 25671457 T C 435 217 218 0.501 SLC34A2 ENSG00000157765 NON_SYNONYMOUS_CODING ENST00000504570.1:c.821T>C ENSP00000425501.1:p.Ile274Thr 7/13 - - - 

S18 SNV chr4 25671457 T C 435 217 218 0.501 SLC34A2 ENSG00000157765 NON_SYNONYMOUS_CODING ENST00000382051.3:c.824T>C ENSP00000371483.3:p.Ile275Thr 7/13 YES - - 



S18 SNV chr4 25671457 T C 435 217 218 0.501 SLC34A2 ENSG00000157765 NON_SYNONYMOUS_CODING ENST00000503434.1:c.821T>C ENSP00000423021.1:p.Ile274Thr 7/13 - - - 

46 SNV chr12 21051383 G A 43 21 22 0.512 SLCO1B3 ENSG00000111700 NON_SYNONYMOUS_CODING ENST00000261196.2:c.1696G>A ENSP00000261196.2:p.Glu566Lys 13/15 - - - 

46 SNV chr12 21051383 G A 43 21 22 0.512 SLCO1B3 ENSG00000111700 NON_SYNONYMOUS_CODING ENST00000544370.1:c.1168G>A ENSP00000443225.1:p.Glu390Lys 8/10 - - - 

46 SNV chr12 21051383 G A 43 21 22 0.512 SLCO1B3 ENSG00000111700 NON_SYNONYMOUS_CODING ENST00000381545.3:c.1696G>A ENSP00000370956.3:p.Glu566Lys 14/16 YES - - 

44 SNV chr18 48577727 A G 241 125 116 0.481 SMAD4 ENSG00000141646 NON_SYNONYMOUS_CODING ENST00000452201.2:c.458A>G ENSP00000409551.2:p.Asn153Ser 6/9 - - - 

S58 SNV chr6 71377737 G A 384 205 179 0.466 SMAP1 ENSG00000112305 NON_SYNONYMOUS_CODING ENST00000316999.5:c.11G>A ENSP00000313382.5:p.Arg4His 1/10 - - - 

S58 SNV chr6 71377737 G A 384 205 179 0.466 SMAP1 ENSG00000112305 NON_SYNONYMOUS_CODING ENST00000370452.3:c.11G>A ENSP00000359481.3:p.Arg4His 1/11 - - - 

S58 SNV chr6 71377737 G A 384 205 179 0.466 SMAP1 ENSG00000112305 NON_SYNONYMOUS_CODING ENST00000422334.2:c.11G>A ENSP00000398541.2:p.Arg4His 1/5 - - - 

S58 SNV chr6 71377737 G A 384 205 179 0.466 SMAP1 ENSG00000112305 NON_SYNONYMOUS_CODING ENST00000370455.3:c.11G>A ENSP00000359484.3:p.Arg4His 1/11 YES - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000450717.3:c.778A>C ENSP00000397783.2:p.Met260Leu 4/33 - - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000413806.3:c.778A>C ENSP00000414727.2:p.Met260Leu 4/33 - - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000444061.3:c.778A>C ENSP00000392837.2:p.Met260Leu 6/35 - - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000429416.3:c.778A>C ENSP00000395654.1:p.Met260Leu 6/36 YES - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000541122.2:c.778A>C ENSP00000445036.2:p.Met260Leu 6/35 - - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000344626.4:c.778A>C ENSP00000343896.4:p.Met260Leu 5/35 - - - 

25 SNV chr19 11097598 A C 71 43 28 0.394 SMARCA4 ENSG00000127616 NON_SYNONYMOUS_CODING ENST00000358026.2:c.778A>C ENSP00000350720.2:p.Met260Leu 5/36 - - - 

47 INDEL chr4 186544619 C +GGT 134 87 47 0.341 SORBS2 ENSG00000154556 CODON_CHANGE_PLUS_CODON_INSERTION - - 7/15 - - - 

47 INDEL chr4 186544619 C +GGT 134 87 47 0.341 SORBS2 ENSG00000154556 CODON_CHANGE_PLUS_CODON_INSERTION - - 14/22 - - - 

47 INDEL chr4 186544619 C +GGT 134 87 47 0.341 SORBS2 ENSG00000154556 CODON_CHANGE_PLUS_CODON_INSERTION - - 13/21 - - - 

47 INDEL chr4 186544619 C +GGT 134 87 47 0.341 SORBS2 ENSG00000154556 CODON_CHANGE_PLUS_CODON_INSERTION - - 16/24 YES - - 

S30 SNV chr4 186587225 T C 446 250 196 0.44 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000451701.1:c.322A>G ENSP00000404430.1:p.Ser108Gly 6/6 - 0.0002 rs563735895 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000449407.2:c.101A>G ENSP00000397262.2:p.Tyr34Cys 6/21 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000457934.1:c.143A>G ENSP00000405314.1:p.Tyr48Cys 5/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000421420.1:c.143A>G ENSP00000393258.1:p.Tyr48Cys 4/5 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 START_GAINED ENST00000284776.7:c.-158A>G - 4/21 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000414724.1:c.101A>G ENSP00000403417.1:p.Tyr34Cys 5/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000415274.1:c.101A>G ENSP00000415392.1:p.Tyr34Cys 5/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 START_GAINED ENST00000444771.1:c.-158A>G - 3/5 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000355634.5:c.143A>G ENSP00000347852.5:p.Tyr48Cys 7/24 YES - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000451958.1:c.50A>G ENSP00000405092.1:p.Tyr17Cys 5/7 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000432655.1:c.143A>G ENSP00000407006.1:p.Tyr48Cys 6/7 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000435480.1:c.101A>G ENSP00000415166.1:p.Tyr34Cys 4/5 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000319471.9:c.101A>G ENSP00000322182.9:p.Tyr34Cys 5/23 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000452351.1:c.101A>G ENSP00000412447.1:p.Tyr34Cys 4/4 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000439049.1:c.50A>G ENSP00000416464.1:p.Tyr17Cys 4/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000431902.1:c.101A>G ENSP00000405432.1:p.Tyr34Cys 5/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 START_GAINED ENST00000439914.1:c.-158A>G - 3/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000448662.2:c.50A>G ENSP00000409158.2:p.Tyr17Cys 4/21 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000420158.1:c.143A>G ENSP00000410233.1:p.Tyr48Cys 6/7 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000425679.1:c.50A>G ENSP00000415637.1:p.Tyr17Cys 4/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000429056.1:c.101A>G ENSP00000390162.1:p.Tyr34Cys 6/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000419063.1:c.143A>G ENSP00000408504.1:p.Tyr48Cys 6/7 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 START_GAINED ENST00000456596.1:c.-158A>G - 4/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000428330.1:c.50A>G ENSP00000402328.1:p.Tyr17Cys 5/6 - - COSM3946231 

S51 SNV chr4 186599689 T C 566 290 276 0.488 SORBS2 ENSG00000154556 START_GAINED ENST00000431808.1:c.-158A>G - 5/22 - - COSM3946231 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000319471.9:c.467C>T ENSP00000322182.9:p.Pro156Leu 7/23 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000444771.1:c.209C>T ENSP00000410483.1:p.Pro70Leu 5/5 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000448662.2:c.416C>T ENSP00000409158.2:p.Pro139Leu 6/21 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000284776.7:c.209C>T ENSP00000284776.7:p.Pro70Leu 6/21 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000430503.1:c.347C>T ENSP00000405349.1:p.Pro116Leu 7/7 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000438278.1:c.39C>T ENSP00000389995.1:p.Pro14Leu 1/9 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000355634.5:c.509C>T ENSP00000347852.5:p.Pro170Leu 9/24 YES - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000445343.1:c.209C>T ENSP00000399048.1:p.Pro70Leu 5/6 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000393528.3:c.347C>T ENSP00000377162.3:p.Pro116Leu 7/23 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000449407.2:c.467C>T ENSP00000397262.2:p.Pro156Leu 8/21 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000439914.1:c.209C>T ENSP00000408909.1:p.Pro70Leu 5/6 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000450341.1:c.209C>T ENSP00000415680.1:p.Pro70Leu 6/6 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000431808.1:c.209C>T ENSP00000411764.1:p.Pro70Leu 7/22 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000319454.6:c.347C>T ENSP00000321983.6:p.Pro116Leu 6/20 - - - 

S56 SNV chr4 186578636 G A 790 400 390 0.494 SORBS2 ENSG00000154556 NON_SYNONYMOUS_CODING ENST00000437304.2:c.746C>T ENSP00000396008.2:p.Pro249Leu 7/23 - - - 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000395530.2:c.745G>A ENSP00000378901.2:p.Asp249Asn 2/13 - - COSM1302499,COSM1520446,COSM215671 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000395527.4:c.988G>A ENSP00000378898.4:p.Asp330Asn 4/15 - - COSM1302499,COSM1520446,COSM215671 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000395529.3:c.988G>A ENSP00000378900.3:p.Asp330Asn 4/8 - - COSM1302499,COSM1520446,COSM215671 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000261503.5:c.988G>A ENSP00000261503.5:p.Asp330Asn 4/15 YES - COSM1302499,COSM1520446,COSM215671 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000395522.2:c.745G>A ENSP00000378893.2:p.Asp249Asn 2/6 - - COSM1302499,COSM1520446,COSM215671 

1 SNV chr17 20108350 G A 466 276 190 0.408 SPECC1 ENSG00000128487 NON_SYNONYMOUS_CODING ENST00000395525.3:c.745G>A ENSP00000378896.3:p.Asp249Asn 2/6 - - COSM1302499,COSM1520446,COSM215671 

21 SNV chr17 74732959 G T 171 89 82 0.48 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

21 SNV chr17 74732959 G T 171 89 82 0.48 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

21 SNV chr17 74732959 G T 171 89 82 0.48 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

29 SNV chr17 74732959 G T 160 113 47 0.294 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

29 SNV chr17 74732959 G T 160 113 47 0.294 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

29 SNV chr17 74732959 G T 160 113 47 0.294 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

36 SNV chr17 74732959 G T 187 114 73 0.39 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

36 SNV chr17 74732959 G T 187 114 73 0.39 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

36 SNV chr17 74732959 G T 187 114 73 0.39 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

38 SNV chr17 74732959 G A 301 166 135 0.448 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>T ENSP00000350877.6:p.Pro95Leu 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

38 SNV chr17 74732959 G A 301 166 135 0.448 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>T ENSP00000376276.2:p.Pro95Leu 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

38 SNV chr17 74732959 G A 301 166 135 0.448 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>T ENSP00000441780.2:p.Pro95Leu 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

48 SNV chr17 74732959 G T 284 147 137 0.482 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

48 SNV chr17 74732959 G T 284 147 137 0.482 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

48 SNV chr17 74732959 G T 284 147 137 0.482 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

6 SNV chr17 74732959 G T 343 198 145 0.419 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

6 SNV chr17 74732959 G T 343 198 145 0.419 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 



6 SNV chr17 74732959 G T 343 198 145 0.419 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

62 SNV chr17 74732960 G C 129 56 73 0.566 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.283C>G ENSP00000441780.2:p.Pro95Ala 1/3 - - COSM307352,COSM307353 

62 SNV chr17 74732960 G C 129 56 73 0.566 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.283C>G ENSP00000376276.2:p.Pro95Ala 1/2 YES - COSM307352,COSM307353 

62 SNV chr17 74732960 G C 129 56 73 0.566 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.283C>G ENSP00000350877.6:p.Pro95Ala 1/2 - - COSM307352,COSM307353 

63 SNV chr17 74732959 G C 282 149 133 0.472 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>G ENSP00000376276.2:p.Pro95Arg 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

63 SNV chr17 74732959 G C 282 149 133 0.472 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>G ENSP00000350877.6:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

63 SNV chr17 74732959 G C 282 149 133 0.472 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>G ENSP00000441780.2:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

7 SNV chr17 74732959 G C 261 144 117 0.447 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>G ENSP00000441780.2:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

7 SNV chr17 74732959 G C 261 144 117 0.447 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>G ENSP00000350877.6:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

7 SNV chr17 74732959 G C 261 144 117 0.447 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>G ENSP00000376276.2:p.Pro95Arg 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S12 SNV chr17 74732959 G T 226 102 124 0.549 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S12 SNV chr17 74732959 G T 226 102 124 0.549 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S12 SNV chr17 74732959 G T 226 102 124 0.549 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S12 SNV chr17 74732959 G T 226 102 124 0.549 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>A ENSP00000463317.1:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S12 SNV chr17 74732959 G T 226 102 124 0.549 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>A ENSP00000353089.5:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S14 SNV chr17 74732959 G C 158 85 73 0.459 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>G ENSP00000353089.5:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S14 SNV chr17 74732959 G C 158 85 73 0.459 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>G ENSP00000350877.6:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S14 SNV chr17 74732959 G C 158 85 73 0.459 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>G ENSP00000376276.2:p.Pro95Arg 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S14 SNV chr17 74732959 G C 158 85 73 0.459 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>G ENSP00000463317.1:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S14 SNV chr17 74732959 G C 158 85 73 0.459 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>G ENSP00000441780.2:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S18 SNV chr17 74732959 G T 294 148 146 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S18 SNV chr17 74732959 G T 294 148 146 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S18 SNV chr17 74732959 G T 294 148 146 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S18 SNV chr17 74732959 G T 294 148 146 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>A ENSP00000463317.1:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S18 SNV chr17 74732959 G T 294 148 146 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>A ENSP00000353089.5:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S19 SNV chr17 74732959 G A 361 209 152 0.421 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>T ENSP00000350877.6:p.Pro95Leu 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S19 SNV chr17 74732959 G A 361 209 152 0.421 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>T ENSP00000353089.5:p.Pro95Leu 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S19 SNV chr17 74732959 G A 361 209 152 0.421 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>T ENSP00000441780.2:p.Pro95Leu 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S19 SNV chr17 74732959 G A 361 209 152 0.421 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>T ENSP00000463317.1:p.Pro95Leu 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S19 SNV chr17 74732959 G A 361 209 152 0.421 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>T ENSP00000376276.2:p.Pro95Leu 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S34 SNV chr17 74732959 G C 404 262 142 0.352 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>G ENSP00000441780.2:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S34 SNV chr17 74732959 G C 404 262 142 0.352 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>G ENSP00000353089.5:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S34 SNV chr17 74732959 G C 404 262 142 0.352 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>G ENSP00000463317.1:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S34 SNV chr17 74732959 G C 404 262 142 0.352 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>G ENSP00000350877.6:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S34 SNV chr17 74732959 G C 404 262 142 0.352 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>G ENSP00000376276.2:p.Pro95Arg 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S35 SNV chr17 74732960 G T 306 154 152 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.283C>A ENSP00000441780.2:p.Pro95Thr 1/3 - - COSM307352,COSM307353 

S35 SNV chr17 74732960 G T 306 154 152 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.283C>A ENSP00000463317.1:p.Pro95Thr 1/2 - - COSM307352,COSM307353 

S35 SNV chr17 74732960 G T 306 154 152 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.283C>A ENSP00000353089.5:p.Pro95Thr 1/3 - - COSM307352,COSM307353 

S35 SNV chr17 74732960 G T 306 154 152 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.283C>A ENSP00000376276.2:p.Pro95Thr 1/2 YES - COSM307352,COSM307353 

S35 SNV chr17 74732960 G T 306 154 152 0.497 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.283C>A ENSP00000350877.6:p.Pro95Thr 1/2 - - COSM307352,COSM307353 

S43 INDEL chr17 74732935 C 
-

GGCGGCTGTGGTGT

GAGTCCGGGG 
258 200 58 0.225 SRSF2 ENSG00000161547 CODON_CHANGE_PLUS_CODON_DELETION ENST00000583836.1:c.311delG ENSP00000463317.1:p.Gly104AspfsTer? 1/2 - - - 

S43 INDEL chr17 74732935 C 

-
GGCGGCTGTGGTGT

GAGTCCGGGG 
258 200 58 0.225 SRSF2 ENSG00000161547 CODON_CHANGE_PLUS_CODON_DELETION ENST00000392485.2:c.311delG ENSP00000376276.2:p.Gly104AspfsTer140 1/2 YES - - 

S43 INDEL chr17 74732935 C 

-

GGCGGCTGTGGTGT
GAGTCCGGGG 

258 200 58 0.225 SRSF2 ENSG00000161547 CODON_CHANGE_PLUS_CODON_DELETION ENST00000358156.6:c.311delG ENSP00000350877.6:p.Gly104AspfsTer? 1/2 - - - 

S43 INDEL chr17 74732935 C 

-

GGCGGCTGTGGTGT
GAGTCCGGGG 

258 200 58 0.225 SRSF2 ENSG00000161547 CODON_CHANGE_PLUS_CODON_DELETION ENST00000508921.3:c.311delG ENSP00000441780.2:p.Gly104AspfsTer116 1/3 - - - 

S43 INDEL chr17 74732935 C 
-

GGCGGCTGTGGTGT

GAGTCCGGGG 

258 200 58 0.225 SRSF2 ENSG00000161547 CODON_CHANGE_PLUS_CODON_DELETION ENST00000359995.5:c.311delG ENSP00000353089.5:p.Gly104AspfsTer128 1/3 - - - 

S51 SNV chr17 74732959 G T 334 172 162 0.485 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>A ENSP00000353089.5:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S51 SNV chr17 74732959 G T 334 172 162 0.485 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>A ENSP00000463317.1:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S51 SNV chr17 74732959 G T 334 172 162 0.485 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S51 SNV chr17 74732959 G T 334 172 162 0.485 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S51 SNV chr17 74732959 G T 334 172 162 0.485 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S53 SNV chr17 74732959 G C 374 218 156 0.417 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>G ENSP00000376276.2:p.Pro95Arg 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S53 SNV chr17 74732959 G C 374 218 156 0.417 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>G ENSP00000441780.2:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S53 SNV chr17 74732959 G C 374 218 156 0.417 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>G ENSP00000353089.5:p.Pro95Arg 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S53 SNV chr17 74732959 G C 374 218 156 0.417 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>G ENSP00000350877.6:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 



S53 SNV chr17 74732959 G C 374 218 156 0.417 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>G ENSP00000463317.1:p.Pro95Arg 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S56 SNV chr17 74732959 G T 657 365 292 0.444 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>A ENSP00000463317.1:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S56 SNV chr17 74732959 G T 657 365 292 0.444 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S56 SNV chr17 74732959 G T 657 365 292 0.444 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S56 SNV chr17 74732959 G T 657 365 292 0.444 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S56 SNV chr17 74732959 G T 657 365 292 0.444 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>A ENSP00000353089.5:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S61 SNV chr17 74732959 G T 541 283 258 0.477 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>A ENSP00000441780.2:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S61 SNV chr17 74732959 G T 541 283 258 0.477 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>A ENSP00000353089.5:p.Pro95His 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S61 SNV chr17 74732959 G T 541 283 258 0.477 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>A ENSP00000463317.1:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S61 SNV chr17 74732959 G T 541 283 258 0.477 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>A ENSP00000376276.2:p.Pro95His 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S61 SNV chr17 74732959 G T 541 283 258 0.477 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>A ENSP00000350877.6:p.Pro95His 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S64 SNV chr17 74732959 G A 512 274 238 0.465 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000359995.5:c.284C>T ENSP00000353089.5:p.Pro95Leu 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S64 SNV chr17 74732959 G A 512 274 238 0.465 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000583836.1:c.284C>T ENSP00000463317.1:p.Pro95Leu 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S64 SNV chr17 74732959 G A 512 274 238 0.465 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000508921.3:c.284C>T ENSP00000441780.2:p.Pro95Leu 1/3 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS

M211028,COSM211029,COSM211505 

S64 SNV chr17 74732959 G A 512 274 238 0.465 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000358156.6:c.284C>T ENSP00000350877.6:p.Pro95Leu 1/2 - - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

S64 SNV chr17 74732959 G A 512 274 238 0.465 SRSF2 ENSG00000161547 NON_SYNONYMOUS_CODING ENST00000392485.2:c.284C>T ENSP00000376276.2:p.Pro95Leu 1/2 YES - 
COSM211504,COSM146288,COSM211661,COSM146290,COSM4169720,COSM211506,COS
M211028,COSM211029,COSM211505 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000415083.2:c.864G>C ENSP00000414516.2:p.Gln288His 7/11 YES 0.0020 rs547058660 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000542420.2:c.795G>C ENSP00000438066.2:p.Gln265His 7/11 - 0.0020 rs547058660 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000542743.1:c.708G>C ENSP00000444551.1:p.Gln236His 8/11 - 0.0020 rs547058660 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000545952.1:c.708G>C ENSP00000443097.1:p.Gln236His 8/11 - 0.0020 rs547058660 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000539849.1:c.618G>C ENSP00000444647.1:p.Gln206His 6/10 - 0.0020 rs547058660 

1 SNV chr18 23618535 C G 253 144 109 0.431 SS18 ENSG00000141380 NON_SYNONYMOUS_CODING ENST00000269137.7:c.864G>C ENSP00000269137.7:p.Gln288His 7/10 - 0.0020 rs547058660 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000343827.3:c.1219G>T ENSP00000342459.3:p.Glu407Ter 11/13 - - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000543579.1:c.1291G>T ENSP00000440017.1:p.Glu431Ter 12/14 - - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000267811.5:c.1729G>T ENSP00000267811.5:p.Glu577Ter 18/20 - - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000438423.2:c.1801G>T ENSP00000388940.2:p.Glu601Ter 19/21 YES - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000452095.2:c.1789G>T ENSP00000396881.2:p.Glu597Ter 19/21 - - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000333725.5:c.1801G>T ENSP00000331057.5:p.Glu601Ter 19/21 - - - 

37 SNV chr15 57565283 G T 121 81 40 0.328 TCF12 ENSG00000140262 STOP_GAINED ENST00000537840.1:c.1021G>T ENSP00000444696.1:p.Glu341Ter 10/12 - - - 

12 SNV chr19 1650254 G A 159 87 72 0.453 TCF3 ENSG00000071564 UTR_5_PRIME ENST00000395423.3:c.-7C>T - 1/15 - - - 

12 SNV chr19 1650254 G A 159 87 72 0.453 TCF3 ENSG00000071564 UTR_5_PRIME ENST00000262965.5:c.-7C>T - 2/19 YES - - 

12 SNV chr19 1650254 G A 159 87 72 0.453 TCF3 ENSG00000071564 UTR_5_PRIME ENST00000344749.5:c.-7C>T - 2/19 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000592628.1:c.397G>A ENSP00000465549.1:p.Glu133Lys 3/5 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 SPLICE_SITE_REGION ENST00000262965.5:c.1822G>A ENSP00000262965.4:p.Glu608Lys 18/19 YES - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 SPLICE_SITE_REGION ENST00000395423.3:c.1834G>A ENSP00000378813.3:p.Glu612Lys 14/15 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000593064.1:c.471G>A ENSP00000468481.1:p.Glu158Lys 3/5 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000587425.1:c.349G>A ENSP00000467508.1:p.Glu117Lys 2/4 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 SPLICE_SITE_REGION ENST00000587425.1:c.349G>A ENSP00000467508.1:p.Glu117Lys 2/4 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 SPLICE_SITE_REGION ENST00000592628.1:c.397G>A ENSP00000465549.1:p.Glu133Lys 3/5 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 SPLICE_SITE_REGION ENST00000593064.1:c.471G>A ENSP00000468481.1:p.Glu158Lys 3/5 - - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000262965.5:c.1822G>A ENSP00000262965.4:p.Glu608Lys 18/19 YES - - 

S06 SNV chr19 1615284 C T 90 51 39 0.433 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000395423.3:c.1834G>A ENSP00000378813.3:p.Glu612Lys 14/15 - - - 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000395423.3:c.958C>G ENSP00000378813.3:p.Arg320Gly 11/15 - - COSM1391195,COSM1391196 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000586410.1:c.98C>G ENSP00000467388.1:p.Arg34Gly 2/3 - - COSM1391195,COSM1391196 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000344749.5:c.1111C>G ENSP00000344375.5:p.Arg371Gly 14/19 - - COSM1391195,COSM1391196 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000453954.2:c.859C>G ENSP00000396363.2:p.Arg287Gly 10/16 - - COSM1391195,COSM1391196 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000588136.1:c.1111C>G ENSP00000468487.1:p.Arg371Gly 13/19 - - COSM1391195,COSM1391196 

S37 SNV chr19 1619835 G C 128 72 56 0.438 TCF3 ENSG00000071564 NON_SYNONYMOUS_CODING ENST00000262965.5:c.1111C>G ENSP00000262965.4:p.Arg371Gly 14/19 YES - COSM1391195,COSM1391196 

1 SNV chr5 133482299 T C 90 69 21 0.233 TCF7 ENSG00000081059 UTR_3_PRIME ENST00000378560.4:c.*404T>C - 10/10 - - - 

1 SNV chr5 133482299 T C 90 69 21 0.233 TCF7 ENSG00000081059 UTR_3_PRIME ENST00000395023.1:c.*305T>C - 9/9 - - - 

1 SNV chr5 133482299 T C 90 69 21 0.233 TCF7 ENSG00000081059 UTR_3_PRIME ENST00000395029.1:c.*87T>C - 11/11 - - - 

1 SNV chr5 133482299 T C 90 69 21 0.233 TCF7 ENSG00000081059 UTR_3_PRIME ENST00000342854.5:c.*305T>C - 10/10 YES - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000378564.1:c.889G>A ENSP00000367827.1:p.Ala297Thr 7/10 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000520699.1:c.63G>A ENSP00000429935.1:p.Ala22Thr 1/4 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000432532.2:c.544G>A ENSP00000397946.2:p.Ala182Thr 6/10 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000321603.6:c.889G>A ENSP00000326654.6:p.Ala297Thr 7/10 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000395029.1:c.889G>A ENSP00000378472.1:p.Ala297Thr 7/11 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000518915.1:c.544G>A ENSP00000430179.1:p.Ala182Thr 6/9 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000395023.1:c.544G>A ENSP00000378469.1:p.Ala182Thr 6/9 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000378560.4:c.544G>A ENSP00000367822.4:p.Ala182Thr 6/10 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000342854.5:c.889G>A ENSP00000340347.5:p.Ala297Thr 7/10 YES - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000517799.1:c.223G>A ENSP00000427968.1:p.Ala75Thr 2/6 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000520958.1:c.544G>A ENSP00000429547.1:p.Ala182Thr 5/8 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000517855.1:c.254G>A ENSP00000429178.1:p.Ala86Thr 2/6 - - - 

S38 SNV chr5 133478545 G A 545 357 188 0.345 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000321584.4:c.889G>A ENSP00000326540.4:p.Ala297Thr 7/10 - - - 

S51 SNV chr5 133482004 G T 469 228 241 0.514 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000432532.2:c.893G>T ENSP00000397946.2:p.Gly298Val 10/10 - - - 

S51 SNV chr5 133482004 G T 469 228 241 0.514 TCF7 ENSG00000081059 NON_SYNONYMOUS_CODING ENST00000395029.1:c.1238G>T ENSP00000378472.1:p.Gly413Val 11/11 - - - 

28 SNV chr10 114925491 C G 171 82 89 0.517 TCF7L2 ENSG00000148737 UTR_3_PRIME ENST00000355717.4:c.*98C>G - 13/13 - 0.0002 rs76249005 

28 SNV chr10 114925491 C G 171 82 89 0.517 TCF7L2 ENSG00000148737 UTR_3_PRIME ENST00000538897.1:c.*98C>G - 14/14 - 0.0002 rs76249005 

28 SNV chr10 114925491 C G 171 82 89 0.517 TCF7L2 ENSG00000148737 UTR_3_PRIME ENST00000369386.1:c.*208C>G - 7/7 - 0.0002 rs76249005 

S17 SNV chr14 96180397 C T 448 230 218 0.487 TCL1A ENSG00000100721 NON_SYNONYMOUS_CODING ENST00000556450.1:c.7G>A ENSP00000450701.1:p.Glu3Lys 1/4 - - - 

S17 SNV chr14 96180397 C T 448 230 218 0.487 TCL1A ENSG00000100721 NON_SYNONYMOUS_CODING ENST00000554012.1:c.7G>A ENSP00000451506.1:p.Glu3Lys 1/4 - - - 

S17 SNV chr14 96180397 C T 448 230 218 0.487 TCL1A ENSG00000100721 NON_SYNONYMOUS_CODING ENST00000402399.1:c.7G>A ENSP00000385036.1:p.Glu3Lys 1/4 YES - - 

S17 SNV chr14 96180397 C T 448 230 218 0.487 TCL1A ENSG00000100721 NON_SYNONYMOUS_CODING ENST00000555202.1:c.7G>A ENSP00000450496.1:p.Glu3Lys 1/3 - - - 

S35 SNV chr10 70446394 T G 588 308 280 0.475 TET1 ENSG00000138336 NON_SYNONYMOUS_CODING ENST00000373644.4:c.5334T>G ENSP00000362748.4:p.Ile1778Met 11/12 YES - rs539035050 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/10 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000394764.1:c.737delC ENSP00000378245.1:p.Thr246AsnfsTer4 3/3 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000540549.1:c.737delC ENSP00000442788.1:p.Thr246AsnfsTer4 3/11 YES - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000545826.1:c.737delC ENSP00000442867.1:p.Thr246AsnfsTer4 3/10 - - - 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000513237.1:c.800delC ENSP00000425443.1:p.Thr267AsnfsTer4 3/11 - - - 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000413648.2:c.737delC ENSP00000391448.2:p.Thr246AsnfsTer4 2/3 - - - 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 YES - - 



11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000305737.2:c.737delC ENSP00000306705.2:p.Thr246AsnfsTer4 3/3 - - - 

11 INDEL chr4 106155606 T +A 167 99 68 0.407 TET2 ENSG00000168769 FRAME_SHIFT - - 2/3 - - - 

11 INDEL chr4 106155834 C -A 153 101 52 0.34 TET2 ENSG00000168769 FRAME_SHIFT ENST00000380013.4:c.737delC ENSP00000369351.4:p.Thr246AsnfsTer4 3/11 - - - 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3524G>A ENSP00000425443.1:p.Gly1175Asp 4/11 - - COSM211646 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3461G>A ENSP00000369351.4:p.Gly1154Asp 4/11 - - COSM211646 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000413648.2:c.3461G>A ENSP00000391448.2:p.Gly1154Asp 3/3 - - COSM211646 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3461G>A ENSP00000442788.1:p.Gly1154Asp 4/11 YES - COSM211646 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 UTR_3_PRIME ENST00000394764.1:c.*3950G>A - 3/3 - - COSM211646 

21 SNV chr4 106162547 G A 177 39 138 0.78 TET2 ENSG00000168769 UTR_3_PRIME ENST00000305737.2:c.*3950G>A - 3/3 - - COSM211646 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000413648.2:c.1837delG ENSP00000391448.2:p.Leu615SerfsTer24 2/3 - - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000540549.1:c.1837delG ENSP00000442788.1:p.Leu615SerfsTer24 3/11 YES - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000513237.1:c.1900delG ENSP00000425443.1:p.Leu636SerfsTer24 3/11 - - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000545826.1:c.1837delG ENSP00000442867.1:p.Leu615SerfsTer24 3/10 - - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000394764.1:c.1837delG ENSP00000378245.1:p.Leu615SerfsTer24 3/3 - - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000305737.2:c.1837delG ENSP00000306705.2:p.Leu615SerfsTer24 3/3 - - - 

26 INDEL chr4 106156935 T -G 469 291 178 0.38 TET2 ENSG00000168769 FRAME_SHIFT ENST00000380013.4:c.1837delG ENSP00000369351.4:p.Leu615SerfsTer24 3/11 - - - 

38 SNV chr4 106190827 T C 490 325 165 0.337 TET2 ENSG00000168769 UTR_3_PRIME ENST00000545826.1:c.*429T>C - 8/10 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.1205C>G ENSP00000442788.1:p.Ser402Ter 3/11 YES - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000394764.1:c.1205C>G ENSP00000378245.1:p.Ser402Ter 3/3 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000305737.2:c.1205C>G ENSP00000306705.2:p.Ser402Ter 3/3 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000545826.1:c.1205C>G ENSP00000442867.1:p.Ser402Ter 3/10 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000413648.2:c.1205C>G ENSP00000391448.2:p.Ser402Ter 2/3 - - - 

38 SNV chr4 106190827 T C 490 325 165 0.337 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4105T>C ENSP00000369351.4:p.Ser1369Pro 9/11 - - - 

38 SNV chr4 106190827 T C 490 325 165 0.337 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4105T>C ENSP00000442788.1:p.Ser1369Pro 9/11 YES - - 

38 SNV chr4 106190827 T C 490 325 165 0.337 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.4168T>C ENSP00000425443.1:p.Ser1390Pro 9/11 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.1268C>G ENSP00000425443.1:p.Ser423Ter 3/11 - - - 

38 SNV chr4 106156304 C G 777 416 361 0.465 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.1205C>G ENSP00000369351.4:p.Ser402Ter 3/11 - - - 

42 SNV chr4 106193782 T C 226 157 69 0.305 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4244T>C ENSP00000369351.4:p.Leu1415Pro 10/11 - - - 

42 SNV chr4 106193782 T C 226 157 69 0.305 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.4307T>C ENSP00000425443.1:p.Leu1436Pro 10/11 - - - 

42 SNV chr4 106193782 T C 226 157 69 0.305 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4244T>C ENSP00000442788.1:p.Leu1415Pro 10/11 YES - - 

42 SNV chr4 106193782 T C 226 157 69 0.305 TET2 ENSG00000168769 UTR_3_PRIME ENST00000545826.1:c.*568T>C - 9/10 - - - 

47 SNV chr4 106180838 G A 167 88 79 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3929G>A ENSP00000425443.1:p.Cys1310Tyr 7/11 - - COSM42039,COSM87136,COSM3719258 

47 SNV chr4 106180838 G A 167 88 79 0.473 TET2 ENSG00000168769 UTR_3_PRIME ENST00000545826.1:c.*190G>A - 6/10 - - COSM42039,COSM87136,COSM3719258 

47 SNV chr4 106180838 G A 167 88 79 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3866G>A ENSP00000442788.1:p.Cys1289Tyr 7/11 YES - COSM42039,COSM87136,COSM3719258 

47 SNV chr4 106180838 G A 167 88 79 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3866G>A ENSP00000369351.4:p.Cys1289Tyr 7/11 - - COSM42039,COSM87136,COSM3719258 

48 SNV chr4 106164772 C T 125 82 43 0.344 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3640C>T ENSP00000369351.4:p.Arg1214Trp 6/11 - - - 

48 SNV chr4 106164772 C T 125 82 43 0.344 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3703C>T ENSP00000425443.1:p.Arg1235Trp 6/11 - - - 

48 SNV chr4 106164772 C T 125 82 43 0.344 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3640C>T ENSP00000442788.1:p.Arg1214Trp 6/11 YES - - 

62 SNV chr4 106193801 C G 209 109 100 0.476 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.4263C>G ENSP00000369351.4:p.Tyr1421Ter 10/11 - - - 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000545826.1:c.1630C>T ENSP00000442867.1:p.Arg544Ter 3/10 - - COSM41850,COSM1594211 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.1630C>T ENSP00000442788.1:p.Arg544Ter 3/11 YES - COSM41850,COSM1594211 

62 SNV chr4 106193801 C G 209 109 100 0.476 TET2 ENSG00000168769 UTR_3_PRIME ENST00000545826.1:c.*587C>G - 9/10 - - - 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.1630C>T ENSP00000369351.4:p.Arg544Ter 3/11 - - COSM41850,COSM1594211 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000413648.2:c.1630C>T ENSP00000391448.2:p.Arg544Ter 2/3 - - COSM41850,COSM1594211 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.1693C>T ENSP00000425443.1:p.Arg565Ter 3/11 - - COSM41850,COSM1594211 

62 SNV chr4 106193801 C G 209 109 100 0.476 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.4263C>G ENSP00000442788.1:p.Tyr1421Ter 10/11 YES - - 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000305737.2:c.1630C>T ENSP00000306705.2:p.Arg544Ter 3/3 - - COSM41850,COSM1594211 

62 SNV chr4 106156729 C T 151 71 80 0.53 TET2 ENSG00000168769 STOP_GAINED ENST00000394764.1:c.1630C>T ENSP00000378245.1:p.Arg544Ter 3/3 - - COSM41850,COSM1594211 

62 SNV chr4 106193801 C G 209 109 100 0.476 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.4326C>G ENSP00000425443.1:p.Tyr1442Ter 10/11 - - - 

7 SNV chr4 106196621 C T 937 485 452 0.482 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.4954C>T ENSP00000442788.1:p.Gln1652Ter 11/11 YES - - 

7 SNV chr4 106164767 T C 224 146 78 0.348 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3698T>C ENSP00000425443.1:p.Leu1233Ser 6/11 - - COSM1737883 

7 SNV chr4 106164767 T C 224 146 78 0.348 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3635T>C ENSP00000369351.4:p.Leu1212Ser 6/11 - - COSM1737883 

7 SNV chr4 106196621 C T 937 485 452 0.482 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.5017C>T ENSP00000425443.1:p.Gln1673Ter 11/11 - - - 

7 SNV chr4 106196621 C T 937 485 452 0.482 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.4954C>T ENSP00000369351.4:p.Gln1652Ter 11/11 - - - 

7 SNV chr4 106196621 C T 937 485 452 0.482 TET2 ENSG00000168769 UTR_3_PRIME ENST00000545826.1:c.*1278C>T - 10/10 - - - 

7 SNV chr4 106164767 T C 224 146 78 0.348 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3635T>C ENSP00000442788.1:p.Leu1212Ser 6/11 YES - COSM1737883 

7 SNV chr4 106164767 T C 224 146 78 0.348 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000545826.1:c.3544T>C ENSP00000442867.1:p.Trp1182Arg 5/10 - - COSM1737883 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 FRAME_SHIFT - - 4/11 - - - 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 UTR_3_PRIME - - 3/3 - - - 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 UTR_3_PRIME - - 3/3 - - - 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 FRAME_SHIFT - - 4/11 YES - - 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 FRAME_SHIFT - - 4/11 - - - 

8 INDEL chr4 106162543 G +C 1032 460 572 0.554 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

S02 SNV chr4 106197365 G T 257 130 127 0.494 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.5698G>T ENSP00000369351.4:p.Val1900Phe 11/11 - - - 

S02 SNV chr4 106197365 G T 257 130 127 0.494 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.5761G>T ENSP00000425443.1:p.Val1921Phe 11/11 - - - 

S02 SNV chr4 106197365 G T 257 130 127 0.494 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.5698G>T ENSP00000442788.1:p.Val1900Phe 11/11 YES - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000394764.1:c.2875A>T ENSP00000378245.1:p.Lys959Ter 3/3 - - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.2938A>T ENSP00000425443.1:p.Lys980Ter 3/11 - - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.2875A>T ENSP00000442788.1:p.Lys959Ter 3/11 YES - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.2875A>T ENSP00000369351.4:p.Lys959Ter 3/11 - - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000545826.1:c.2875A>T ENSP00000442867.1:p.Lys959Ter 3/10 - - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000305737.2:c.2875A>T ENSP00000306705.2:p.Lys959Ter 3/3 - - - 

S10 SNV chr4 106157974 A T 920 503 417 0.453 TET2 ENSG00000168769 STOP_GAINED ENST00000413648.2:c.2875A>T ENSP00000391448.2:p.Lys959Ter 2/3 - - - 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000413648.2:c.1648C>T ENSP00000391448.2:p.Arg550Ter 2/3 - 0.0004 rs572712965,COSM41644,COSM1318629 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000513237.1:c.1888delT ENSP00000425443.1:p.Ser630ProfsTer30 3/11 - - COSM43465 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000380013.4:c.1825delT ENSP00000369351.4:p.Ser609ProfsTer30 3/11 - - COSM43465 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000305737.2:c.1825delT ENSP00000306705.2:p.Ser609ProfsTer30 3/3 - - COSM43465 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000545826.1:c.1825delT ENSP00000442867.1:p.Ser609ProfsTer30 3/10 - - COSM43465 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.1648C>T ENSP00000442788.1:p.Arg550Ter 3/11 YES 0.0004 rs572712965,COSM41644,COSM1318629 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000305737.2:c.1648C>T ENSP00000306705.2:p.Arg550Ter 3/3 - 0.0004 rs572712965,COSM41644,COSM1318629 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000545826.1:c.1648C>T ENSP00000442867.1:p.Arg550Ter 3/10 - 0.0004 rs572712965,COSM41644,COSM1318629 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000413648.2:c.1825delT ENSP00000391448.2:p.Ser609ProfsTer30 2/3 - - COSM43465 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000394764.1:c.1825delT ENSP00000378245.1:p.Ser609ProfsTer30 3/3 - - COSM43465 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.1711C>T ENSP00000425443.1:p.Arg571Ter 3/11 - 0.0004 rs572712965,COSM41644,COSM1318629 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.1648C>T ENSP00000369351.4:p.Arg550Ter 3/11 - 0.0004 rs572712965,COSM41644,COSM1318629 

S17 INDEL chr4 106156923 T -TCCAACATGCC 1115 749 366 0.328 TET2 ENSG00000168769 FRAME_SHIFT ENST00000540549.1:c.1825delT ENSP00000442788.1:p.Ser609ProfsTer30 3/11 YES - COSM43465 

S17 SNV chr4 106156747 C T 1223 639 584 0.478 TET2 ENSG00000168769 STOP_GAINED ENST00000394764.1:c.1648C>T ENSP00000378245.1:p.Arg550Ter 3/3 - 0.0004 rs572712965,COSM41644,COSM1318629 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000380013.4:c.3266delA ENSP00000369351.4:p.Lys1090ArgfsTer16 3/11 - - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000545826.1:c.3266delA ENSP00000442867.1:p.Lys1090ArgfsTer16 3/10 - - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000540549.1:c.3266delA ENSP00000442788.1:p.Lys1090ArgfsTer16 3/11 YES - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000413648.2:c.3266delA ENSP00000391448.2:p.Lys1090ArgfsTer16 2/3 - - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000513237.1:c.3329delA ENSP00000425443.1:p.Lys1111ArgfsTer16 3/11 - - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000305737.2:c.3266delA ENSP00000306705.2:p.Lys1090ArgfsTer16 3/3 - - - 

S25 INDEL chr4 106158364 G -AA 51 30 21 0.412 TET2 ENSG00000168769 FRAME_SHIFT ENST00000394764.1:c.3266delA ENSP00000378245.1:p.Lys1090ArgfsTer16 3/3 - - - 

S26 INDEL chr4 106196484 G +T 132 80 52 0.394 TET2 ENSG00000168769 FRAME_SHIFT - - 11/11 - - - 

S26 INDEL chr4 106196484 G +T 132 80 52 0.394 TET2 ENSG00000168769 FRAME_SHIFT - - 11/11 YES - - 

S26 INDEL chr4 106196484 G +T 132 80 52 0.394 TET2 ENSG00000168769 FRAME_SHIFT - - 11/11 - - - 

S39 INDEL chr4 106180783 T +G 449 226 223 0.497 TET2 ENSG00000168769 FRAME_SHIFT - - 7/11 YES - COSM211720,COSM211721 



S39 INDEL chr4 106180783 T +G 449 226 223 0.497 TET2 ENSG00000168769 FRAME_SHIFT - - 7/11 - - COSM211720,COSM211721 

S39 SNV chr4 106196243 C T 444 254 190 0.428 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.4576C>T ENSP00000369351.4:p.Gln1526Ter 11/11 - - COSM43408 

S39 INDEL chr4 106180783 T +G 449 226 223 0.497 TET2 ENSG00000168769 FRAME_SHIFT - - 7/11 - - COSM211720,COSM211721 

S39 SNV chr4 106196243 C T 444 254 190 0.428 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.4639C>T ENSP00000425443.1:p.Gln1547Ter 11/11 - - COSM43408 

S39 SNV chr4 106196243 C T 444 254 190 0.428 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.4576C>T ENSP00000442788.1:p.Gln1526Ter 11/11 YES - COSM43408 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.1322C>G ENSP00000425443.1:p.Ser441Ter 3/11 - - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000305737.2:c.1259C>G ENSP00000306705.2:p.Ser420Ter 3/3 - - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.1259C>G ENSP00000369351.4:p.Ser420Ter 3/11 - - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000545826.1:c.1259C>G ENSP00000442867.1:p.Ser420Ter 3/10 - - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000413648.2:c.1259C>G ENSP00000391448.2:p.Ser420Ter 2/3 - - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.1259C>G ENSP00000442788.1:p.Ser420Ter 3/11 YES - rs148345467,COSM1685372 

S46 SNV chr4 106156358 C G 591 343 248 0.42 TET2 ENSG00000168769 STOP_GAINED ENST00000394764.1:c.1259C>G ENSP00000378245.1:p.Ser420Ter 3/3 - - rs148345467,COSM1685372 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/10 - - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 YES - - 

S47 INDEL chr4 106155579 T +A 523 267 256 0.49 TET2 ENSG00000168769 FRAME_SHIFT - - 2/3 - - - 

S51 SNV chr4 106190797 C A 507 281 226 0.446 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4075C>A ENSP00000369351.4:p.Arg1359Ser 9/11 - - COSM41649 

S51 SNV chr4 106196613 A G 717 369 348 0.485 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.5009A>G ENSP00000425443.1:p.Tyr1670Cys 11/11 - - - 

S51 SNV chr4 106196613 A G 717 369 348 0.485 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4946A>G ENSP00000369351.4:p.Tyr1649Cys 11/11 - - - 

S51 SNV chr4 106180865 G A 496 396 100 0.202 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3956G>A ENSP00000425443.1:p.Cys1319Tyr 7/11 - - COSM43474,COSM87138 

S51 SNV chr4 106196613 A G 717 369 348 0.485 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4946A>G ENSP00000442788.1:p.Tyr1649Cys 11/11 YES - - 

S51 INDEL chr4 106197367 C -TT 619 442 177 0.286 TET2 ENSG00000168769 FRAME_SHIFT ENST00000513237.1:c.5764delT ENSP00000425443.1:p.Tyr1923ThrfsTer6 11/11 - - - 

S51 SNV chr4 106190797 C A 507 281 226 0.446 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.4138C>A ENSP00000425443.1:p.Arg1380Ser 9/11 - - COSM41649 

S51 INDEL chr4 106197367 C -TT 619 442 177 0.286 TET2 ENSG00000168769 FRAME_SHIFT ENST00000540549.1:c.5701delT ENSP00000442788.1:p.Tyr1902ThrfsTer6 11/11 YES - - 

S51 SNV chr4 106180865 G A 496 396 100 0.202 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3893G>A ENSP00000369351.4:p.Cys1298Tyr 7/11 - - COSM43474,COSM87138 

S51 INDEL chr4 106197367 C -TT 619 442 177 0.286 TET2 ENSG00000168769 FRAME_SHIFT ENST00000380013.4:c.5701delT ENSP00000369351.4:p.Tyr1902ThrfsTer6 11/11 - - - 

S51 SNV chr4 106180865 G A 496 396 100 0.202 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3893G>A ENSP00000442788.1:p.Cys1298Tyr 7/11 YES - COSM43474,COSM87138 

S51 SNV chr4 106190797 C A 507 281 226 0.446 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4075C>A ENSP00000442788.1:p.Arg1359Ser 9/11 YES - COSM41649 

S54 SNV chr4 106164067 T A 718 365 353 0.492 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3577T>A ENSP00000442788.1:p.Cys1193Ser 5/11 YES - - 

S54 INDEL chr4 106190789 C +A 726 399 327 0.449 TET2 ENSG00000168769 FRAME_SHIFT - - 9/11 - - - 

S54 SNV chr4 106164067 T A 718 365 353 0.492 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000545826.1:c.3486T>A ENSP00000442867.1:p.Asp1162Glu 4/10 - - - 

S54 INDEL chr4 106190789 C +A 726 399 327 0.449 TET2 ENSG00000168769 FRAME_SHIFT - - 9/11 - - - 

S54 SNV chr4 106164067 T A 718 365 353 0.492 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3640T>A ENSP00000425443.1:p.Cys1214Ser 5/11 - - - 

S54 SNV chr4 106164067 T A 718 365 353 0.492 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3577T>A ENSP00000369351.4:p.Cys1193Ser 5/11 - - - 

S54 INDEL chr4 106190789 C +A 726 399 327 0.449 TET2 ENSG00000168769 FRAME_SHIFT - - 9/11 YES - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 - - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/3 - - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/11 YES - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 3/10 - - - 

S56 INDEL chr4 106157202 G +CACAC 836 547 289 0.344 TET2 ENSG00000168769 FRAME_SHIFT - - 2/3 - - - 

S61 SNV chr4 106190894 G T 549 35 514 0.936 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.4235G>T ENSP00000425443.1:p.Gly1412Val 9/11 - - - 

S61 SNV chr4 106190894 G T 549 35 514 0.936 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4172G>T ENSP00000442788.1:p.Gly1391Val 9/11 YES - - 

S61 SNV chr4 106190894 G T 549 35 514 0.936 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4172G>T ENSP00000369351.4:p.Gly1391Val 9/11 - - - 

S64 SNV chr4 106190882 A G 605 310 295 0.488 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.4223A>G ENSP00000425443.1:p.Asn1408Ser 9/11 - - - 

S64 SNV chr4 106190882 A G 605 310 295 0.488 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.4160A>G ENSP00000442788.1:p.Asn1387Ser 9/11 YES - - 

S64 SNV chr4 106164920 G A 414 218 196 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000513237.1:c.3851G>A ENSP00000425443.1:p.Cys1284Tyr 6/11 - - - 

S64 SNV chr4 106164920 G A 414 218 196 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.3788G>A ENSP00000369351.4:p.Cys1263Tyr 6/11 - - - 

S64 SNV chr4 106164920 G A 414 218 196 0.473 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000540549.1:c.3788G>A ENSP00000442788.1:p.Cys1263Tyr 6/11 YES - - 

S64 SNV chr4 106190882 A G 605 310 295 0.488 TET2 ENSG00000168769 NON_SYNONYMOUS_CODING ENST00000380013.4:c.4160A>G ENSP00000369351.4:p.Asn1387Ser 9/11 - - - 

S66 SNV chr4 106164778 C T 497 243 254 0.511 TET2 ENSG00000168769 STOP_GAINED ENST00000380013.4:c.3646C>T ENSP00000369351.4:p.Arg1216Ter 6/11 - - COSM42029 

S66 SNV chr4 106164778 C T 497 243 254 0.511 TET2 ENSG00000168769 STOP_GAINED ENST00000540549.1:c.3646C>T ENSP00000442788.1:p.Arg1216Ter 6/11 YES - COSM42029 

S66 SNV chr4 106164778 C T 497 243 254 0.511 TET2 ENSG00000168769 STOP_GAINED ENST00000513237.1:c.3709C>T ENSP00000425443.1:p.Arg1237Ter 6/11 - - COSM42029 

35 SNV chr19 54617953 C T 320 176 144 0.45 TFPT ENSG00000105619 NON_SYNONYMOUS_CODING ENST00000391757.1:c.151G>A ENSP00000375637.1:p.Gly51Ser 2/6 - - - 

35 SNV chr19 54617953 C T 320 176 144 0.45 TFPT ENSG00000105619 NON_SYNONYMOUS_CODING ENST00000391759.1:c.151G>A ENSP00000375639.1:p.Gly51Ser 2/6 YES - - 

35 SNV chr19 54617953 C T 320 176 144 0.45 TFPT ENSG00000105619 NON_SYNONYMOUS_CODING ENST00000391758.1:c.124G>A ENSP00000375638.1:p.Gly42Ser 2/6 - - - 

S25 SNV chr19 54611545 C T 99 49 50 0.505 TFPT ENSG00000105619 NON_SYNONYMOUS_CODING ENST00000391758.1:c.403G>A ENSP00000375638.1:p.Gly135Ser 5/6 - - - 

S25 SNV chr19 54611545 C T 99 49 50 0.505 TFPT ENSG00000105619 NON_SYNONYMOUS_CODING ENST00000391759.1:c.430G>A ENSP00000375639.1:p.Gly144Ser 5/6 YES - - 

36 INDEL chr3 195803980 C -CA 315 172 143 0.454 TFRC ENSG00000072274 UTR_5_PRIME ENST00000392396.3:c.-10delG - 2/19 - - - 

36 INDEL chr3 195803980 C -CA 315 172 143 0.454 TFRC ENSG00000072274 UTR_5_PRIME ENST00000535031.1:c.-458delG - 2/17 - - - 

36 INDEL chr3 195803980 C -CA 315 172 143 0.454 TFRC ENSG00000072274 UTR_5_PRIME ENST00000540528.1:c.-13delG - 2/18 - - - 

36 INDEL chr3 195803980 C -CA 315 172 143 0.454 TFRC ENSG00000072274 UTR_5_PRIME ENST00000360110.4:c.-10delG - 2/19 YES - - 

36 INDEL chr3 195803980 C -CA 315 172 143 0.454 TFRC ENSG00000072274 UTR_5_PRIME ENST00000420415.1:c.-51delG - 2/18 - - - 

S10 SNV chr3 195794974 T C 698 366 332 0.476 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000392396.3:c.829A>G ENSP00000376197.3:p.Ile277Val 8/19 - 0.0002 rs533268185 

S10 SNV chr3 195794974 T C 698 366 332 0.476 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000420415.1:c.586A>G ENSP00000390133.1:p.Ile196Val 7/18 - 0.0002 rs533268185 

S10 SNV chr3 195794974 T C 698 366 332 0.476 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000360110.4:c.829A>G ENSP00000353224.4:p.Ile277Val 8/19 YES 0.0002 rs533268185 

S61 SNV chr3 195785200 G T 501 263 238 0.473 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000420415.1:c.1389C>A ENSP00000390133.1:p.Phe463Leu 15/18 - - - 

S61 SNV chr3 195785200 G T 501 263 238 0.473 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000392396.3:c.1632C>A ENSP00000376197.3:p.Phe544Leu 16/19 - - - 

S61 SNV chr3 195785200 G T 501 263 238 0.473 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000535031.1:c.786C>A ENSP00000437753.1:p.Phe262Leu 14/17 - - - 

S61 SNV chr3 195785200 G T 501 263 238 0.473 TFRC ENSG00000072274 NON_SYNONYMOUS_CODING ENST00000360110.4:c.1632C>A ENSP00000353224.4:p.Phe544Leu 16/19 YES - - 

7 SNV chr1 36769633 G A 394 222 172 0.436 THRAP3 ENSG00000054118 UTR_3_PRIME ENST00000354618.5:c.*15G>A - 12/12 YES - - 

7 SNV chr1 36769633 G A 394 222 172 0.436 THRAP3 ENSG00000054118 UTR_3_PRIME ENST00000469141.2:c.*15G>A - 13/13 - - - 

S48 SNV chr1 36767233 A G 599 296 303 0.506 THRAP3 ENSG00000054118 NON_SYNONYMOUS_CODING ENST00000354618.5:c.2582A>G ENSP00000346634.5:p.Gln861Arg 11/12 YES - rs374762961 

S48 SNV chr1 36767233 A G 599 296 303 0.506 THRAP3 ENSG00000054118 NON_SYNONYMOUS_CODING ENST00000469141.2:c.2582A>G ENSP00000433825.1:p.Gln861Arg 12/13 - - rs374762961 

S37 SNV chr6 138200419 G A 591 383 208 0.352 TNFAIP3 ENSG00000118503 NON_SYNONYMOUS_CODING ENST00000237289.4:c.1837G>A ENSP00000237289.4:p.Val613Met 7/9 YES - - 

S39 SNV chr6 138199807 G A 498 246 252 0.506 TNFAIP3 ENSG00000118503 NON_SYNONYMOUS_CODING ENST00000237289.4:c.1225G>A ENSP00000237289.4:p.Glu409Lys 7/9 YES - - 

19 SNV chr7 5427839 G A 98 44 54 0.551 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000399537.4:c.1616C>T ENSP00000382452.4:p.Ala539Val 5/30 - - - 

19 SNV chr7 5427839 G A 98 44 54 0.551 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000430969.1:c.1616C>T ENSP00000395538.1:p.Ala539Val 5/30 YES - - 

42 SNV chr7 5347270 G A 287 141 146 0.509 TNRC18 ENSG00000182095 UTR_3_PRIME ENST00000399537.4:c.*467C>T - 30/30 - - - 

42 SNV chr7 5347270 G A 287 141 146 0.509 TNRC18 ENSG00000182095 UTR_3_PRIME ENST00000430969.1:c.*467C>T - 30/30 YES - - 

7 SNV chr7 5417040 G A 120 67 53 0.442 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000413081.1:c.629C>T ENSP00000413911.1:p.Ser210Leu 3/5 - - - 

7 SNV chr7 5417040 G A 120 67 53 0.442 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000430969.1:c.2423C>T ENSP00000395538.1:p.Ser808Leu 7/30 YES - - 

7 SNV chr7 5417040 G A 120 67 53 0.442 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000399537.4:c.2423C>T ENSP00000382452.4:p.Ser808Leu 7/30 - - - 

S38 SNV chr7 5385403 C T 388 191 197 0.508 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000430969.1:c.5509G>A ENSP00000395538.1:p.Glu1837Lys 18/30 YES - - 

S38 SNV chr7 5385403 C T 388 191 197 0.508 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000399537.4:c.5509G>A ENSP00000382452.4:p.Glu1837Lys 18/30 - - - 

S66 SNV chr7 5428445 G A 45 12 33 0.733 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000399537.4:c.1010C>T ENSP00000382452.4:p.Pro337Leu 5/30 - 0.0012 rs557962394 

S66 SNV chr7 5428445 G A 45 12 33 0.733 TNRC18 ENSG00000182095 NON_SYNONYMOUS_CODING ENST00000430969.1:c.1010C>T ENSP00000395538.1:p.Pro337Leu 5/30 YES 0.0012 rs557962394 

S22 SNV chr20 39713172 A C 566 293 273 0.482 TOP1 ENSG00000198900 NON_SYNONYMOUS_CODING ENST00000361337.2:c.578A>C ENSP00000354522.2:p.Lys193Thr 8/21 YES - - 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000508793.1:c.428T>G ENSP00000424104.1:p.Val143Gly 5/5 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45
382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,

COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.32T>G ENSP00000425104.1:p.Val11Gly 2/6 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,

COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 



22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.428T>G ENSP00000398846.2:p.Val143Gly 5/12 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,

COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.428T>G ENSP00000391127.2:p.Val143Gly 5/12 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270

2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,
COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000514944.1:c.149T>G ENSP00000423862.1:p.Val50Gly 4/6 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45
382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270

2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,
COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000413465.2:c.428T>G ENSP00000410739.2:p.Val143Gly 4/7 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,

COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.428T>G ENSP00000352610.4:p.Val143Gly 4/9 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270

2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,
COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.428T>G ENSP00000391478.2:p.Val143Gly 5/11 - - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45
382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,
COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

22 SNV chr17 7578502 A C 131 36 95 0.725 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.428T>G ENSP00000269305.4:p.Val143Gly 5/11 YES - 

TP53_g.12416T>C,TP53_g.12416T>A,TP53_g.12416T>G,COSM44573,COSM11306,COSM45

382,COSM3522705,COSM3522699,COSM179830,COSM98967,COSM3522708,COSM352270
2,COSM98968,COSM3522710,COSM3522704,COSM3522707,COSM3522701,COSM3388219,

COSM3522706,COSM3522700,COSM1666839,COSM3522709,COSM98969,COSM3522703 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.743G>A ENSP00000391478.2:p.Arg248Gln 7/11 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000413465.2:c.743G>A ENSP00000410739.2:p.Arg248Gln 6/7 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS
M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000514944.1:c.464G>A ENSP00000423862.1:p.Arg155Gln 6/6 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.347G>A ENSP00000425104.1:p.Arg116Gln 4/6 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.743G>A ENSP00000352610.4:p.Arg248Gln 6/9 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS
M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.743G>A ENSP00000269305.4:p.Arg248Gln 7/11 YES - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.743G>A ENSP00000391127.2:p.Arg248Gln 7/12 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

28 SNV chr17 7577538 C T 211 108 103 0.488 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.743G>A ENSP00000398846.2:p.Arg248Gln 7/12 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS
M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000420246.2:c.916C>T ENSP00000391127.2:p.Arg306Ter 8/12 - - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO

SM3388168,COSM1640820,CM971506 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000509690.1:c.520C>T ENSP00000425104.1:p.Arg174Ter 5/6 - - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO

SM3388168,COSM1640820,CM971506 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000445888.2:c.916C>T ENSP00000391478.2:p.Arg306Ter 8/11 - - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO

SM3388168,COSM1640820,CM971506 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000455263.2:c.916C>T ENSP00000398846.2:p.Arg306Ter 8/12 - - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO
SM3388168,COSM1640820,CM971506 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000269305.4:c.916C>T ENSP00000269305.4:p.Arg306Ter 8/11 YES - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO

SM3388168,COSM1640820,CM971506 

55 SNV chr17 7577022 G A 416 33 383 0.921 TP53 ENSG00000141510 STOP_GAINED ENST00000359597.4:c.916C>T ENSP00000352610.4:p.Arg306Ter 7/9 - - 
rs121913344,TP53_g.13896C>T,TP53_g.13896del,COSM10663,COSM44631,COSM99947,CO
SM3388168,COSM1640820,CM971506 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.395A>C ENSP00000391127.2:p.Lys132Thr 5/12 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43

912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 UTR_5_PRIME ENST00000509690.1:c.-2A>C - 2/6 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43

912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.395A>C ENSP00000269305.4:p.Lys132Thr 5/11 YES - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43

912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.395A>C ENSP00000398846.2:p.Lys132Thr 5/12 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43
912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000508793.1:c.395A>C ENSP00000424104.1:p.Lys132Thr 5/5 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43
912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.395A>C ENSP00000391478.2:p.Lys132Thr 5/11 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43

912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.395A>C ENSP00000352610.4:p.Lys132Thr 4/9 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43
912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,
COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000413465.2:c.395A>C ENSP00000410739.2:p.Lys132Thr 4/7 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43
912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,

COSM1646844,COSM2744954,COSM308312,COSM179833 

64 SNV chr17 7578535 T G 93 66 27 0.29 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000514944.1:c.116A>C ENSP00000423862.1:p.Lys39Thr 4/6 - - 
TP53_g.12383A>G,TP53_g.12383A>T,TP53_g.12383A>C,COSM11582,COSM43592,COSM43
912,COSM179832,COSM308311,COSM308310,COSM179831,COSM3388223,COSM3388224,

COSM1646844,COSM2744954,COSM308312,COSM179833 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.733G>C ENSP00000391127.2:p.Gly245Arg 7/12 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS
M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,
COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90

0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.337G>C ENSP00000425104.1:p.Gly113Arg 4/6 - - 
TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS

M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,



COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90

0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.733G>C ENSP00000352610.4:p.Gly245Arg 6/9 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS
M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,

COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90

0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.733G>C ENSP00000398846.2:p.Gly245Arg 7/12 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS

M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,

COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90
0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000514944.1:c.454G>C ENSP00000423862.1:p.Gly152Arg 6/6 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS

M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,

COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90
0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.733G>C ENSP00000269305.4:p.Gly245Arg 7/11 YES - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS

M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036
,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,

COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90
0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000413465.2:c.733G>C ENSP00000410739.2:p.Gly245Arg 6/7 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS
M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036

,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,
COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90

0210,CM920674 

8 SNV chr17 7577548 C G 396 115 281 0.71 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.733G>C ENSP00000391478.2:p.Gly245Arg 7/11 - - 

TP53_g.13370G>A,TP53_g.13370G>T,TP53_g.13370G>C,TP53_g.13370del,COSM6932,COS
M11081,COSM10957,COSM44642,COSM121035,COSM562651,COSM1610835,COSM121036

,COSM562652,COSM1610836,COSM3356965,COSM3388190,COSM3717640,COSM3717639,
COSM1640833,COSM1646855,COSM121037,COSM562653,COSM1610837,CM010463,CM90
0210,CM920674 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.824G>A ENSP00000352610.4:p.Cys275Tyr 7/9 - - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO
SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164

,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM
951234 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.824G>A ENSP00000269305.4:p.Cys275Tyr 8/11 YES - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO
SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164

,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM

951234 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.824G>A ENSP00000391478.2:p.Cys275Tyr 8/11 - - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO

SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164
,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM

951234 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.824G>A ENSP00000391127.2:p.Cys275Tyr 8/12 - - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO
SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164
,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM
951234 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.428G>A ENSP00000425104.1:p.Cys143Tyr 5/6 - - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO
SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164

,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM
951234 

S05 SNV chr17 7577114 C T 114 21 93 0.816 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.824G>A ENSP00000398846.2:p.Cys275Tyr 8/12 - - 

TP53_g.13804G>T,TP53_g.13804G>A,TP53_g.13804G>C,TP53_g.13804del,COSM10701,CO

SM10893,COSM45413,COSM44178,COSM165084,COSM99932,COSM1167915,COSM318164
,COSM3403255,COSM3723938,COSM1637959,COSM2744531,COSM1728541,CM076568,CM

951234 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.818G>A ENSP00000391127.2:p.Arg273His 8/12 - 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS
M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO

SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.818G>A ENSP00000398846.2:p.Arg273His 8/12 - 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS
M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO

SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.818G>A ENSP00000352610.4:p.Arg273His 7/9 - 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS

M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO
SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.422G>A ENSP00000425104.1:p.Arg141His 5/6 - 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS

M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO
SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.818G>A ENSP00000391478.2:p.Arg273His 8/11 - 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS
M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO

SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S16 SNV chr17 7577120 C T 331 113 218 0.659 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.818G>A ENSP00000269305.4:p.Arg273His 8/11 YES 0.0002 

rs28934576,TP53_g.13798G>A,TP53_g.13798G>T,TP53_g.13798G>C,TP53_g.13798del,COS

M10660,COSM43896,COSM44440,COSM10779,COSM318169,COSM99729,COSM165077,CO
SM3356963,COSM3675521,COSM1640828,COSM1645335,COSM1646808,CM920677,CM010
472,CM004342 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000413465.2:c.607delG ENSP00000410739.2:p.Val203TrpfsTer44 5/7 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138

6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000514944.1:c.328delG ENSP00000423862.1:p.Val110TrpfsTer44 5/6 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138
6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000445888.2:c.607delG ENSP00000391478.2:p.Val203TrpfsTer44 6/11 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138
6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000509690.1:c.211delG ENSP00000425104.1:p.Val71TrpfsTer44 3/6 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138

6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000455263.2:c.607delG ENSP00000398846.2:p.Val203TrpfsTer44 6/12 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138

6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000359597.4:c.607delG ENSP00000352610.4:p.Val203TrpfsTer44 5/9 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138
6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000269305.4:c.607delG ENSP00000269305.4:p.Val203TrpfsTer44 6/11 YES - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138
6724,COSM1386725,COSM1386727,COSM1386726 

S55 INDEL chr17 7578242 C -ACGCAA 407 195 212 0.521 TP53 ENSG00000141510 CODON_DELETION ENST00000420246.2:c.607delG ENSP00000391127.2:p.Val203TrpfsTer44 6/12 - - 
TP53_g.12675del,TP53_g.12675T>C,TP53_g.12675T>A,COSM45356,COSM45969,COSM138
6724,COSM1386725,COSM1386727,COSM1386726 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000413465.2:c.743G>A ENSP00000410739.2:p.Arg248Gln 6/7 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000455263.2:c.743G>A ENSP00000398846.2:p.Arg248Gln 7/12 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS
M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000509690.1:c.347G>A ENSP00000425104.1:p.Arg116Gln 4/6 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 



S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000359597.4:c.743G>A ENSP00000352610.4:p.Arg248Gln 6/9 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000445888.2:c.743G>A ENSP00000391478.2:p.Arg248Gln 7/11 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000269305.4:c.743G>A ENSP00000269305.4:p.Arg248Gln 7/11 YES - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS
M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000514944.1:c.464G>A ENSP00000423862.1:p.Arg155Gln 6/6 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO
SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1

646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

S60 SNV chr17 7577538 C T 640 74 566 0.884 TP53 ENSG00000141510 NON_SYNONYMOUS_CODING ENST00000420246.2:c.743G>A ENSP00000391127.2:p.Arg248Gln 7/12 - - 

rs11540652,TP53_g.13380G>A,TP53_g.13380G>T,TP53_g.13380G>C,TP53_g.13380del,COS

M10662,COSM11491,COSM6549,COSM46135,COSM340105,COSM99602,COSM241995,CO

SM99020,COSM241994,COSM340106,COSM3356964,COSM3378346,COSM1640830,COSM1
646857,COSM1646858,COSM99021,COSM241996,COSM340107,CM920675 

1 SNV chr19 16186967 G C 262 115 147 0.561 TPM4 ENSG00000167460 NON_SYNONYMOUS_CODING ENST00000538887.1:c.225G>C ENSP00000439135.1:p.Glu75Asp 2/10 YES - - 

1 SNV chr19 16186967 G C 262 115 147 0.561 TPM4 ENSG00000167460 NON_SYNONYMOUS_CODING ENST00000344824.6:c.225G>C ENSP00000345230.5:p.Glu75Asp 2/9 - - - 

34 SNV chr1 186327772 C T 168 99 69 0.411 TPR ENSG00000047410 NON_SYNONYMOUS_CODING ENST00000367478.4:c.1400G>A ENSP00000356448.3:p.Arg467Gln 13/51 YES - rs377405525,COSM323954 

S55 SNV chr1 186344714 G T 649 327 322 0.496 TPR ENSG00000047410 NON_SYNONYMOUS_CODING ENST00000451586.1:c.47C>A ENSP00000408103.1:p.Ser16Tyr 1/3 - 0.0008 rs371268243 

S56 SNV chr1 186287640 T C 984 465 519 0.527 TPR ENSG00000047410 NON_SYNONYMOUS_CODING ENST00000367478.4:c.6760A>G ENSP00000356448.3:p.Thr2254Ala 48/51 YES - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000351358.4:c.809T>G ENSP00000324328.7:p.Val270Gly 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 NON_SYNONYMOUS_CODING ENST00000412821.3:c.875T>G ENSP00000409354.3:p.Val292Gly 9/10 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 NON_SYNONYMOUS_CODING ENST00000488990.1:c.578T>G ENSP00000419625.1:p.Val193Gly 5/5 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 NON_SYNONYMOUS_CODING ENST00000377799.3:c.947T>G ENSP00000367030.3:p.Val316Gly 10/11 YES - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 NON_SYNONYMOUS_CODING ENST00000457442.2:c.704T>G ENSP00000412256.2:p.Val235Gly 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000358282.7:c.*582T>G - 8/9 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000377799.3:c.948T>G ENST00000377799.3:c.948T>G(p.%3D) 10/11 YES - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000488990.1:c.579T>G ENST00000488990.1:c.579T>G(p.%3D) 5/5 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000457442.2:c.705T>G ENST00000457442.2:c.705T>G(p.%3D) 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 NON_SYNONYMOUS_CODING ENST00000351358.4:c.809T>G ENSP00000324328.7:p.Val270Gly 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000457442.2:c.704T>G ENSP00000412256.2:p.Val235Gly 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000377799.3:c.947T>G ENSP00000367030.3:p.Val316Gly 10/11 YES - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000412821.3:c.875T>G ENSP00000409354.3:p.Val292Gly 9/10 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000358282.7:c.*583T>G - 8/9 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000488990.1:c.578T>G ENSP00000419625.1:p.Val193Gly 5/5 - - - 

S25 SNV chr10 17195634 A C 49 38 11 0.224 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000377766.5:c.*378T>G - 7/8 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000377766.5:c.*379T>G - 7/8 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000412821.3:c.876T>G ENST00000412821.3:c.876T>G(p.%3D) 9/10 - - - 

S25 SNV chr10 17195633 A C 48 37 11 0.229 TRDMT1 ENSG00000107614 SPLICE_SITE_REGION ENST00000351358.4:c.810T>G ENST00000351358.4:c.810T>G(p.%3D) 8/9 - - - 

48 SNV chr7 138200081 G T 216 163 53 0.245 TRIM24 ENSG00000122779 NON_SYNONYMOUS_CODING ENST00000343526.4:c.608G>T ENSP00000340507.4:p.Arg203Ile 3/19 YES - - 

48 SNV chr7 138200081 G T 216 163 53 0.245 TRIM24 ENSG00000122779 NON_SYNONYMOUS_CODING ENST00000415680.2:c.608G>T ENSP00000390829.2:p.Arg203Ile 3/19 - - - 

S54 INDEL chr14 92480759 C -T 422 202 220 0.521 TRIP11 ENSG00000100815 FRAME_SHIFT ENST00000267622.4:c.986delG ENSP00000267622.4:p.Arg329LysfsTer4 7/21 YES - - 

S54 INDEL chr14 92480759 C -T 422 202 220 0.521 TRIP11 ENSG00000100815 FRAME_SHIFT ENST00000554357.1:c.219delG ENSP00000451032.1:p.Arg74LysfsTer4 2/15 - - - 

S57 SNV chr14 92472072 G A 1175 1 1174 0.999 TRIP11 ENSG00000100815 NON_SYNONYMOUS_CODING ENST00000554357.1:c.1394C>T ENSP00000451032.1:p.Arg466Cys 5/15 - - - 

S57 SNV chr14 92472072 G A 1175 1 1174 0.999 TRIP11 ENSG00000100815 NON_SYNONYMOUS_CODING ENST00000267622.4:c.2248C>T ENSP00000267622.4:p.Arg750Cys 11/21 YES - - 

24 SNV chr9 135779052 G A 51 31 20 0.392 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000545250.1:c.2041C>T ENSP00000444017.1:p.His681Tyr 14/20 - 0.0014 rs118203657 

24 SNV chr9 135779052 G A 51 31 20 0.392 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000298552.3:c.2194C>T ENSP00000298552.3:p.His732Tyr 17/23 YES 0.0014 rs118203657 

24 SNV chr9 135779052 G A 51 31 20 0.392 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000440111.2:c.2194C>T ENSP00000394524.2:p.His732Tyr 15/21 - 0.0014 rs118203657 

31 SNV chr9 135779052 G A 42 23 19 0.452 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000298552.3:c.2194C>T ENSP00000298552.3:p.His732Tyr 17/23 YES 0.0014 rs118203657 

31 SNV chr9 135779052 G A 42 23 19 0.452 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000545250.1:c.2041C>T ENSP00000444017.1:p.His681Tyr 14/20 - 0.0014 rs118203657 

31 SNV chr9 135779052 G A 42 23 19 0.452 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000440111.2:c.2194C>T ENSP00000394524.2:p.His732Tyr 15/21 - 0.0014 rs118203657 

S59 SNV chr9 135779052 G A 175 90 85 0.486 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000545250.1:c.2041C>T ENSP00000444017.1:p.His681Tyr 14/20 - 0.0014 rs118203657 

S59 SNV chr9 135779052 G A 175 90 85 0.486 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000298552.3:c.2194C>T ENSP00000298552.3:p.His732Tyr 17/23 YES 0.0014 rs118203657 

S59 SNV chr9 135779052 G A 175 90 85 0.486 TSC1 ENSG00000165699 NON_SYNONYMOUS_CODING ENST00000440111.2:c.2194C>T ENSP00000394524.2:p.His732Tyr 15/21 - 0.0014 rs118203657 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000219476.3:c.*11C>G - 42/42 YES - - 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000353929.4:c.*11C>G - 41/41 - - - 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000350773.4:c.*11C>G - 41/41 - - - 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000439673.2:c.*11C>G - 39/39 - - - 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000401874.2:c.*11C>G - 40/40 - - - 

58 SNV chr16 2138622 C G 295 151 144 0.488 TSC2 ENSG00000103197 UTR_3_PRIME ENST00000382538.6:c.*11C>G - 39/39 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000219476.3:c.725C>T ENSP00000219476.3:p.Thr242Ile 8/42 YES - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000467949.1:c.161C>T ENSP00000454997.1:p.Thr54Ile 2/6 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000568454.1:c.758C>T ENSP00000454487.1:p.Thr253Ile 8/40 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000353929.4:c.725C>T ENSP00000248099.4:p.Thr242Ile 8/41 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000382538.6:c.578C>T ENSP00000371978.6:p.Thr193Ile 7/39 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000350773.4:c.725C>T ENSP00000344383.4:p.Thr242Ile 8/41 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000439673.2:c.614C>T ENSP00000399232.2:p.Thr205Ile 7/39 - - - 

S06 SNV chr16 2106721 C T 497 260 237 0.476 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000401874.2:c.725C>T ENSP00000384468.2:p.Thr242Ile 8/40 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000401874.2:c.1000G>A ENSP00000384468.2:p.Val334Met 11/40 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000219476.3:c.1000G>A ENSP00000219476.3:p.Val334Met 11/42 YES - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000382538.6:c.853G>A ENSP00000371978.6:p.Val285Met 10/39 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000350773.4:c.1000G>A ENSP00000344383.4:p.Val334Met 11/41 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000568454.1:c.1033G>A ENSP00000454487.1:p.Val345Met 11/40 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000439673.2:c.889G>A ENSP00000399232.2:p.Val297Met 10/39 - - - 

S13 SNV chr16 2110695 G A 325 211 114 0.351 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000353929.4:c.1000G>A ENSP00000248099.4:p.Val334Met 11/41 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000382538.6:c.2534C>T ENSP00000371978.6:p.Ala845Val 23/39 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000350773.4:c.2681C>T ENSP00000344383.4:p.Ala894Val 24/41 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000219476.3:c.2681C>T ENSP00000219476.3:p.Ala894Val 24/42 YES - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000568454.1:c.2714C>T ENSP00000454487.1:p.Ala905Val 24/40 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000439673.2:c.2570C>T ENSP00000399232.2:p.Ala857Val 23/39 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000353929.4:c.2681C>T ENSP00000248099.4:p.Ala894Val 24/41 - - - 

S43 SNV chr16 2126110 C T 569 303 266 0.468 TSC2 ENSG00000103197 NON_SYNONYMOUS_CODING ENST00000401874.2:c.2681C>T ENSP00000384468.2:p.Ala894Val 24/40 - - - 

31 SNV chr14 81558891 C G 345 189 156 0.452 TSHR ENSG00000165409 NON_SYNONYMOUS_CODING ENST00000298171.2:c.484C>G ENSP00000298171.2:p.Pro162Ala 6/10 - 0.0004 rs121908863,CM951243 

31 SNV chr14 81558891 C G 345 189 156 0.452 TSHR ENSG00000165409 NON_SYNONYMOUS_CODING ENST00000342443.6:c.484C>G ENSP00000340113.6:p.Pro162Ala 6/9 - 0.0004 rs121908863,CM951243 

31 SNV chr14 81558891 C G 345 189 156 0.452 TSHR ENSG00000165409 UTR_5_PRIME ENST00000541158.2:c.484C>G ENSP00000441235.2:p.Pro162Ala 7/11 YES 0.0004 rs121908863,CM951243 

11 INDEL chr21 44513110 G +T 133 95 38 0.275 U2AF1 ENSG00000160201 UTR_3_PRIME - - 7/7 - 0.0002 rs556707314,rs568046085 

11 INDEL chr21 44513110 G +T 133 95 38 0.275 U2AF1 ENSG00000160201 UTR_3_PRIME - - 8/8 YES 0.0002 rs556707314,rs568046085 

11 INDEL chr21 44513110 G +T 133 95 38 0.275 U2AF1 ENSG00000160201 UTR_3_PRIME - - 8/8 - 0.0002 rs556707314,rs568046085 

11 INDEL chr21 44513110 G +T 133 95 38 0.275 U2AF1 ENSG00000160201 UTR_3_PRIME - - 9/9 - 0.0002 rs556707314,rs568046085 

62 SNV chr21 44524453 C A 175 110 65 0.371 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000291552.4:c.104G>T ENSP00000291552.4:p.Arg35Leu 2/8 YES - COSM211657 

62 SNV chr21 44524453 C A 175 110 65 0.371 U2AF1 ENSG00000160201 UTR_5_PRIME ENST00000398137.1:c.-183G>T - 2/9 - - COSM211657 

62 SNV chr21 44524453 C A 175 110 65 0.371 U2AF1 ENSG00000160201 UTR_5_PRIME ENST00000459639.1:c.-116G>T - 1/7 - - COSM211657 

62 SNV chr21 44524453 C A 175 110 65 0.371 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000380276.2:c.104G>T ENSP00000369629.2:p.Arg35Leu 2/8 - - COSM211657 

S23 SNV chr21 44524456 G A 593 304 289 0.487 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000291552.4:c.101C>T ENSP00000291552.4:p.Ser34Phe 2/8 YES - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 

S23 SNV chr21 44524456 G A 593 304 289 0.487 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000380276.2:c.101C>T ENSP00000369629.2:p.Ser34Phe 2/8 - - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 

S25 SNV chr21 44524456 G A 202 110 92 0.455 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000291552.4:c.101C>T ENSP00000291552.4:p.Ser34Phe 2/8 YES - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 



S25 SNV chr21 44524456 G A 202 110 92 0.455 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000380276.2:c.101C>T ENSP00000369629.2:p.Ser34Phe 2/8 - - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 

S26 SNV chr21 44514777 T G 316 185 131 0.415 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000291552.4:c.470A>C ENSP00000291552.4:p.Gln157Pro 6/8 YES - rs371246226,COSM211532,COSM211534,COSM1724986,COSM1318797 

S26 SNV chr21 44514777 T G 316 185 131 0.415 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000459639.1:c.251A>C ENSP00000418705.1:p.Gln84Pro 5/7 - - rs371246226,COSM211532,COSM211534,COSM1724986,COSM1318797 

S26 SNV chr21 44514777 T G 316 185 131 0.415 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000398137.1:c.251A>C ENSP00000381205.1:p.Gln84Pro 7/9 - - rs371246226,COSM211532,COSM211534,COSM1724986,COSM1318797 

S26 SNV chr21 44514777 T G 316 185 131 0.415 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000380276.2:c.470A>C ENSP00000369629.2:p.Gln157Pro 6/8 - - rs371246226,COSM211532,COSM211534,COSM1724986,COSM1318797 

S37 SNV chr21 44524456 G A 499 347 152 0.305 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000291552.4:c.101C>T ENSP00000291552.4:p.Ser34Phe 2/8 YES - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 

S37 SNV chr21 44524456 G A 499 347 152 0.305 U2AF1 ENSG00000160201 NON_SYNONYMOUS_CODING ENST00000380276.2:c.101C>T ENSP00000369629.2:p.Ser34Phe 2/8 - - rs371769427,COSM166866,COSM146287,COSM1142948,COSM1190367 

37 INDEL chr11 118267187 C -CA 163 93 70 0.429 UBE4A ENSG00000110344 UTR_3_PRIME ENST00000431736.2:c.*33delC - 20/20 YES - - 

37 SNV chr11 118244320 G C 108 59 49 0.45 UBE4A ENSG00000110344 NON_SYNONYMOUS_CODING ENST00000252108.3:c.1036G>C ENSP00000252108.3:p.Val346Leu 8/20 - - - 

37 INDEL chr11 118267187 C -CA 163 93 70 0.429 UBE4A ENSG00000110344 UTR_3_PRIME ENST00000252108.3:c.*33delC - 20/20 - - - 

37 INDEL chr11 118267187 C -CA 163 93 70 0.429 UBE4A ENSG00000110344 UTR_3_PRIME ENST00000545354.1:c.*33delC - 11/11 - - - 

37 SNV chr11 118244320 G C 108 59 49 0.45 UBE4A ENSG00000110344 NON_SYNONYMOUS_CODING ENST00000431736.2:c.1057G>C ENSP00000387362.2:p.Val353Leu 8/20 YES - - 

40 SNV chr17 5051908 T C 145 83 62 0.428 USP6 ENSG00000129204 NON_SYNONYMOUS_CODING ENST00000304328.5:c.1538T>C ENSP00000305473.5:p.Leu513Pro 23/31 - - - 

40 SNV chr17 5051908 T C 145 83 62 0.428 USP6 ENSG00000129204 NON_SYNONYMOUS_CODING ENST00000250066.6:c.2489T>C ENSP00000250066.6:p.Leu830Pro 22/30 - - - 

40 SNV chr17 5051908 T C 145 83 62 0.428 USP6 ENSG00000129204 UTR_3_PRIME ENST00000332776.4:c.*16T>C - 29/37 - - - 

S20 SNV chr17 5037221 C T 1260 726 534 0.424 USP6 ENSG00000129204 NON_SYNONYMOUS_CODING ENST00000332776.4:c.424C>T ENSP00000328010.4:p.His142Tyr 15/37 - - - 

S20 SNV chr17 5037221 C T 1260 726 534 0.424 USP6 ENSG00000129204 NON_SYNONYMOUS_CODING ENST00000250066.6:c.424C>T ENSP00000250066.6:p.His142Tyr 7/30 - - - 

S20 SNV chr17 5037221 C T 1260 726 534 0.424 USP6 ENSG00000129204 NON_SYNONYMOUS_CODING ENST00000574788.1:c.424C>T ENSP00000460380.1:p.His142Tyr 15/38 YES - - 

S21 SNV chr19 6822232 C T 86 49 37 0.43 VAV1 ENSG00000141968 SPLICE_SITE_REGION ENST00000602142.1:c.450C>T ENST00000602142.1:c.450C>T(p.%3D) 5/27 YES - - 

S21 SNV chr19 6822232 C T 86 49 37 0.43 VAV1 ENSG00000141968 SPLICE_SITE_REGION ENST00000596764.1:c.450C>T ENST00000596764.1:c.450C>T(p.%3D) 5/26 - - - 

S21 SNV chr19 6822232 C T 86 49 37 0.43 VAV1 ENSG00000141968 SPLICE_SITE_REGION ENST00000599806.1:c.285C>T ENST00000599806.1:c.285C>T(p.%3D) 5/27 - - - 

S21 SNV chr19 6822232 C T 86 49 37 0.43 VAV1 ENSG00000141968 SPLICE_SITE_REGION ENST00000539284.1:c.255C>T ENST00000539284.1:c.255C>T(p.%3D) 5/26 - - - 

S21 SNV chr19 6822232 C T 86 49 37 0.43 VAV1 ENSG00000141968 SPLICE_SITE_REGION ENST00000304076.2:c.450C>T ENST00000304076.2:c.450C>T(p.%3D) 5/26 - - - 

1 SNV chr1 68564225 T G 207 106 101 0.488 WLS ENSG00000116729 UTR_3_PRIME ENST00000540432.1:c.*90A>C - 12/12 - - - 

1 SNV chr1 68564225 T G 207 106 101 0.488 WLS ENSG00000116729 UTR_3_PRIME ENST00000354777.2:c.*90A>C - 12/12 YES - - 

34 SNV chr1 68591776 C T 166 88 78 0.47 WLS ENSG00000116729 UTR_3_PRIME ENST00000370976.3:c.*133G>A - 11/11 - - - 

34 SNV chr1 68591776 C T 166 88 78 0.47 WLS ENSG00000116729 UTR_3_PRIME ENST00000262348.4:c.*133G>A - 12/12 - - - 

19 SNV chr11 32413569 A G 388 214 174 0.448 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000379079.2:c.745T>C ENSP00000368370.2:p.Ser249Pro 9/10 - - - 

19 SNV chr11 32413569 A G 388 214 174 0.448 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000452863.3:c.1330T>C ENSP00000415516.3:p.Ser444Pro 8/9 - - - 

19 SNV chr11 32413569 A G 388 214 174 0.448 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000332351.3:c.1381T>C ENSP00000331327.3:p.Ser461Pro 9/10 YES - - 

19 SNV chr11 32413569 A G 388 214 174 0.448 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000448076.3:c.1381T>C ENSP00000413452.3:p.Ser461Pro 9/10 - - - 

19 SNV chr11 32413569 A G 388 214 174 0.448 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000530998.1:c.694T>C ENSP00000435307.1:p.Ser232Pro 8/9 - - - 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000452863.3:c.1355A>C ENSP00000415516.3:p.His452Pro 8/9 - - CM061235 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 5/6 - - - 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000332351.3:c.1406A>C ENSP00000331327.3:p.His469Pro 9/10 YES - CM061235 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 6/9 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069
4,COSM49042,COSM1166756 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000527882.1:c.387A>C ENSP00000435624.1:p.His130Pro 5/6 - - CM061235 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 9/10 - - - 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 4/6 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069
4,COSM49042,COSM1166756 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000530998.1:c.719A>C ENSP00000435307.1:p.His240Pro 8/9 - - CM061235 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000379079.2:c.770A>C ENSP00000368370.2:p.His257Pro 9/10 - - CM061235 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069

4,COSM49042,COSM1166756 

S21 SNV chr11 32413544 T G 271 180 91 0.336 WT1 ENSG00000184937 NON_SYNONYMOUS_CODING ENST00000448076.3:c.1406A>C ENSP00000413452.3:p.His469Pro 9/10 - - CM061235 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 7/7 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069

4,COSM49042,COSM1166756 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 YES 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069

4,COSM49042,COSM1166756 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 9/10 - - - 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 8/9 - - - 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 6/9 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069

4,COSM49042,COSM1166756 

S21 INDEL chr11 32417942 A +G 329 183 146 0.442 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 - 0.0002 
rs554416372,COSM49052,COSM1166757,COSM35983,COSM28946,COSM42121,COSM3069
4,COSM49042,COSM1166756 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 8/9 - - - 

S21 INDEL chr11 32413542 T +CCGGGGGAGG 269 187 82 0.293 WT1 ENSG00000184937 FRAME_SHIFT - - 9/10 YES - - 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 - 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 - 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 4/6 - 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 7/10 YES 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 6/9 - 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

S44 INDEL chr11 32417909 C +G 536 393 143 0.265 WT1 ENSG00000184937 FRAME_SHIFT - - 6/9 - 0.0000 rs142937387,COSM27307,COSM1317326,CM971595 

1 SNV chr3 14199767 T C 400 214 186 0.465 XPC ENSG00000154767 NON_SYNONYMOUS_CODING ENST00000449060.2:c.1505A>G ENSP00000404002.2:p.Glu502Gly 9/16 - 0.0002 rs563236303 

1 SNV chr3 14199767 T C 400 214 186 0.465 XPC ENSG00000154767 NON_SYNONYMOUS_CODING ENST00000285021.7:c.1616A>G ENSP00000285021.7:p.Glu539Gly 9/16 YES 0.0002 rs563236303 

36 INDEL chr2 61710181 T -CTTCTTGTG 309 214 95 0.307 XPO1 ENSG00000082898 CODON_DELETION ENST00000401558.2:c.2724delA ENSP00000384863.2:p.Ala909LeufsTer22 22/25 YES - - 

36 INDEL chr2 61710181 T -CTTCTTGTG 309 214 95 0.307 XPO1 ENSG00000082898 CODON_DELETION ENST00000406957.1:c.2724delA ENSP00000385559.1:p.Ala909LeufsTer22 23/26 - - - 

36 INDEL chr2 61710181 T -CTTCTTGTG 309 214 95 0.307 XPO1 ENSG00000082898 CODON_DELETION ENST00000404992.2:c.2724delA ENSP00000385942.2:p.Ala909LeufsTer22 22/25 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000420673.1:c.1A>G ENSP00000393484.1:p.Met1? 1/3 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000422552.1:c.1A>G ENSP00000408190.1:p.Met1? 2/4 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000436018.1:c.1A>G ENSP00000390843.1:p.Met1? 2/3 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000443240.1:c.1A>G ENSP00000406428.1:p.Met1? 3/7 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000401558.2:c.1A>G ENSP00000384863.2:p.Met1? 2/25 YES - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000449444.1:c.1A>G ENSP00000406819.1:p.Met1? 2/3 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000451765.1:c.1A>G ENSP00000413853.1:p.Met1? 2/7 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000457483.1:c.1A>G ENSP00000394951.1:p.Met1? 3/5 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000404992.2:c.1A>G ENSP00000385942.2:p.Met1? 2/25 - - - 

42 SNV chr2 61761032 T C 254 128 126 0.496 XPO1 ENSG00000082898 START_LOST ENST00000406957.1:c.1A>G ENSP00000385559.1:p.Met1? 3/26 - - - 

S37 SNV chr15 41106201 T C 443 236 207 0.467 ZFYVE19 ENSG00000166140 NON_SYNONYMOUS_CODING ENST00000336455.5:c.1240T>C ENSP00000337824.5:p.Cys414Arg 11/12 - - - 

S37 SNV chr15 41106201 T C 443 236 207 0.467 ZFYVE19 ENSG00000166140 NON_SYNONYMOUS_CODING ENST00000355341.4:c.1270T>C ENSP00000347498.4:p.Cys424Arg 10/11 YES - - 

S37 SNV chr15 41106201 T C 443 236 207 0.467 ZFYVE19 ENSG00000166140 NON_SYNONYMOUS_CODING ENST00000570108.1:c.1201T>C ENSP00000456223.1:p.Cys401Arg 11/12 - - - 

S37 SNV chr15 41106201 T C 443 236 207 0.467 ZFYVE19 ENSG00000166140 NON_SYNONYMOUS_CODING ENST00000564258.1:c.745T>C ENSP00000457617.1:p.Cys249Arg 10/11 - - - 

S37 SNV chr15 41106201 T C 443 236 207 0.467 ZFYVE19 ENSG00000166140 NON_SYNONYMOUS_CODING ENST00000299173.10:c.1066T>C ENSP00000299173.10:p.Cys356Arg 9/10 - - - 

10 SNV chr16 89805472 A C 411 245 166 0.404 ZNF276 ENSG00000158805 UTR_3_PRIME ENST00000289816.5:c.*818A>C - 11/11 - - rs553145380 

48 SNV chr16 89805472 A C 490 266 224 0.457 ZNF276 ENSG00000158805 UTR_3_PRIME ENST00000289816.5:c.*818A>C - 11/11 - - rs553145380 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000319770.3:c.1139C>T ENSP00000321650.3:p.Pro380Leu 9/9 - 0.0002 rs528456551 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000396795.1:c.1187C>T ENSP00000380013.1:p.Pro396Leu 9/9 - 0.0002 rs528456551 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000396801.3:c.1370C>T ENSP00000380019.3:p.Pro457Leu 11/11 YES 0.0002 rs528456551 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000396799.2:c.1187C>T ENSP00000380017.2:p.Pro396Leu 10/10 - 0.0002 rs528456551 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000355772.4:c.1022C>T ENSP00000348018.4:p.Pro341Leu 9/9 - 0.0002 rs528456551 

30 SNV chr12 6777244 G A 176 88 88 0.5 ZNF384 ENSG00000126746 NON_SYNONYMOUS_CODING ENST00000361959.3:c.1370C>T ENSP00000354592.3:p.Pro457Leu 11/11 - 0.0002 rs528456551 

S61 SNV chr18 22806969 T C 924 510 414 0.448 ZNF521 ENSG00000198795 NON_SYNONYMOUS_CODING ENST00000584787.1:c.253A>G ENSP00000463000.1:p.Ser85Gly 3/7 - - - 

S61 SNV chr18 22806969 T C 924 510 414 0.448 ZNF521 ENSG00000198795 NON_SYNONYMOUS_CODING ENST00000538137.2:c.913A>G ENSP00000440768.2:p.Ser305Gly 4/8 - - - 

S61 SNV chr18 22806969 T C 924 510 414 0.448 ZNF521 ENSG00000198795 NON_SYNONYMOUS_CODING ENST00000361524.3:c.913A>G ENSP00000354794.3:p.Ser305Gly 4/8 YES - - 

10 SNV chrX 15821819 T G 49 15 34 0.68 ZRSR2 ENSG00000169249 STOP_GAINED ENST00000307771.7:c.212T>G ENSP00000303015.7:p.Leu71Ter 4/11 YES - - 

S33 INDEL chrX 15841230 C +AGCCGG 136 104 32 0.235 ZRSR2 ENSG00000169249 CODON_CHANGE_PLUS_CODON_INSERTION - - 11/11 YES - - 
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DMR Nametag chr start end value area cluster indexStart indexEnd L clusterL p.valueArea fwer Genes associated (distance, bp.) 

HyperHier1 chr7 73752935 73753326 3.05 9.14 51887 45260 45262 3 3 3.29E-05 0.00E+00 GTF2IRD1 (-115169), CLIP2 (+49326) 

HyperHier2 chr7 73820590 73820652 2.82 8.46 51890 45266 45268 3 3 5.01E-05 0.00E+00 GTF2IRD1 (-47679), CLIP2 (+116816) 

HyperHier3 chr12 117042854 117042917 2.70 8.09 14911 71889 71891 3 3 6.22E-05 0.00E+00 MAP1LC3B2 (+45700), C12orf49 (+132980) 

HyperHier4 chr17 75096202 75096382 2.53 7.58 26206 91773 91775 3 3 7.92E-05 0.00E+00 SEPT9 (-181200), SEC14L1 (+11461) 

HyperHier5 chr11 133928292 133928346 2.45 7.35 12534 67633 67635 3 3 9.20E-05 0.00E+00 IGSF9B (-101439), JAM3 (-10501) 

HyperHier6 chr15 100048371 100048500 2.44 7.31 20902 82531 82533 3 3 9.43E-05 0.00E+00 MEF2A (-57469), SYNM (+403150) 

HyperHier7 chr5 177913434 177913485 2.41 7.22 46511 33899 33901 3 3 9.79E-05 0.00E+00 PHYKPL (-253674), COL23A1 (+104096) 

HyperHier8 chr17 78560478 78560916 2.35 7.04 26472 92226 92228 3 3 1.08E-04 0.00E+00 CHMP6 (-404944), RPTOR (+41629) 

HyperHier9 chr17 47296970 47297268 2.34 7.02 25425 90533 90535 3 3 1.10E-04 0.00E+00 ABI3 (+9530), PHOSPHO1 (+11009) 

HyperHier10 chr17 1576449 1576724 2.32 6.97 23702 87286 87288 3 3 1.14E-04 0.00E+00 RILP (-23216), PRPF8 (+11544) 

HyperHier11 chr4 3365280 3365442 2.32 11.58 41036 23745 23749 5 5 1.11E-05 0.00E+00 HGFAC (-78253), RGS12 (+49487) 

HyperHier12 chr11 70253427 70253499 2.31 6.92 11007 65172 65174 3 3 1.17E-04 0.00E+00 CTTN (+8816), SHANK2 (+604909) 

HyperHier13 chr7 151442351 151442481 2.28 6.85 53248 47688 47690 3 3 1.19E-04 0.00E+00 RHEB (-225406), PRKAG2 (+131794) 

HyperHier14 chr13 114918456 114918702 2.24 6.73 17128 75992 75994 3 3 1.29E-04 0.00E+00 CDC16 (-81783), RASA3 (-20493) 

HyperHier15 chr19 4543487 4544574 2.15 12.91 28000 95110 95115 6 6 5.91E-06 0.00E+00 LRG1 (-3545) 

HyperHier16 chr11 70265971 70266172 2.15 6.44 11010 65179 65181 3 3 1.51E-04 0.00E+00 CTTN (+21425), SHANK2 (+592300) 

HyperHier17 chr10 1505595 1505654 2.14 6.42 5978 55713 55715 3 3 1.53E-04 0.00E+00 IDI1 (-410515), ADARB2 (+274045) 

HyperHier18 chr16 89023389 89023633 2.14 6.41 23434 86811 86813 3 3 1.55E-04 0.00E+00 PABPN1L (-90485), CBFA2T3 (+20101) 

HyperHier19 chr11 1750302 1750939 2.12 10.62 9060 61431 61435 5 5 1.54E-05 0.00E+00 IFITM10 (+21200), KRTAP5-6 (+32196) 

HyperHier20 chr11 69259247 69260271 2.12 16.94 10940 65010 65017 8 8 1.42E-06 0.00E+00 CCND1 (-196096), TPCN2 (+443394) 

HyperHier21 chr16 88228257 88228776 2.11 6.34 23345 86661 86663 3 3 1.61E-04 0.00E+00 ZNF469 (-265362), BANP (+224893) 

HyperHier22 chr16 89922218 89922539 2.09 6.27 23528 86977 86979 3 3 1.68E-04 0.00E+00 TCF25 (-17641), SPIRE2 (+27463) 

HyperHier23 chr17 77901030 77901317 2.06 8.24 26423 92145 92148 4 4 5.79E-05 0.00E+00 CBX4 (-87946), TBC1D16 (+108473) 

HyperHier24 chr6 158507753 158508188 2.06 8.23 49866 41339 41342 4 4 5.79E-05 0.00E+00 SERAC1 (+81331), SYNJ2 (+105052) 

HyperHier25 chr3 66633255 66633408 2.06 6.17 38935 20146 20148 3 3 1.77E-04 0.00E+00 KBTBD8 (-415399), LRIG1 (-81976) 

HyperHier26 chr2 240878313 240878541 2.04 6.13 34686 17577 17579 3 3 1.81E-04 0.00E+00 HDAC4 (-555784), NDUFA10 (+86392) 

HyperHier27 chr16 87866696 87866833 2.04 6.12 23322 86624 86626 3 3 1.81E-04 0.00E+00 KLHDC4 (-67210), SLC7A5 (+36329) 

HyperHier28 chr22 43166139 43166347 2.04 6.12 37343 104101 104103 3 3 1.82E-04 0.00E+00 A4GALT (-75251), ARFGAP3 (+87165) 

HyperHier29 chr17 79484960 79485709 2.03 8.12 26613 92515 92518 4 4 6.10E-05 0.00E+00 FSCN2 (-10223), ACTG1 (-5528) 

HyperHier30 chr1 10690443 10690588 2.03 6.08 830 1432 1434 3 3 1.86E-04 0.00E+00 PEX14 (+155572), CASZ1 (+166189) 

HyperHier31 chr5 1555791 1555887 2.02 6.07 43502 28229 28231 3 3 1.87E-04 0.00E+00 LPCAT1 (-31747), MRPL36 (+244170) 

HyperHier32 chr14 103410516 103411005 2.01 8.02 18778 78903 78906 4 4 6.50E-05 0.00E+00 AMN (+21768), CDC42BPB (+113038) 

HyperHier33 chr20 19955436 19955868 1.98 7.91 35105 100026 100029 4 4 6.83E-05 0.00E+00 NAA20 (-42108), RIN2 (+88487) 

HyperHier34 chr18 74114570 74114728 1.97 5.90 27366 94034 94036 3 3 2.08E-04 0.00E+00 SMIM21 (-974991), ZNF516 (+92497) 

HyperHier35 chr12 1025529 1025755 1.95 5.86 12621 67774 67776 3 3 2.13E-04 0.00E+00 RAD52 (+33246), WNK1 (+163553) 

HyperHier36 chr8 21767146 21767310 1.95 5.86 54204 49458 49460 3 3 2.13E-04 0.00E+00 GFRA2 (-120906), DOK2 (+4143) 

HyperHier37 chr13 114065669 114066074 1.94 7.77 17068 75869 75872 4 4 7.26E-05 0.00E+00 GRTP1 (-47431), ADPRHL1 (+41967) 

HyperHier38 chr17 26577563 26577877 1.94 5.81 24432 88633 88635 3 3 2.20E-04 0.00E+00 TMEM97 (-68401), NLK (+208538) 

HyperHier39 chr18 60903834 60904418 1.93 7.72 27307 93911 93914 4 4 7.42E-05 0.00E+00 BCL2 (+83235), PHLPP1 (+521443) 

HyperHier40 chr1 159046391 159047163 1.92 13.42 4100 7067 7073 7 7 4.97E-06 0.00E+00 AIM2 (-86) 

HyperHier41 chr10 131589141 131589189 1.91 5.73 8509 60299 60301 3 3 2.32E-04 0.00E+00 EBF3 (+172940), MGMT (+323717) 

HyperHier42 chr8 144260671 144260778 1.90 5.71 56208 52954 52956 3 3 2.36E-04 0.00E+00 GPIHBP1 (-34343), LY6H (-18597) 

HyperHier43 chr11 113846918 113846937 1.90 5.69 11788 66461 66463 3 3 2.40E-04 0.00E+00 ZBTB16 (-83387), HTR3A (+1131) 

HyperHier44 chr19 16466298 16466636 1.89 7.57 28607 96201 96204 4 4 8.02E-05 0.00E+00 KLF2 (+30839), EPS15L1 (+116356) 

HyperHier45 chr17 1373605 1374051 1.89 5.67 23673 87225 87227 3 3 2.42E-04 0.00E+00 CRK (-14276), MYO1C (+22278) 

HyperHier46 chr11 330536 331179 1.86 9.31 8861 61042 61046 5 5 2.98E-05 0.00E+00 B4GALNT4 (-38946), IFITM3 (-9808) 

HyperHier47 chr10 1975562 1975631 1.84 5.52 6007 55770 55772 3 3 2.64E-04 0.00E+00 ADARB2 (-195927) 

HyperHier48 chr11 628318 628677 1.83 7.30 8906 61133 61136 4 4 9.51E-05 0.00E+00 CDHR5 (-2420), SCT (-1355) 

HyperHier49 chr16 85262708 85262920 1.82 5.47 23052 86140 86142 3 3 2.72E-04 0.00E+00 GSE1 (-384008), KIAA0513 (+165996) 

HyperHier50 chr16 87441441 87441659 1.82 5.46 23279 86558 86560 3 3 2.77E-04 0.00E+00 MAP1LC3B (+16144), ZCCHC14 (+84101) 

HyperHier51 chr10 3250774 3251149 1.82 5.46 6031 55808 55810 3 3 2.77E-04 0.00E+00 PITRM1 (-35959), KLF6 (+576505) 

HyperHier52 chr5 1494980 1495356 1.82 9.08 43490 28211 28215 5 5 3.52E-05 0.00E+00 SLC6A3 (-49623), LPCAT1 (+28924) 

HyperHier53 chr12 133294261 133294835 1.81 5.44 15619 73166 73168 3 3 2.80E-04 0.00E+00 PGAM5 (+7143), ANKLE2 (+43926) 

HyperHier54 chr3 196351986 196352142 1.81 5.43 40761 23225 23227 3 3 2.81E-04 0.00E+00 NRROS (-14493), FBXO45 (+56505) 

HyperHier55 chr17 79428036 79428750 1.81 7.23 26597 92481 92484 4 4 9.70E-05 0.00E+00 ACTG1 (+51414), ENSG00000171282 (+54853) 

HyperHier56 chr17 3704471 3704621 1.80 12.58 23806 87474 87480 7 7 6.86E-06 0.00E+00 ITGAE (-9) 

HyperHier57 chr1 152538380 152538888 1.79 7.18 3771 6485 6488 4 4 1.00E-04 0.00E+00 LCE3E (+614) 



HyperHier58 chr11 94278324 94279068 1.79 17.94 11514 65988 65997 10 10 1.42E-06 0.00E+00 PIWIL4 (-21778), FUT4 (+1679) 

HyperHier59 chr3 184297380 184297522 1.79 5.37 40501 22769 22771 3 3 2.93E-04 0.00E+00 VPS8 (-232480), EPHB3 (+17879) 

HyperHier60 chr13 113646732 113646899 1.78 5.33 17016 75778 75780 3 3 2.98E-04 0.00E+00 F7 (-113305), MCF2L (+23281) 

HyperHier61 chr3 48601117 48602040 1.75 8.74 38443 19247 19251 5 5 4.45E-05 0.00E+00 UCN2 (-373) 

HyperHier62 chr17 58499679 58499911 1.74 12.20 25713 91004 91010 7 7 7.80E-06 0.00E+00 USP32 (-30300), APPBP2 (+103785) 

HyperHier63 chr2 240196078 240197131 1.74 10.44 34654 17518 17523 6 6 1.73E-05 0.00E+00 HDAC4 (+126038), TWIST2 (+439932) 

HyperHier64 chr19 2546844 2547067 1.74 5.22 27834 94845 94847 3 3 3.23E-04 0.00E+00 GADD45B (+70831), GNG7 (+155751) 

HyperHier65 chr4 184320416 184320640 1.73 5.18 43128 27570 27572 3 3 3.30E-04 0.00E+00 CLDN24 (-76949), CDKN2AIP (-45216) 

HyperHier66 chr11 67803951 67804112 1.73 5.18 10872 64895 64897 3 3 3.30E-04 0.00E+00 TCIRG1 (-2451) 

HyperHier67 chr16 28943094 28943288 1.71 6.86 21963 84307 84310 4 4 1.19E-04 0.00E+00 CD19 (-69) 

HyperHier68 chr6 32049053 32049829 1.71 23.99 47819 37236 37249 14 14 4.73E-07 0.00E+00 TNXB (-35536), ATF6B (+46576) 

HyperHier69 chr2 3826610 3826980 1.71 8.55 30520 10362 10366 5 5 4.82E-05 0.00E+00 DCDC2C (+75342) 

HyperHier70 chr10 75415704 75415875 1.71 6.84 7122 57713 57716 4 4 1.20E-04 0.00E+00 SYNPO2L (+40) 

HyperHier71 chr7 2773782 2774195 1.71 6.84 50650 42815 42818 4 4 1.20E-04 0.00E+00 AMZ1 (+54833), GNA12 (+109969) 

HyperHier72 chr19 45449099 45449301 1.71 5.13 29454 97765 97767 3 3 3.44E-04 0.00E+00 APOC2 (-1260) 

HyperHier73 chr8 30413794 30413919 1.71 5.12 54499 50011 50013 3 3 3.47E-04 0.00E+00 SMIM18 (-82260), RBPMS (+171830) 

HyperHier74 chr19 33764284 33764550 1.71 6.82 28956 96831 96834 4 4 1.21E-04 0.00E+00 SLC7A10 (-47661), CEBPA (+29053) 

HyperHier75 chr16 89163343 89163800 1.71 6.82 23458 86865 86868 4 4 1.22E-04 0.00E+00 CDH15 (-74603), ACSF3 (+3355) 

HyperHier76 chr16 85981310 85981947 1.70 10.22 23138 86292 86297 6 6 1.99E-05 0.00E+00 FOXF1 (-562504), IRF8 (+49220) 

HyperHier77 chr10 468347 468412 1.70 5.09 5900 55574 55576 3 3 3.54E-04 0.00E+00 DIP2C (+267226), ZMYND11 (+287956) 

HyperHier78 chr7 157342543 157342801 1.69 5.06 53471 48180 48182 3 3 3.61E-04 0.00E+00 DNAJB6 (+213012) 

HyperHier79 chr12 54866945 54867542 1.68 11.79 13806 69887 69893 7 7 1.02E-05 0.00E+00 GTSF1 (-833) 

HyperHier80 chr19 11289349 11289376 1.68 6.73 28349 95722 95725 4 4 1.28E-04 0.00E+00 SPC24 (-22879), KANK2 (+18880) 

HyperHier81 chr4 3742095 3742357 1.67 6.70 41077 23827 23830 4 4 1.31E-04 0.00E+00 LRPAP1 (-207940), ADRA2C (-25899) 

HyperHier82 chr8 1847999 1848143 1.67 5.02 53809 48747 48749 3 3 3.75E-04 0.00E+00 MYOM2 (-145084), ARHGEF10 (+75929) 

HyperHier83 chr9 133768931 133769184 1.67 5.00 57538 54891 54893 3 3 3.78E-04 0.00E+00 QRFP (+167) 

HyperHier84 chr7 158263204 158263277 1.67 5.00 53600 48405 48407 3 3 3.78E-04 0.00E+00 PTPRN2 (+117130) 

HyperHier85 chr15 79296424 79296585 1.66 4.99 20403 81578 81580 3 3 3.81E-04 0.00E+00 CTSH (-59072), RASGRF1 (+86610) 

HyperHier86 chr17 79004850 79006166 1.66 13.28 26518 92319 92326 8 8 5.20E-06 0.00E+00 BAIAP2 (-3454) 

HyperHier87 chr5 176734633 176734858 1.66 4.97 46446 33788 33790 3 3 3.87E-04 0.00E+00 RAB24 (-4037), PRELID1 (+3971) 

HyperHier88 chr17 1492087 1492206 1.65 4.96 23690 87261 87263 3 3 3.89E-04 0.00E+00 PITPNA (-26037), SLC43A2 (+39983) 

HyperHier89 chr17 3600356 3600514 1.65 6.60 23803 87464 87467 4 4 1.37E-04 0.00E+00 P2RX5 (-737) 

HyperHier90 chr5 36662804 36662950 1.65 4.94 44043 29215 29217 3 3 3.96E-04 0.00E+00 NIPBL (-213984), SLC1A3 (+56420) 

HyperHier91 chr13 114261869 114261986 1.65 4.94 17085 75899 75901 3 3 3.97E-04 0.00E+00 TFDP1 (+22872), ATP4B (+50573) 

HyperHier92 chr18 74691269 74691423 1.64 4.93 27383 94064 94066 3 3 3.97E-04 0.00E+00 MBP (+153379), ZNF236 (+155230) 

HyperHier93 chr2 239008929 239009118 1.63 8.16 34594 17411 17415 5 5 6.08E-05 0.00E+00 FAM132B (-58625), SCLY (+39494) 

HyperHier94 chr21 34774164 34775032 1.62 6.50 36284 102269 102272 4 4 1.45E-04 0.00E+00 IFNGR2 (-604) 

HyperHier95 chr1 25291385 25292034 1.62 14.60 1562 2552 2560 9 13 2.60E-06 0.00E+00 RUNX3 (-209) 

HyperHier96 chr6 312026 312105 1.62 4.87 46662 34178 34180 3 3 4.23E-04 0.00E+00 IRF4 (-79673), DUSP22 (+19969) 

HyperHier97 chr9 139590572 139591234 1.62 6.48 57882 55344 55347 4 4 1.48E-04 0.00E+00 FAM69B (-16119), AGPAT2 (-9028) 

HyperHier98 chr7 150548934 150549406 1.62 6.47 53158 47537 47540 4 4 1.48E-04 0.00E+00 AOC1 (+27455), KCNH2 (+126233) 

HyperHier99 chr7 2563184 2563909 1.62 8.08 50612 42738 42742 5 5 6.22E-05 0.00E+00 LFNG (+4071), BRAT1 (+31814) 

HyperHier100 chr16 46919021 46919194 1.61 6.46 22167 84631 84634 4 4 1.49E-04 0.00E+00 GPT2 (+818) 

HyperHier101 chr5 1962311 1962554 1.61 4.84 43571 28402 28404 3 3 4.33E-04 0.00E+00 IRX4 (-75101), IRX2 (+789343) 

HyperHier102 chr4 6927183 6927859 1.60 6.41 41247 24187 24190 4 4 1.54E-04 0.00E+00 TADA2B (-117597), TBC1D14 (+15949) 

HyperHier103 chr1 24861604 24861919 1.60 8.01 1542 2522 2526 5 5 6.55E-05 0.00E+00 NCMAP (-20840), RCAN3 (+32375) 

HyperHier104 chr6 169399683 169399760 1.60 4.80 50215 41951 41953 3 3 4.50E-04 0.00E+00 THBS2 (+254417), SMOC2 (+557891) 

HyperHier105 chr7 150139870 150140172 1.60 4.80 53144 47503 47505 3 3 4.50E-04 0.00E+00 GIMAP8 (-7697), ZNF775 (+63597) 

HyperHier106 chr5 1807695 1807759 1.60 4.79 43534 28288 28290 3 3 4.50E-04 0.00E+00 NDUFS6 (+6213), IRX4 (+79605) 

HyperHier107 chr7 2764209 2764599 1.60 7.98 50646 42800 42804 5 5 6.60E-05 0.00E+00 AMZ1 (+45248), GNA12 (+119554) 

HyperHier108 chr20 58630240 58630390 1.59 4.78 35874 101565 101567 3 3 4.53E-04 0.00E+00 CDH26 (+96833) 

HyperHier109 chr20 60886007 60886158 1.59 4.77 35919 101629 101631 3 3 4.60E-04 0.00E+00 ADRM1 (+8022), LAMA5 (+56285) 

HyperHier110 chr2 105372087 105372265 1.59 4.76 32326 13289 13291 3 3 4.61E-04 0.00E+00 POU3F3 (-99793) 

HyperHier111 chr17 78190755 78190983 1.58 4.75 26450 92193 92195 3 3 4.69E-04 0.00E+00 SLC26A11 (-3360), SGSH (+3330) 

HyperHier112 chr8 1616381 1616450 1.58 4.74 53781 48699 48701 3 3 4.72E-04 0.00E+00 CLN8 (-95512), DLGAP2 (+166884) 

HyperHier113 chr4 3374483 3375144 1.58 7.88 41040 23757 23761 5 5 6.90E-05 0.00E+00 HGFAC (-68800), RGS12 (+58940) 

HyperHier114 chr11 971527 972057 1.57 4.71 8955 61246 61248 3 3 4.79E-04 0.00E+00 AP2A2 (+45911), MUC6 (+64914) 

HyperHier115 chr17 78753273 78754372 1.56 12.48 26481 92244 92251 8 8 6.86E-06 0.00E+00 CHMP6 (-211818), RPTOR (+234755) 



HyperHier116 chr17 38717206 38717275 1.56 4.68 24900 89507 89509 3 3 4.95E-04 0.00E+00 TNS4 (-59392), CCR7 (+4483) 

HyperHier117 chr7 553412 553693 1.56 4.67 50329 42140 42142 3 3 4.99E-04 0.00E+00 PDGFA (+5478), FAM20C (+360584) 

HyperHier118 chr10 1401915 1402293 1.56 4.67 5970 55700 55702 3 3 5.00E-04 0.00E+00 IDI1 (-306994), ADARB2 (+377566) 

HyperHier119 chr12 131417943 131418217 1.56 4.67 15411 72770 72772 3 3 5.00E-04 0.00E+00 GPR133 (-20372), RAN (+61656) 

HyperHier120 chr1 1117473 1117625 1.55 4.65 72 142 144 3 3 5.06E-04 0.00E+00 TTLL10 (+8266), TNFRSF18 (+24402) 

HyperHier121 chr13 112838022 112838611 1.55 9.29 16940 75626 75631 6 8 3.03E-05 0.00E+00 SPACA7 (-192316), SOX1 (+116404) 

HyperHier122 chr17 79799358 79799549 1.54 7.72 26637 92565 92569 5 5 7.40E-05 0.00E+00 PPP1R27 (-6545), P4HB (+19116) 

HyperHier123 chr7 4754502 4755415 1.54 10.79 50706 42907 42913 7 7 1.49E-05 0.00E+00 AP5Z1 (-60294), FOXK1 (+33019) 

HyperHier124 chr1 92952641 92953279 1.54 10.78 3138 5381 5387 7 7 1.49E-05 0.00E+00 GFI1 (-3449) 

HyperHier125 chr7 601503 601828 1.54 4.61 50337 42153 42155 3 3 5.25E-04 0.00E+00 PDGFA (-42635), PRKAR1B (+151178) 

HyperHier126 chr16 88972776 88973054 1.53 4.60 23421 86782 86784 3 3 5.27E-04 0.00E+00 PABPN1L (-39889), CBFA2T3 (+70697) 

HyperHier127 chr8 48091424 48091864 1.53 6.11 54778 50485 50488 4 4 1.83E-04 0.00E+00 SPIDR (-81523) 

HyperHier128 chr3 195849011 195849674 1.52 6.09 40745 23189 23192 4 4 1.85E-04 0.00E+00 TFRC (-40283), ZDHHC19 (+88923) 

HyperHier129 chr6 7468848 7468973 1.52 4.56 46904 34593 34595 3 3 5.42E-04 0.00E+00 DSP (-72897), RIOK1 (+79182) 

HyperHier130 chr7 550508 550640 1.52 4.56 50328 42137 42139 3 3 5.46E-04 0.00E+00 PDGFA (+8457), FAM20C (+357605) 

HyperHier131 chr16 89167018 89167481 1.51 6.06 23460 86872 86875 4 4 1.89E-04 0.00E+00 CDH15 (-70925), ACSF3 (+7033) 

HyperHier132 chr14 103415458 103416268 1.51 6.05 18780 78909 78912 4 4 1.90E-04 0.00E+00 AMN (+26870), CDC42BPB (+107936) 

HyperHier133 chr17 79425877 79426432 1.51 6.04 26596 92477 92480 4 4 1.92E-04 0.00E+00 ENSG00000171282 (+52615), ACTG1 (+53652) 

HyperHier134 chr17 998432 998711 1.51 4.52 23637 87167 87169 3 3 5.60E-04 0.00E+00 ABR (+84596), TIMM22 (+98215) 

HyperHier135 chr2 174889675 174890570 1.50 9.01 33372 15128 15133 6 6 3.69E-05 0.00E+00 SP3 (-59693), OLA1 (+223303) 

HyperHier136 chr8 1860385 1861136 1.49 8.96 53810 48750 48755 6 6 3.83E-05 0.00E+00 MYOM2 (-132394), ARHGEF10 (+88619) 

HyperHier137 chr4 1202509 1203168 1.49 19.41 40901 23483 23495 13 13 9.46E-07 0.00E+00 SPON2 (-36178), CTBP1 (+40086) 

HyperHier138 chr19 49577162 49577303 1.49 4.47 29765 98308 98310 3 3 5.80E-04 0.00E+00 KCNA7 (-1035) 

HyperHier139 chr9 140683212 140683797 1.49 5.96 58001 55518 55521 4 4 2.00E-04 0.00E+00 CACNA1B (-88736), EHMT1 (+170051) 

HyperHier140 chr7 1545385 1545819 1.49 4.47 50510 42535 42537 3 3 5.84E-04 0.00E+00 INTS1 (-1599) 

HyperHier141 chr6 31867757 31868144 1.49 8.93 47794 37138 37143 6 6 3.90E-05 0.00E+00 EHMT2 (-2490) 

HyperHier142 chr17 78854232 78854418 1.49 4.46 26497 92281 92283 3 3 5.88E-04 0.00E+00 CHMP6 (-111316), RPTOR (+335257) 

HyperHier143 chr16 474271 474528 1.49 5.94 21010 82732 82735 4 4 2.02E-04 0.00E+00 RAB11FIP3 (-1219) 

HyperHier144 chr17 80346614 80346912 1.48 4.45 26720 92737 92739 3 3 5.92E-04 0.00E+00 HEXDC (-29431), UTS2R (+14610) 

HyperHier145 chr6 157931791 157932180 1.48 8.90 49844 41303 41308 6 6 3.97E-05 0.00E+00 SNX9 (-312310), ZDHHC14 (+129821) 

HyperHier146 chr6 1410167 1410497 1.48 7.41 46723 34291 34295 5 5 8.84E-05 0.00E+00 FOXC1 (-200349), FOXF2 (+20263) 

HyperHier147 chr1 1600982 1601380 1.48 4.44 139 291 293 3 3 5.97E-04 0.00E+00 CDK11B (-12246), SLC35E2B (+22902) 

HyperHier148 chr14 101908752 101909021 1.48 7.39 18712 78756 78760 5 5 9.03E-05 0.00E+00 DIO3 (-118801), ENSG00000269375 (+549622) 

HyperHier149 chr17 81031536 81032067 1.48 4.43 26788 92860 92862 3 3 6.06E-04 0.00E+00 B3GNTL1 (-22116), METRNL (-5765) 

HyperHier150 chr7 2802374 2802976 1.47 7.37 50653 42824 42828 5 5 9.10E-05 0.00E+00 GNA12 (+81283), AMZ1 (+83519) 

HyperHier151 chr16 88111009 88111425 1.47 4.42 23339 86651 86653 3 3 6.08E-04 0.00E+00 ZNF469 (-382662), BANP (+107593) 

HyperHier152 chr17 80581701 80581925 1.47 4.41 26738 92776 92778 3 3 6.13E-04 0.00E+00 WDR45B (+24598), FOXK2 (+104222) 

HyperHier153 chr2 241585833 241585888 1.47 4.41 34731 17648 17650 3 3 6.13E-04 0.00E+00 AQP12B (+36456), GPR35 (+40999) 

HyperHier154 chr14 105154557 105155327 1.47 10.29 18920 79168 79174 7 7 1.92E-05 0.00E+00 INF2 (-1032) 

HyperHier155 chr7 119131 119499 1.47 4.40 50308 42111 42113 3 3 6.17E-04 0.00E+00 FAM20C (-73654) 

HyperHier156 chr2 11917490 11917787 1.46 4.39 30745 10698 10700 3 3 6.25E-04 0.00E+00 TRIB2 (-939376), LPIN1 (+99918) 

HyperHier157 chr16 4714229 4714815 1.46 8.78 21504 83643 83648 6 6 4.35E-05 0.00E+00 NUDT16L1 (-29173), MGRN1 (+39731) 

HyperHier158 chr17 77806190 77807201 1.46 7.29 26414 92123 92127 5 5 9.53E-05 0.00E+00 CBX8 (-35781), CBX4 (+6532) 

HyperHier159 chr2 209224225 209225123 1.46 7.29 33835 16084 16088 5 5 9.53E-05 0.00E+00 PTH2R (-46882), PIKFYVE (+93683) 

HyperHier160 chr16 4103161 4103225 1.46 4.37 21464 83591 83593 3 3 6.37E-04 0.00E+00 CREBBP (-172466), ADCY9 (+62993) 

HyperHier161 chr16 31091326 31091608 1.45 4.36 22067 84471 84473 3 3 6.40E-04 0.00E+00 ZNF646 (+5724), PRSS53 (+8817) 

HyperHier162 chr11 1107580 1108026 1.45 4.36 8973 61280 61282 3 3 6.42E-04 0.00E+00 MUC5AC (-43777), MUC2 (+32928) 

HyperHier163 chr6 155537901 155538055 1.45 8.72 49810 41251 41256 6 6 4.47E-05 0.00E+00 CLDN20 (-47169), TIAM2 (+384147) 

HyperHier164 chr1 35250489 35250735 1.45 4.35 1955 3240 3242 3 4 6.48E-04 0.00E+00 GJA4 (-7987), GJB3 (+3822) 

HyperHier165 chr6 167507447 167508226 1.44 11.55 50076 41710 41717 8 8 1.14E-05 0.00E+00 CCR6 (-28420), FGFR1OP (+95167) 

HyperHier166 chr2 10637974 10638113 1.44 4.32 30688 10608 10610 3 3 6.69E-04 0.00E+00 ODC1 (-49414), NOL10 (+192049) 

HyperHier167 chr7 157407820 157408632 1.44 7.19 53489 48218 48222 5 5 1.00E-04 0.00E+00 DNAJB6 (+278566), PTPRN2 (+972145) 

HyperHier168 chr1 117529478 117530009 1.44 7.18 3516 6019 6023 5 5 1.00E-04 0.00E+00 CD101 (-14638), PTGFRN (+77065) 

HyperHier169 chr10 131682386 131682509 1.43 4.29 8513 60308 60310 3 3 6.84E-04 0.00E+00 EBF3 (+79657), MGMT (+417000) 

HyperHier170 chr12 132657317 132657669 1.43 5.71 15492 72893 72896 4 4 2.36E-04 0.00E+00 NOC4L (+28500), GALNT9 (+33080) 

HyperHier171 chr16 85074868 85075249 1.43 7.13 23025 86099 86103 5 5 1.04E-04 0.00E+00 ZDHHC7 (-29951), KIAA0513 (-21759) 

HyperHier172 chr22 17956453 17956641 1.43 7.13 36707 103021 103025 5 5 1.04E-04 0.00E+00 CECR2 (-80) 

HyperHier173 chr8 42037170 42037527 1.43 4.28 54731 50408 50410 3 5 6.92E-04 0.00E+00 AP3M2 (+26885), PLAT (+27893) 



HyperHier174 chr19 1998801 1999322 1.42 5.68 27776 94729 94732 4 4 2.41E-04 0.00E+00 BTBD2 (+16657), CSNK1G2 (+57874) 

HyperHier175 chr12 53490352 53490632 1.42 4.26 13660 69489 69491 3 3 7.02E-04 0.00E+00 IGFBP6 (-737) 

HyperHier176 chr2 11673928 11674557 1.42 4.26 30728 10668 10670 3 3 7.03E-04 0.00E+00 GREB1 (+1) 

HyperHier177 chr11 66055170 66055683 1.42 5.67 10731 64637 64640 4 4 2.42E-04 0.00E+00 TMEM151A (-3914), YIF1A (+1214) 

HyperHier178 chr8 6735472 6735559 1.42 4.25 53908 48925 48927 3 3 7.08E-04 0.00E+00 DEFB1 (+28) 

HyperHier179 chr19 1168354 1169138 1.42 5.67 27649 94518 94521 4 4 2.43E-04 0.00E+00 SBNO2 (+5536), GPX4 (+64810) 

HyperHier180 chr5 150020212 150020338 1.41 4.24 45856 32773 32775 3 3 7.14E-04 0.00E+00 MYOZ3 (-20169), SYNPO (+39633) 

HyperHier181 chr3 52260349 52260671 1.41 5.65 38591 19534 19537 4 4 2.46E-04 0.00E+00 TLR9 (-331) 

HyperHier182 chr16 3306524 3307037 1.41 5.64 21423 83515 83518 4 4 2.46E-04 0.00E+00 MEFV (-154) 

HyperHier183 chr12 120688557 120688744 1.41 4.23 15017 72084 72086 3 3 7.23E-04 0.00E+00 RPLP0 (-49749), PXN (+14912) 

HyperHier184 chr8 19539991 19540396 1.41 5.63 54173 49407 49410 4 5 2.49E-04 0.00E+00 INTS10 (-134457), CSGALNACT1 (-80188) 

HyperHier185 chr10 72545053 72545473 1.41 4.22 7053 57606 57608 3 3 7.34E-04 0.00E+00 TBATA (-106) 

HyperHier186 chr1 946875 947343 1.40 8.43 33 67 72 6 6 5.11E-05 0.00E+00 ISG15 (-1694) 

HyperHier187 chr17 46648525 46648582 1.40 4.21 25341 90257 90259 3 3 7.41E-04 0.00E+00 HOXB3 (-17270), HOXB4 (+8919) 

HyperHier188 chr12 133134938 133135463 1.40 5.60 15599 73118 73121 4 4 2.54E-04 0.00E+00 MUC8 (-84475), P2RX2 (-60202) 

HyperHier189 chr16 85470485 85470674 1.40 4.20 23079 86184 86186 3 3 7.47E-04 0.00E+00 GSE1 (-176242), KIAA0513 (+373762) 

HyperHier190 chr7 151504844 151505116 1.40 4.19 53251 47693 47695 3 3 7.48E-04 0.00E+00 RHEB (-287970), PRKAG2 (+69230) 

HyperHier191 chr22 43525330 43525679 1.40 4.19 37353 104126 104128 3 3 7.49E-04 0.00E+00 MCAT (+13895), BIK (+18751) 

HyperHier192 chr12 6745171 6745568 1.40 5.59 12849 68157 68160 4 5 2.56E-04 0.00E+00 LPAR5 (+243) 

HyperHier193 chr16 71523395 71523912 1.40 8.38 22759 85685 85690 6 6 5.27E-05 0.00E+00 ENSG00000261611 (-440), ZNF19 (-413) 

HyperHier194 chr11 67982542 67982703 1.40 4.19 10881 64916 64918 3 4 7.51E-04 0.00E+00 SUV420H1 (-1741) 

HyperHier195 chr14 102394274 102394986 1.40 8.38 18739 78838 78843 6 6 5.30E-05 0.00E+00 DYNC1H1 (-36235), PPP2R5C (+166495) 

HyperHier196 chr8 142913273 142913350 1.40 4.19 56106 52766 52768 3 3 7.53E-04 0.00E+00 PTP4A3 (+511219), TSNARE1 (+571231) 

HyperHier197 chr16 88700622 88700818 1.39 4.17 23384 86717 86719 3 3 7.62E-04 0.00E+00 IL17C (-4281) 

HyperHier198 chr7 158324928 158325118 1.39 4.17 53610 48422 48424 3 4 7.63E-04 0.00E+00 PTPRN2 (+55348) 

HyperHier199 chr7 4850075 4850345 1.39 5.56 50717 42946 42949 4 4 2.60E-04 0.00E+00 AP5Z1 (+34957), PAPOLB (+51415) 

HyperHier200 chr11 70440347 70440395 1.39 4.17 11022 65202 65204 3 3 7.66E-04 0.00E+00 CTTN (+195724), SHANK2 (+418001) 

HyperHier201 chr16 88566483 88566748 1.39 4.17 23373 86699 86701 3 3 7.67E-04 0.00E+00 ZC3H18 (-70173), ZFPM1 (+46891) 

HyperHier202 chr4 715865 716282 1.39 5.54 40842 23367 23370 4 4 2.63E-04 0.00E+00 PCGF3 (+16520), CPLX1 (+103912) 

HyperHier203 chr2 239432223 239432329 1.38 4.15 34615 17455 17457 3 3 7.75E-04 0.00E+00 TWIST2 (-324397), ASB1 (+96811) 

HyperHier204 chr22 29707524 29708028 1.38 5.53 36964 103452 103455 4 4 2.63E-04 0.00E+00 RASL10A (+3969), GAS2L1 (+4745) 

HyperHier205 chr4 6890915 6891264 1.38 5.53 41242 24175 24178 4 4 2.64E-04 0.00E+00 TBC1D14 (-20482), KIAA0232 (+106623) 

HyperHier206 chr6 170403557 170403962 1.38 4.14 50256 42017 42019 3 3 7.81E-04 0.00E+00 DLL1 (+195801), C6orf70 (+252039) 

HyperHier207 chr16 86011615 86012468 1.38 6.90 23142 86302 86306 5 5 1.17E-04 0.00E+00 FOXF1 (-532091), IRF8 (+79633) 

HyperHier208 chr13 114270609 114270794 1.38 4.13 17086 75902 75904 3 3 7.93E-04 0.00E+00 TFDP1 (+31646), ATP4B (+41799) 

HyperHier209 chr14 101512592 101512653 1.37 4.10 18692 78723 78725 3 3 8.15E-04 0.00E+00 DIO3 (-515065), ENSG00000269375 (+153358) 

HyperHier210 chr1 2437200 2438037 1.36 4.09 280 549 551 3 3 8.16E-04 0.00E+00 PANK4 (+20420), PLCH2 (+38721) 

HyperHier211 chr5 964230 964654 1.36 4.09 43410 28064 28066 3 3 8.23E-04 0.00E+00 BRD9 (-71503), NKD2 (-44502) 

HyperHier212 chr21 46929500 46929741 1.36 4.08 36631 102901 102903 3 3 8.25E-04 0.00E+00 SLC19A1 (+32764), COL18A1 (+54218) 

HyperHier213 chr2 241807747 241808004 1.36 5.43 34743 17675 17678 4 4 2.81E-04 0.00E+00 AGXT (-20) 

HyperHier214 chr1 15127680 15127851 1.36 4.07 1011 1712 1714 3 3 8.32E-04 0.00E+00 TMEM51 (-351262), KAZN (+202566) 

HyperHier215 chr9 95820754 95820913 1.36 4.07 56923 54061 54063 3 3 8.34E-04 0.00E+00 SUSD3 (-155) 

HyperHier216 chr7 2119340 2119608 1.36 4.07 50576 42671 42673 3 3 8.34E-04 0.00E+00 MAD1L1 (+153404), ELFN1 (+391719) 

HyperHier217 chr11 59823993 59824161 1.36 5.42 10371 64040 64043 4 5 2.83E-04 0.00E+00 MS4A3 (-79) 

HyperHier218 chr6 31560624 31560871 1.35 5.42 47741 36933 36936 4 4 2.84E-04 0.00E+00 NCR3 (+14) 

HyperHier219 chr2 113884734 113885277 1.35 4.06 32479 13553 13555 3 3 8.39E-04 0.00E+00 PSD4 (-46542), IL1RN (+9532) 

HyperHier220 chr17 79380400 79380706 1.35 6.77 26580 92446 92450 5 5 1.26E-04 0.00E+00 ENSG00000171282 (+7013), ACTG1 (+99254) 

HyperHier221 chr2 42566404 42566556 1.35 4.06 31286 11555 11557 3 3 8.43E-04 0.00E+00 COX7A2L (+29670), EML4 (+169990) 

HyperHier222 chr6 30859855 30860300 1.35 14.86 47663 36669 36679 11 11 2.60E-06 0.00E+00 GTF2H4 (-15883), DDR1 (+8217) 

HyperHier223 chr17 57915665 57915773 1.35 5.40 25694 90965 90968 4 4 2.87E-04 0.00E+00 TUBD1 (+54577), VMP1 (+130893) 

HyperHier224 chr1 25240865 25240938 1.35 4.05 1554 2538 2540 3 3 8.49E-04 0.00E+00 RUNX3 (+50599), CLIC4 (+169054) 

HyperHier225 chr7 38356808 38357047 1.35 4.05 51331 44324 44326 3 3 8.51E-04 0.00E+00 STARD3NL (+139104), AMPH (+314239) 

HyperHier226 chr13 114820966 114821832 1.35 5.39 17102 75936 75939 4 4 2.89E-04 0.00E+00 GAS6 (-254359), RASA3 (+76687) 

HyperHier227 chr13 99135543 99135711 1.35 5.39 16593 74921 74924 4 4 2.90E-04 0.00E+00 RNF113B (-306108), STK24 (+38625) 

HyperHier228 chr19 3811002 3811194 1.35 4.04 27933 94990 94992 3 3 8.59E-04 0.00E+00 MATK (-9288), ZFR2 (+57928) 

HyperHier229 chr19 1155030 1155225 1.35 5.38 27644 94509 94512 4 4 2.90E-04 0.00E+00 SBNO2 (+19154), GPX4 (+51192) 

HyperHier230 chr22 46472568 46473721 1.34 6.72 37470 104345 104349 5 5 1.29E-04 0.00E+00 WNT7B (-100136), PPARA (-73354) 

HyperHier231 chr19 55549414 55549842 1.34 9.41 30139 99093 99099 7 7 2.81E-05 0.00E+00 GP6 (+4) 



HyperHier232 chr8 1971042 1971471 1.34 4.01 53835 48793 48795 3 3 8.82E-04 0.00E+00 MYOM2 (-21898), ARHGEF10 (+199115) 

HyperHier233 chr6 149805995 149806732 1.34 13.38 49698 41058 41067 10 10 5.20E-06 0.00E+00 ZC3H12D (-167) 

HyperHier234 chr13 113975974 113976694 1.34 8.02 17054 75846 75851 6 6 6.50E-05 0.00E+00 LAMP1 (+24778), GRTP1 (+42107) 

HyperHier235 chr7 2761640 2761760 1.33 4.00 50645 42797 42799 3 3 8.91E-04 0.00E+00 AMZ1 (+42544), GNA12 (+122258) 

HyperHier236 chr20 62084549 62084833 1.33 4.00 36064 101881 101883 3 3 8.93E-04 0.00E+00 CHRNA4 (-91952), KCNQ2 (+19300) 

HyperHier237 chr11 15136150 15136505 1.33 9.30 9537 62463 62469 7 7 2.98E-05 0.00E+00 INSC (+2358) 

HyperHier238 chr21 44573854 44574022 1.33 3.99 36479 102663 102665 3 3 9.02E-04 0.00E+00 U2AF1 (-46241), CRYAA (-15180) 

HyperHier239 chr2 220309434 220309687 1.33 3.98 34092 16524 16526 3 3 9.13E-04 0.00E+00 GMPPA (-54062), SPEG (+9993) 

HyperHier240 chr7 1130697 1131133 1.32 5.30 50420 42321 42324 4 4 3.04E-04 0.00E+00 GPER (+4472), ZFAND2A (+68899) 

HyperHier241 chr6 31088343 31088434 1.32 3.97 47693 36769 36771 3 3 9.17E-04 0.00E+00 CDSN (-166) 

HyperHier242 chr3 11643368 11643630 1.32 3.97 37841 18187 18189 3 3 9.19E-04 0.00E+00 VGLL4 (+41899), ATG7 (+329397) 

HyperHier243 chr5 79553267 79553606 1.32 3.97 44622 30338 30340 3 3 9.22E-04 0.00E+00 SERINC5 (-1539) 

HyperHier244 chr19 13054427 13054718 1.32 5.27 28443 95921 95924 4 4 3.10E-04 0.00E+00 RAD23A (-2129) 

HyperHier245 chr5 957511 957913 1.32 3.95 43407 28059 28061 3 3 9.36E-04 0.00E+00 BRD9 (-64773), NKD2 (-51232) 

HyperHier246 chr11 3177622 3178024 1.32 5.26 9218 61892 61895 4 4 3.12E-04 0.00E+00 CARS (-99156), OSBPL5 (+8761) 

HyperHier247 chr11 70477139 70477192 1.32 3.95 11027 65212 65214 3 3 9.39E-04 0.00E+00 CTTN (+232519), SHANK2 (+381206) 

HyperHier248 chr10 102046685 102046768 1.31 3.94 7670 58666 58668 3 3 9.41E-04 0.00E+00 BLOC1S2 (-258) 

HyperHier249 chr7 102553293 102553457 1.31 5.25 52420 46276 46279 4 4 3.15E-04 0.00E+00 LRRC17 (-63) 

HyperHier250 chr17 39769012 39769213 1.31 3.94 24958 89593 89595 3 3 9.44E-04 0.00E+00 KRT16 (-108) 

HyperHier251 chr5 368394 368804 1.31 3.94 43343 27953 27955 3 4 9.45E-04 0.00E+00 AHRR (+64308), C5orf55 (+74659) 

HyperHier252 chr17 78058704 78058778 1.31 3.94 26442 92177 92179 3 3 9.47E-04 0.00E+00 GAA (-16762), CCDC40 (+48306) 

HyperHier253 chr15 41805946 41806234 1.31 5.25 19529 80169 80172 4 4 3.17E-04 0.00E+00 LTK (-86) 

HyperHier254 chr17 46651186 46652938 1.31 18.36 25343 90261 90274 14 14 9.46E-07 0.00E+00 HOXB3 (-20778), HOXB4 (+5411) 

HyperHier255 chr10 21796152 21796441 1.31 3.93 6336 56312 56314 3 3 9.56E-04 0.00E+00 NEBL (-609766), SKIDA1 (+18314) 

HyperHier256 chr17 78755379 78755442 1.31 3.93 26482 92252 92254 3 3 9.58E-04 0.00E+00 CHMP6 (-210230), RPTOR (+236343) 

HyperHier257 chr2 8685837 8686087 1.31 3.93 30614 10499 10501 3 3 9.58E-04 0.00E+00 ID2 (-133013) 

HyperHier258 chr10 134399880 134400506 1.31 5.23 8683 60637 60640 4 4 3.21E-04 0.00E+00 INPP5A (+48869), NKX6-2 (+199363) 

HyperHier259 chr13 114917199 114917586 1.31 6.53 17127 75987 75991 5 5 1.42E-04 0.00E+00 CDC16 (-82969), RASA3 (-19307) 

HyperHier260 chr3 122043799 122044172 1.31 3.92 39458 20898 20900 3 3 9.65E-04 0.00E+00 CSTA (-105) 

HyperHier261 chr17 79297435 79297618 1.30 3.91 26558 92403 92405 3 3 9.75E-04 0.00E+00 SLC38A10 (-28422), TMEM105 (+6947) 

HyperHier262 chr6 170268691 170268808 1.30 3.89 50247 42002 42004 3 3 9.91E-04 0.00E+00 C6orf70 (+117029), DLL1 (+330811) 

HyperHier263 chr1 15392793 15392907 1.30 3.89 1024 1729 1731 3 3 9.92E-04 0.00E+00 TMEM51 (-86178), KAZN (+467650) 

HyperHier264 chr13 114829170 114830313 1.30 9.07 17106 75945 75951 7 7 3.57E-05 0.00E+00 GAS6 (-262702), RASA3 (+68344) 

HyperHier265 chr3 46718941 46719086 1.30 3.89 38389 19144 19146 3 3 9.97E-04 0.00E+00 ALS2CL (+16177), TDGF1 (+100287) 

HyperHier266 chr6 32905114 32905320 1.29 5.17 47923 37650 37653 4 9 3.35E-04 0.00E+00 HLA-DMB (+3630), PSMB9 (+83279) 

HyperHier267 chr17 76227255 76227422 1.29 5.17 26283 91907 91910 4 5 3.35E-04 0.00E+00 TMEM235 (-645) 

HyperHier268 chr4 3287376 3287777 1.29 3.87 41033 23740 23742 3 3 1.01E-03 0.00E+00 RGS12 (-28297), HTT (+211169) 

HyperHier269 chr2 86038423 86038802 1.29 5.15 32070 12887 12890 4 4 3.38E-04 0.00E+00 ATOH8 (+57596), ST3GAL5 (+77524) 

HyperHier270 chr19 427022 427263 1.28 3.84 27520 94308 94310 3 3 1.04E-03 0.00E+00 THEG (-51130), SHC2 (+33853) 

HyperHier271 chr1 1052600 1053027 1.28 6.38 57 108 112 5 5 1.56E-04 0.00E+00 C1orf159 (-1336) 

HyperHier272 chr10 1531243 1531529 1.28 5.10 5984 55729 55732 4 4 3.52E-04 0.00E+00 IDI1 (-436276), ADARB2 (+248284) 

HyperHier273 chr8 124215033 124215374 1.27 5.09 55771 52284 52287 4 4 3.53E-04 0.00E+00 ZHX1 (+71531), TBC1D31 (+130284) 

HyperHier274 chr1 92946700 92947961 1.27 7.61 3137 5375 5380 6 6 7.90E-05 0.00E+00 GLMN (-182798), GFI1 (+2180) 

HyperHier275 chr11 1469746 1470155 1.26 3.79 9025 61377 61379 3 3 1.08E-03 0.00E+00 BRSK2 (+37569), MOB2 (+38025) 

HyperHier276 chr20 35233380 35233582 1.26 3.78 35377 100580 100582 3 3 1.09E-03 0.00E+00 C20orf24 (-744) 

HyperHier277 chr10 126222996 126223401 1.26 3.78 8357 60038 60040 3 3 1.09E-03 0.00E+00 LHPP (+72795), FAM53B (+209420) 

HyperHier278 chr17 37331531 37331768 1.26 5.03 24801 89298 89301 4 4 3.72E-04 0.00E+00 ARL5C (-8332), CACNB1 (+22306) 

HyperHier279 chr15 100890907 100891257 1.25 5.02 20925 82565 82568 4 4 3.75E-04 0.00E+00 ADAMTS17 (-8872), CERS3 (+193843) 

HyperHier280 chr13 47472064 47472360 1.25 11.26 16174 74185 74193 9 9 1.23E-05 0.00E+00 HTR2A (-2039) 

HyperHier281 chr2 233981788 233981999 1.25 3.75 34382 17062 17064 3 3 1.13E-03 0.00E+00 ATG16L1 (-178323), INPP5D (+56705) 

HyperHier282 chr7 157224017 157224041 1.25 3.75 53455 48157 48159 3 3 1.13E-03 0.00E+00 DNAJB6 (+94369) 

HyperHier283 chr17 80196719 80197538 1.25 6.24 26690 92663 92667 5 5 1.72E-04 0.00E+00 SLC16A3 (+5566), CSNK1D (+34478) 

HyperHier284 chr3 13663398 13663538 1.24 3.73 37910 18320 18322 3 3 1.15E-03 0.00E+00 FBLN2 (+72837), WNT7A (+258150) 

HyperHier285 chr18 72166016 72166324 1.24 3.73 27355 94008 94010 3 3 1.15E-03 0.00E+00 CNDP1 (-35505), CNDP2 (+2727) 

HyperHier286 chr17 7960092 7960424 1.24 3.73 24039 87967 87969 3 3 1.15E-03 0.00E+00 ALOX15B (+17923), ALOX12B (+30763) 

HyperHier287 chr11 2308362 2308589 1.23 4.94 9150 61710 61713 4 4 3.95E-04 0.00E+00 ASCL2 (-16294), C11orf21 (+14667) 

HyperHier288 chr7 4752951 4753002 1.23 3.70 50705 42904 42906 3 3 1.18E-03 0.00E+00 AP5Z1 (-62276), FOXK1 (+31037) 

HyperHier289 chr12 54954337 54954400 1.23 3.70 13811 69900 69902 3 3 1.18E-03 0.00E+00 PDE1B (+11235), PPP1R1A (+28074) 



HyperHier290 chr7 148801711 148802155 1.23 3.70 53091 47409 47411 3 3 1.19E-03 0.00E+00 ZNF786 (-14136), ZNF425 (+21505) 

HyperHier291 chr17 1521312 1521483 1.23 3.70 23695 87270 87272 3 3 1.19E-03 0.00E+00 PITPNA (-55288), SLC43A2 (+10732) 

HyperHier292 chr1 45097282 45098125 1.23 6.16 2357 3902 3906 5 5 1.78E-04 0.00E+00 TMEM53 (+42523), RNF220 (+226838) 

HyperHier293 chr17 40715222 40715281 1.23 6.15 25031 89706 89710 5 5 1.79E-04 0.00E+00 MLX (-3838) 

HyperHier294 chr11 70455140 70455304 1.23 3.69 11025 65208 65210 3 3 1.21E-03 0.00E+00 CTTN (+210575), SHANK2 (+403150) 

HyperHier295 chr19 54566838 54567279 1.23 3.69 30084 99000 99002 3 3 1.21E-03 0.00E+00 VSTM1 (+148) 

HyperHier296 chr6 32054441 32055046 1.23 12.27 47824 37261 37270 10 24 7.57E-06 0.00E+00 TNXB (-40839), ATF6B (+41273) 

HyperHier297 chr6 31543169 31543686 1.23 14.72 47734 36897 36908 12 12 2.60E-06 0.00E+00 TNF (+84) 

HyperHier298 chr2 159651559 159652019 1.23 4.90 33137 14704 14707 4 4 4.11E-04 0.00E+00 DAPL1 (-40) 

HyperHier299 chr3 195946851 195947062 1.22 3.67 40752 23205 23207 3 3 1.22E-03 0.00E+00 SLC51A (+3582), PCYT1A (+67627) 

HyperHier300 chr11 2206073 2206268 1.22 3.66 9139 61666 61668 3 3 1.24E-03 0.00E+00 TH (-13136), ASCL2 (+86011) 

HyperHier301 chr18 24283375 24283696 1.22 4.88 27008 93304 93307 4 4 4.18E-04 0.00E+00 KCTD1 (-154137), AQP4 (+162246) 

HyperHier302 chr1 3514921 3515194 1.22 3.66 437 821 823 3 3 1.24E-03 0.00E+00 MEGF6 (+13001), ARHGEF16 (+144068) 

HyperHier303 chr18 10588980 10589360 1.22 6.09 26886 93055 93059 5 5 1.85E-04 0.00E+00 NAPG (+63139), PIEZO2 (+559417) 

HyperHier304 chr4 1804007 1804492 1.22 3.65 40971 23641 23643 3 3 1.26E-03 0.00E+00 FGFR3 (+9211), LETM1 (+53724) 

HyperHier305 chr8 144631768 144631915 1.22 4.86 56257 53042 53045 4 4 4.25E-04 0.00E+00 GSDMD (-3535) 

HyperHier306 chr11 1769289 1769522 1.21 8.49 9063 61439 61445 7 7 5.01E-05 0.00E+00 IFITM10 (+2415), KRTAP5-6 (+50981) 

HyperHier307 chr7 149543136 149543177 1.21 3.63 53122 47463 47465 3 3 1.28E-03 0.00E+00 ATP6V0E2 (-26900), ZNF862 (+7701) 

HyperHier308 chr6 32026656 32027379 1.21 6.05 47810 37211 37215 5 5 1.91E-04 0.00E+00 TNXB (-13113), ATF6B (+68999) 

HyperHier309 chr19 14591203 14591345 1.21 3.63 28530 96064 96066 3 3 1.29E-03 0.00E+00 PTGER1 (-5100), GIPC1 (+15670) 

HyperHier310 chr11 2555406 2555576 1.21 3.63 9174 61755 61757 3 3 1.29E-03 0.00E+00 KCNQ1 (+89270), CDKN1C (+351620) 

HyperHier311 chr11 70416238 70416309 1.21 3.62 11020 65198 65200 3 3 1.29E-03 0.00E+00 CTTN (+171627), SHANK2 (+442098) 

HyperHier312 chr16 84840283 84840564 1.21 3.62 23011 86078 86080 3 3 1.30E-03 0.00E+00 CRISPLD2 (-13166), USP10 (+106840) 

HyperHier313 chr5 169593 170081 1.21 3.62 43327 27920 27922 3 3 1.30E-03 0.00E+00 SDHA (-48519), PLEKHG4B (+29464) 

HyperHier314 chr17 2886250 2886453 1.20 3.61 23774 87411 87413 3 3 1.30E-03 0.00E+00 OR1D5 (+80549), RAP1GAP2 (+186620) 

HyperHier315 chr1 36615845 36616030 1.20 3.61 1994 3309 3311 3 3 1.30E-03 0.00E+00 TRAPPC3 (-868) 

HyperHier316 chr17 6921295 6921465 1.20 3.61 23946 87748 87750 3 3 1.31E-03 0.00E+00 BCL6B (-4959) 

HyperHier317 chr1 12655992 12656315 1.20 4.81 946 1613 1616 4 4 4.43E-04 0.00E+00 DHRS3 (+21583), TNFRSF1B (+429094) 

HyperHier318 chr6 31544694 31544960 1.20 4.81 47735 36909 36912 4 4 4.44E-04 0.00E+00 TNF (+1483), LTB (+5375) 

HyperHier319 chr8 144654887 144655447 1.20 6.01 56263 53056 53060 5 6 1.95E-04 0.00E+00 NAPRT1 (+5616), GSDMD (+19790) 

HyperHier320 chr8 143279443 143279882 1.20 4.80 56132 52807 52810 4 4 4.47E-04 0.00E+00 TSNARE1 (+204880), PTP4A3 (+877570) 

HyperHier321 chr2 242710824 242711046 1.20 3.60 34802 17782 17784 3 3 1.32E-03 0.00E+00 GAL3ST2 (-5305), D2HGDH (+36941) 

HyperHier322 chr8 37731969 37732224 1.20 3.60 54617 50192 50194 3 3 1.32E-03 0.00E+00 BRF2 (-24675), RAB11FIP1 (+24875) 

HyperHier323 chr13 107132340 107132458 1.20 3.60 16733 75220 75222 3 3 1.32E-03 0.00E+00 EFNB2 (+55063) 

HyperHier324 chr3 127473609 127473936 1.20 3.59 39619 21149 21151 3 3 1.34E-03 0.00E+00 MGLL (+67928), ABTB1 (+81990) 

HyperHier325 chr14 95837801 95837929 1.20 3.59 18486 78374 78376 3 3 1.34E-03 0.00E+00 CLMN (-51622), SYNE3 (+104308) 

HyperHier326 chr10 134260981 134261655 1.19 4.77 8671 60615 60618 4 4 4.58E-04 0.00E+00 STK32C (-139874), INPP5A (-90006) 

HyperHier327 chr1 1149192 1149661 1.19 4.77 79 156 159 4 4 4.60E-04 0.00E+00 TNFRSF4 (+85) 

HyperHier328 chr17 77128445 77128623 1.19 3.56 26354 92013 92015 3 3 1.38E-03 1.00E-03 ENGASE (+57507), RBFOX3 (+350029) 

HyperHier329 chr7 101361395 101361745 1.18 3.55 52381 46219 46221 3 3 1.39E-03 1.00E-03 CUX1 (-97721), MYL10 (-88994) 

HyperHier330 chr18 74692116 74692235 1.18 3.55 27384 94067 94069 3 3 1.40E-03 1.00E-03 MBP (+152549), ZNF236 (+156060) 

HyperHier331 chr19 51225848 51226849 1.18 8.27 29891 98590 98596 7 7 5.72E-05 0.00E+00 CLEC11A (-237) 

HyperHier332 chr7 38350921 38351468 1.18 7.08 51329 44317 44322 6 6 1.07E-04 0.00E+00 STARD3NL (+133371), AMPH (+319972) 

HyperHier333 chr12 27396706 27396937 1.18 4.72 13202 68711 68714 4 4 4.78E-04 0.00E+00 STK38L (-286) 

HyperHier334 chr8 143694010 143694305 1.18 3.53 56164 52861 52863 3 3 1.41E-03 1.00E-03 ARC (+2675), BAI1 (+163367) 

HyperHier335 chr1 3806715 3807312 1.18 3.53 472 913 915 3 3 1.41E-03 1.00E-03 C1orf174 (+9835), DFFB (+33169) 

HyperHier336 chr19 4531638 4531961 1.18 4.71 27996 95091 95094 4 4 4.82E-04 0.00E+00 PLIN4 (-14084), PLIN5 (+3436) 

HyperHier337 chr7 99970448 99971016 1.18 4.70 52275 46033 46036 4 4 4.85E-04 0.00E+00 PILRA (-336) 

HyperHier338 chr11 1475775 1475899 1.18 3.53 9027 61383 61385 3 3 1.42E-03 1.00E-03 MOB2 (+32139), BRSK2 (+43455) 

HyperHier339 chr22 19710880 19711327 1.17 8.22 36752 103105 103111 7 7 5.79E-05 0.00E+00 GP1BB (+636) 

HyperHier340 chr8 144824625 144824658 1.17 4.69 56283 53107 53110 4 4 4.88E-04 0.00E+00 FAM83H (-8671), SCRIB (+72907) 

HyperHier341 chr17 7107939 7108792 1.17 5.87 23963 87783 87787 5 5 2.13E-04 0.00E+00 ASGR1 (-25483), ACADVL (-12078) 

HyperHier342 chr19 6482011 6482169 1.17 3.51 28110 95290 95292 3 3 1.45E-03 1.00E-03 DENND1C (-271) 

HyperHier343 chr20 642436 642894 1.17 4.68 34859 99542 99545 4 4 4.93E-04 0.00E+00 SRXN1 (-8651), SCRT2 (+14158) 

HyperHier344 chr6 52171973 52172083 1.17 3.51 48571 38892 38894 3 3 1.45E-03 1.00E-03 PAQR8 (-54898), MCM3 (-22393) 

HyperHier345 chr10 31422942 31423550 1.17 3.51 6525 56693 56695 3 3 1.45E-03 1.00E-03 ZEB1 (-184855), ZNF438 (-102380) 

HyperHier346 chr7 157451243 157451906 1.17 7.01 53494 48228 48233 6 6 1.11E-04 0.00E+00 DNAJB6 (+321915), PTPRN2 (+928796) 

HyperHier347 chr6 6900945 6901065 1.17 3.50 46883 34566 34568 3 3 1.46E-03 1.00E-03 RREB1 (-207036), LY86 (+312664) 



HyperHier348 chr7 2518188 2518824 1.17 4.67 50604 42723 42726 4 4 4.98E-04 0.00E+00 LFNG (-40970), CHST12 (+75283) 

HyperHier349 chr1 1067099 1067223 1.17 3.50 59 116 118 3 3 1.46E-03 1.00E-03 TTLL10 (-42122), C1orf159 (-15683) 

HyperHier350 chr17 75318655 75318882 1.17 3.50 26221 91801 91803 3 3 1.46E-03 1.00E-03 TNRC6C (-682368), SEPT9 (+41277) 

HyperHier351 chr17 71361857 71361901 1.17 3.50 25995 91422 91424 3 3 1.47E-03 1.00E-03 CDC42EP4 (-53565), SDK2 (+278349) 

HyperHier352 chr15 93580022 93580327 1.16 5.82 20749 82200 82204 5 5 2.17E-04 0.00E+00 RGMA (+36917), CHD2 (+137117) 

HyperHier353 chr19 728040 728385 1.16 3.49 27575 94392 94394 3 3 1.48E-03 1.00E-03 MISP (-22913), PALM (+19112) 

HyperHier354 chr6 32053100 32053748 1.16 6.98 47823 37255 37260 6 6 1.12E-04 0.00E+00 TNXB (-39519), ATF6B (+42593) 

HyperHier355 chr6 30860866 30860905 1.16 3.48 47664 36680 36682 3 3 1.49E-03 1.00E-03 GTF2H4 (-15075), DDR1 (+9025) 

HyperHier356 chr22 18042550 18042722 1.16 3.48 36708 103026 103028 3 3 1.49E-03 1.00E-03 SLC25A18 (-503) 

HyperHier357 chr12 14413090 14413690 1.16 4.63 13056 68469 68472 4 4 5.15E-04 0.00E+00 GRIN2B (-280337), ATF7IP (-105226) 

HyperHier358 chr6 170531180 170531847 1.16 5.79 50272 42045 42049 5 5 2.24E-04 0.00E+00 DLL1 (+68047), C6orf70 (+379793) 

HyperHier359 chr6 41254433 41254885 1.16 4.63 48285 38392 38395 4 4 5.15E-04 0.00E+00 TREM1 (-202) 

HyperHier360 chr1 246952118 246952508 1.16 5.78 5839 9964 9968 5 8 2.24E-04 0.00E+00 SCCPDH (+64964), AHCTF1 (+142413) 

HyperHier361 chr12 133120548 133120760 1.16 3.47 15596 73112 73114 3 3 1.51E-03 1.00E-03 P2RX2 (-74749), MUC8 (-69928) 

HyperHier362 chr8 42623718 42623946 1.16 4.62 54751 50439 50442 4 4 5.18E-04 0.00E+00 CHRNA6 (+97) 

HyperHier363 chr20 44574271 44575021 1.16 4.62 35591 101029 101032 4 4 5.19E-04 0.00E+00 PCIF1 (+11379), ZNF335 (+26165) 

HyperHier364 chr1 203155737 203156625 1.15 5.77 4798 8250 8254 5 5 2.25E-04 0.00E+00 CHI3L1 (-304) 

HyperHier365 chr6 160241105 160241556 1.15 4.61 49905 41412 41415 4 4 5.22E-04 0.00E+00 MAS1 (-86643), PNLDC1 (+20030) 

HyperHier366 chr17 43324322 43325791 1.15 12.69 25212 90033 90043 11 11 6.62E-06 0.00E+00 SPATA32 (+14422), FMNL1 (+25901) 

HyperHier367 chr17 56355331 56355431 1.15 3.46 25668 90912 90914 3 3 1.53E-03 1.00E-03 MPO (+2915), LPO (+39594) 

HyperHier368 chr10 3138418 3138534 1.15 3.45 6025 55799 55801 3 3 1.54E-03 1.00E-03 PFKP (+28764), PITRM1 (+76527) 

HyperHier369 chr1 1851439 1852604 1.15 6.90 157 324 329 6 10 1.17E-04 0.00E+00 TMEM52 (-1310) 

HyperHier370 chr2 74208590 74208655 1.15 3.44 31881 12550 12552 3 3 1.57E-03 1.00E-03 TET3 (-64827), DGUOK (+54670) 

HyperHier371 chr1 26880547 26881009 1.14 5.72 1629 2691 2695 5 5 2.33E-04 0.00E+00 ARID1A (-141746), RPS6KA1 (+8435) 

HyperHier372 chr17 78735268 78735596 1.14 5.72 26479 92236 92240 5 5 2.34E-04 0.00E+00 CHMP6 (-230209), RPTOR (+216364) 

HyperHier373 chr4 1294566 1295078 1.14 5.72 40909 23513 23517 5 5 2.34E-04 0.00E+00 UVSSA (-46282), MAEA (+11183) 

HyperHier374 chr12 25707564 25707667 1.14 3.43 13182 68687 68689 3 3 1.58E-03 1.00E-03 IFLTD1 (-1399) 

HyperHier375 chr16 85433309 85433718 1.14 4.58 23074 86173 86176 4 4 5.38E-04 0.00E+00 GSE1 (-213308), KIAA0513 (+336696) 

HyperHier376 chr3 9944183 9944537 1.14 3.43 37772 18057 18059 3 3 1.58E-03 1.00E-03 IL17RE (+57) 

HyperHier377 chr16 28888747 28888925 1.14 3.42 21958 84300 84302 3 3 1.59E-03 1.00E-03 ATP2A1 (-890) 

HyperHier378 chr6 35108605 35109298 1.14 6.84 48094 38123 38128 6 6 1.20E-04 0.00E+00 TCP11 (+472) 

HyperHier379 chr19 35981347 35981549 1.14 4.56 29033 96993 96996 4 4 5.44E-04 0.00E+00 KRTDAP (-15) 

HyperHier380 chr16 15596053 15596423 1.14 4.56 21721 83973 83976 4 4 5.44E-04 0.00E+00 MPV17L (+106602), KIAA0430 (+140785) 

HyperHier381 chr10 126308381 126308552 1.14 3.41 8364 60048 60050 3 3 1.60E-03 1.00E-03 FAM53B (+124152), LHPP (+158063) 

HyperHier382 chr19 50921745 50922484 1.14 6.82 29861 98513 98518 6 6 1.22E-04 0.00E+00 SPIB (-83), SPIB (-80) 

HyperHier383 chr2 242702553 242702881 1.14 3.41 34801 17779 17781 3 3 1.61E-03 1.00E-03 GAL3ST2 (-13523), D2HGDH (+28723) 

HyperHier384 chr2 25527266 25527366 1.13 3.40 30977 11089 11091 3 3 1.62E-03 1.00E-03 POMC (-135544), DNMT3A (+38143) 

HyperHier385 chr4 681086 681440 1.13 3.40 40837 23355 23357 3 3 1.62E-03 1.00E-03 MFSD7 (+1967), MYL5 (+9552) 

HyperHier386 chr10 375248 375830 1.13 3.40 5888 55555 55557 3 3 1.63E-03 1.00E-03 ZMYND11 (+195115), DIP2C (+360067) 

HyperHier387 chr20 62168463 62168878 1.13 9.06 36086 101908 101915 8 8 3.62E-05 0.00E+00 PTK6 (+24) 

HyperHier388 chr1 231155632 231156359 1.13 11.32 5554 9504 9513 10 10 1.21E-05 0.00E+00 TRIM67 (-142720), ARV1 (+41201) 

HyperHier389 chr2 238499793 238500081 1.13 3.39 34566 17363 17365 3 3 1.64E-03 1.00E-03 RAB17 (-201) 

HyperHier390 chr6 4890079 4890278 1.13 3.39 46841 34477 34479 3 3 1.64E-03 1.00E-03 CDYL (+113510), RPP40 (+114102) 

HyperHier391 chr10 323260 323809 1.13 3.39 5885 55550 55552 3 3 1.64E-03 1.00E-03 ZMYND11 (+143111), DIP2C (+412071) 

HyperHier392 chr2 3496821 3497214 1.13 3.38 30499 10322 10324 3 3 1.65E-03 1.00E-03 ADI1 (+26489), TRAPPC12 (+113561) 

HyperHier393 chr12 58210661 58210878 1.12 3.37 13956 70140 70142 3 3 1.66E-03 1.00E-03 AVIL (-516) 

HyperHier394 chr4 3516065 3516758 1.12 5.62 41059 23796 23800 5 5 2.51E-04 0.00E+00 LRPAP1 (+17874), DOK7 (+51374) 

HyperHier395 chr12 110252616 110252831 1.12 3.37 14675 71332 71334 3 3 1.67E-03 1.00E-03 TRPV4 (-28) 

HyperHier396 chr14 23623480 23624377 1.12 8.99 17262 76181 76188 8 8 3.74E-05 0.00E+00 CEBPE (-35104), SLC7A8 (+28920) 

HyperHier397 chr9 35563534 35564052 1.12 3.36 56636 53686 53688 3 3 1.69E-03 1.00E-03 TESK1 (-41574), RUSC2 (+25164) 

HyperHier398 chr2 98377791 98377939 1.12 3.36 32197 13089 13091 3 3 1.69E-03 1.00E-03 ZAP70 (+47842), TMEM131 (+234489) 

HyperHier399 chr10 94448532 94448728 1.12 3.36 7493 58285 58287 3 3 1.69E-03 1.00E-03 HHEX (+685) 

HyperHier400 chr6 167571324 167571630 1.12 3.36 50079 41728 41730 3 3 1.70E-03 1.00E-03 GPR31 (+340) 

HyperHier401 chr12 132687617 132687729 1.12 3.36 15505 72923 72925 3 3 1.70E-03 1.00E-03 GALNT9 (+2900), NOC4L (+58680) 

HyperHier402 chr6 166140451 166140706 1.12 3.36 50001 41573 41575 3 3 1.70E-03 1.00E-03 PDE10A (-65022), SDIM1 (+169146) 

HyperHier403 chr17 32690127 32690569 1.12 4.48 24615 88945 88948 4 4 5.79E-04 0.00E+00 CCL1 (-98) 

HyperHier404 chr20 47896448 47897451 1.12 7.81 35675 101174 101180 7 7 7.07E-05 0.00E+00 ZNFX1 (-2194) 

HyperHier405 chr12 56323639 56323816 1.12 3.35 13841 69945 69947 3 3 1.72E-03 1.00E-03 WIBG (-2031), DGKA (-1028) 



HyperHier406 chr10 11936672 11937255 1.11 3.34 6198 56103 56105 3 3 1.72E-03 1.00E-03 UPF2 (+140932), ECHDC3 (+152599) 

HyperHier407 chr15 93591750 93591806 1.11 3.34 20750 82205 82207 3 3 1.73E-03 1.00E-03 RGMA (+25314), CHD2 (+148720) 

HyperHier408 chr11 62573844 62574403 1.11 3.34 10502 64255 64257 3 3 1.73E-03 1.00E-03 NXF1 (-350) 

HyperHier409 chr22 50968250 50968343 1.11 5.57 37643 104611 104615 5 5 2.59E-04 0.00E+00 SCO2 (-3429), TYMP (+147) 

HyperHier410 chr17 79442037 79442206 1.11 3.33 26602 92500 92502 3 3 1.74E-03 1.00E-03 ACTG1 (+37685), ENSG00000171282 (+68582) 

HyperHier411 chr20 62200091 62200854 1.11 7.78 36091 101925 101931 7 7 7.26E-05 0.00E+00 SRMS (-21616), HELZ2 (+3335) 

HyperHier412 chr3 187453973 187454477 1.11 3.33 40574 22887 22889 3 3 1.74E-03 1.00E-03 RTP2 (-33880), BCL6 (+9290) 

HyperHier413 chr17 80266884 80267030 1.11 3.33 26700 92687 92689 3 3 1.76E-03 1.00E-03 CSNK1D (-35350), CD7 (+8521) 

HyperHier414 chr1 147737016 147737207 1.11 4.43 3620 6243 6246 4 4 6.03E-04 0.00E+00 NBPF24 (-137563), PPIAL4A (+218307) 

HyperHier415 chr22 50173996 50174297 1.11 7.75 37571 104498 104504 7 7 7.35E-05 0.00E+00 BRD1 (+44305) 

HyperHier416 chr17 943108 943342 1.11 3.32 23633 87160 87162 3 3 1.77E-03 1.00E-03 TIMM22 (+42868), ABR (+139943) 

HyperHier417 chr10 45495677 45495971 1.10 4.40 6719 56992 56995 4 4 6.18E-04 0.00E+00 ZNF22 (-99), C10orf25 (+512) 

HyperHier418 chr17 7082724 7083064 1.10 3.29 23962 87780 87782 3 3 1.82E-03 1.00E-03 ASGR1 (-11) 

HyperHier419 chr8 143596671 143596947 1.10 4.38 56156 52850 52853 4 4 6.29E-04 0.00E+00 BAI1 (+66018), ARC (+100024) 

HyperHier420 chr11 45115390 45115819 1.10 3.29 10082 63595 63597 3 3 1.83E-03 1.00E-03 TP53I11 (-143894), PRDM11 (-53289) 

HyperHier421 chr4 3387281 3387341 1.10 3.29 41041 23762 23764 3 3 1.83E-03 1.00E-03 HGFAC (-56303), RGS12 (+71437) 

HyperHier422 chr16 2082689 2083393 1.09 5.47 21296 83275 83279 5 5 2.73E-04 0.00E+00 TSC2 (-14425), SLC9A3R2 (+6172) 

HyperHier423 chr17 46653615 46654330 1.09 4.37 25344 90275 90278 4 4 6.34E-04 0.00E+00 HOXB3 (-22689), HOXB4 (+3500) 

HyperHier424 chr17 34207332 34207663 1.09 4.37 24675 89056 89059 4 4 6.37E-04 0.00E+00 CCL5 (+14) 

HyperHier425 chr10 743286 743761 1.09 4.37 5933 55650 55653 4 4 6.37E-04 0.00E+00 DIP2C (-7918), LARP4B (+188178) 

HyperHier426 chr17 79128918 79129078 1.09 4.37 26536 92356 92359 4 4 6.38E-04 0.00E+00 AATK (+10819), BAIAP2 (+120036) 

HyperHier427 chr15 23810843 23811369 1.09 4.36 19054 79389 79392 4 9 6.39E-04 0.00E+00 MKRN3 (+652) 

HyperHier428 chr21 45575559 45575832 1.09 3.27 36527 102737 102739 3 4 1.85E-03 1.00E-03 C21orf33 (+22209), ICOSLG (+85132) 

HyperHier429 chr11 76858729 76859387 1.09 5.45 11269 65603 65607 5 5 2.78E-04 0.00E+00 MYO7A (+19748), GDPD4 (+139405) 

HyperHier430 chr15 41914122 41914454 1.09 3.26 19534 80177 80179 3 3 1.89E-03 1.00E-03 MGA (-38322), TYRO3 (+63056) 

HyperHier431 chr12 8068600 8068706 1.08 3.25 12917 68277 68279 3 3 1.89E-03 1.00E-03 SLC2A14 (-43233), SLC2A3 (+20218) 

HyperHier432 chr11 2919689 2921176 1.08 13.01 9196 61847 61858 12 12 5.91E-06 0.00E+00 SLC22A18 (-3217) 

HyperHier433 chr8 145008110 145008397 1.08 3.25 56301 53149 53151 3 3 1.90E-03 1.00E-03 EPPK1 (-55622), PLEC (+16790) 

HyperHier434 chr20 35169380 35169886 1.08 7.57 35374 100570 100576 7 7 8.06E-05 0.00E+00 MYL9 (-254) 

HyperHier435 chr10 22725309 22725587 1.08 3.23 6361 56378 56380 3 3 1.93E-03 1.00E-03 SPAG6 (+91049), PIP4K2A (+278036) 

HyperHier436 chr12 57569768 57569940 1.08 4.31 13892 70019 70022 4 4 6.72E-04 0.00E+00 NXPH4 (-40724), LRP1 (+47572) 

HyperHier437 chr7 100167198 100167564 1.08 3.23 52288 46050 46052 3 3 1.94E-03 1.00E-03 SAP25 (+3889), AGFG2 (+30533) 

HyperHier438 chr7 20256996 20257178 1.08 3.23 50900 43360 43362 3 3 1.94E-03 2.00E-03 MACC1 (-74) 

HyperHier439 chr12 123469284 123469669 1.08 3.23 15113 72251 72253 3 3 1.95E-03 2.00E-03 ABCB9 (-3281) 

HyperHier440 chr1 27961563 27962037 1.07 7.52 1695 2815 2821 7 7 8.28E-05 0.00E+00 FGR (-12) 

HyperHier441 chr2 3697378 3697542 1.07 3.22 30508 10340 10342 3 3 1.96E-03 2.00E-03 ALLC (-8325), COLEC11 (+47964) 

HyperHier442 chr13 31309032 31309799 1.07 3.22 15934 73759 73761 3 3 1.96E-03 2.00E-03 ALOX5AP (-229) 

HyperHier443 chr1 203144862 203145364 1.07 3.22 4795 8245 8247 3 3 1.96E-03 2.00E-03 MYBPH (-172) 

HyperHier444 chr18 45458021 45458698 1.07 4.28 27153 93627 93630 4 4 6.91E-04 0.00E+00 SMAD2 (-848) 

HyperHier445 chr6 44044325 44044507 1.07 3.21 48431 38638 38640 3 3 1.99E-03 2.00E-03 TMEM63B (-50235), VEGFA (+305972) 

HyperHier446 chr11 68747554 68747636 1.07 3.20 10911 64957 64959 3 3 2.00E-03 2.00E-03 MRGPRD (+860) 

HyperHier447 chr17 1686627 1686737 1.07 3.20 23714 87311 87313 3 3 2.00E-03 2.00E-03 SERPINF1 (+21429), SMYD4 (+46493) 

HyperHier448 chr15 31515750 31515984 1.07 4.27 19296 79797 79800 4 9 6.99E-04 0.00E+00 KLF13 (-103191), TRPM1 (-62391) 

HyperHier449 chr7 2059150 2060130 1.07 8.53 50568 42648 42655 8 9 4.89E-05 0.00E+00 MAD1L1 (+213238), ELFN1 (+331885) 

HyperHier450 chr16 2133388 2133801 1.07 3.20 21304 83292 83294 3 3 2.01E-03 2.00E-03 NTHL1 (-35728), PKD1 (+52304) 

HyperHier451 chr1 109204168 109204325 1.07 5.33 3280 5629 5633 5 5 2.98E-04 0.00E+00 HENMT1 (-99) 

HyperHier452 chr4 1600072 1600531 1.06 3.19 40951 23609 23611 3 3 2.02E-03 2.00E-03 NKX1-1 (-200183), FAM53A (+85686) 

HyperHier453 chr4 1221838 1222037 1.06 3.19 40904 23499 23501 3 3 2.03E-03 2.00E-03 SPON2 (-55277), CTBP1 (+20987) 

HyperHier454 chr11 692963 693032 1.06 3.19 8912 61159 61161 3 3 2.03E-03 2.00E-03 TMEM80 (-2618), DEAF1 (+2534) 

HyperHier455 chr1 32708234 32708485 1.06 4.25 1855 3054 3057 4 4 7.09E-04 0.00E+00 LCK (-8480), EIF3I (+20389) 

HyperHier456 chr12 53297547 53298027 1.06 3.19 13651 69473 69475 3 3 2.03E-03 2.00E-03 KRT78 (-55009), KRT8 (+22466) 

HyperHier457 chr19 1280841 1281113 1.06 3.18 27668 94554 94556 3 3 2.03E-03 2.00E-03 MUM1 (-4913) 

HyperHier458 chr7 128579876 128579964 1.06 3.18 52782 46888 46890 3 3 2.04E-03 2.00E-03 IRF5 (+1926), TNPO3 (+115048) 

HyperHier459 chr17 46641504 46642104 1.06 5.30 25338 90247 90251 5 5 3.01E-04 0.00E+00 HOXB3 (-10520), HOXB4 (+15669) 

HyperHier460 chr13 44989900 44990174 1.06 3.18 16128 74110 74112 3 3 2.04E-03 2.00E-03 SERP2 (+42059), TSC22D1 (+160664) 

HyperHier461 chr17 80190129 80190154 1.06 3.17 26687 92653 92655 3 3 2.06E-03 2.00E-03 SLC16A3 (-1421) 

HyperHier462 chr11 67418045 67418365 1.06 11.61 10861 64866 64876 11 11 1.11E-05 0.00E+00 ACY3 (-75) 

HyperHier463 chr2 24233923 24234017 1.06 3.17 30939 11011 11013 3 3 2.08E-03 2.00E-03 FKBP1B (-38614), MFSD2B (+1019) 



HyperHier464 chr6 167536056 167536521 1.05 6.33 50077 41718 41723 6 6 1.62E-04 0.00E+00 CCR6 (+32) 

HyperHier465 chr12 132663428 132663883 1.05 8.44 15495 72899 72906 8 8 5.06E-05 0.00E+00 GALNT9 (+26917), NOC4L (+34663) 

HyperHier466 chr19 840737 841082 1.05 5.27 27593 94426 94430 5 6 3.09E-04 0.00E+00 PRTN3 (-53) 

HyperHier467 chr6 31025933 31026287 1.05 4.21 47688 36756 36759 4 4 7.36E-04 0.00E+00 MUC22 (+47859), C6orf15 (+54226) 

HyperHier468 chr20 62367372 62368256 1.05 9.48 36110 101959 101967 9 9 2.70E-05 0.00E+00 SLC2A4RG (-3400), LIME1 (-181) 

HyperHier469 chr3 123813383 123813465 1.05 3.15 39512 20974 20976 3 5 2.11E-03 3.00E-03 KALRN (-104) 

HyperHier470 chr2 84517474 84517950 1.05 8.41 32012 12793 12800 8 8 5.18E-05 0.00E+00 SUCLG1 (+168892) 

HyperHier471 chr12 52585695 52586127 1.05 6.29 13602 69388 69393 6 6 1.65E-04 0.00E+00 KRT80 (-127) 

HyperHier472 chr8 10489118 10489270 1.05 3.14 53982 49040 49042 3 3 2.14E-03 3.00E-03 RP1L1 (+23418), PRSS55 (+106138) 

HyperHier473 chr6 44528765 44528865 1.05 3.14 48464 38677 38679 3 3 2.14E-03 3.00E-03 RUNX2 (-767291), CDC5L (+173553) 

HyperHier474 chr8 144896176 144896307 1.04 3.13 56290 53126 53128 3 4 2.16E-03 3.00E-03 FAM83H (-80271), SCRIB (+1307) 

HyperHier475 chr5 148810061 148810203 1.04 6.26 45806 32687 32692 6 6 1.69E-04 0.00E+00 IL17B (-51293), CSNK1A1 (+120395) 

HyperHier476 chr8 133772742 133773115 1.04 3.13 55918 52473 52475 3 3 2.17E-03 3.00E-03 TMEM71 (-101) 

HyperHier477 chr13 112616931 112617294 1.04 3.12 16896 75494 75496 3 3 2.18E-03 3.00E-03 SOX1 (-104800), TEX29 (+644098) 

HyperHier478 chr6 792658 792778 1.04 4.16 46680 34205 34208 4 4 7.68E-04 1.00E-03 FOXQ1 (-519957), EXOC2 (-99607) 

HyperHier479 chr1 156211409 156211896 1.04 10.39 3979 6839 6848 10 10 1.84E-05 0.00E+00 BGLAP (-100) 

HyperHier480 chr12 322214 323242 1.04 12.45 12597 67727 67738 12 12 7.09E-06 0.00E+00 SLC6A12 (+961) 

HyperHier481 chr10 1559112 1559249 1.04 3.11 5985 55733 55735 3 3 2.21E-03 3.00E-03 IDI1 (-464071), ADARB2 (+220489) 

HyperHier482 chr17 80159399 80159595 1.04 3.11 26678 92639 92641 3 3 2.21E-03 3.00E-03 FASN (-103289), SLC16A3 (-32066) 

HyperHier483 chr17 76875678 76876239 1.04 4.14 26322 91958 91961 4 4 7.80E-04 1.00E-03 USP36 (-38990), ENSG00000178404 (+23324) 

HyperHier484 chr2 64834106 64834430 1.04 3.11 31614 12127 12129 3 3 2.21E-03 3.00E-03 SERTAD2 (+46779), AFTPH (+82803) 

HyperHier485 chr17 79432709 79433150 1.03 4.14 26600 92494 92497 4 4 7.86E-04 1.00E-03 ACTG1 (+46877), ENSG00000171282 (+59390) 

HyperHier486 chr5 66461884 66462662 1.03 4.13 44374 29833 29836 4 4 7.90E-04 1.00E-03 CD180 (+30354), MAST4 (+570084) 

HyperHier487 chr2 103352296 103352711 1.03 3.10 32308 13262 13264 3 3 2.23E-03 3.00E-03 MFSD9 (+809) 

HyperHier488 chr12 133000497 133000830 1.03 3.10 15568 73068 73070 3 5 2.24E-03 4.00E-03 GALNT9 (-310091), MUC8 (+50062) 

HyperHier489 chr14 95786621 95786801 1.03 3.09 18481 78363 78365 3 3 2.24E-03 4.00E-03 CLMN (-468) 

HyperHier490 chr5 1503595 1503979 1.03 3.09 43491 28216 28218 3 3 2.26E-03 4.00E-03 SLC6A3 (-58242), LPCAT1 (+20305) 

HyperHier491 chr6 6588737 6589075 1.03 4.12 46870 34548 34551 4 4 8.00E-04 1.00E-03 LY86 (+565) 

HyperHier492 chr7 2653651 2654420 1.03 7.20 50626 42762 42768 7 7 9.96E-05 0.00E+00 TTYH3 (-17549), IQCE (+55404) 

HyperHier493 chr5 176937350 176937527 1.03 4.11 46475 33839 33842 4 4 8.06E-04 1.00E-03 DOK3 (-581) 

HyperHier494 chr19 55417436 55417647 1.03 4.11 30133 99084 99087 4 4 8.07E-04 1.00E-03 NCR1 (+34) 

HyperHier495 chr16 4732262 4732406 1.03 3.08 21508 83654 83656 3 3 2.28E-03 6.00E-03 NUDT16L1 (-11361), MGRN1 (+57543) 

HyperHier496 chr6 106583161 106583218 1.02 3.07 49084 39958 39960 3 3 2.30E-03 6.00E-03 PRDM1 (+48995), ATG5 (+190476) 

HyperHier497 chr19 1854549 1854819 1.02 4.09 27762 94710 94713 4 4 8.17E-04 2.00E-03 REXO1 (-6232), KLF16 (+8883) 

HyperHier498 chr6 31894990 31895598 1.02 7.15 47797 37151 37157 7 7 1.02E-04 0.00E+00 ENSG00000244255 (-181), C2 (+40) 

HyperHier499 chr12 108991777 108992148 1.02 4.09 14634 71254 71257 4 4 8.24E-04 3.00E-03 TMEM119 (-63) 

HyperHier500 chr21 46341006 46341380 1.02 4.07 36583 102829 102832 4 5 8.31E-04 3.00E-03 PTTG1IP (-47441), ITGB2 (+7595) 

HyperHier501 chr7 151547969 151548111 1.02 3.05 53254 47698 47700 3 3 2.34E-03 7.00E-03 RHEB (-331030), PRKAG2 (+26170) 

HyperHier502 chr12 112203795 112204327 1.02 3.05 14729 71413 71415 3 3 2.34E-03 7.00E-03 ALDH2 (-665) 

HyperHier503 chr6 32043739 32044869 1.02 7.12 47816 37226 37232 7 7 1.05E-04 0.00E+00 TNXB (-30399), ATF6B (+51713) 

HyperHier504 chr6 170418412 170418678 1.02 3.05 50259 42024 42026 3 3 2.34E-03 7.00E-03 DLL1 (+181016), C6orf70 (+266824) 

HyperHier505 chr22 49765054 49765229 1.02 3.05 37551 104466 104468 3 3 2.34E-03 7.00E-03 BRD1 (+453310), FAM19A5 (+879870) 

HyperHier506 chr2 105924245 105924659 1.02 3.05 32352 13342 13344 3 3 2.35E-03 7.00E-03 TGFBRAP1 (+22039), GPR45 (+66252) 

HyperHier507 chr9 136566991 136567339 1.02 3.05 57668 55059 55061 3 4 2.35E-03 7.00E-03 SARDH (+37877), DBH (+65683) 

HyperHier508 chr7 155276169 155276880 1.02 6.10 53336 47898 47903 6 10 1.84E-04 0.00E+00 RBM33 (-160848), EN2 (+25701) 

HyperHier509 chr11 64627528 64627776 1.02 3.05 10625 64451 64453 3 3 2.35E-03 7.00E-03 CDC42BPG (-15611), EHD1 (+18539) 

HyperHier510 chr19 35629603 35630474 1.02 9.14 29018 96953 96961 9 9 3.26E-05 0.00E+00 FXYD7 (-4115), LGI4 (-3935), FXYD1 (-887) 

HyperHier511 chr1 153362927 153364020 1.02 6.09 3816 6552 6557 6 6 1.85E-04 0.00E+00 S100A8 (+190) 

HyperHier512 chr6 32181764 32182013 1.01 3.04 47859 37498 37500 3 3 2.36E-03 7.00E-03 GPSM3 (-21206), NOTCH4 (+9955) 

HyperHier513 chr17 74868604 74869001 1.01 3.04 26198 91759 91761 3 4 2.36E-03 7.00E-03 MGAT5B (+74) 

HyperHier514 chr7 630473 630914 1.01 5.07 50340 42160 42164 5 5 3.60E-04 0.00E+00 PDGFA (-71663), PRKAR1B (+122150) 

HyperHier515 chr11 1891872 1892608 1.01 11.14 9084 61485 61495 11 11 1.25E-05 0.00E+00 TNNT3 (-48552), LSP1 (+5845) 

HyperHier516 chr5 143191565 143192067 1.01 4.04 45711 32511 32514 4 4 8.56E-04 4.00E-03 NR3C1 (-408562), YIPF5 (+358407) 

HyperHier517 chr8 81599484 81599569 1.01 3.03 55265 51441 51443 3 3 2.39E-03 8.00E-03 ZNF704 (+187489), ZBTB10 (+201625) 

HyperHier518 chr11 67350153 67350326 1.01 3.03 10852 64847 64849 3 3 2.39E-03 8.00E-03 GSTP1 (-826) 

HyperHier519 chr12 6308758 6309025 1.01 3.03 12812 68084 68086 3 3 2.39E-03 8.00E-03 CD9 (+11) 

HyperHier520 chr6 15504844 15506085 1.01 8.07 47090 34953 34960 8 8 6.24E-05 0.00E+00 DTNBP1 (+157808), JARID2 (+258938) 

HyperHier521 chr10 135202522 135203200 1.01 7.06 8827 60964 60970 7 7 1.08E-04 0.00E+00 MTG1 (-4814), ENSG00000254536 (-1477) 



HyperHier522 chr14 24801073 24801794 1.01 4.03 17309 76285 76288 4 6 8.65E-04 5.00E-03 ADCY4 (+2843), LTB4R (+18917) 

HyperHier523 chr5 965717 966019 1.01 3.02 43411 28067 28069 3 3 2.42E-03 9.00E-03 BRD9 (-72929), NKD2 (-43076) 

HyperHier524 chr8 145086659 145086882 1.00 3.01 56318 53196 53198 3 3 2.44E-03 1.10E-02 SPATC1 (+189) 

HyperHier525 chr13 114880761 114881103 1.00 5.01 17118 75968 75972 5 5 3.77E-04 1.00E-03 GAS6 (-313892), RASA3 (+17154) 

HyperHier526 chr20 62509164 62509309 1.00 3.01 36124 101989 101991 3 3 2.46E-03 1.10E-02 DNAJC5 (-17298), TPD52L2 (+12590) 

HyperHier527 chr2 102608155 102608233 1.00 3.00 32283 13224 13226 3 3 2.47E-03 1.10E-02 IL1R2 (-112) 

HyperHier528 chr14 23284518 23284968 1.00 3.00 17235 76133 76135 3 3 2.47E-03 1.10E-02 SLC7A7 (+269) 

HyperHier529 chr8 141220177 141220490 1.00 3.00 56002 52602 52604 3 3 2.47E-03 1.10E-02 TRAPPC9 (+248344), C8orf17 (+276918) 

HyperHier530 chr11 93466719 93467095 1.00 3.00 11494 65948 65950 3 3 2.48E-03 1.10E-02 C11orf54 (-7850), KIAA1731 (+72102) 

HyperHier531 chr16 89573312 89573955 1.00 4.00 23501 86934 86937 4 4 8.92E-04 6.00E-03 SPG7 (-1177) 

HyperHier532 chr6 161796785 161796854 1.00 3.00 49940 41473 41475 3 3 2.48E-03 1.10E-02 AGPAT4 (-101727) 

HyperHier533 chr22 22901145 22902047 1.00 9.97 36839 103253 103262 10 11 2.22E-05 0.00E+00 PRAME (+100) 

HyperHier534 chr11 64980819 64981297 1.00 3.99 10652 64490 64493 4 4 9.02E-04 6.00E-03 POLA2 (-48175), CAPN1 (+31125) 

HyperHier535 chr10 90611782 90611911 1.00 2.99 7435 58186 58188 3 3 2.51E-03 1.20E-02 STAMBPL1 (-27644), LIPM (+49360) 

HyperHier536 chr19 17918795 17919173 1.00 2.99 28689 96332 96334 3 3 2.51E-03 1.20E-02 B3GNT3 (+13065), INSL3 (+13399) 

HyperHier537 chr12 107711489 107711648 1.00 2.99 14600 71202 71204 3 3 2.51E-03 1.20E-02 BTBD11 (-621) 

HyperHier538 chr20 62318426 62318588 0.99 3.97 36105 101947 101950 4 4 9.16E-04 6.00E-03 TNFRSF6B (-9514), RTEL1-TNFRSF6B (+27751) 

HyperHier539 chr19 50936038 50936172 0.99 3.97 29863 98525 98528 4 4 9.16E-04 6.00E-03 MYBPC2 (-55) 

HyperHier540 chr20 20036653 20037150 0.99 4.96 35108 100032 100036 5 5 3.88E-04 1.00E-03 CRNKL1 (-212) 

HyperHier541 chr7 999994 1000336 0.99 2.97 50384 42240 42242 3 3 2.55E-03 1.20E-02 ADAP1 (-5832), COX19 (+15070) 

HyperHier542 chr11 43290958 43291043 0.99 2.97 10004 63415 63417 3 5 2.55E-03 1.20E-02 API5 (-42538) 

HyperHier543 chr1 1118157 1118391 0.99 2.97 73 145 147 3 3 2.55E-03 1.20E-02 TTLL10 (+8991), TNFRSF18 (+23677) 

HyperHier544 chr17 79282893 79283959 0.99 7.93 26557 92395 92402 8 8 6.74E-05 0.00E+00 SLC38A10 (-14321), TMEM105 (+21048) 

HyperHier545 chr6 168106055 168106222 0.99 2.97 50098 41764 41766 3 4 2.56E-03 1.20E-02 TCP10 (-308185), C6orf123 (+91400) 

HyperHier546 chr1 50574507 50574591 0.99 2.97 2504 4198 4200 3 4 2.56E-03 1.20E-02 ELAVL4 (+2585), DMRTA2 (+314623) 

HyperHier547 chr1 203273571 203274134 0.99 2.97 4805 8264 8266 3 3 2.57E-03 1.20E-02 BTG2 (-811) 

HyperHier548 chr6 167189213 167189543 0.99 2.96 50072 41704 41706 3 3 2.58E-03 1.20E-02 MPC1 (-392892), RPS6KA2 (+86661) 

HyperHier549 chr7 99769432 99769602 0.99 2.96 52270 46020 46022 3 3 2.59E-03 1.20E-02 GAL3ST4 (-3144) 

HyperHier550 chr19 11689715 11689997 0.99 6.90 28382 95788 95794 7 7 1.17E-04 0.00E+00 ACP5 (-62) 

HyperHier551 chr10 45958759 45958885 0.99 2.96 6726 57002 57004 3 3 2.60E-03 1.20E-02 ALOX5 (+89147), MARCH8 (+131532) 

HyperHier552 chr12 96389483 96390059 0.99 4.93 14404 70840 70844 5 5 3.99E-04 1.00E-03 HAL (+372) 

HyperHier553 chr15 69754609 69754714 0.99 2.96 20103 81069 81071 3 3 2.60E-03 1.20E-02 RPLP1 (+9539), TLE3 (+635853) 

HyperHier554 chr16 66612955 66613407 0.98 10.83 22578 85358 85368 11 11 1.49E-05 0.00E+00 CMTM2 (-179) 

HyperHier555 chr11 67142001 67142268 0.98 2.95 10825 64795 64797 3 3 2.61E-03 1.20E-02 CLCF1 (-927) 

HyperHier556 chr12 132854818 132855224 0.98 2.95 15522 72962 72964 3 6 2.61E-03 1.20E-02 GALNT9 (-164448), MUC8 (+195705) 

HyperHier557 chr17 79419796 79420424 0.98 5.90 26592 92467 92472 6 6 2.08E-04 0.00E+00 ENSG00000171282 (+46570), ACTG1 (+59697) 

HyperHier558 chr10 134211620 134211908 0.98 3.92 8664 60596 60599 4 4 9.59E-04 6.00E-03 INPP5A (-139560), STK32C (-90320) 

HyperHier559 chr17 80398117 80398854 0.98 2.94 26725 92748 92750 3 3 2.65E-03 1.20E-02 OGFOD3 (-22034), C17orf62 (+10099) 

HyperHier560 chr19 827429 828170 0.98 7.83 27588 94410 94417 8 8 7.02E-05 0.00E+00 AZU1 (-26) 

HyperHier561 chr11 381709 381875 0.98 2.94 8872 61066 61068 3 3 2.66E-03 1.20E-02 PKP3 (-12425), B4GALNT4 (+11988) 

HyperHier562 chr6 32076079 32076592 0.98 6.85 47834 37349 37355 7 8 1.20E-04 0.00E+00 TNXB (-62431), ATF6B (+19681) 

HyperHier563 chr4 6695464 6695614 0.98 2.93 41232 24162 24164 3 3 2.67E-03 1.20E-02 S100P (+743) 

HyperHier564 chr12 8834114 8834151 0.98 2.93 12932 68294 68296 3 3 2.67E-03 1.20E-02 MFAP5 (-18725), RIMKLB (-16385) 

HyperHier565 chr16 85659946 85660534 0.98 2.93 23107 86235 86237 3 3 2.67E-03 1.20E-02 GSE1 (+13418), GINS2 (+62365) 

HyperHier566 chr1 151030968 151031295 0.98 2.93 3698 6368 6370 3 3 2.67E-03 1.20E-02 MLLT11 (+898) 

HyperHier567 chr20 43882990 43883746 0.98 5.86 35545 100929 100934 6 6 2.13E-04 0.00E+00 SLPI (-163) 

HyperHier568 chr16 28518200 28518385 0.98 2.93 21946 84286 84288 3 3 2.68E-03 1.20E-02 IL27 (-138) 

HyperHier569 chr2 240291068 240291657 0.98 3.90 34663 17539 17542 4 4 9.79E-04 6.00E-03 HDAC4 (+31280), TWIST2 (+534690) 

HyperHier570 chr16 556039 556350 0.98 2.93 21014 82740 82742 3 3 2.69E-03 1.20E-02 CAPN15 (-21661), RAB11FIP3 (+80576) 

HyperHier571 chr17 5137892 5138696 0.98 4.88 23896 87636 87640 5 5 4.19E-04 1.00E-03 SCIMP (-139) 

HyperHier572 chr11 503807 504937 0.97 7.79 8890 61101 61108 8 8 7.14E-05 0.00E+00 RNH1 (-802) 

HyperHier573 chr12 1609245 1609537 0.97 6.81 12626 67782 67788 7 7 1.22E-04 0.00E+00 FBXL14 (+93940), ERC1 (+508987) 

HyperHier574 chr4 2943901 2944692 0.97 4.86 41018 23717 23721 5 5 4.24E-04 1.00E-03 MFSD10 (-8112), NOP14 (+20815) 

HyperHier575 chr8 144416327 144416485 0.97 2.92 56229 52995 52997 3 3 2.72E-03 1.20E-02 TOP1MT (+660) 

HyperHier576 chr6 33282885 33282971 0.97 3.89 47988 37928 37931 4 13 9.92E-04 6.00E-03 TAPBP (-939) 

HyperHier577 chr17 75315837 75316784 0.97 5.83 26220 91795 91800 6 6 2.17E-04 0.00E+00 TNRC6C (-684826), SEPT9 (+38819) 

HyperHier578 chr11 68779817 68780136 0.97 3.88 10919 64970 64973 4 4 9.97E-04 6.00E-03 MRGPRF (+900) 

HyperHier579 chr12 124864528 124865130 0.97 4.86 15155 72310 72314 5 5 4.28E-04 1.00E-03 NCOR2 (+114969), ZNF664 (+407159) 



HyperHier580 chr1 22141170 22141400 0.97 3.88 1418 2342 2345 4 4 9.98E-04 6.00E-03 LDLRAD2 (+2527), HSPG2 (+122505) 

HyperHier581 chr12 52404134 52404422 0.97 3.88 13591 69374 69377 4 4 1.00E-03 6.00E-03 NR4A1 (-12338), GRASP (+3554) 

HyperHier582 chr1 16163479 16164122 0.97 6.78 1056 1775 1781 7 7 1.25E-04 0.00E+00 SPEN (-10558), FBLIM1 (+72807) 

HyperHier583 chr7 28998195 28998595 0.97 5.80 51133 44001 44006 6 14 2.21E-04 0.00E+00 CHN2 (-235633), CREB5 (+546251) 

HyperHier584 chr11 102826565 102826680 0.97 2.90 11627 66165 66167 3 3 2.77E-03 1.20E-02 MMP13 (-160) 

HyperHier585 chr7 129845574 129845832 0.97 2.90 52811 46931 46933 3 3 2.78E-03 1.20E-02 SSMEM1 (-1997), TMEM209 (-365) 

HyperHier586 chr3 52099522 52099561 0.96 2.89 38584 19524 19526 3 3 2.79E-03 1.30E-02 DUSP7 (-8976), POC1A (+88886) 

HyperHier587 chr17 8301118 8301192 0.96 2.89 24070 88017 88019 3 3 2.80E-03 1.30E-02 RNF222 (-11) 

HyperHier588 chr1 203733971 203734559 0.96 5.78 4829 8295 8300 6 6 2.24E-04 0.00E+00 LAX1 (-39) 

HyperHier589 chr17 61511683 61511829 0.96 2.89 25768 91111 91113 3 3 2.80E-03 1.30E-02 CYB561 (+11789), TANC2 (+424839) 

HyperHier590 chr6 30130458 30132226 0.96 17.35 47589 36390 36407 18 19 1.42E-06 0.00E+00 TRIM10 (-2631), TRIM15 (+349) 

HyperHier591 chr22 21986960 21987190 0.96 7.70 36820 103217 103224 8 8 7.50E-05 1.00E-03 YDJC (-2722) 

HyperHier592 chr17 46645972 46646444 0.96 3.85 25339 90252 90255 4 4 1.03E-03 7.00E-03 HOXB3 (-14924), HOXB4 (+11265) 

HyperHier593 chr6 64281439 64281846 0.96 6.73 48659 39031 39037 7 7 1.29E-04 1.00E-03 PTP4A1 (-274) 

HyperHier594 chr17 78748077 78748494 0.96 2.87 26480 92241 92243 3 3 2.86E-03 1.50E-02 CHMP6 (-217355), RPTOR (+229218) 

HyperHier595 chr19 14224992 14225172 0.96 3.83 28511 96031 96034 4 4 1.04E-03 7.00E-03 SAMD1 (-23562), PRKACA (+3474) 

HyperHier596 chr22 50986511 50986962 0.96 2.87 37649 104627 104629 3 7 2.86E-03 1.50E-02 TYMP (-18293), SYCE3 (+14597) 

HyperHier597 chr8 143085750 143086459 0.96 5.75 56116 52780 52785 6 6 2.31E-04 1.00E-03 TSNARE1 (+398438), PTP4A3 (+684012) 

HyperHier598 chr1 95006322 95006729 0.96 3.83 3172 5430 5433 4 4 1.04E-03 7.00E-03 F3 (+830) 

HyperHier599 chr11 71259341 71259581 0.96 2.87 11074 65309 65311 3 3 2.87E-03 1.50E-02 KRTAP5-9 (-5) 

HyperHier600 chr6 32077744 32078624 0.96 8.61 47835 37356 37364 9 9 4.75E-05 1.00E-03 TNXB (-64279), ATF6B (+17833) 

HyperHier601 chr19 42502731 42503412 0.95 4.77 29353 97599 97603 5 5 4.58E-04 2.00E-03 ATP1A3 (-4690) 

HyperHier602 chr12 132670344 132671672 0.95 6.68 15497 72908 72914 7 7 1.32E-04 1.00E-03 GALNT9 (+19565), NOC4L (+42015) 

HyperHier603 chr6 30698584 30698987 0.95 8.59 47648 36612 36620 9 9 4.75E-05 1.00E-03 TUBB (+10808), FLOT1 (+11724) 

HyperHier604 chr10 88024529 88024673 0.95 5.72 7373 58073 58078 6 6 2.34E-04 1.00E-03 GRID1 (+101634) 

HyperHier605 chr2 240153103 240153778 0.95 2.86 34648 17502 17504 3 5 2.90E-03 1.60E-02 HDAC4 (+169202), TWIST2 (+396768) 

HyperHier606 chr12 6881590 6882083 0.95 5.71 12867 68184 68189 6 6 2.36E-04 1.00E-03 LAG3 (+151) 

HyperHier607 chr16 87588559 87588893 0.95 2.85 23289 86574 86576 3 3 2.92E-03 1.60E-02 ZCCHC14 (-63075), JPH3 (-47785) 

HyperHier608 chr2 219246468 219247055 0.95 3.80 33989 16307 16310 4 4 1.07E-03 7.00E-03 SLC11A1 (+10) 

HyperHier609 chr1 109849854 109850562 0.95 3.80 3309 5668 5671 4 4 1.08E-03 7.00E-03 MYBPHL (-545) 

HyperHier610 chr1 161171211 161171819 0.95 4.74 4180 7187 7191 5 5 4.70E-04 2.00E-03 ADAMTS4 (-2669), NDUFS2 (+2410) 

HyperHier611 chr3 52812033 52812520 0.95 4.74 38612 19577 19581 5 5 4.70E-04 2.00E-03 ITIH1 (+669) 

HyperHier612 chr13 114831142 114831705 0.95 2.85 17107 75952 75954 3 3 2.95E-03 1.60E-02 GAS6 (-264384), RASA3 (+66662) 

HyperHier613 chr17 75315081 75315244 0.95 2.85 26219 91792 91794 3 3 2.95E-03 1.60E-02 TNRC6C (-685974), SEPT9 (+37671) 

HyperHier614 chr2 174877357 174877566 0.95 2.84 33368 15122 15124 3 3 2.95E-03 1.60E-02 SP3 (-47032), OLA1 (+235964) 

HyperHier615 chr13 111128054 111128102 0.95 2.84 16822 75371 75373 3 3 2.95E-03 1.60E-02 RAB20 (+86002), COL4A2 (+168464) 

HyperHier616 chr6 90660913 90661242 0.95 3.79 48897 39491 39494 4 4 1.08E-03 7.00E-03 GJA10 (+56890), BACH2 (+345383) 

HyperHier617 chr19 2302401 2303032 0.95 5.68 27803 94792 94797 6 6 2.41E-04 1.00E-03 LINGO3 (-10694), LSM7 (+25898) 

HyperHier618 chr11 74178114 74178883 0.95 6.63 11176 65466 65472 7 7 1.36E-04 1.00E-03 KCNE3 (+174) 

HyperHier619 chr11 68856817 68856906 0.95 2.84 10925 64986 64988 3 3 2.98E-03 1.60E-02 CCND1 (-598993), TPCN2 (+40497) 

HyperHier620 chr16 1587684 1587842 0.94 2.83 21242 83184 83186 3 3 2.98E-03 1.60E-02 TMEM204 (+4189), IFT140 (+74348) 

HyperHier621 chr20 31261784 31261994 0.94 2.83 35279 100420 100422 3 3 2.99E-03 1.60E-02 COMMD7 (+69914), ASXL1 (+315734) 

HyperHier622 chr12 22590017 22590199 0.94 2.83 13142 68628 68630 3 3 2.99E-03 1.60E-02 ST8SIA1 (-102460), C2CD5 (+107372) 

HyperHier623 chr17 78865263 78866235 0.94 6.61 26502 92291 92297 7 8 1.37E-04 1.00E-03 CHMP6 (-99892), RPTOR (+346681) 

HyperHier624 chr2 241905733 241906357 0.94 4.71 34756 17700 17704 5 5 4.79E-04 2.00E-03 SNED1 (-32210), ENSG00000226321 (+44059) 

HyperHier625 chr13 113707471 113707579 0.94 2.83 17034 75812 75814 3 3 3.01E-03 1.70E-02 F7 (-52596), MCF2L (+83990) 

HyperHier626 chr7 157620445 157620943 0.94 3.77 53534 48300 48303 4 4 1.10E-03 7.00E-03 DNAJB6 (+491034), PTPRN2 (+759677) 

HyperHier627 chr7 155584080 155584274 0.94 2.83 53359 47946 47948 3 3 3.01E-03 1.70E-02 SHH (+20790), RBM33 (+146804) 

HyperHier628 chr8 145051491 145051795 0.94 2.82 56313 53188 53190 3 3 3.02E-03 1.70E-02 PLEC (-26599), PARP10 (+8979) 

HyperHier629 chr8 21916635 21916853 0.94 3.76 54223 49496 49499 4 4 1.11E-03 7.00E-03 DMTN (+27) 

HyperHier630 chr20 19866974 19867145 0.94 4.70 35100 100012 100016 5 5 4.84E-04 2.00E-03 RIN2 (-105) 

HyperHier631 chr19 35940425 35940483 0.94 2.82 29032 96990 96992 3 3 3.03E-03 1.70E-02 FFAR2 (+1251), KRTDAP (+40979) 

HyperHier632 chr1 223317364 223317548 0.94 3.76 5285 9041 9044 4 5 1.12E-03 7.00E-03 TLR5 (-6827), SUSD4 (+219945) 

HyperHier633 chr5 176304988 176305077 0.94 2.82 46431 33761 33763 3 3 3.04E-03 1.70E-02 HK3 (+21300), UNC5A (+67555) 

HyperHier634 chr10 72254314 72254335 0.94 2.82 7042 57584 57586 3 3 3.04E-03 1.70E-02 PALD1 (+15748), PRF1 (+108206) 

HyperHier635 chr16 67516162 67516546 0.94 2.81 22640 85473 85475 3 3 3.06E-03 1.70E-02 ATP6V0D1 (-1214) 

HyperHier636 chr17 33787402 33787739 0.94 2.81 24652 89020 89022 3 4 3.07E-03 1.70E-02 SLFN13 (-11715), SLFN12L (+27305) 

HyperHier637 chr21 44863611 44864600 0.94 4.68 36495 102686 102690 5 5 4.94E-04 3.00E-03 SIK1 (-17098), HSF2BP (+215268) 



HyperHier638 chr20 62327968 62328427 0.93 3.74 36106 101951 101954 4 4 1.15E-03 8.00E-03 TNFRSF6B (+177) 

HyperHier639 chr14 104621467 104622128 0.93 4.67 18859 79057 79061 5 5 4.98E-04 4.00E-03 C14orf144 (-88743), KIF26A (+16738) 

HyperHier640 chr12 6485537 6485916 0.93 2.80 12824 68113 68115 3 9 3.10E-03 1.80E-02 SCNN1A (-1337) 

HyperHier641 chr6 89927233 89927651 0.93 2.80 48892 39480 39482 3 3 3.12E-03 1.80E-02 GABRR1 (-290) 

HyperHier642 chr5 149887461 149887787 0.93 3.73 45847 32759 32762 4 4 1.16E-03 8.00E-03 NDST1 (-50) 

HyperHier643 chr10 95326033 95326248 0.93 3.72 7512 58332 58335 4 4 1.16E-03 8.00E-03 FFAR4 (-281) 

HyperHier644 chr10 11246612 11246763 0.93 2.79 6186 56086 56088 3 3 3.13E-03 1.80E-02 CELF2 (+186795), USP6NL (+327586) 

HyperHier645 chr10 72362292 72362809 0.93 6.51 7047 57591 57597 7 7 1.44E-04 2.00E-03 PRF1 (-20) 

HyperHier646 chr17 1633714 1634018 0.93 2.79 23708 87299 87301 3 3 3.14E-03 1.80E-02 SERPINF2 (-12264), WDR81 (+5612) 

HyperHier647 chr4 2933715 2934188 0.93 3.72 41017 23713 23716 4 5 1.16E-03 8.00E-03 MFSD10 (+2233), ADD1 (+88368) 

HyperHier648 chr6 170535724 170536124 0.93 3.71 50275 42054 42057 4 4 1.17E-03 8.00E-03 DLL1 (+63637), C6orf70 (+384203) 

HyperHier649 chr11 4415193 4415245 0.93 2.79 9241 61935 61937 3 3 3.15E-03 1.80E-02 TRIM21 (-293) 

HyperHier650 chr22 44568387 44568812 0.93 4.64 37383 104180 104184 5 5 5.10E-04 4.00E-03 PARVG (-236) 

HyperHier651 chr1 156215418 156215951 0.93 3.71 3980 6849 6852 4 4 1.17E-03 8.00E-03 PAQR6 (+2158), BGLAP (+3932) 

HyperHier652 chr15 45028083 45028270 0.93 3.71 19606 80277 80280 4 5 1.17E-03 8.00E-03 SORD (-287125), TRIM69 (+6991) 

HyperHier653 chr11 14927004 14927549 0.93 3.71 9529 62410 62413 4 4 1.17E-03 8.00E-03 CYP2R1 (-13479), CALCA (+66623) 

HyperHier654 chr13 20762982 20763457 0.93 2.78 15671 73259 73261 3 3 3.16E-03 1.80E-02 GJB2 (+699) 

HyperHier655 chr16 1537775 1538803 0.93 5.56 21233 83155 83160 6 6 2.60E-04 3.00E-03 PTX4 (+179) 

HyperHier656 chr2 102866879 102867466 0.93 3.70 32293 13240 13243 4 4 1.18E-03 8.00E-03 IL1RL1 (-60789), IL1RL2 (+63740) 

HyperHier657 chr16 832828 833250 0.93 7.41 21064 82832 82839 8 9 8.84E-05 2.00E-03 MSLNL (-113) 

HyperHier658 chr4 159131324 159131516 0.92 3.69 42892 27125 27128 4 4 1.20E-03 8.00E-03 TMEM144 (+19) 

HyperHier659 chr1 41156730 41156980 0.92 2.77 2203 3677 3679 3 3 3.20E-03 1.80E-02 NFYC (-533) 

HyperHier660 chr3 189349003 189349323 0.92 4.62 40596 22926 22930 5 5 5.21E-04 4.00E-03 TP63 (-53) 

HyperHier661 chr17 37123767 37123949 0.92 4.61 24791 89276 89280 5 9 5.23E-04 4.00E-03 LASP1 (+97746), PLXDC1 (+184044) 

HyperHier662 chr19 51220286 51220537 0.92 2.77 29889 98586 98588 3 3 3.22E-03 1.80E-02 SHANK1 (-217) 

HyperHier663 chr11 69482043 69482597 0.92 3.69 10951 65062 65065 4 5 1.21E-03 8.00E-03 ORAOV1 (+7795), CCND1 (+26465) 

HyperHier664 chr7 1428806 1428900 0.92 2.77 50491 42507 42509 3 3 3.22E-03 1.80E-02 MICALL2 (+70285), UNCX (+156310) 

HyperHier665 chr3 107810361 107810791 0.92 5.53 39251 20585 20590 6 6 2.64E-04 3.00E-03 CD47 (-715) 

HyperHier666 chr11 2193187 2193293 0.92 2.76 9138 61662 61664 3 4 3.23E-03 1.80E-02 TH (-205) 

HyperHier667 chr1 9224003 9224376 0.92 2.76 760 1314 1316 3 3 3.24E-03 1.80E-02 H6PD (-70644), GPR157 (-34961) 

HyperHier668 chr2 157291262 157292127 0.92 5.52 33123 14672 14677 6 6 2.65E-04 3.00E-03 GPD2 (-258) 

HyperHier669 chr19 8372814 8373608 0.92 6.44 28211 95466 95472 7 7 1.52E-04 2.00E-03 CD320 (+28) 

HyperHier670 chr11 67052509 67052992 0.92 3.67 10815 64777 64780 4 4 1.22E-03 8.00E-03 ANKRD13D (-4011) 

HyperHier671 chr1 156046344 156046832 0.92 2.75 3960 6816 6818 3 3 3.27E-03 1.90E-02 MEX3A (+5201), RAB25 (+15637) 

HyperHier672 chr3 10326540 10326774 0.92 2.75 37790 18087 18089 3 3 3.27E-03 2.00E-02 GHRL (+7974), ENSG00000272410 (+35601) 

HyperHier673 chr10 131669406 131669630 0.92 2.75 8512 60305 60307 3 3 3.28E-03 2.00E-02 EBF3 (+92587), MGMT (+404070) 

HyperHier674 chr4 3432342 3432546 0.92 2.75 41046 23771 23773 3 3 3.28E-03 2.00E-02 HGFAC (-11170), RGS12 (+116570) 

HyperHier675 chr21 45232232 45232595 0.92 3.67 36510 102713 102716 4 4 1.23E-03 9.00E-03 AGPAT3 (-112475), RRP1 (+23020) 

HyperHier676 chr8 144371537 144371779 0.92 2.75 56224 52980 52982 3 3 3.29E-03 2.00E-02 ZNF696 (-1901) 

HyperHier677 chr2 65086822 65087288 0.91 2.74 31629 12144 12146 3 3 3.30E-03 2.00E-02 SERTAD2 (-206008), SLC1A4 (-129480) 

HyperHier678 chr8 21905599 21905960 0.91 2.74 54215 49482 49484 3 4 3.30E-03 2.00E-02 DMTN (-10937), FGF17 (+5843) 

HyperHier679 chr3 196065289 196065569 0.91 8.23 40756 23211 23219 9 9 5.79E-05 2.00E-03 TM4SF19 (-170) 

HyperHier680 chr16 14403004 14403425 0.91 4.56 21704 83952 83956 5 5 5.46E-04 4.00E-03 MKL2 (+230070), PARN (+320909) 

HyperHier681 chr11 1506936 1507347 0.91 3.65 9030 61389 61392 4 4 1.26E-03 9.00E-03 MOB2 (+834) 

HyperHier682 chr17 3907349 3907994 0.91 3.64 23821 87500 87503 4 4 1.26E-03 9.00E-03 ATP2A3 (-40087), ZZEF1 (+138642) 

HyperHier683 chr3 194408516 194409431 0.91 5.46 40708 23119 23124 6 9 2.75E-04 3.00E-03 LSG1 (-15768), XXYLT1 (+582922) 

HyperHier684 chr8 22456092 22456421 0.91 3.64 54266 49566 49569 4 5 1.26E-03 9.00E-03 C8orf58 (-903) 

HyperHier685 chr16 83171068 83171299 0.91 2.73 22947 85983 85985 3 3 3.35E-03 2.00E-02 HSBP1 (-670264), CDH13 (+510614) 

HyperHier686 chr20 45947025 45947226 0.91 2.73 35657 101146 101148 3 3 3.35E-03 2.00E-02 ZMYND8 (+38288), EYA2 (+423863) 

HyperHier687 chr6 161860203 161860359 0.91 2.73 49943 41480 41482 3 3 3.36E-03 2.10E-02 AGPAT4 (-165188) 

HyperHier688 chr7 73720808 73721031 0.91 2.73 51884 45255 45257 3 3 3.37E-03 2.10E-02 GTF2IRD1 (-147380), CLIP2 (+17115) 

HyperHier689 chr19 36004632 36004716 0.91 2.73 29036 97000 97002 3 4 3.37E-03 2.10E-02 DMKN (-120) 

HyperHier690 chr3 64008007 64008387 0.91 4.54 38855 20020 20024 5 5 5.51E-04 4.00E-03 PSMD6 (+1039), ATXN7 (+157964) 

HyperHier691 chr14 105619511 105619701 0.91 2.73 18965 79245 79247 3 3 3.37E-03 2.10E-02 GPR132 (-87839), JAG2 (+15555) 

HyperHier692 chr16 764420 764794 0.91 2.72 21051 82809 82811 3 3 3.37E-03 2.10E-02 METRN (-508) 

HyperHier693 chr10 134045514 134045913 0.91 3.63 8649 60566 60569 4 4 1.28E-03 1.00E-02 DPYSL4 (+45310), STK32C (+75730) 

HyperHier694 chr19 5074616 5074758 0.91 2.72 28038 95176 95178 3 4 3.40E-03 2.10E-02 KDM4B (+105555), PTPRS (+266127) 

HyperHier695 chr8 145018816 145018928 0.91 2.72 56306 53157 53159 3 3 3.41E-03 2.10E-02 EPPK1 (-66240), PLEC (+6172) 



HyperHier696 chr2 234359654 234359783 0.90 2.71 34389 17072 17074 3 3 3.41E-03 2.10E-02 DGKD (+96566), USP40 (+114517) 

HyperHier697 chr17 79228937 79229385 0.90 2.71 26546 92377 92379 3 3 3.42E-03 2.10E-02 C17orf89 (+16122), SLC38A10 (+39944) 

HyperHier698 chr19 55586493 55587039 0.90 2.71 30146 99106 99108 3 4 3.42E-03 2.10E-02 EPS8L1 (-503) 

HyperHier699 chr10 73533891 73534338 0.90 3.62 7083 57649 57652 4 4 1.30E-03 1.00E-02 C10orf54 (-860) 

HyperHier700 chr13 113356724 113357112 0.90 2.71 16987 75722 75724 3 3 3.43E-03 2.10E-02 MCF2L (-266617), ATP11A (+12275) 

HyperHier701 chr16 85465589 85465657 0.90 2.71 23078 86181 86183 3 3 3.44E-03 2.10E-02 GSE1 (-181199), KIAA0513 (+368805) 

HyperHier702 chr14 24779793 24780926 0.90 11.74 17307 76271 76283 13 13 1.06E-05 1.00E-03 LTB4R (-2157), CIDEB (+241) 

HyperHier703 chr12 49688844 49689212 0.90 2.71 13473 69190 69192 3 5 3.44E-03 2.10E-02 TROAP (-28034), PRPH (+1543) 

HyperHier704 chr1 246728663 246728727 0.90 2.71 5837 9960 9962 3 3 3.44E-03 2.10E-02 CNST (-1053), TFB2M (+931) 

HyperHier705 chr17 7341436 7341936 0.90 4.51 23994 87863 87867 5 8 5.65E-04 4.00E-03 FGF11 (-660) 

HyperHier706 chr17 79374327 79374741 0.90 3.61 26575 92434 92437 4 4 1.31E-03 1.00E-02 ENSG00000171282 (+994) 

HyperHier707 chr1 11795746 11796079 0.90 8.11 894 1531 1539 9 9 6.15E-05 2.00E-03 AGTRAP (-299) 

HyperHier708 chr2 127413363 127413369 0.90 2.70 32700 13991 13993 3 3 3.48E-03 2.10E-02 GYPC (-143) 

HyperHier709 chr21 34185927 34186122 0.90 2.69 36269 102227 102229 3 3 3.51E-03 2.20E-02 OLIG2 (-212218), C21orf62 (-5997) 

HyperHier710 chr17 76975944 76976357 0.90 5.38 26331 91972 91977 6 6 2.90E-04 3.00E-03 LGALS3BP (+40) 

HyperHier711 chr10 134362126 134362170 0.90 2.69 8681 60632 60634 3 3 3.51E-03 2.20E-02 INPP5A (+10824), NKX6-2 (+237408) 

HyperHier712 chr17 77810509 77810912 0.90 2.69 26415 92128 92130 3 3 3.51E-03 2.20E-02 CBX8 (-39796), CBX4 (+2517) 

HyperHier713 chr8 48648813 48649457 0.90 4.48 54790 50506 50510 5 5 5.76E-04 4.00E-03 CEBPD (+2513), SPIDR (+475968) 

HyperHier714 chr13 50070550 50070766 0.90 2.69 16212 74245 74247 3 3 3.52E-03 2.20E-02 PHF11 (+561) 

HyperHier715 chr11 130271767 130271903 0.90 2.69 12399 67414 67416 3 3 3.52E-03 2.20E-02 ZBTB44 (-87254), ADAMTS8 (+27053) 

HyperHier716 chr14 104741786 104742172 0.90 2.69 18873 79088 79090 3 3 3.53E-03 2.20E-02 C14orf180 (-304042), C14orf144 (+31438) 

HyperHier717 chr1 28843736 28844028 0.89 2.68 1723 2853 2855 3 3 3.54E-03 2.30E-02 RCC1 (-887) 

HyperHier718 chr11 2241249 2241568 0.89 2.68 9146 61681 61683 3 3 3.54E-03 2.30E-02 TH (-48374), ASCL2 (+50773) 

HyperHier719 chr12 133022677 133022955 0.89 3.58 15577 73086 73089 4 6 1.35E-03 1.00E-02 GALNT9 (-332243), MUC8 (+27910) 

HyperHier720 chr10 3823758 3824687 0.89 6.25 6056 55841 55847 7 7 1.70E-04 2.00E-03 PITRM1 (-609220), KLF6 (+3244) 

HyperHier721 chr20 57267176 57267680 0.89 3.57 35828 101448 101451 4 4 1.36E-03 1.00E-02 NPEPL1 (-241) 

HyperHier722 chr17 80988390 80988709 0.89 2.68 26782 92851 92853 3 3 3.56E-03 2.40E-02 ZNF750 (-190096), B3GNTL1 (+21136) 

HyperHier723 chr2 231090329 231090745 0.89 4.46 34268 16873 16877 5 5 5.89E-04 4.00E-03 SP140 (+91) 

HyperHier724 chr19 39360313 39361447 0.89 4.45 29183 97301 97305 5 5 5.92E-04 4.00E-03 HNRNPL (-19907), RINL (+8039) 

HyperHier725 chr9 137772544 137772580 0.89 2.67 57731 55136 55138 3 4 3.61E-03 2.50E-02 FCN2 (-96) 

HyperHier726 chr6 30686922 30687221 0.89 3.55 47644 36599 36602 4 4 1.39E-03 1.10E-02 MDC1 (-1406), TUBB (-906) 

HyperHier727 chr22 32026779 32026975 0.89 4.44 37037 103586 103590 5 5 5.99E-04 4.00E-03 PISD (-2670) 

HyperHier728 chr2 219233446 219233650 0.89 2.66 33987 16303 16305 3 3 3.62E-03 2.50E-02 TMBIM1 (-81976), SLC11A1 (-13204) 

HyperHier729 chr8 22735111 22735478 0.89 4.44 54283 49599 49603 5 5 5.99E-04 4.00E-03 EGR3 (-184480), PEBP4 (+50126) 

HyperHier730 chr6 11111894 11112117 0.89 2.66 46997 34839 34841 3 3 3.62E-03 2.50E-02 ERVFRD-1 (-41) 

HyperHier731 chr9 139871955 139872395 0.89 3.55 57912 55387 55390 4 6 1.40E-03 1.10E-02 PTGDS (+218) 

HyperHier732 chr5 149867577 149868855 0.89 3.54 45844 32753 32756 4 4 1.40E-03 1.10E-02 RPS14 (-38906), NDST1 (-19458) 

HyperHier733 chr6 10555808 10556326 0.89 3.54 46983 34784 34787 4 5 1.40E-03 1.10E-02 GCNT6 (-77926), GCNT2 (+27478) 

HyperHier734 chr11 1948933 1949113 0.89 4.43 9095 61514 61518 5 5 6.05E-04 4.00E-03 MRPL23 (-19485), TNNT3 (+8231) 

HyperHier735 chr3 4794020 4794082 0.88 2.65 37706 17930 17932 3 3 3.68E-03 2.90E-02 BHLHE40 (-226750), ITPR1 (+259019) 

HyperHier736 chr10 131843597 131844047 0.88 3.52 8529 60361 60364 4 5 1.43E-03 1.30E-02 GLRX3 (-90841), EBF3 (-81717) 

HyperHier737 chr1 155043883 155044345 0.88 5.29 3909 6729 6734 6 6 3.05E-04 3.00E-03 EFNA3 (-7234), EFNA4 (+7877) 

HyperHier738 chr1 247681242 247681439 0.88 2.64 5861 10012 10014 3 6 3.71E-03 3.10E-02 OR2B11 (-66033), OR2C3 (+15800) 

HyperHier739 chr6 170559721 170559869 0.88 2.64 50280 42062 42064 3 3 3.71E-03 3.10E-02 DLL1 (+39766), C6orf70 (+408074) 

HyperHier740 chr18 61604237 61604367 0.88 2.64 27317 93927 93929 3 3 3.72E-03 3.10E-02 HMSD (-12233), SERPINB10 (+29077) 

HyperHier741 chr6 30029929 30030069 0.88 3.52 47563 36242 36245 4 4 1.44E-03 1.40E-02 PPP1R11 (-4866), ZNRD1 (+968) 

HyperHier742 chr10 6185502 6186015 0.88 2.64 6107 55931 55933 3 3 3.73E-03 3.20E-02 PFKFB3 (-59135), RBM17 (+54450) 

HyperHier743 chr17 78829626 78829930 0.88 2.63 26494 92272 92274 3 3 3.73E-03 3.20E-02 CHMP6 (-135863), RPTOR (+310710) 

HyperHier744 chr6 42883504 42883762 0.88 3.51 48364 38514 38517 4 4 1.45E-03 1.40E-02 PTCRA (-94) 

HyperHier745 chr16 89469541 89469845 0.88 2.63 23494 86925 86927 3 3 3.74E-03 3.20E-02 ANKRD11 (+87276), ZNF778 (+185575) 

HyperHier746 chr16 88844415 88845204 0.88 5.27 23407 86755 86760 6 6 3.11E-04 3.00E-03 PIEZO1 (+6809), CTU2 (+71939) 

HyperHier747 chr19 43856594 43857074 0.88 2.63 29391 97650 97652 3 3 3.76E-03 3.20E-02 PSG9 (-83154), TEX101 (-48814) 

HyperHier748 chr20 60456296 60456503 0.88 2.63 35887 101581 101583 3 3 3.76E-03 3.40E-02 TAF4 (+184466), CDH4 (+628918) 

HyperHier749 chr13 49107693 49108353 0.87 2.62 16194 74220 74222 3 3 3.78E-03 3.50E-02 RCBTB2 (-654) 

HyperHier750 chr6 25027586 25027714 0.87 2.62 47221 35186 35188 3 5 3.78E-03 3.50E-02 LRRC16A (-252006), FAM65B (-116455) 

HyperHier751 chr1 26527870 26527928 0.87 2.62 1609 2636 2638 3 3 3.80E-03 3.50E-02 CEP85 (-32794), CATSPER4 (+10847) 

HyperHier752 chr1 197745025 197745238 0.87 2.62 4652 7979 7981 3 3 3.80E-03 3.50E-02 DENND1B (-677) 

HyperHier753 chr8 143407432 143408047 0.87 2.62 56136 52814 52816 3 3 3.80E-03 3.50E-02 TSNARE1 (+76803) 



HyperHier754 chr3 193987426 193987757 0.87 3.49 40684 23074 23077 4 4 1.48E-03 1.50E-02 CPN2 (+84465), HES1 (+133658) 

HyperHier755 chr20 52199520 52199778 0.87 4.36 35736 101266 101270 5 5 6.42E-04 6.00E-03 ZNF217 (+10729), TSHZ2 (+610703) 

HyperHier756 chr12 54778312 54779175 0.87 3.49 13797 69875 69878 4 4 1.48E-03 1.50E-02 GPR84 (-20473), ZNF385A (+6338) 

HyperHier757 chr10 129797760 129797840 0.87 2.61 8463 60212 60214 3 3 3.82E-03 3.60E-02 PTPRE (+92475), MKI67 (+126849) 

HyperHier758 chr17 79109729 79109910 0.87 3.48 26534 92349 92352 4 5 1.49E-03 1.50E-02 AATK (+29997), BAIAP2 (+100858) 

HyperHier759 chr1 1897585 1897785 0.87 2.61 168 343 345 3 3 3.83E-03 3.60E-02 GABRD (-53095), TMEM52 (-46973) 

HyperHier760 chr13 114810631 114810794 0.87 2.61 17099 75923 75925 3 3 3.84E-03 3.60E-02 GAS6 (-243673), RASA3 (+87373) 

HyperHier761 chr9 139237366 139237503 0.87 2.61 57841 55289 55291 3 3 3.84E-03 3.60E-02 GPSM1 (+15503), DNLZ (+20806) 

HyperHier762 chr19 55219519 55219964 0.87 2.61 30129 99077 99079 3 3 3.84E-03 3.60E-02 KIR3DL3 (-16242), LILRB4 (+46163) 

HyperHier763 chr16 89168508 89168963 0.87 2.61 23461 86877 86879 3 4 3.84E-03 3.60E-02 CDH15 (-69439), ACSF3 (+8519) 

HyperHier764 chr8 145024929 145025760 0.87 7.83 56308 53161 53169 9 9 7.02E-05 2.00E-03 PLEC (-301) 

HyperHier765 chr20 61508481 61508590 0.87 2.61 35969 101723 101725 3 3 3.85E-03 3.60E-02 TCFL5 (-15421), DIDO1 (+60738) 

HyperHier766 chr7 4778839 4779342 0.87 5.22 50710 42921 42926 6 6 3.23E-04 4.00E-03 AP5Z1 (-36162), FOXK1 (+57151) 

HyperHier767 chr20 896876 897050 0.87 2.61 34873 99588 99590 3 3 3.85E-03 3.60E-02 ANGPT4 (-3) 

HyperHier768 chr1 1058077 1058658 0.87 2.61 58 113 115 3 3 3.86E-03 3.60E-02 TTLL10 (-50915), C1orf159 (-6890) 

HyperHier769 chr12 56040025 56040336 0.87 4.34 13826 69921 69925 5 5 6.53E-04 6.00E-03 METTL7B (-35149), OR10P1 (+9537) 

HyperHier770 chr3 183543680 183543862 0.87 2.60 40463 22707 22709 3 3 3.86E-03 3.60E-02 MAP6D1 (-405) 

HyperHier771 chr2 85637673 85637851 0.87 3.47 32042 12839 12842 4 4 1.51E-03 1.50E-02 CAPG (-86) 

HyperHier772 chr1 54619445 54619895 0.87 2.60 2604 4391 4393 3 3 3.87E-03 3.60E-02 CDCP2 (-227) 

HyperHier773 chr11 57232331 57232556 0.87 3.47 10299 63900 63903 4 4 1.52E-03 1.50E-02 RTN4RL2 (+4422), SLC43A1 (+50815) 

HyperHier774 chr11 2846681 2847019 0.86 3.46 9187 61779 61782 4 4 1.53E-03 1.70E-02 CDKN1C (+60261), KCNQ1 (+380629) 

HyperHier775 chr11 67764654 67765204 0.86 4.32 10864 64879 64883 5 5 6.65E-04 6.00E-03 ALDH3B2 (-322827), UNC93B1 (+6664) 

HyperHier776 chr2 242813634 242814898 0.86 4.32 34822 17822 17826 5 5 6.66E-04 6.00E-03 CXXC11 (+2385) 

HyperHier777 chr5 145236139 145236262 0.86 2.59 45728 32535 32537 3 3 3.96E-03 4.20E-02 PRELID2 (-21334), GRXCR2 (+16330) 

HyperHier778 chr1 9884565 9885517 0.86 8.62 808 1387 1396 10 10 4.75E-05 2.00E-03 CLSTN1 (-457) 

HyperHier779 chr1 243645911 243646787 0.86 6.03 5780 9878 9884 7 7 1.93E-04 3.00E-03 SDCCAG8 (+226991), AKT3 (+367081) 

HyperHier780 chr16 69966815 69967212 0.86 5.16 22718 85618 85623 6 6 3.35E-04 4.00E-03 CLEC18A (-18069), WWP2 (+170805) 

HyperHier781 chr20 30073209 30073576 0.86 5.16 35241 100359 100364 6 6 3.35E-04 4.00E-03 HM13 (-28838), REM1 (+10297) 

HyperHier782 chr6 30124214 30124299 0.86 3.44 47587 36383 36386 4 4 1.57E-03 1.90E-02 TRIM10 (+4454), TRIM40 (+19470) 

HyperHier783 chr2 240259002 240259213 0.86 2.57 34662 17536 17538 3 3 4.01E-03 4.30E-02 HDAC4 (+63535), TWIST2 (+502435) 

HyperHier784 chr22 46508454 46508604 0.86 4.29 37474 104359 104363 5 5 6.86E-04 8.00E-03 WNT7B (-135520), PPARA (-37970) 

HyperHier785 chr16 891283 891605 0.86 3.43 21081 82873 82876 4 4 1.58E-03 2.00E-02 GNG13 (-40711), LMF1 (+129555) 

HyperHier786 chr14 104668772 104668921 0.86 3.43 18865 79069 79072 4 4 1.58E-03 2.00E-02 C14orf144 (-41694), KIF26A (+63787) 

HyperHier787 chr12 122444450 122444621 0.86 2.57 15083 72196 72198 3 3 4.02E-03 4.30E-02 BCL7A (-12792), WDR66 (+88768) 

HyperHier788 chr1 248902767 248903325 0.86 4.28 5873 10049 10053 5 5 6.91E-04 8.00E-03 ZNF672 (-229433), OR14I1 (-57417) 

HyperHier789 chr17 81039747 81039990 0.86 2.57 26790 92866 92868 3 5 4.04E-03 4.40E-02 METRNL (+2302) 

HyperHier790 chr2 10470961 10471388 0.85 2.56 30681 10596 10598 3 3 4.06E-03 4.40E-02 HPCAL1 (+27349), ODC1 (+117455) 

HyperHier791 chr3 13060741 13060974 0.85 3.42 37885 18256 18259 4 4 1.59E-03 2.00E-02 IQSEC1 (-51690), NUP210 (+400951) 

HyperHier792 chr19 836606 836716 0.85 2.56 27591 94420 94422 3 3 4.07E-03 4.40E-02 PRTN3 (-4302) 

HyperHier793 chr16 85607562 85608058 0.85 2.56 23100 86223 86225 3 3 4.08E-03 4.40E-02 GSE1 (-39012), KIAA0513 (+510992) 

HyperHier794 chr11 61159687 61159739 0.85 2.56 10413 64114 64116 3 5 4.09E-03 4.40E-02 TMEM216 (+554) 

HyperHier795 chr17 6358363 6358599 0.85 3.41 23922 87677 87680 4 5 1.61E-03 2.00E-02 FAM64A (+10720), ACKR6 (+101333) 

HyperHier796 chr7 27141388 27142100 0.85 2.55 51035 43632 43634 3 28 4.11E-03 4.40E-02 HOXA2 (+686) 

HyperHier797 chr11 67273431 67273507 0.85 2.55 10844 64836 64838 3 3 4.11E-03 4.40E-02 PITPNM1 (-626) 

HyperHier798 chr8 142297121 142297256 0.85 2.55 56058 52696 52698 3 3 4.14E-03 4.40E-02 SLC45A4 (-58516), GPR20 (+80178) 

HyperHier799 chr12 6756377 6756678 0.85 3.39 12851 68164 68167 4 7 1.64E-03 2.10E-02 ACRBP (+98) 

HyperHier800 chr2 238578376 238578491 0.85 2.54 34574 17374 17376 3 3 4.17E-03 4.70E-02 RAB17 (-78698), LRRFIP1 (-22548) 

HyperHier801 chr6 28829931 28830041 0.85 3.38 47454 35840 35843 4 4 1.65E-03 2.10E-02 SCAND3 (-274874), TRIM27 (+61780) 

HyperHier802 chr5 96078430 96078834 0.85 2.54 44819 30730 30732 3 3 4.19E-03 4.80E-02 ERAP1 (+65171), CAST (+80691) 

HyperHier803 chr4 24981695 24981807 0.85 2.54 41584 24760 24762 3 5 4.19E-03 4.80E-02 LGI2 (+50750), SOD3 (+184666) 

HyperHier804 chr3 46448084 46449313 0.85 7.61 38378 19110 19118 9 9 7.90E-05 2.00E-03 ACKR5 (-350) 

HyperHier805 chr8 144255650 144255688 0.84 2.53 56207 52951 52953 3 3 4.20E-03 4.80E-02 GPIHBP1 (-39399), LY6H (-13541) 

HyperHier806 chr17 48473757 48474021 0.84 2.53 25509 90659 90661 3 3 4.21E-03 4.80E-02 LRRC59 (+1025), EME1 (+23308) 

HyperHier807 chr5 141062313 141062571 0.84 2.53 45629 32407 32409 3 3 4.22E-03 4.90E-02 ARAP3 (-654) 

HyperHier808 chr2 242754333 242754514 0.84 2.53 34806 17789 17791 3 3 4.23E-03 4.90E-02 NEU4 (+2329), PDCD1 (+46636) 

HyperHier809 chr1 1173264 1173622 0.84 2.53 83 163 165 3 4 4.24E-03 4.90E-02 B3GALT6 (+5814), FAM132A (+8659) 

HyperHier810 chr18 74845154 74845829 0.84 3.37 27390 94078 94081 4 4 1.67E-03 2.10E-02 MBP (-767) 

HyperHier811 chr4 183795763 183795822 0.84 2.53 43112 27547 27549 3 3 4.25E-03 4.90E-02 DCTD (+42739), TENM3 (+631211) 



HyperHier812 chr22 25595589 25595840 0.84 4.20 36908 103373 103377 5 5 7.42E-04 9.00E-03 CRYBB3 (-102) 

HyperHier813 chr19 4539943 4540333 0.84 2.52 27998 95106 95108 3 3 4.26E-03 5.00E-02 PLIN5 (-4902), LRG1 (+348) 

HyperHier814 chr12 7070562 7070732 0.84 2.52 12887 68225 68227 3 3 4.28E-03 5.00E-02 PHB2 (+9341), PTPN6 (+10213) 

HyperHier815 chr12 109203581 109203758 0.84 2.52 14642 71270 71272 3 3 4.28E-03 5.00E-02 CORO1C (-78298), SSH1 (+47696) 

HyperHier816 chr11 66103386 66104485 0.84 9.23 10742 64658 64668 11 11 3.19E-05 2.00E-03 RIN1 (+64) 

HyperHier817 chr17 79429330 79429729 0.84 2.51 26598 92485 92487 3 3 4.30E-03 5.10E-02 ACTG1 (+50277), ENSG00000171282 (+55990) 

HyperHier818 chr19 852114 852311 0.84 2.51 27599 94442 94444 3 4 4.31E-03 5.10E-02 CFD (-7240), ELANE (+1199) 

HyperHier819 chr17 3824384 3824497 0.84 2.51 23814 87490 87492 3 3 4.31E-03 5.10E-02 P2RX1 (-4647) 

HyperHier820 chr18 77545028 77545223 0.84 2.51 27471 94225 94227 3 3 4.33E-03 5.10E-02 KCNG2 (-78542), CTDP1 (+105325) 

HyperHier821 chr14 104171259 104172109 0.84 5.02 18827 78998 79003 6 6 3.76E-04 5.00E-03 XRCC3 (+6757), KLC1 (+76106) 

HyperHier822 chr20 748992 749620 0.84 5.85 34865 99558 99564 7 7 2.14E-04 3.00E-03 SLC52A3 (-175) 

HyperHier823 chr17 78851149 78851262 0.84 2.51 26496 92277 92279 3 4 4.35E-03 5.20E-02 CHMP6 (-114435), RPTOR (+332138) 

HyperHier824 chr1 153513810 153514482 0.84 3.34 3825 6570 6573 4 4 1.73E-03 2.20E-02 S100A5 (+95) 

HyperHier825 chr1 3394709 3395258 0.83 3.34 427 805 808 4 4 1.74E-03 2.20E-02 ARHGEF16 (+23994), MEGF6 (+133075) 

HyperHier826 chr16 89151047 89151343 0.83 2.50 23455 86859 86861 3 3 4.37E-03 5.30E-02 CBFA2T3 (-107583), ACSF3 (-9022) 

HyperHier827 chr10 5882304 5882576 0.83 2.50 6095 55909 55911 3 3 4.37E-03 5.30E-02 FBXO18 (-53909), GDI2 (-26928) 

HyperHier828 chr6 30070074 30070738 0.83 7.50 47571 36310 36318 9 9 8.35E-05 2.00E-03 RNF39 (-26742), TRIM31 (+10477) 

HyperHier829 chr7 157695747 157695878 0.83 2.50 53546 48326 48328 3 3 4.39E-03 5.40E-02 DNAJB6 (+566153), PTPRN2 (+684558) 

HyperHier830 chr7 2773010 2773127 0.83 2.50 50649 42812 42814 3 4 4.40E-03 5.40E-02 AMZ1 (+53913), GNA12 (+110889) 

HyperHier831 chr5 134735544 134735914 0.83 4.99 45265 31479 31484 6 6 3.80E-04 5.00E-03 H2AFY (-417) 

HyperHier832 chr2 27719501 27720122 0.83 3.32 31077 11256 11259 4 4 1.76E-03 2.50E-02 FNDC4 (-1700), GCKR (+103) 

HyperHier833 chr11 63448356 63448455 0.83 2.49 10536 64311 64313 3 3 4.42E-03 5.40E-02 RTN3 (-549) 

HyperHier834 chr5 126564606 126564742 0.83 2.49 45126 31220 31222 3 3 4.42E-03 5.40E-02 C5orf63 (-155490), MEGF10 (-61877) 

HyperHier835 chr7 155640537 155640784 0.83 2.49 53374 47975 47977 3 3 4.43E-03 5.70E-02 SHH (-35694), C7orf13 (+792687) 

HyperHier836 chr6 15501652 15502099 0.83 2.49 47089 34950 34952 3 3 4.45E-03 5.70E-02 DTNBP1 (+161397), JARID2 (+255349) 

HyperHier837 chr13 113622539 113622750 0.83 4.97 17009 75762 75767 6 6 3.87E-04 6.00E-03 MCF2L (-890) 

HyperHier838 chr12 4397947 4398508 0.83 2.48 12751 67976 67978 3 3 4.46E-03 5.80E-02 C12orf5 (-32143), CCND2 (+15290) 

HyperHier839 chr3 129024601 129024712 0.83 2.48 39700 21286 21288 3 3 4.46E-03 5.80E-02 H1FX (+10463), COPG1 (+56208) 

HyperHier840 chr7 150885084 150885458 0.83 2.48 53206 47627 47629 3 6 4.47E-03 5.80E-02 ASB10 (-1029) 

HyperHier841 chr12 54942853 54943009 0.83 2.48 13810 69897 69899 3 3 4.47E-03 5.80E-02 PDE1B (-203) 

HyperHier842 chr13 113689422 113689955 0.83 3.31 17028 75802 75805 4 5 1.79E-03 3.00E-02 F7 (-70432), MCF2L (+66154) 

HyperHier843 chr17 80345221 80345367 0.83 2.48 26719 92734 92736 3 3 4.48E-03 5.90E-02 HEXDC (-30900), UTS2R (+13141) 

HyperHier844 chr7 130125756 130125836 0.83 3.31 52822 46946 46949 4 14 1.79E-03 3.00E-02 CEP41 (-44718), MEST (-6138) 

HyperHier845 chr11 70563131 70563792 0.83 3.30 11039 65244 65247 4 8 1.79E-03 3.00E-02 SHANK2 (+294910), CTTN (+318815) 

HyperHier846 chr5 176543901 176544135 0.83 3.30 46443 33776 33779 4 5 1.80E-03 3.00E-02 NSD1 (-16908), FGFR4 (+30131) 

HyperHier847 chr14 105125984 105126372 0.83 2.48 18914 79158 79160 3 3 4.50E-03 5.90E-02 TMEM179 (-54194), INF2 (-29796) 

HyperHier848 chr3 50376000 50376216 0.83 3.30 38523 19434 19437 4 4 1.80E-03 3.00E-02 TUSC2 (-10434), RASSF1 (+2164) 

HyperHier849 chr12 4488893 4489155 0.83 2.48 12755 67986 67988 3 6 4.51E-03 5.90E-02 FGF23 (-130) 

HyperHier850 chr10 134664471 134664800 0.82 2.47 8712 60711 60713 3 3 4.54E-03 6.20E-02 GPR123 (-236773), NKX6-2 (-65080) 

HyperHier851 chr17 80292079 80292252 0.82 2.47 26710 92706 92708 3 3 4.55E-03 6.20E-02 SECTM1 (-292) 

HyperHier852 chr3 13678918 13679636 0.82 5.76 37913 18325 18331 7 7 2.28E-04 6.00E-03 FBLN2 (+88646), WNT7A (+242341) 

HyperHier853 chr13 31019673 31020218 0.82 3.29 15927 73748 73751 4 5 1.82E-03 3.30E-02 KATNAL1 (-138325), HMGB1 (+171788) 

HyperHier854 chr16 31548640 31549141 0.82 2.47 22102 84542 84544 3 3 4.55E-03 6.20E-02 ZNF720 (-175664), AHSP (+9706) 

HyperHier855 chr8 144408126 144408900 0.82 3.29 56227 52989 52992 4 4 1.83E-03 3.30E-02 TOP1MT (+8553), ZNF696 (+34954) 

HyperHier856 chr13 113296192 113296447 0.82 3.29 16981 75713 75716 4 4 1.83E-03 3.30E-02 TUBGCP3 (-53839), ATP11A (-48323) 

HyperHier857 chr1 152595322 152596177 0.82 5.74 3772 6489 6495 7 7 2.31E-04 6.00E-03 LCE3A (-171) 

HyperHier858 chr21 47456315 47456446 0.82 2.46 36656 102941 102943 3 3 4.60E-03 6.20E-02 COL6A2 (-61630), COL6A1 (+54730) 

HyperHier859 chr17 19628012 19628421 0.82 3.28 24356 88510 88513 4 4 1.84E-03 3.40E-02 SLC47A2 (-8298), ALDH3A1 (+20555) 

HyperHier860 chr1 16091100 16091599 0.82 2.45 1054 1771 1773 3 4 4.62E-03 6.30E-02 FBLIM1 (+356) 

HyperHier861 chr10 6214016 6214079 0.82 2.45 6111 55937 55939 3 3 4.63E-03 6.30E-02 PFKFB3 (-30846), RBM17 (+82739) 

HyperHier862 chr13 24269867 24270321 0.82 2.45 15747 73408 73410 3 3 4.63E-03 6.30E-02 TNFRSF19 (+116595), MIPEP (+193464) 

HyperHier863 chr21 46077715 46077731 0.82 2.45 36561 102792 102794 3 5 4.64E-03 6.30E-02 KRTAP12-4 (-3147), KRTAP12-3 (-126) 

HyperHier864 chr10 88717364 88717926 0.82 2.45 7402 58130 58132 3 6 4.65E-03 6.40E-02 SNCG (-768), MMRN2 (-273) 

HyperHier865 chr9 126101872 126102244 0.81 2.44 57291 54574 54576 3 3 4.69E-03 6.70E-02 STRBP (-71203), CRB2 (-16481) 

HyperHier866 chr12 133161835 133162043 0.81 2.44 15601 73123 73125 3 3 4.71E-03 6.80E-02 MUC8 (-111213), P2RX2 (-33464) 

HyperHier867 chr2 55450737 55450874 0.81 2.44 31525 11964 11966 3 3 4.71E-03 6.80E-02 RTN4 (-173126), RPS27A (-8732) 

HyperHier868 chr6 30168645 30169069 0.81 2.44 47594 36436 36438 3 3 4.72E-03 7.00E-02 TRIM26 (+12286), TRIM15 (+37864) 

HyperHier869 chr5 191127 191486 0.81 3.25 43330 27925 27928 4 10 1.91E-03 3.80E-02 SDHA (-27049), PLEKHG4B (+50934) 



HyperHier870 chr8 127568650 127569163 0.81 2.43 55823 52345 52347 3 7 4.76E-03 7.30E-02 FAM84B (+1731) 

HyperHier871 chr1 2838805 2839247 0.81 4.05 319 610 614 5 5 8.49E-04 1.80E-02 MMEL1 (-274597), ACTRT2 (-99020) 

HyperHier872 chr19 56004925 56005437 0.81 2.43 30199 99203 99205 3 3 4.77E-03 7.50E-02 SSC5D (+5247), SBK2 (+43275) 

HyperHier873 chr3 3151795 3152038 0.81 2.43 37692 17908 17910 3 3 4.77E-03 7.50E-02 IL5RA (+141) 

HyperHier874 chr19 10213271 10213722 0.81 2.43 28281 95597 95599 3 3 4.77E-03 7.50E-02 PPAN-P2RY11 (-3574), PPAN (-3547), ANGPTL6 (-25) 

HyperHier875 chr1 230849801 230850299 0.81 2.43 5545 9493 9495 3 3 4.78E-03 7.50E-02 AGT (-7) 

HyperHier876 chr1 1957073 1957805 0.81 4.04 180 370 374 5 5 8.54E-04 1.80E-02 PRKCZ (-24470), GABRD (+6659) 

HyperHier877 chr16 89118603 89119709 0.81 6.46 23452 86849 86856 8 8 1.49E-04 8.00E-03 CBFA2T3 (-75544), ACSF3 (-41061) 

HyperHier878 chr16 29195900 29196472 0.81 2.42 21973 84325 84327 3 3 4.81E-03 7.70E-02 LAT (+200039), NPIPB11 (+219164) 

HyperHier879 chr16 3210066 3210357 0.81 2.42 21402 83469 83471 3 3 4.84E-03 8.00E-02 OR1F1 (-44035), CASP16 (+15968) 

HyperHier880 chr14 105147537 105147781 0.80 2.41 18918 79164 79166 3 3 4.88E-03 8.50E-02 TMEM179 (-75675), INF2 (-8315) 

HyperHier881 chr17 79377272 79378207 0.80 4.01 26578 92440 92444 5 5 8.83E-04 2.60E-02 ENSG00000171282 (+4200), ACTG1 (+102067) 

HyperHier882 chr2 98852895 98852938 0.80 2.40 32208 13111 13113 3 3 4.91E-03 8.70E-02 TMEM131 (-240563), CNGA3 (-109701) 

HyperHier883 chr15 89153667 89154196 0.80 3.20 20573 81883 81886 4 4 2.00E-03 4.70E-02 DET1 (-64048), AEN (-10595) 

HyperHier884 chr7 1025760 1026310 0.80 3.20 50390 42258 42261 4 5 2.01E-03 4.70E-02 GPR146 (-68886), CYP2W1 (+3200) 

HyperHier885 chr19 10405955 10406364 0.80 2.39 28299 95628 95630 3 3 4.97E-03 8.80E-02 ICAM5 (+5503), ZGLP1 (+14396) 

HyperHier886 chr8 10530053 10530148 0.80 2.39 53985 49046 49048 3 3 4.97E-03 8.80E-02 C8orf74 (-46) 

HyperHier887 chr16 1593178 1593557 0.80 3.19 21243 83187 83190 4 4 2.02E-03 4.70E-02 TMEM204 (+9794), IFT140 (+68743) 

HyperHier888 chr5 179588440 179588673 0.80 2.39 46593 34047 34049 3 4 4.98E-03 8.80E-02 RASGEF1C (-23208), MAPK9 (+130542) 

HyperHier889 chr16 4732911 4733181 0.80 2.39 21509 83657 83659 3 3 5.02E-03 9.10E-02 NUDT16L1 (-10649), MGRN1 (+58255) 

HyperHier890 chr1 113265679 113265753 0.79 2.38 3427 5867 5869 3 3 5.02E-03 9.10E-02 FAM19A3 (+2675), SLC16A1 (+232969) 

HyperHier891 chr17 17255427 17255771 0.79 2.38 24272 88389 88391 3 3 5.07E-03 9.40E-02 MED9 (-124701), NT5M (+48950) 

HyperHier892 chr1 27894955 27895490 0.79 2.38 1686 2798 2800 3 3 5.08E-03 9.40E-02 WASF2 (-78554), AHDC1 (+34920) 

HyperHier893 chr16 31487813 31488238 0.79 2.38 22094 84529 84531 3 3 5.08E-03 9.40E-02 SLC5A2 (-6413), TGFB1I1 (+4646) 

HyperHier894 chr17 4835476 4835627 0.79 2.37 23875 87598 87600 3 3 5.09E-03 9.40E-02 GP1BA (-40) 

HyperHier895 chr1 2995301 2995604 0.79 2.37 353 668 670 3 3 5.11E-03 9.40E-02 ARHGEF16 (-375537), PRDM16 (+9678) 

HyperHier896 chr6 29599012 29599390 0.79 7.90 47518 36039 36048 10 11 6.88E-05 6.00E-03 GABBR1 (+1761), OR2H2 (+43518) 

HyperHier897 chr2 1286394 1286641 0.79 3.16 30418 10190 10193 4 4 2.09E-03 4.90E-02 TPO (-130715), SNTG2 (+339964) 

HyperHier898 chr8 884647 884842 0.79 2.37 53710 48598 48600 3 3 5.12E-03 9.50E-02 DLGAP2 (-564787), TDRP (-388964) 

HyperHier899 chr10 135171713 135171746 0.79 2.37 8822 60952 60954 3 3 5.12E-03 9.50E-02 FUOM (-201) 

HyperHier900 chr12 16499963 16500185 0.79 2.37 13090 68533 68535 3 4 5.15E-03 9.60E-02 MGST1 (-638) 

HyperHier901 chr7 138720989 138721065 0.79 2.36 52957 47197 47199 3 3 5.16E-03 9.60E-02 KIAA1549 (-54963), ZC3HAV1 (+73367) 

HyperHier902 chr7 157348161 157348266 0.79 2.36 53473 48189 48191 3 3 5.17E-03 9.60E-02 DNAJB6 (+218554) 

HyperHier903 chr7 4746131 4746462 0.79 2.36 50703 42900 42902 3 3 5.19E-03 9.60E-02 AP5Z1 (-68956), FOXK1 (+24357) 

HyperHier904 chr17 46676099 46676375 0.79 2.36 25360 90335 90337 3 4 5.19E-03 9.60E-02 HOXB5 (-4914) 

HyperHier905 chr16 8738240 8738531 0.79 3.15 21595 83776 83779 4 4 2.13E-03 5.10E-02 ABAT (-68440), METTL22 (+22841) 

HyperHier906 chr3 100712322 100712345 0.79 2.36 39206 20534 20536 3 3 5.20E-03 9.60E-02 ABI3BP (+25) 

HyperHier907 chr17 80372493 80372912 0.79 3.14 26722 92741 92744 4 4 2.13E-03 5.10E-02 HEXDC (-3491) 

HyperHier908 chr1 36785859 36788416 0.79 7.86 1998 3316 3325 10 10 6.95E-05 6.00E-03 EVA1B (+2617), THRAP3 (+97121) 

HyperHier909 chr14 62035431 62035585 0.79 2.36 17804 77320 77322 3 3 5.21E-03 9.70E-02 HIF1A (-128832), PRKCH (+247073) 

HyperHier910 chr9 141016791 141017457 0.79 2.36 58015 55541 55543 3 3 5.22E-03 9.80E-02 CACNA1B (+244883) 

HyperHier911 chr17 1133546 1133706 0.79 2.36 23652 87192 87194 3 3 5.22E-03 9.80E-02 ABR (-50458), BHLHA9 (-40227) 

HyperHier912 chr15 40802888 40803416 0.78 2.35 19496 80109 80111 3 3 5.24E-03 9.90E-02 RPUSD2 (-58347), CHST14 (+39992) 

HyperHier913 chr1 180922636 180923569 0.78 3.92 4516 7765 7769 5 6 9.65E-04 3.00E-02 STX6 (+68944), XPR1 (+321963) 

HyperHier914 chr6 31804078 31804883 0.78 3.13 47784 37107 37110 4 4 2.16E-03 5.30E-02 HSPA1B (+8969), NEU1 (+26202) 

HyperHier915 chr16 1393584 1394089 0.78 3.13 21210 83106 83109 4 4 2.17E-03 5.30E-02 TSR3 (+8075), BAIAP3 (+9332) 

HyperHier916 chr13 20797356 20797693 0.78 3.13 15676 73273 73276 4 4 2.17E-03 5.30E-02 GJB2 (-33606), GJB6 (+9009) 

HyperHier917 chr2 25499619 25500416 0.78 3.91 30974 11082 11086 5 5 9.73E-04 3.00E-02 POMC (-108246), DNMT3A (+65441) 

HyperHier918 chr10 81002480 81003657 0.78 3.91 7265 57903 57907 5 5 9.73E-04 3.00E-02 PPIF (-104165), ZMIZ1 (+174277) 

HyperHier919 chr11 65314454 65315625 0.78 6.25 10683 64543 64550 8 11 1.70E-04 1.10E-02 LTBP3 (+10659), SCYL1 (+22492) 

HyperHier920 chr11 62621178 62621791 0.78 3.90 10504 64259 64263 5 5 9.78E-04 3.00E-02 SLC3A2 (-2098) 

HyperHier921 chr7 150147553 150148073 0.78 6.21 53145 47507 47514 8 9 1.75E-04 1.10E-02 GIMAP8 (+95) 

HyperHier922 chr1 153762201 153762564 0.77 4.65 3841 6612 6617 6 6 5.07E-04 1.70E-02 SLC27A3 (+14615), GATAD2B (+133068) 

HyperHier923 chr21 43823809 43824109 0.77 3.87 36457 102628 102632 5 6 1.01E-03 3.00E-02 UBASH3A (-65) 

HyperHier924 chr16 1148030 1148520 0.77 3.09 21144 82990 82993 4 5 2.27E-03 5.90E-02 C1QTNF8 (-2031) 

HyperHier925 chr17 80273242 80273685 0.77 3.08 26702 92691 92694 4 4 2.28E-03 5.90E-02 CSNK1D (-41857), CD7 (+2014) 

HyperHier926 chr6 106433792 106434169 0.77 3.08 49070 39925 39928 4 9 2.28E-03 5.90E-02 PREP (-583022), PRDM1 (-100214) 

HyperHier927 chr2 242953754 242954430 0.77 3.08 34832 17840 17843 4 4 2.29E-03 5.90E-02 CXXC11 (+142211) 



HyperHier928 chr17 40489513 40489785 0.77 3.84 25014 89673 89677 5 5 1.04E-03 3.20E-02 STAT5A (+50084), STAT3 (+50937) 

HyperHier929 chr11 2292677 2292787 0.76 3.05 9149 61697 61700 4 24 2.33E-03 6.20E-02 ASCL2 (-550) 

HyperHier930 chr17 45949677 45949878 0.76 3.81 25299 90175 90179 5 5 1.06E-03 3.50E-02 SP2 (-23738), SP6 (-21219) 

HyperHier931 chr10 73848817 73849167 0.76 5.33 7090 57665 57671 7 9 2.98E-04 1.50E-02 SPOCK2 (-461) 

HyperHier932 chr7 50132653 50133000 0.76 3.80 51550 44688 44692 5 7 1.07E-03 3.60E-02 C7orf72 (-2805), ZPBP (+33) 

HyperHier933 chr7 139256124 139256620 0.76 4.56 52973 47221 47226 6 6 5.42E-04 2.40E-02 CLEC2L (+47770), HIPK2 (+221145) 

HyperHier934 chr7 2138722 2139216 0.76 3.03 50581 42681 42684 4 4 2.38E-03 7.00E-02 MAD1L1 (+133909), ELFN1 (+411214) 

HyperHier935 chr13 114814024 114814706 0.76 6.07 17100 75926 75933 8 8 1.88E-04 1.60E-02 GAS6 (-247325), RASA3 (+83721) 

HyperHier936 chr2 241721504 241722113 0.76 3.03 34738 17664 17667 4 5 2.40E-03 7.10E-02 KIF1A (+37916), AQP12A (+90547) 

HyperHier937 chr10 135090098 135090565 0.75 3.77 8806 60919 60923 5 5 1.10E-03 4.10E-02 ADAM8 (+40) 

HyperHier938 chr19 51231557 51232007 0.75 3.77 29894 98601 98605 5 5 1.10E-03 4.10E-02 GPR32 (-41939), CLEC11A (+5196) 

HyperHier939 chr17 62075103 62075409 0.75 3.01 25802 91156 91159 4 4 2.44E-03 7.40E-02 SCN4A (-24978), ICAM2 (+22738) 

HyperHier940 chr7 1894209 1895060 0.75 3.76 50550 42614 42618 5 5 1.12E-03 4.40E-02 ELFN1 (+166880), MAD1L1 (+378243) 

HyperHier941 chr11 1082797 1083509 0.75 4.48 8969 61269 61274 6 6 5.76E-04 3.20E-02 MUC5AC (-68427), MUC2 (+8278) 

HyperHier942 chr12 54763081 54763433 0.75 2.99 13793 69865 69868 4 4 2.51E-03 8.00E-02 GPR84 (-4986) 

HyperHier943 chr6 146919932 146920295 0.75 6.72 49657 40986 40994 9 9 1.29E-04 1.40E-02 ADGB (+13) 

HyperHier944 chr10 135342560 135343248 0.75 2.98 8836 60987 60990 4 8 2.52E-03 8.20E-02 CYP2E1 (+8994), SYCE1 (+36234) 

HyperHier945 chr19 54927717 54928185 0.74 2.97 30112 99049 99052 4 6 2.55E-03 8.30E-02 LENG8 (-32114), TTYH1 (+1251) 

HyperHier946 chr12 53183930 53184086 0.74 2.97 13641 69458 69461 4 5 2.56E-03 8.30E-02 KRT76 (-12879), KRT3 (+5893) 

HyperHier947 chr7 27143478 27143788 0.74 2.97 51035 43656 43659 4 28 2.57E-03 8.30E-02 HOXA2 (-1203) 

HyperHier948 chr6 34203153 34203887 0.74 2.96 48066 38081 38084 4 4 2.58E-03 8.40E-02 HMGA1 (-1130) 

HyperHier949 chr1 45189875 45190912 0.74 3.71 2364 3916 3920 5 6 1.18E-03 4.70E-02 TMEM53 (-50167), KIF2C (-15098) 

HyperHier950 chr16 85932383 85932853 0.74 2.96 23130 86274 86277 4 8 2.58E-03 8.50E-02 IRF8 (+209) 

HyperHier951 chr22 24823110 24823554 0.74 4.44 36882 103326 103331 6 6 5.96E-04 3.40E-02 ADORA2A (-198) 

HyperHier952 chr16 89005932 89006877 0.74 3.70 23430 86802 86806 5 5 1.18E-03 4.80E-02 PABPN1L (-73379), CBFA2T3 (+37207) 

HyperHier953 chr15 68497992 68498857 0.74 2.94 20058 81004 81007 4 4 2.63E-03 9.60E-02 CALML4 (-526) 

HyperHier954 chr17 72357992 72358370 0.74 3.68 26026 91471 91475 5 5 1.21E-03 5.50E-02 BTBD17 (-96) 

HyperHier955 chr3 128779277 128779601 0.73 5.13 39691 21270 21276 7 7 3.44E-04 3.10E-02 GP9 (-171) 

HyperHier956 chr13 107028903 107029443 0.73 3.66 16731 75213 75217 5 5 1.24E-03 5.70E-02 EFNB2 (+158289), DAOA (+910581) 

HyperHier957 chr6 32014300 32016247 0.73 10.94 47806 37187 37201 15 21 1.42E-05 1.00E-03 TNXB (-1369) 

HyperHier958 chr2 37571677 37571901 0.73 3.64 31203 11424 11428 5 5 1.26E-03 6.10E-02 QPCT (+72) 

HyperHier959 chr3 52528955 52529524 0.73 6.54 38603 19559 19567 9 10 1.41E-04 1.80E-02 STAB1 (-114) 

HyperHier960 chr4 1304836 1305425 0.73 3.63 40911 23522 23526 5 5 1.29E-03 6.30E-02 UVSSA (-35973), MAEA (+21492) 

HyperHier961 chr3 52813652 52813920 0.72 3.59 38613 19582 19586 5 5 1.33E-03 7.70E-02 ITIH3 (-15028), ITIH1 (+2178) 

HyperHier962 chr10 3281803 3282650 0.71 3.57 6034 55813 55817 5 5 1.36E-03 7.90E-02 PITRM1 (-67224), KLF6 (+545240) 

HyperHier963 chr17 43922122 43922356 0.71 3.56 25238 90075 90079 5 6 1.38E-03 8.50E-02 SPPL2C (-17) 

HyperHier964 chr5 154026371 154027256 0.71 4.27 45942 32928 32933 6 6 6.99E-04 5.90E-02 HAND1 (-168990), LARP1 (-65648) 

HyperHier965 chr10 135123006 135123764 0.71 4.26 8811 60929 60934 6 6 7.03E-04 6.00E-02 ZNF511 (+1406), CALY (+27026) 

HyperHier966 chr17 65471303 65471507 0.71 3.54 25886 91276 91280 5 5 1.41E-03 9.30E-02 NOL11 (-242544), PITPNC1 (+97134) 

HyperHier967 chr6 31590513 31590870 0.71 3.53 47745 36947 36951 5 5 1.41E-03 9.40E-02 PRRC2A (+2190), BAG6 (+29785) 

HyperHier968 chr1 156357871 156358408 0.71 4.23 3987 6870 6875 6 7 7.23E-04 6.70E-02 RHBG (+19137), C1orf61 (+41044) 

HyperHier969 chr8 38757532 38757859 0.70 3.52 54653 50250 50254 5 5 1.43E-03 9.50E-02 PLEKHA2 (-1057) 

HyperHier970 chr17 1477843 1479213 0.70 5.63 23688 87252 87259 8 8 2.49E-04 4.20E-02 PITPNA (-12418), SLC43A2 (+53602) 

HyperHier971 chr12 123380870 123381003 0.70 3.52 15108 72241 72245 5 5 1.43E-03 9.70E-02 VPS37B (+54) 

HyperHier972 chr6 31627617 31627714 0.70 4.21 47750 36961 36966 6 6 7.37E-04 7.00E-02 C6orf47 (+883) 

HyperHier973 chr6 32121433 32121566 0.69 4.16 47845 37453 37458 6 18 7.68E-04 8.00E-02 PRRT1 (-1771), PPT2-EGFL8 (-499), PPT2 (+200) 

HyperHier974 chr13 80054976 80055241 0.69 4.84 16456 74659 74665 7 7 4.32E-04 6.20E-02 NDFIP2 (-178) 

HyperHier975 chr16 875257 876216 0.69 4.84 21077 82862 82868 7 7 4.32E-04 6.20E-02 GNG13 (-25004), LMF1 (+145262) 

HyperHier976 chr6 3848790 3849190 0.69 4.80 46826 34456 34462 7 7 4.47E-04 7.10E-02 FAM50B (-630) 

HyperHier977 chr11 70516627 70517411 0.67 4.72 11034 65231 65237 7 7 4.77E-04 9.10E-02 CTTN (+272372), SHANK2 (+341353) 

HyperHier978 chr6 30881658 30881842 0.63 6.34 47669 36698 36707 10 19 1.61E-04 6.50E-02 VARS2 (-358) 

HyperHier979 chr6 30039130 30039801 0.53 11.06 47565 36250 36270 21 24 1.32E-05 2.00E-02 RNF39 (+4198), PPP1R11 (+4601) 

HypoHier662 chr6 101846767 101847706 -0.50 8.01 49034 39840 39855 16 19 6.53E-05 7.20E-02 GRIK2 (+573) 

HypoHier661 chr1 3566950 3568243 -0.50 11.54 440 827 849 23 24 1.14E-05 7.00E-03 TP73 (-1487), WRAP73 (-960) 

HypoHier660 chr2 176971820 176974060 -0.50 8.06 33427 15295 15310 16 16 6.34E-05 6.70E-02 HOXD10 (-8367), HOXD11 (+926) 

HypoHier659 chr5 122429178 122431419 -0.52 7.76 45061 31112 31126 15 15 7.31E-05 6.30E-02 PRDM6 (+5483), CEP120 (+328698) 

HypoHier658 chr7 27280914 27282444 -0.53 11.62 51091 43893 43914 22 23 1.11E-05 1.20E-02 EVX1 (-485) 

HypoHier657 chr12 114845868 114847641 -0.54 8.66 14822 71620 71635 16 16 4.61E-05 4.00E-02 TBX5 (-508) 



HypoHier656 chr3 62354546 62357176 -0.54 7.59 38813 19908 19921 14 14 7.92E-05 8.00E-02 FEZF2 (+3329), PTPRG (+808276) 

HypoHier655 chr6 28557080 28558006 -0.55 9.34 47419 35683 35699 17 20 2.86E-05 3.10E-02 SCAND3 (-2431) 

HypoHier654 chr5 63255045 63257710 -0.55 7.15 44350 29760 29772 13 19 1.02E-04 9.70E-02 HTR1A (+1402) 

HypoHier653 chr4 174450016 174451954 -0.55 7.15 43012 27360 27372 13 25 1.02E-04 9.70E-02 HAND2 (+395) 

HypoHier652 chr5 50678451 50679681 -0.56 7.28 44208 29525 29537 13 15 9.55E-05 8.30E-02 ISL1 (+145) 

HypoHier651 chr7 45960367 45961778 -0.56 9.54 51481 44559 44575 17 22 2.67E-05 2.60E-02 IGFBP3 (-223) 

HypoHier650 chr13 112720171 112721950 -0.56 7.87 16919 75548 75561 14 14 6.93E-05 5.40E-02 SOX1 (-852) 

HypoHier649 chr3 62363642 62365402 -0.56 7.34 38816 19945 19957 13 18 9.20E-05 7.70E-02 FEZF2 (-5332), CADPS (+496532) 

HypoHier648 chr1 91190005 91192803 -0.57 13.04 3101 5281 5303 23 23 5.44E-06 2.00E-03 BARHL2 (-8610), ZNF644 (+295626) 

HypoHier647 chr1 217307696 217311511 -0.57 11.36 5193 8873 8892 20 27 1.21E-05 1.90E-02 ESRRG (-412809), GPATCH2 (+494820) 

HypoHier646 chr8 55370407 55372569 -0.57 7.97 54896 50721 50734 14 18 6.62E-05 4.80E-02 SOX17 (+993) 

HypoHier645 chr8 50822168 50823541 -0.57 6.84 54836 50597 50608 12 12 1.20E-04 9.30E-02 SNTG1 (-1378) 

HypoHier644 chr5 170734856 170736572 -0.57 8.58 46183 33318 33332 15 15 4.75E-05 2.50E-02 TLX3 (-574) 

HypoHier643 chr6 117197952 117199067 -0.57 6.88 49278 40276 40287 12 12 1.18E-04 9.10E-02 RFX6 (+87) 

HypoHier642 chr2 176986659 176988284 -0.58 6.91 33435 15346 15357 12 24 1.17E-04 8.90E-02 HOXD9 (+384) 

HypoHier641 chr6 50817193 50819236 -0.58 6.91 48554 38863 38874 12 13 1.17E-04 8.90E-02 TFAP2B (+31779) 

HypoHier640 chr4 183062004 183065224 -0.58 8.64 43089 27502 27516 15 18 4.68E-05 2.20E-02 TENM3 (-100968) 

HypoHier639 chr4 185939458 185941601 -0.58 7.52 43170 27640 27652 13 13 8.28E-05 6.20E-02 HELT (+447) 

HypoHier638 chr2 154333568 154335698 -0.58 6.96 33097 14582 14593 12 18 1.14E-04 8.30E-02 RPRM (+689) 

HypoHier637 chr12 45443808 45445385 -0.58 8.15 13370 69012 69025 14 15 6.10E-05 3.60E-02 DBX2 (+285) 

HypoHier636 chr6 56111812 56112696 -0.58 7.59 48628 38978 38990 13 13 7.90E-05 6.00E-02 COL21A1 (+290) 

HypoHier635 chr6 100895050 100897445 -0.59 8.24 49022 39749 39762 14 16 5.79E-05 3.40E-02 MCHR2 (-454149), SIM1 (+16557) 

HypoHier634 chr5 11903145 11904912 -0.59 8.24 43826 28866 28879 14 14 5.79E-05 3.40E-02 CTNND2 (+126) 

HypoHier633 chr17 32483711 32484259 -0.59 6.50 24606 88922 88932 11 13 1.44E-04 9.90E-02 ASIC2 (-863979), CCL2 (-98319) 

HypoHier632 chr10 134597884 134600357 -0.59 12.43 8696 60655 60675 21 35 7.09E-06 1.00E-02 NKX6-2 (+435) 

HypoHier631 chr6 29974083 29975427 -0.60 17.28 47558 36207 36235 29 31 1.42E-06 0.00E+00 ZNRD1 (-54276), HLA-A (+65718) 

HypoHier630 chr4 111531926 111533517 -0.60 6.01 42382 26203 26212 10 14 1.95E-04 9.10E-02 PITX2 (+11537), ENPEP (+135493) 

HypoHier629 chr5 63801834 63802993 -0.60 7.84 44355 29793 29805 13 13 7.02E-05 4.60E-02 RGS7BP (+288) 

HypoHier628 chr2 45170322 45172265 -0.60 6.64 31356 11703 11713 11 11 1.36E-04 7.90E-02 SIX3 (+2392), SIX2 (+65275) 

HypoHier627 chr4 147560126 147562073 -0.60 6.04 42738 26824 26833 10 10 1.92E-04 8.60E-02 EDNRA (-840984), POU4F2 (+1055) 

HypoHier626 chr2 228028601 228029790 -0.61 7.26 34240 16804 16815 12 13 9.67E-05 5.30E-02 COL4A4 (-367), COL4A3 (-85) 

HypoHier625 chr15 74218468 74219307 -0.61 6.06 20221 81239 81248 10 10 1.89E-04 8.60E-02 LOXL1 (+89) 

HypoHier624 chr4 155663225 155664311 -0.61 6.07 42858 27032 27041 10 14 1.87E-04 8.50E-02 LRAT (-1355) 

HypoHier623 chr3 147125287 147126703 -0.61 12.16 39980 21834 21853 20 39 8.04E-06 1.00E-02 ZIC4 (-3924), ZIC1 (-1176) 

HypoHier622 chr11 12029738 12031099 -0.61 6.10 9449 62282 62291 10 13 1.85E-04 8.30E-02 DKK3 (+210) 

HypoHier621 chr6 85483055 85484863 -0.61 6.10 48849 39395 39404 10 13 1.84E-04 8.30E-02 NT5E (-675850), TBX18 (-9722) 

HypoHier620 chr2 107502354 107504169 -0.61 7.33 32386 13389 13400 12 12 9.36E-05 5.00E-02 ST6GAL2 (-160) 

HypoHier619 chr1 27709634 27709928 -0.61 7.35 1670 2764 2775 12 13 9.20E-05 5.00E-02 CD164L2 (+12) 

HypoHier618 chr14 57275967 57279275 -0.61 11.04 17702 77094 77111 18 20 1.35E-05 1.10E-02 OTX2 (-434) 

HypoHier617 chr6 100911526 100912168 -0.61 6.76 49026 39791 39801 11 12 1.27E-04 7.10E-02 SIM1 (+958) 

HypoHier616 chr5 5139866 5140935 -0.62 5.54 43704 28690 28698 9 18 2.63E-04 9.50E-02 ADAMTS16 (-42) 

HypoHier615 chr6 10415597 10416090 -0.62 6.77 46970 34721 34731 11 18 1.26E-04 7.10E-02 TFAP2A (-374) 

HypoHier614 chr10 118896012 118898082 -0.62 8.63 8099 59513 59526 14 14 4.71E-05 2.20E-02 VAX1 (+520) 

HypoHier613 chr5 113696863 113699683 -0.62 11.10 44967 30940 30957 18 19 1.25E-05 1.10E-02 KCNN2 (+1631), TRIM36 (+817583) 

HypoHier612 chr7 156795356 156797833 -0.62 8.03 53418 48063 48075 13 15 6.50E-05 4.00E-02 MNX1 (+6750), NOM1 (+54178) 

HypoHier611 chr1 165323692 165326345 -0.62 10.51 4272 7326 7342 17 17 1.68E-05 1.10E-02 LMX1A (+933) 

HypoHier610 chr4 93224895 93227270 -0.62 8.03 42227 25927 25939 13 13 6.48E-05 4.00E-02 GRID2 (+533) 

HypoHier609 chr12 106978920 106980319 -0.62 6.21 14587 71173 71182 10 10 1.75E-04 7.30E-02 RFX4 (-15295), POLR3B (+228184) 

HypoHier608 chr4 104640489 104641548 -0.62 5.60 42321 26090 26098 9 10 2.55E-04 8.90E-02 TACR3 (-46) 

HypoHier607 chr3 147140118 147141614 -0.62 7.47 39988 21895 21906 12 13 8.47E-05 4.30E-02 ZIC1 (+13695) 

HypoHier606 chr19 50193437 50194662 -0.62 5.61 29819 98423 98431 9 13 2.52E-04 8.70E-02 CPT1C (-323) 

HypoHier605 chr5 131592974 131593413 -0.63 5.65 45173 31312 31320 9 10 2.46E-04 8.40E-02 PDLIM4 (-170) 

HypoHier604 chr8 65289751 65292321 -0.63 11.33 55023 50970 50987 18 19 1.21E-05 1.10E-02 BHLHE22 (-201778) 

HypoHier603 chr12 47224649 47226255 -0.63 6.30 13395 69067 69076 10 10 1.63E-04 6.70E-02 PCED1B (-247934), SLC38A4 (-5672) 

HypoHier602 chr6 30227800 30228083 -0.63 5.67 47600 36449 36457 9 12 2.42E-04 8.20E-02 TRIM39 (-66679), TRIM26 (-46799) 

HypoHier601 chr2 63275509 63276565 -0.63 5.67 31593 12064 12072 9 27 2.42E-04 8.20E-02 OTX1 (-1900) 

HypoHier600 chr8 25901335 25902611 -0.63 5.68 54374 49792 49800 9 10 2.41E-04 8.20E-02 EBF2 (+940) 

HypoHier599 chr16 77468277 77469540 -0.63 5.69 22868 85845 85853 9 12 2.40E-04 8.20E-02 ADAMTS18 (+102) 



HypoHier598 chr5 1874703 1876719 -0.63 8.24 43552 28338 28350 13 13 5.79E-05 3.30E-02 IRX4 (+11621), NDUFS6 (+74197) 

HypoHier597 chr6 123317124 123318023 -0.64 6.35 49338 40395 40404 10 10 1.60E-04 6.30E-02 CLVS2 (+458) 

HypoHier596 chr2 176963948 176964720 -0.64 6.36 33423 15274 15283 10 13 1.59E-04 6.30E-02 HOXD10 (-16973), HOXD11 (-7680), HOXD12 (-124) 

HypoHier595 chr19 9608637 9609704 -0.64 6.36 28248 95539 95548 10 10 1.59E-04 6.30E-02 ZNF560 (+112) 

HypoHier594 chr3 147110322 147113092 -0.64 12.11 39974 21789 21807 19 25 8.75E-06 9.00E-03 PLSCR1 (-849056), ZIC4 (+10364) 

HypoHier593 chr14 38052740 38055252 -0.64 6.38 17481 76711 76720 10 10 1.56E-04 6.10E-02 FOXA1 (+10243), MIPOL1 (+386841) 

HypoHier592 chr11 20181456 20182122 -0.64 5.76 9687 62734 62742 9 16 2.27E-04 6.90E-02 DBX1 (+81) 

HypoHier591 chr5 150326069 150326642 -0.64 5.77 45869 32795 32803 9 10 2.25E-04 6.90E-02 GPX3 (-73768), ZNF300 (-41811) 

HypoHier590 chr2 14772312 14773457 -0.64 7.08 30771 10731 10741 11 11 1.07E-04 5.10E-02 NBAS (+928569) 

HypoHier589 chr13 108518419 108519880 -0.64 5.79 16758 75255 75263 9 12 2.23E-04 6.70E-02 FAM155A (-67) 

HypoHier588 chr6 28457210 28458328 -0.64 5.15 47395 35607 35614 8 8 3.38E-04 9.80E-02 ZSCAN23 (-46525), GPX6 (+25801) 

HypoHier587 chr14 102025815 102027797 -0.64 12.89 18723 78784 78803 20 20 6.38E-06 6.00E-03 DIO3 (-882) 

HypoHier586 chr6 100916916 100917871 -0.64 5.16 49028 39818 39825 8 8 3.37E-04 9.80E-02 SIM1 (-4589) 

HypoHier585 chr12 128750971 128752586 -0.65 5.82 15267 72498 72506 9 9 2.17E-04 6.70E-02 TMEM132C (-169) 

HypoHier584 chr7 121939827 121940992 -0.65 5.18 52642 46622 46629 8 8 3.30E-04 9.70E-02 AASS (-166534), FEZF1 (+4149) 

HypoHier583 chr11 65816463 65816985 -0.65 5.83 10724 64619 64627 9 9 2.16E-04 6.70E-02 SF3B2 (-3083), GAL3ST3 (-73) 

HypoHier582 chr6 84417933 84419360 -0.65 9.08 48830 39331 39344 14 15 3.52E-05 1.60E-02 SNAP91 (+480) 

HypoHier581 chr6 32119616 32120203 -0.65 6.50 47844 37431 37440 10 10 1.45E-04 5.50E-02 PPT2-EGFL8 (-2089), PPT2 (-1390), PRRT1 (-181) 

HypoHier580 chr7 93519220 93520527 -0.65 8.45 52116 45629 45641 13 14 5.06E-05 2.60E-02 TFPI2 (+429) 

HypoHier579 chr8 17270347 17271322 -0.65 6.50 54135 49344 49353 10 10 1.45E-04 5.50E-02 MTMR7 (+1) 

HypoHier578 chr4 66535145 66535655 -0.65 5.22 41933 25461 25468 8 8 3.23E-04 9.20E-02 EPHA5 (+661) 

HypoHier577 chr6 133561649 133562776 -0.65 22.84 49475 40615 40649 35 39 4.73E-07 0.00E+00 EYA4 (-276) 

HypoHier576 chr4 111541965 111543401 -0.65 5.22 42387 26238 26245 8 8 3.22E-04 9.20E-02 PITX2 (+1576), ENPEP (+145454) 

HypoHier575 chr6 28174875 28176230 -0.65 5.88 47381 35567 35575 9 9 2.11E-04 6.20E-02 ZSCAN9 (-17500), ZKSCAN8 (+65837) 

HypoHier574 chr2 183730940 183732062 -0.65 5.24 33551 15645 15652 8 8 3.20E-04 9.20E-02 FRZB (+389) 

HypoHier573 chr4 122301573 122302268 -0.66 5.90 42512 26488 26496 9 11 2.09E-04 6.10E-02 QRFPR (+293) 

HypoHier572 chr1 91182128 91183051 -0.66 7.21 3098 5254 5264 11 11 9.86E-05 4.40E-02 BARHL2 (+204) 

HypoHier571 chr11 91957448 91958799 -0.66 5.25 11456 65883 65890 8 8 3.17E-04 9.00E-02 FAT3 (-127138) 

HypoHier570 chr14 37051417 37051949 -0.66 5.26 17454 76610 76617 8 8 3.15E-04 8.70E-02 NKX2-8 (+129) 

HypoHier569 chr3 192444985 192445594 -0.66 7.89 40641 23002 23013 12 12 6.88E-05 2.80E-02 HRASLS (-513624), FGF12 (-318452) 

HypoHier568 chr11 71954982 71955599 -0.66 6.58 11093 65332 65341 10 10 1.40E-04 4.90E-02 PHOX2A (-71) 

HypoHier567 chr1 107682302 107684425 -0.66 5.27 3261 5599 5606 8 9 3.10E-04 8.40E-02 NTNG1 (-78) 

HypoHier566 chr6 29943188 29944093 -0.66 7.90 47555 36190 36201 12 13 6.83E-05 2.80E-02 ZNRD1 (-85390), HLA-A (+34604) 

HypoHier565 chr2 124782117 124783254 -0.66 6.59 32686 13967 13976 10 11 1.39E-04 4.90E-02 CNTNAP5 (-178) 

HypoHier564 chr5 168727752 168729267 -0.66 7.91 46152 33260 33271 12 12 6.81E-05 2.80E-02 SLIT3 (-377) 

HypoHier563 chr8 145925258 145926089 -0.66 5.28 56389 53325 53332 8 9 3.06E-04 8.20E-02 ARHGAP39 (-94590), ZNF251 (+55316) 

HypoHier562 chr8 85096868 85097429 -0.66 5.28 55290 51489 51496 8 9 3.06E-04 8.20E-02 RALYL (+39) 

HypoHier561 chr7 116962516 116963502 -0.66 5.29 52588 46515 46522 8 9 3.05E-04 8.20E-02 WNT2 (+334) 

HypoHier560 chr1 57887655 57889604 -0.66 7.27 2697 4515 4525 11 11 9.62E-05 4.20E-02 C8B (-456942), DAB1 (+1099) 

HypoHier559 chr17 47209660 47210599 -0.66 7.94 25423 90515 90526 12 12 6.69E-05 2.70E-02 B4GALNT2 (-199) 

HypoHier558 chr10 50887212 50887632 -0.66 5.30 6796 57159 57166 8 15 3.04E-04 8.10E-02 CHAT (+65339), OGDHL (+82947) 

HypoHier557 chr3 192231892 192233698 -0.66 5.30 40637 22989 22996 8 8 3.03E-04 8.10E-02 HRASLS (-726119), FGF12 (-105957) 

HypoHier556 chr10 106399877 106401517 -0.66 8.63 7901 59156 59168 13 13 4.75E-05 2.40E-02 SORCS3 (-162) 

HypoHier555 chr12 22093960 22095330 -0.66 9.29 13136 68605 68618 14 15 3.03E-05 1.20E-02 CMAS (-104463), ABCC9 (-5037) 

HypoHier554 chr11 7694814 7695528 -0.66 5.32 9339 62119 62126 8 8 2.99E-04 7.70E-02 CYB5R2 (+268) 

HypoHier553 chr10 42862876 42863550 -0.67 5.32 6624 56827 56834 8 9 2.99E-04 7.60E-02 ZNF33B (+270779) 

HypoHier552 chr6 29759947 29760909 -0.67 7.99 47544 36131 36142 12 13 6.57E-05 2.70E-02 HLA-G (-34328), HLA-F (+69243) 

HypoHier551 chr2 189156549 189157566 -0.67 6.00 33576 15694 15702 9 9 1.96E-04 5.00E-02 GULP1 (-501) 

HypoHier550 chr6 30094980 30095802 -0.67 15.99 47578 36345 36368 24 24 1.66E-06 0.00E+00 TRIM31 (-14508), TRIM40 (-9396) 

HypoHier549 chr1 241520286 241520926 -0.67 4.68 5747 9827 9833 7 8 4.94E-04 9.50E-02 RGS7 (-76) 

HypoHier548 chr2 98703324 98703698 -0.67 5.36 32203 13098 13105 8 10 2.94E-04 7.10E-02 CNGA3 (-259107), TMEM131 (-91157) 

HypoHier547 chr4 46390832 46392657 -0.67 12.74 41784 25130 25148 19 19 6.62E-06 5.00E-03 GABRG1 (-265647), GABRA2 (+85502) 

HypoHier546 chr8 31496353 31498345 -0.67 7.37 54511 50029 50039 11 11 9.08E-05 3.70E-02 NRG1 (-908379), WRN (+606032) 

HypoHier545 chr6 28554680 28555653 -0.67 12.07 47418 35662 35679 18 22 8.75E-06 5.00E-03 SCAND3 (-55) 

HypoHier544 chr7 94537805 94538408 -0.67 8.05 52132 45698 45709 12 12 6.36E-05 2.50E-02 PPP1R9A (+1158), PON1 (+415912) 

HypoHier543 chr6 72130432 72130799 -0.67 6.04 48692 39092 39100 9 10 1.92E-04 4.70E-02 RIMS1 (-466111), OGFRL1 (+132110) 

HypoHier542 chr11 101918140 101918575 -0.67 5.38 11596 66117 66124 8 11 2.92E-04 7.00E-02 ANGPTL5 (-131105), YAP1 (-62834) 

HypoHier541 chr4 155664941 155665832 -0.67 6.06 42859 27042 27050 9 9 1.89E-04 4.50E-02 LRAT (+264) 



HypoHier540 chr4 76555547 76556042 -0.67 7.41 42041 25626 25636 11 11 8.80E-05 3.50E-02 CDKL2 (+105) 

HypoHier539 chr6 10384975 10386160 -0.67 6.07 46955 34672 34680 9 9 1.87E-04 4.50E-02 OFCC1 (-446016), TFAP2A (+29902) 

HypoHier538 chr19 51170356 51172144 -0.67 6.07 29882 98566 98574 9 9 1.87E-04 4.50E-02 SYT3 (-29948), SHANK1 (+48945) 

HypoHier537 chr20 36148320 36150061 -0.67 22.95 35405 100624 100657 34 36 4.73E-07 0.00E+00 NNAT (-426) 

HypoHier536 chr7 8480779 8483710 -0.68 10.13 50811 43142 43156 15 16 2.08E-05 6.00E-03 NXPH1 (+8660) 

HypoHier535 chr2 176946790 176949017 -0.68 11.48 33416 15234 15250 17 17 1.18E-05 5.00E-03 HOXD10 (-33403), HOXD11 (-24110), HOXD12 (-16554), HOXD13 (-9715), EVX2 (+737) 

HypoHier534 chr3 145878431 145879710 -0.68 6.77 39950 21712 21721 10 10 1.26E-04 4.00E-02 PLOD2 (-117) 

HypoHier533 chr3 170746029 170746586 -0.68 4.74 40285 22411 22417 7 7 4.70E-04 8.50E-02 SLC2A2 (-1769) 

HypoHier532 chr10 99789825 99790910 -0.68 5.43 7620 58535 58542 8 10 2.81E-04 6.30E-02 CRTAC1 (+217) 

HypoHier531 chr7 95025611 95025924 -0.68 5.44 52138 45721 45728 8 20 2.80E-04 6.20E-02 PON3 (-95) 

HypoHier530 chr7 121956502 121957254 -0.68 4.76 52649 46670 46676 7 7 4.65E-04 8.20E-02 FEZF1 (-12319), RNF133 (+382332) 

HypoHier529 chr14 60973462 60974461 -0.68 6.12 17762 77209 77217 9 11 1.82E-04 4.10E-02 SIX6 (-1707) 

HypoHier528 chr15 68120393 68122574 -0.68 6.13 20043 80979 80987 9 9 1.80E-04 4.00E-02 PIAS1 (-225033), SKOR1 (+9442) 

HypoHier527 chr2 237086398 237087777 -0.68 4.77 34518 17280 17286 7 7 4.57E-04 7.90E-02 GBX2 (-10076), ASB18 (+85900) 

HypoHier526 chr1 190447232 190448126 -0.68 4.10 4624 7939 7944 6 7 8.14E-04 9.80E-02 FAM5C (-920) 

HypoHier525 chr14 63511872 63512760 -0.68 4.10 17826 77353 77358 6 6 8.12E-04 9.70E-02 KCNH5 (-143) 

HypoHier524 chr2 45155201 45156207 -0.68 5.47 31346 11659 11666 8 12 2.74E-04 5.80E-02 SIX3 (-13198), CAMKMT (+566601) 

HypoHier523 chr10 8095797 8097331 -0.69 9.59 6153 56023 56036 14 18 2.62E-05 1.10E-02 GATA3 (-92) 

HypoHier522 chr4 48987791 48988321 -0.69 5.48 41815 25213 25220 8 9 2.71E-04 5.40E-02 CWH43 (-208) 

HypoHier521 chr1 228651848 228652581 -0.69 4.12 5468 9355 9360 6 9 8.01E-04 9.00E-02 RNF187 (-22547), HIST3H2BB (+6407) 

HypoHier520 chr14 29242823 29244278 -0.69 6.18 17359 76411 76419 9 9 1.76E-04 3.30E-02 FOXG1 (+8501) 

HypoHier519 chr3 6903921 6905031 -0.69 4.12 37724 17963 17968 6 6 8.00E-04 9.00E-02 GRM7 (+1674) 

HypoHier518 chr6 31691506 31692375 -0.69 13.75 47765 37029 37048 20 28 4.26E-06 3.00E-03 LY6G6C (-2319), C6orf25 (+780) 

HypoHier517 chr16 68771035 68772225 -0.69 4.13 22693 85576 85581 6 10 7.92E-04 8.60E-02 CDH1 (+502) 

HypoHier516 chr4 186456009 186457012 -0.69 6.20 43190 27685 27693 9 9 1.75E-04 3.20E-02 PDLIM3 (+151) 

HypoHier515 chr4 122685675 122686564 -0.69 6.20 42518 26510 26518 9 15 1.75E-04 3.20E-02 TMEM155 (+220) 

HypoHier514 chr6 168719954 168720679 -0.69 4.13 50162 41869 41874 6 7 7.89E-04 8.50E-02 DACT2 (+85) 

HypoHier513 chr6 27512849 27513479 -0.69 4.13 47338 35467 35472 6 6 7.88E-04 8.50E-02 ZNF184 (-72267), HIST1H2BL (+262545) 

HypoHier512 chr3 62860802 62861311 -0.69 5.53 38830 19973 19980 8 12 2.64E-04 4.90E-02 CADPS (-3) 

HypoHier511 chr2 14773973 14775494 -0.69 6.91 30772 10742 10751 10 10 1.17E-04 2.90E-02 NBAS (+926720) 

HypoHier510 chr6 70576168 70576871 -0.69 4.84 48672 39054 39060 7 7 4.33E-04 6.20E-02 COL19A1 (+57) 

HypoHier509 chr2 108602860 108603466 -0.69 6.92 32391 13406 13415 10 11 1.17E-04 2.90E-02 SLC5A7 (+168) 

HypoHier508 chr6 19691654 19692418 -0.69 4.16 47156 35066 35071 6 6 7.69E-04 8.00E-02 ID4 (-145581) 

HypoHier507 chr1 54821910 54822503 -0.69 4.16 2613 4403 4408 6 7 7.69E-04 8.00E-02 SSBP3 (+49885), C1orf191 (+118497) 

HypoHier506 chr3 147126763 147128157 -0.69 9.03 39980 21855 21867 13 39 3.69E-05 1.70E-02 ZIC1 (+289) 

HypoHier505 chr2 177052486 177053568 -0.70 9.05 33463 15491 15503 13 13 3.67E-05 1.50E-02 HOXD1 (-280) 

HypoHier504 chr1 47489195 47489776 -0.70 4.18 2444 4047 4052 6 6 7.55E-04 7.60E-02 CYP4X1 (+246) 

HypoHier503 chr6 125283969 125284659 -0.70 5.58 49354 40421 40428 8 8 2.58E-04 4.70E-02 RNF217 (-20200) 

HypoHier502 chr7 96631384 96633530 -0.70 8.38 52172 45791 45802 12 13 5.27E-05 1.60E-02 DLX6 (-2403) 

HypoHier501 chr6 78172192 78174065 -0.70 7.68 48782 39237 39247 11 11 7.54E-05 2.20E-02 HTR1B (+361) 

HypoHier500 chr5 54516372 54516879 -0.70 4.90 44250 29610 29616 7 7 4.12E-04 5.60E-02 MCIDAS (+6517), GPX8 (+60680) 

HypoHier499 chr6 28641622 28642394 -0.70 7.70 47426 35766 35776 11 11 7.50E-05 2.20E-02 SCAND3 (-86896), TRIM27 (+249758) 

HypoHier498 chr6 42927940 42928920 -0.70 18.90 48368 38521 38547 27 27 9.46E-07 0.00E+00 GNMT (-66) 

HypoHier497 chr10 71389696 71390385 -0.70 4.91 7008 57520 57526 7 8 4.04E-04 5.40E-02 C10orf35 (+27) 

HypoHier496 chr14 54413371 54413931 -0.70 3.51 17627 76958 76962 5 6 1.44E-03 9.80E-02 DDHD1 (-793835), BMP4 (+9878) 

HypoHier495 chr12 103350170 103351443 -0.70 5.62 14515 71021 71028 8 9 2.50E-04 4.20E-02 ASCL1 (-657) 

HypoHier494 chr18 67067721 67068730 -0.70 4.22 27330 93955 93960 6 7 7.32E-04 6.80E-02 DOK6 (-65) 

HypoHier493 chr12 54320564 54322092 -0.70 5.63 13707 69563 69570 8 10 2.50E-04 4.20E-02 CALCOCO1 (-200104), HOXC13 (-11207) 

HypoHier492 chr18 31803067 31803836 -0.70 4.93 27043 93418 93424 7 7 3.99E-04 5.20E-02 NOL4 (+63) 

HypoHier491 chr14 29234671 29236898 -0.70 18.30 17354 76381 76406 26 26 9.46E-07 0.00E+00 FOXG1 (+735) 

HypoHier490 chr19 58629719 58630089 -0.70 4.93 30317 99449 99455 7 10 3.99E-04 5.20E-02 ZSCAN18 (-111) 

HypoHier489 chr8 98289880 98290510 -0.70 5.64 55477 51768 51775 8 8 2.49E-04 4.20E-02 TSPYL5 (-19) 

HypoHier488 chr19 39465969 39466757 -0.70 4.93 29193 97320 97326 7 8 3.97E-04 5.00E-02 FBXO17 (+187) 

HypoHier487 chr4 121992261 121993098 -0.70 3.52 42507 26478 26482 5 6 1.43E-03 9.50E-02 NDNF (+993) 

HypoHier486 chr18 12254452 12254566 -0.71 4.24 26908 93098 93103 6 8 7.19E-04 6.70E-02 CIDEA (+191) 

HypoHier485 chr17 9862752 9863061 -0.71 5.65 24120 88114 88121 8 8 2.45E-04 3.90E-02 RCVRN (-53969), GAS7 (+238961) 

HypoHier484 chr6 32116591 32117079 -0.71 11.32 47842 37398 37413 16 30 1.21E-05 2.00E-03 PPT2 (-4465), PRRT1 (+2894) 

HypoHier483 chr7 1276617 1278508 -0.71 8.50 50446 42401 42412 12 12 5.01E-05 1.50E-02 UNCX (+5020), MICALL2 (+221575) 



HypoHier482 chr14 62583787 62584600 -0.71 4.96 17819 77340 77346 7 8 3.89E-04 4.60E-02 SYT16 (+121653), KCNH5 (+927979) 

HypoHier481 chr12 72666976 72667707 -0.71 5.69 14147 70409 70416 8 8 2.40E-04 3.70E-02 TRHDE (+879) 

HypoHier480 chr8 69242921 69244734 -0.71 7.12 55084 51102 51111 10 10 1.05E-04 2.10E-02 PREX2 (+379475) 

HypoHier479 chr17 27313033 27313499 -0.71 3.56 24475 88710 88714 5 5 1.37E-03 8.20E-02 PHF12 (-34477), SEZ6 (+20050) 

HypoHier478 chr2 80529621 80530948 -0.71 4.99 31998 12763 12769 7 8 3.81E-04 4.20E-02 LRRTM1 (+1589) 

HypoHier477 chr8 24813653 24814393 -0.71 3.56 54346 49736 49740 5 5 1.37E-03 8.10E-02 DOCK5 (-228357), NEFM (+43498) 

HypoHier476 chr8 93113829 93114437 -0.71 3.57 55370 51620 51624 5 5 1.35E-03 7.70E-02 RUNX1T1 (-6427), TRIQK (+864240) 

HypoHier475 chr7 121942915 121947425 -0.72 17.90 52645 46633 46657 25 25 1.42E-06 0.00E+00 FEZF1 (-611) 

HypoHier474 chr6 29893605 29894248 -0.72 5.01 47552 36174 36180 7 7 3.76E-04 4.00E-02 HLA-A (-15110), HLA-G (+99171) 

HypoHier473 chr15 65689058 65689433 -0.72 4.30 19975 80865 80870 6 6 6.79E-04 5.40E-02 IGDCC3 (-18868), IGDCC4 (+26164) 

HypoHier472 chr11 105480347 105481863 -0.72 10.75 11646 66186 66200 15 15 1.49E-05 2.00E-03 GRIA4 (+305) 

HypoHier471 chr12 39299326 39299726 -0.72 3.58 13319 68894 68898 5 5 1.34E-03 7.70E-02 KIF21A (+537262), ALG10B (+589146) 

HypoHier470 chr14 105944604 105945685 -0.72 4.30 19003 79304 79309 6 7 6.77E-04 5.40E-02 CRIP1 (-7509), CRIP2 (+5846) 

HypoHier469 chr1 67772896 67773044 -0.72 3.59 2868 4827 4831 5 5 1.34E-03 7.70E-02 IL12RB2 (-77) 

HypoHier468 chr6 96462814 96464135 -0.72 5.02 48934 39541 39547 7 7 3.73E-04 4.00E-02 FUT9 (-385) 

HypoHier467 chr2 155554688 155555414 -0.72 3.59 33109 14624 14628 5 5 1.33E-03 7.70E-02 KCNJ3 (+240) 

HypoHier466 chr3 48699637 48700498 -0.72 7.19 38452 19272 19281 10 10 1.00E-04 2.00E-02 CELSR3 (+280) 

HypoHier465 chr13 39261165 39262298 -0.72 5.76 16058 74001 74008 8 8 2.28E-04 3.30E-02 FREM2 (+466) 

HypoHier464 chr10 57389676 57391271 -0.72 5.05 6856 57269 57275 7 8 3.65E-04 3.70E-02 MTRNR2L5 (+31724), ZWINT (+730562) 

HypoHier463 chr3 119421604 119422359 -0.72 5.77 39423 20832 20839 8 8 2.26E-04 3.10E-02 MAATS1 (+113) 

HypoHier462 chr14 38066873 38068553 -0.72 5.06 17488 76733 76739 7 14 3.64E-04 3.70E-02 FOXA1 (-3474) 

HypoHier461 chr10 133109867 133110731 -0.72 3.62 8573 60422 60426 5 5 1.30E-03 7.20E-02 PPP2R2D (-637656) 

HypoHier460 chr13 112722719 112723581 -0.72 4.34 16920 75562 75567 6 6 6.53E-04 4.80E-02 SPACA7 (-307483), SOX1 (+1237) 

HypoHier459 chr3 46607965 46608139 -0.72 3.62 38386 19136 19140 5 5 1.29E-03 6.50E-02 TDGF1 (-10675), RTP3 (+69071) 

HypoHier458 chr5 72598865 72599503 -0.72 3.62 44452 30009 30013 5 6 1.29E-03 6.40E-02 TMEM174 (+130162), FOXD1 (+145168) 

HypoHier457 chr18 5629371 5630428 -0.72 5.07 26843 92974 92980 7 7 3.58E-04 3.30E-02 EPB41L3 (-85659), TMEM200C (+266054) 

HypoHier456 chr5 3596996 3597760 -0.73 3.63 43674 28623 28627 5 9 1.29E-03 6.30E-02 IRX1 (+1210) 

HypoHier455 chr5 140261653 140262304 -0.73 5.08 45485 31935 31941 7 7 3.57E-04 3.30E-02 PCDHA13 (+125) 

HypoHier454 chr1 216896852 216897284 -0.73 3.63 5183 8850 8854 5 5 1.28E-03 6.30E-02 ESRRG (-273) 

HypoHier453 chr11 128693961 128694388 -0.73 4.36 12344 67323 67328 6 6 6.42E-04 4.40E-02 KCNJ1 (+18254), FLI1 (+130285) 

HypoHier452 chr10 94179972 94180753 -0.73 4.36 7489 58276 58281 6 6 6.39E-04 4.30E-02 MARCH5 (+129443), IDE (+153470) 

HypoHier451 chr6 39901897 39902348 -0.73 4.36 48253 38344 38349 6 8 6.39E-04 4.30E-02 MOCS1 (-6668), LRFN2 (+653081) 

HypoHier450 chr3 6902337 6903327 -0.73 5.10 37723 17956 17962 7 7 3.53E-04 3.20E-02 GRM7 (+30) 

HypoHier449 chr6 30652771 30653732 -0.73 8.74 47640 36575 36586 12 16 4.45E-05 7.00E-03 DHX16 (-12438), PPP1R18 (+2420) 

HypoHier448 chr12 45268999 45270896 -0.73 18.20 13365 68983 69007 25 26 1.18E-06 0.00E+00 NELL2 (+932) 

HypoHier447 chr6 28510281 28510532 -0.73 5.83 47409 35637 35644 8 9 2.17E-04 2.70E-02 GPX5 (+16705), SCAND3 (+44705) 

HypoHier446 chr1 75590483 75591353 -0.73 3.65 2922 4923 4927 5 5 1.26E-03 6.10E-02 LHX8 (-3201) 

HypoHier445 chr4 154711304 154711563 -0.73 4.38 42843 26988 26993 6 32 6.32E-04 4.20E-02 SFRP2 (-1162) 

HypoHier444 chr5 95295740 95296502 -0.73 3.65 44802 30695 30699 5 5 1.25E-03 6.10E-02 GLRX (-137703), ELL2 (+1654) 

HypoHier443 chr3 132756780 132757973 -0.73 8.04 39739 21356 21366 11 12 6.46E-05 1.20E-02 TMEM108 (+142) 

HypoHier442 chr2 105483826 105484823 -0.73 4.40 32344 13323 13328 6 6 6.24E-04 4.00E-02 MRPS9 (-170116), POU3F3 (+12356) 

HypoHier441 chr4 164253006 164253656 -0.73 3.66 42921 27162 27166 5 5 1.24E-03 5.70E-02 NPY1R (+683) 

HypoHier440 chr5 80529067 80529340 -0.73 4.40 44634 30363 30368 6 6 6.17E-04 3.90E-02 CKMT2 (+61) 

HypoHier439 chr12 85305829 85307152 -0.73 9.55 14271 70603 70615 13 18 2.67E-05 4.00E-03 SLC6A15 (+164) 

HypoHier438 chr1 1475143 1475742 -0.74 5.15 128 256 262 7 7 3.40E-04 3.00E-02 TMEM240 (+294) 

HypoHier437 chr13 112759355 112760313 -0.74 4.41 16930 75600 75605 6 16 6.13E-04 3.90E-02 SPACA7 (-270799), SOX1 (+37921) 

HypoHier436 chr17 11501503 11502254 -0.74 8.83 24159 88181 88192 12 12 4.23E-05 6.00E-03 DNAH9 (+131) 

HypoHier435 chr3 85008587 85008828 -0.74 2.95 39121 20423 20426 4 4 2.62E-03 9.30E-02 CADM2 (-766924) 

HypoHier434 chr17 53342740 53343561 -0.74 4.43 25579 90785 90790 6 6 6.05E-04 3.60E-02 HLF (+778) 

HypoHier433 chr12 52626814 52627438 -0.74 6.64 13606 69398 69406 9 10 1.36E-04 1.50E-02 KRT7 (+228) 

HypoHier432 chr7 1279790 1280491 -0.74 3.69 50448 42415 42419 5 5 1.20E-03 4.90E-02 UNCX (+7598), MICALL2 (+218997) 

HypoHier431 chr6 31760233 31760629 -0.74 4.44 47775 37075 37080 6 11 5.99E-04 3.50E-02 VWA7 (-15360), VARS (+3299) 

HypoHier430 chr12 125002007 125003064 -0.74 4.44 15171 72344 72349 6 11 5.97E-04 3.40E-02 NCOR2 (-22738), SCARB1 (+345857) 

HypoHier429 chr8 15397637 15398333 -0.74 3.70 54114 49310 49314 5 6 1.19E-03 4.80E-02 TUSC3 (+193) 

HypoHier428 chr11 89867679 89867976 -0.74 4.44 11443 65865 65870 6 10 5.96E-04 3.40E-02 NAALAD2 (+131) 

HypoHier427 chr2 468179 469105 -0.74 5.19 30368 10113 10119 7 10 3.30E-04 2.60E-02 FAM150B (-180346), TMEM18 (+208797) 

HypoHier426 chr13 108520391 108520945 -0.74 3.71 16759 75264 75268 5 5 1.18E-03 4.70E-02 FAM155A (-1585) 

HypoHier425 chr16 49316845 49317262 -0.74 3.71 22211 84700 84704 5 5 1.18E-03 4.70E-02 CBLN1 (-1312) 



HypoHier424 chr14 27067372 27068354 -0.74 4.45 17343 76356 76361 6 6 5.92E-04 3.30E-02 NOVA1 (-903) 

HypoHier423 chr6 166074870 166075755 -0.74 4.45 49994 41558 41563 6 6 5.92E-04 3.30E-02 PDE10A (+244) 

HypoHier422 chr6 27258466 27258767 -0.74 3.71 47320 35423 35427 5 10 1.17E-03 4.70E-02 ZNF391 (-97880), PRSS16 (+43115) 

HypoHier421 chr10 135050326 135051022 -0.74 14.85 8800 60880 60899 20 31 2.60E-06 1.00E-03 VENTX (-234) 

HypoHier420 chr8 101661767 101662053 -0.74 5.94 55525 51875 51882 8 11 2.02E-04 2.20E-02 SNX31 (-17) 

HypoHier419 chr2 42067938 42068648 -0.74 4.46 31268 11527 11532 6 6 5.89E-04 3.30E-02 PKDCC (-206867) 

HypoHier418 chr15 31621629 31621843 -0.74 2.98 19300 79811 79814 4 4 2.55E-03 8.30E-02 KLF13 (+2678), OTUD7A (+325806) 

HypoHier417 chr7 1265635 1267228 -0.74 4.47 50440 42369 42374 6 6 5.86E-04 3.30E-02 ZFAND2A (-66618), UNCX (-6111) 

HypoHier416 chr11 43568922 43569555 -0.75 2.98 10009 63425 63428 4 4 2.53E-03 8.20E-02 HSD17B12 (-133020), API5 (+235700) 

HypoHier415 chr1 58715499 58716377 -0.75 7.46 2712 4545 4554 10 10 8.49E-05 1.30E-02 DAB1 (-826209), OMA1 (+296534) 

HypoHier414 chr6 27342438 27343671 -0.75 5.23 47328 35443 35449 7 7 3.21E-04 2.50E-02 ZNF391 (-13442), PRSS16 (+127553) 

HypoHier413 chr2 115919785 115920221 -0.75 2.99 32515 13617 13620 4 8 2.52E-03 8.20E-02 DPP10 (+824) 

HypoHier412 chr6 117584596 117584815 -0.75 2.99 49281 40290 40293 4 4 2.51E-03 8.00E-02 VGLL2 (-2031) 

HypoHier411 chr3 26663551 26663885 -0.75 4.48 38072 18551 18556 6 13 5.75E-04 3.20E-02 LRRC3B (-579) 

HypoHier410 chr1 6208717 6209266 -0.75 2.99 561 1033 1036 4 4 2.51E-03 8.00E-02 CHD5 (+31191), KCNAB2 (+103011) 

HypoHier409 chr5 140305713 140306458 -0.75 8.23 45487 31943 31953 11 11 5.79E-05 1.10E-02 PCDHAC1 (-392) 

HypoHier408 chr4 90757139 90757533 -0.75 4.49 42218 25913 25918 6 6 5.71E-04 3.10E-02 SNCA (+954) 

HypoHier407 chr4 206232 206877 -0.75 4.50 40806 23291 23296 6 6 5.70E-04 3.10E-02 ZNF732 (+92555), ZNF595 (+153345) 

HypoHier406 chr8 110987530 110988256 -0.75 6.00 55646 52092 52099 8 9 1.96E-04 2.00E-02 KCNV1 (+183) 

HypoHier405 chr11 30037696 30039113 -0.75 12.77 9815 63012 63028 17 17 6.62E-06 0.00E+00 KCNA4 (+165) 

HypoHier404 chr6 29691981 29692111 -0.75 5.26 47538 36110 36116 7 7 3.13E-04 2.30E-02 HLA-F (+861) 

HypoHier403 chr2 1747700 1749076 -0.75 6.01 30447 10243 10250 8 8 1.95E-04 2.00E-02 PXDN (-110) 

HypoHier402 chr4 111549880 111551139 -0.75 6.02 42392 26260 26267 8 8 1.93E-04 1.80E-02 PITX2 (-6251) 

HypoHier401 chr7 70597058 70598282 -0.75 8.29 51802 45129 45139 11 11 5.70E-05 1.00E-02 WBSCR17 (+515) 

HypoHier400 chr4 81106414 81107185 -0.76 5.30 42105 25718 25724 7 7 3.03E-04 2.00E-02 PRDM8 (+376) 

HypoHier399 chr20 26188639 26189240 -0.76 5.30 35220 100321 100327 7 7 3.01E-04 1.90E-02 ZNF337 (-521347) 

HypoHier398 chr6 31650735 31651283 -0.76 12.89 47759 36995 37011 17 17 6.38E-06 0.00E+00 LY6G5C (-2855) 

HypoHier397 chr1 32930375 32931179 -0.76 7.61 1874 3097 3106 10 10 7.90E-05 8.00E-03 ZBTB8B (+107) 

HypoHier396 chr8 1771973 1772393 -0.76 3.81 53795 48725 48729 5 5 1.07E-03 3.60E-02 ARHGEF10 (+41) 

HypoHier395 chr3 170302890 170304031 -0.76 7.62 40271 22384 22393 10 12 7.87E-05 8.00E-03 SLC7A14 (+402) 

HypoHier394 chr16 49499006 49499385 -0.76 3.05 22216 84709 84712 4 4 2.34E-03 6.50E-02 CBLN1 (-183454), ZNF423 (+357454) 

HypoHier393 chr10 63422630 63423079 -0.76 4.57 6906 57353 57358 6 6 5.39E-04 2.40E-02 ARID5B (-238204), TMEM26 (-209647) 

HypoHier392 chr5 3605783 3607134 -0.76 9.15 43681 28641 28652 12 12 3.24E-05 2.00E-03 IRX1 (+10291) 

HypoHier391 chr1 237205098 237205409 -0.76 3.05 5691 9743 9746 4 4 2.33E-03 6.20E-02 RYR2 (-251) 

HypoHier390 chr4 41875193 41875784 -0.77 3.06 41749 25047 25050 4 5 2.32E-03 6.10E-02 PHOX2B (-124502), TMEM33 (-61648) 

HypoHier389 chr7 44185323 44186183 -0.77 3.06 51440 44490 44493 4 4 2.32E-03 6.10E-02 MYL7 (-4822) 

HypoHier388 chr1 183154981 183155644 -0.77 6.13 4567 7852 7859 8 9 1.81E-04 1.30E-02 LAMC2 (-110) 

HypoHier387 chr12 59313279 59314400 -0.77 7.67 13980 70169 70178 10 10 7.73E-05 8.00E-03 LRIG3 (+463) 

HypoHier386 chr13 58203618 58204379 -0.77 5.37 16328 74422 74428 7 7 2.93E-04 1.50E-02 PCDH17 (-2656) 

HypoHier385 chr8 22089400 22089778 -0.77 3.84 54246 49529 49533 5 6 1.04E-03 3.20E-02 POLR3D (-13159), BMP1 (+67340) 

HypoHier384 chr8 27348650 27348940 -0.77 3.84 54414 49895 49899 5 8 1.04E-03 3.20E-02 EPHX2 (+499) 

HypoHier383 chr4 188916496 188917251 -0.77 9.99 43279 27843 27855 13 13 2.22E-05 2.00E-03 ZFP42 (-51) 

HypoHier382 chr6 33040535 33041343 -0.77 6.15 47938 37701 37708 8 10 1.79E-04 1.30E-02 HLA-DPB1 (-2764) 

HypoHier381 chr18 55103353 55103785 -0.77 3.08 27234 93776 93779 4 4 2.28E-03 5.90E-02 ONECUT2 (+652) 

HypoHier380 chr3 40428383 40429014 -0.77 6.16 38245 18862 18869 8 8 1.78E-04 1.20E-02 ENTPD3 (+52) 

HypoHier379 chr2 237076164 237079122 -0.77 13.87 34513 17245 17262 18 26 3.78E-06 0.00E+00 GBX2 (-631) 

HypoHier378 chr2 200468445 200469026 -0.77 3.86 33684 15865 15869 5 5 1.02E-03 3.10E-02 SATB2 (-145917), FTCDNL1 (+247130) 

HypoHier377 chr3 55520834 55521529 -0.77 5.40 38684 19710 19716 7 7 2.86E-04 1.30E-02 LRTM1 (-559081), WNT5A (+2791) 

HypoHier376 chr1 62660556 62660861 -0.77 3.09 2777 4663 4666 4 6 2.26E-03 5.90E-02 KANK4 (+124376), INADL (+452560) 

HypoHier375 chr16 1429863 1430103 -0.77 3.09 21216 83116 83119 4 4 2.26E-03 5.90E-02 GNPTG (+28059), UNKL (+34709) 

HypoHier374 chr3 64670459 64672609 -0.77 10.05 38882 20069 20081 13 13 2.18E-05 1.00E-03 PRICKLE2 (-460403), ADAMTS9 (+2142) 

HypoHier373 chr2 121412005 121412432 -0.77 3.09 32642 13902 13905 4 4 2.25E-03 5.80E-02 GLI2 (-137766), INHBB (+308500) 

HypoHier372 chr19 20278013 20278423 -0.77 4.64 28826 96600 96605 6 6 5.10E-04 1.70E-02 ZNF486 (+135) 

HypoHier371 chr1 228075423 228075749 -0.77 3.10 5428 9241 9244 4 4 2.23E-03 5.80E-02 WNT9A (+60013), PRSS38 (+72192) 

HypoHier370 chr6 126069089 126070091 -0.78 3.10 49371 40454 40457 4 4 2.23E-03 5.70E-02 HEY2 (-1136) 

HypoHier369 chr19 3687751 3688477 -0.78 4.66 27921 94968 94973 6 6 5.01E-04 1.70E-02 CACTIN (-61301), PIP5K1C (+12363) 

HypoHier368 chr18 28621490 28623159 -0.78 13.21 27015 93332 93348 17 17 5.44E-06 0.00E+00 DSC3 (+382) 

HypoHier367 chr19 44952417 44952808 -0.78 5.44 29431 97729 97735 7 7 2.80E-04 1.20E-02 ZNF229 (+52) 



HypoHier366 chr19 23945472 23945903 -0.78 3.89 28869 96691 96695 5 5 9.97E-04 3.00E-02 ZNF681 (-3995), RPSAP58 (-128) 

HypoHier365 chr3 154145810 154146871 -0.78 6.22 40087 22043 22050 8 8 1.74E-04 1.10E-02 DHX36 (-104055), GPR149 (+1163) 

HypoHier364 chr4 187644620 187647690 -0.78 15.56 43246 27787 27806 20 20 1.66E-06 0.00E+00 FAT1 (-1146) 

HypoHier363 chr14 33403060 33403226 -0.78 3.11 17396 76481 76484 4 4 2.20E-03 5.70E-02 NPAS3 (-5380), AKAP6 (+604664) 

HypoHier362 chr5 178986131 178986906 -0.78 7.01 46568 34011 34019 9 9 1.10E-04 7.00E-03 RUFY1 (+8960), HNRNPH1 (+65151) 

HypoHier361 chr2 5831147 5831722 -0.78 3.12 30547 10399 10402 4 4 2.19E-03 5.60E-02 SOX11 (-1364) 

HypoHier360 chr3 185000208 185001026 -0.78 5.46 40517 22790 22796 7 7 2.77E-04 1.20E-02 MAP3K13 (-80291), EHHADH (-28731) 

HypoHier359 chr6 32976805 32977708 -0.78 6.24 47936 37688 37695 8 8 1.72E-04 1.10E-02 HLA-DOA (+132) 

HypoHier358 chr6 28602543 28603779 -0.78 25.78 47424 35732 35764 33 33 2.36E-07 0.00E+00 SCAND3 (-48049), TRIM27 (+288605) 

HypoHier357 chr10 125034002 125034818 -0.78 5.47 8302 59934 59940 7 8 2.73E-04 1.20E-02 GPR26 (-391461), BUB3 (+120617) 

HypoHier356 chr6 26271193 26271827 -0.78 3.91 47262 35291 35295 5 5 9.73E-04 3.00E-02 HIST1H2BI (-1634), HIST1H3G (+102) 

HypoHier355 chr13 28553501 28553805 -0.78 3.91 15876 73675 73679 5 5 9.72E-04 3.00E-02 CDX2 (-8377), URAD (+9121) 

HypoHier354 chr1 170630070 170630734 -0.78 4.69 4360 7483 7488 6 6 4.89E-04 1.70E-02 PRRX1 (-2645) 

HypoHier353 chr10 26222922 26223310 -0.78 3.13 6434 56539 56542 4 6 2.17E-03 5.30E-02 MYO3A (-80) 

HypoHier352 chr10 128593624 128594417 -0.78 5.48 8428 60137 60143 7 7 2.72E-04 1.20E-02 DOCK1 (+43) 

HypoHier351 chr12 110156245 110156459 -0.78 3.92 14669 71316 71320 5 5 9.64E-04 3.00E-02 MMAB (-144673), TRPV4 (+96344) 

HypoHier350 chr3 12045449 12046420 -0.78 4.71 37849 18201 18206 6 8 4.83E-04 1.70E-02 TAMM41 (-157542), TIMP4 (+154916) 

HypoHier349 chr19 12758716 12759156 -0.78 3.92 28405 95844 95848 5 5 9.61E-04 3.00E-02 MAN2B1 (+18620), ZNF791 (+37204) 

HypoHier348 chr16 30907560 30908233 -0.78 3.14 22051 84446 84449 4 4 2.15E-03 5.20E-02 BCL7C (-1616), CTF1 (-31) 

HypoHier347 chr4 82135607 82135987 -0.79 2.36 42122 25763 25765 3 3 5.22E-03 9.80E-02 PRKG2 (+391) 

HypoHier346 chr19 58520847 58521273 -0.79 3.14 30308 99411 99414 4 4 2.14E-03 5.10E-02 ZSCAN1 (-24374), ZNF606 (-6343) 

HypoHier345 chr7 12443529 12443926 -0.79 3.93 50830 43183 43187 5 7 9.56E-04 2.90E-02 VWDE (-197) 

HypoHier344 chr22 36806001 36806580 -0.79 3.93 37100 103688 103692 5 5 9.56E-04 2.90E-02 MYH9 (-22228), TXN2 (+71786) 

HypoHier343 chr5 1882775 1883413 -0.79 6.29 43557 28364 28371 8 8 1.65E-04 1.10E-02 IRX4 (+4238), NDUFS6 (+81580) 

HypoHier342 chr14 103739856 103740597 -0.79 3.93 18807 78968 78972 5 5 9.55E-04 2.90E-02 EIF5 (-60112), TNFAIP2 (+150429) 

HypoHier341 chr7 1282630 1283255 -0.79 2.36 50450 42422 42424 3 7 5.19E-03 9.60E-02 UNCX (+10400), MICALL2 (+216195) 

HypoHier340 chr2 214148958 214149735 -0.79 2.36 33883 16167 16169 3 3 5.18E-03 9.60E-02 SPAG16 (+234) 

HypoHier339 chr13 51417469 51417929 -0.79 3.15 16241 74292 74295 4 4 2.13E-03 5.00E-02 RNASEH2B (-66115), DLEU1 (+761392) 

HypoHier338 chr4 115519436 115520072 -0.79 7.09 42454 26393 26401 9 10 1.06E-04 7.00E-03 UGT8 (+143) 

HypoHier337 chr6 114177329 114177535 -0.79 3.15 49223 40199 40202 4 4 2.11E-03 5.00E-02 MARCKS (-1109) 

HypoHier336 chr12 47219626 47219958 -0.79 8.68 13394 69056 69066 11 11 4.56E-05 5.00E-03 SLC38A4 (-12) 

HypoHier335 chr13 43566633 43566902 -0.79 2.37 16106 74076 74078 3 3 5.13E-03 9.50E-02 DNAJC15 (-30571), TNFSF11 (+418479) 

HypoHier334 chr6 24910562 24911615 -0.79 11.06 47219 35171 35184 14 14 1.35E-05 0.00E+00 FAM65B (+106) 

HypoHier333 chr6 46138699 46139019 -0.79 6.32 48486 38705 38712 8 8 1.62E-04 1.00E-02 ENPP5 (-151) 

HypoHier332 chr12 54426670 54428592 -0.79 11.86 13757 69775 69789 15 15 9.93E-06 0.00E+00 HOXC5 (+994) 

HypoHier331 chr5 16179210 16180419 -0.79 12.66 43888 28955 28970 16 19 6.62E-06 0.00E+00 MARCH11 (+69) 

HypoHier330 chr1 91194674 91195504 -0.79 3.96 3102 5304 5308 5 10 9.30E-04 2.70E-02 BARHL2 (-12295), ZNF644 (+291941) 

HypoHier329 chr4 148402128 148402899 -0.79 4.75 42755 26854 26859 6 8 4.68E-04 1.50E-02 EDNRA (+430) 

HypoHier328 chr7 94284258 94285911 -0.79 22.97 52128 45662 45690 29 32 4.73E-07 0.00E+00 PEG10 (-552), SGCE (+351) 

HypoHier327 chr2 172972681 172973241 -0.79 3.17 33329 15068 15071 4 4 2.07E-03 4.90E-02 ITGA6 (-319556), DLX2 (-5333) 

HypoHier326 chr3 64253534 64253818 -0.79 4.76 38867 20042 20047 6 6 4.65E-04 1.40E-02 PRICKLE2 (-42545), ADAMTS9 (+420000) 

HypoHier325 chr18 35145353 35147826 -0.79 18.24 27092 93500 93522 23 23 1.18E-06 0.00E+00 CELF4 (-590) 

HypoHier324 chr4 188953092 188953969 -0.79 6.35 43282 27860 27867 8 8 1.59E-04 9.00E-03 ZFP42 (+36606), TRIML2 (+73216) 

HypoHier323 chr11 111169284 111169473 -0.79 3.18 11714 66304 66307 4 4 2.05E-03 4.80E-02 ARHGAP20 (-585928), C11orf92 (+6391) 

HypoHier322 chr12 85673200 85673347 -0.80 3.18 14275 70630 70633 4 4 2.04E-03 4.80E-02 ALX1 (-611) 

HypoHier321 chr19 52956622 52957180 -0.80 7.96 30010 98838 98847 10 11 6.64E-05 6.00E-03 ZNF578 (+72) 

HypoHier320 chr13 53422381 53422871 -0.80 6.37 16279 74352 74359 8 12 1.58E-04 9.00E-03 PCDH8 (+149) 

HypoHier319 chr6 134638742 134639355 -0.80 5.58 49507 40725 40731 7 9 2.58E-04 1.00E-02 SGK1 (+147) 

HypoHier318 chr3 2139977 2141750 -0.80 7.17 37683 17887 17895 9 11 1.01E-04 7.00E-03 CNTN4 (-139649) 

HypoHier317 chr17 17603531 17604184 -0.80 4.80 24284 88409 88414 6 6 4.47E-04 1.40E-02 RAI1 (+19071), SREBF1 (+136443) 

HypoHier316 chr1 18956947 18957232 -0.80 3.20 1220 2002 2005 4 22 1.99E-03 4.70E-02 PAX7 (-410) 

HypoHier315 chr19 11784344 11785248 -0.80 10.42 28383 95796 95808 13 14 1.75E-05 1.00E-03 ZNF823 (+64992), ZNF627 (+76561) 

HypoHier314 chr13 93879303 93879769 -0.80 4.01 16504 74751 74755 5 5 8.83E-04 2.60E-02 GPC6 (+441) 

HypoHier313 chr14 33402027 33402512 -0.80 3.21 17395 76477 76480 4 5 1.98E-03 4.60E-02 NPAS3 (-6253), AKAP6 (+603791) 

HypoHier312 chr11 7272867 7274234 -0.80 8.03 9321 62088 62097 10 10 6.50E-05 6.00E-03 SYT9 (+370) 

HypoHier311 chr6 152128535 152129400 -0.80 4.82 49761 41170 41175 6 10 4.40E-04 1.40E-02 ESR1 (+117337), SYNE1 (+829566) 

HypoHier310 chr7 158110405 158110685 -0.80 2.41 53585 48384 48386 3 4 4.86E-03 8.30E-02 PTPRN2 (+269826), DNAJB6 (+980885) 

HypoHier309 chr3 62304470 62305213 -0.80 6.44 38810 19893 19900 8 11 1.52E-04 8.00E-03 FEZF2 (+54348), PTPRG (+757257) 



HypoHier308 chr16 82044738 82045222 -0.80 7.24 22929 85941 85949 9 9 9.67E-05 6.00E-03 SDR42E1 (+113) 

HypoHier307 chr6 43211208 43211235 -0.80 2.41 48386 38570 38572 3 6 4.85E-03 8.20E-02 TTBK1 (-196) 

HypoHier306 chr15 91499626 91500193 -0.80 2.41 20698 82133 82135 3 3 4.85E-03 8.20E-02 RCCD1 (+1810), PRC1 (+37815) 

HypoHier305 chr11 7041196 7041987 -0.81 12.08 9313 62061 62075 15 15 8.75E-06 0.00E+00 NLRP14 (-85), ZNF214 (+7) 

HypoHier304 chr6 27647843 27649120 -0.81 8.86 47356 35511 35521 11 11 4.09E-05 5.00E-03 ZNF184 (-207585), HIST1H2BL (+127227) 

HypoHier303 chr11 58672888 58673615 -0.81 5.64 10347 63986 63992 7 7 2.47E-04 8.00E-03 GLYATL2 (-60995), GLYATL1 (-37470) 

HypoHier302 chr18 72916776 72917387 -0.81 3.23 27360 94021 94024 4 7 1.95E-03 4.00E-02 ZADH2 (+4221), ZNF407 (+574106) 

HypoHier301 chr1 228872121 228872246 -0.81 2.43 5480 9388 9390 3 3 4.79E-03 7.60E-02 TMEM78 (-513199), RHOU (+1360) 

HypoHier300 chr2 19561035 19561709 -0.81 3.24 30840 10863 10866 4 4 1.93E-03 3.80E-02 OSR1 (-4695) 

HypoHier299 chr3 44726891 44727195 -0.81 3.24 38322 19008 19011 4 4 1.92E-03 3.80E-02 ZNF502 (-27095), ZNF35 (+36824) 

HypoHier298 chr19 23185714 23185968 -0.81 2.43 28861 96670 96672 3 3 4.74E-03 7.20E-02 ZNF728 (+137) 

HypoHier297 chr19 22444509 22444714 -0.81 2.43 28842 96637 96639 3 3 4.74E-03 7.20E-02 ZNF676 (-64859), ZNF729 (-24598) 

HypoHier296 chr1 3105151 3105252 -0.81 2.44 373 713 715 3 3 4.73E-03 7.10E-02 ARHGEF16 (-265788), PRDM16 (+119427) 

HypoHier295 chr20 1927546 1927911 -0.81 3.25 34900 99632 99635 4 4 1.90E-03 3.70E-02 PDYN (+46974), SIRPA (+51787) 

HypoHier294 chr20 26190328 26190354 -0.81 2.44 35221 100328 100330 3 3 4.72E-03 6.80E-02 ZNF337 (-522748) 

HypoHier293 chr10 49813265 49813434 -0.81 4.88 6763 57070 57075 6 13 4.17E-04 8.00E-03 ARHGAP22 (-353) 

HypoHier292 chr4 16085716 16086085 -0.81 4.07 41484 24599 24603 5 9 8.34E-04 1.60E-02 PROM1 (-577) 

HypoHier291 chr3 52351355 52351963 -0.81 4.07 38598 19549 19553 5 5 8.32E-04 1.60E-02 DNAH1 (+1324), BAP1 (+92707) 

HypoHier290 chr2 237072391 237072998 -0.82 4.08 34509 17236 17240 5 5 8.27E-04 1.60E-02 GBX2 (+4317), AGAP1 (+669944) 

HypoHier289 chr19 52598653 52599329 -0.82 5.71 30002 98806 98812 7 7 2.36E-04 6.00E-03 ZNF841 (+27) 

HypoHier288 chr19 52872916 52873624 -0.82 7.35 30007 98819 98827 9 9 9.20E-05 5.00E-03 ZNF880 (+66) 

HypoHier287 chr6 25652381 25652407 -0.82 4.90 47233 35203 35208 6 10 4.10E-04 8.00E-03 SCGN (-70) 

HypoHier286 chr8 24771114 24773268 -0.82 14.74 54339 49709 49726 18 18 2.60E-06 0.00E+00 DOCK5 (-270189), NEFM (+1666) 

HypoHier285 chr6 1312475 1312577 -0.82 4.92 46702 34234 34239 6 6 4.03E-04 8.00E-03 FOXQ1 (-149) 

HypoHier284 chr12 79257667 79258438 -0.82 8.20 14211 70492 70501 10 10 5.89E-05 4.00E-03 SYT1 (-396) 

HypoHier283 chr10 52834498 52835078 -0.82 4.10 6822 57214 57218 5 5 8.13E-04 1.60E-02 PRKG1 (+854) 

HypoHier282 chr12 85667353 85667616 -0.82 2.46 14273 70622 70624 3 3 4.60E-03 6.20E-02 TSPAN19 (-237450), ALX1 (-6400) 

HypoHier281 chr7 54609587 54610320 -0.82 7.38 51603 44787 44795 9 9 9.06E-05 5.00E-03 VSTM2A (-64) 

HypoHier280 chr14 37666810 37667261 -0.82 4.10 17479 76705 76709 5 5 8.10E-04 1.60E-02 MIPOL1 (-119) 

HypoHier279 chr17 8702564 8702868 -0.82 3.29 24083 88033 88036 4 4 1.82E-03 3.30E-02 MFSD6L (-49) 

HypoHier278 chr5 178421314 178422415 -0.82 6.58 46536 33954 33961 8 8 1.39E-04 6.00E-03 GRM6 (+259) 

HypoHier277 chr6 32920102 32920784 -0.82 4.95 47928 37670 37675 6 6 3.92E-04 6.00E-03 HLA-DMA (+456), ENSG00000248993 (+456) 

HypoHier276 chr7 82791675 82792345 -0.83 4.13 52011 45454 45458 5 5 7.92E-04 1.40E-02 PCLO (+236) 

HypoHier275 chr7 121950282 121950975 -0.83 4.13 52646 46658 46662 5 5 7.92E-04 1.40E-02 FEZF1 (-6070), RNF133 (+388581) 

HypoHier274 chr12 5019933 5020693 -0.83 2.48 12771 68017 68019 3 3 4.49E-03 5.90E-02 KCNA5 (-132772), KCNA1 (+1242) 

HypoHier273 chr6 29911542 29911558 -0.83 2.48 47554 36186 36188 3 3 4.49E-03 5.90E-02 ZNRD1 (-117481), HLA-A (+2513) 

HypoHier272 chr9 14313043 14313762 -0.83 2.48 56493 53498 53500 3 3 4.49E-03 5.90E-02 NFIB (+263) 

HypoHier271 chr11 86085366 86086101 -0.83 5.79 11405 65792 65798 7 7 2.24E-04 4.00E-03 C11orf73 (+72469), ME3 (+297944) 

HypoHier270 chr5 137224213 137224967 -0.83 4.14 45334 31669 31673 5 8 7.85E-04 1.30E-02 PKD2L2 (-568) 

HypoHier269 chr5 1886828 1888033 -0.83 4.97 43560 28381 28386 6 6 3.86E-04 6.00E-03 IRX4 (-99) 

HypoHier268 chr19 58446312 58446988 -0.83 9.12 30304 99396 99406 11 11 3.41E-05 3.00E-03 ZNF418 (+90) 

HypoHier267 chr4 166793789 166796183 -0.83 12.43 42948 27227 27241 15 15 7.09E-06 0.00E+00 TLL1 (+576) 

HypoHier266 chr3 147108512 147108916 -0.83 2.49 39973 21780 21782 3 3 4.44E-03 5.70E-02 PLSCR1 (-846063), ZIC4 (+13357) 

HypoHier265 chr7 105221826 105222180 -0.83 6.64 52454 46328 46335 8 8 1.36E-04 3.00E-03 EFCAB10 (-60) 

HypoHier264 chr19 53811704 53812098 -0.83 3.32 30034 98892 98895 4 4 1.76E-03 2.50E-02 ZNF845 (-25101), BIRC8 (-17026) 

HypoHier263 chr7 149158185 149158486 -0.83 2.49 53106 47437 47439 3 3 4.41E-03 5.40E-02 ZNF777 (-122) 

HypoHier262 chr10 89264080 89264128 -0.83 2.49 7411 58155 58157 3 3 4.41E-03 5.40E-02 MINPP1 (-528) 

HypoHier261 chr16 54968727 54969146 -0.83 4.99 22350 84968 84973 6 6 3.80E-04 5.00E-03 IRX6 (-388735), IRX5 (+4163) 

HypoHier260 chr14 37641134 37641964 -0.83 7.49 17478 76696 76704 9 9 8.37E-05 2.00E-03 SLC25A21 (+522) 

HypoHier259 chr22 50737978 50738890 -0.83 3.33 37624 104583 104586 4 4 1.75E-03 2.40E-02 MAPK11 (-29612), PLXNB2 (+7622) 

HypoHier258 chr5 149546691 149546946 -0.83 2.50 45829 32721 32723 3 3 4.38E-03 5.40E-02 CDX1 (+461) 

HypoHier257 chr11 33890131 33891205 -0.83 6.66 9912 63280 63287 8 8 1.33E-04 3.00E-03 FBXO3 (-94606), LMO2 (+23168) 

HypoHier256 chr6 28504908 28505429 -0.83 3.33 47408 35633 35636 4 4 1.74E-03 2.40E-02 GPX5 (+11467), SCAND3 (+49943) 

HypoHier255 chr1 43736290 43736600 -0.83 2.50 2300 3821 3823 3 3 4.38E-03 5.40E-02 TMEM125 (+749) 

HypoHier254 chr17 38334161 38334623 -0.83 5.83 24869 89455 89461 7 9 2.16E-04 3.00E-03 RAPGEFL1 (+150) 

HypoHier253 chr2 223164854 223164869 -0.83 2.50 34178 16669 16671 3 21 4.36E-03 5.30E-02 PAX3 (-1162) 

HypoHier252 chr19 37997294 37998171 -0.84 8.37 29127 97174 97183 10 10 5.30E-05 2.00E-03 ZNF793 (-16574), ZNF570 (+37751) 

HypoHier251 chr1 4714008 4714171 -0.84 2.51 508 958 960 3 3 4.32E-03 5.10E-02 AJAP1 (-1015) 



HypoHier250 chr19 38307803 38308263 -0.84 3.35 29135 97206 97209 4 4 1.71E-03 2.20E-02 SIPA1L3 (-89835), ZNF573 (-43642) 

HypoHier249 chr8 35092687 35092876 -0.84 3.35 54553 50100 50103 4 4 1.71E-03 2.20E-02 UNC5D (-193) 

HypoHier248 chr2 206550819 206551466 -0.84 2.51 33783 15993 15995 3 4 4.30E-03 5.10E-02 NRP2 (+3919), INO80D (+399763) 

HypoHier247 chr5 15499895 15500913 -0.84 5.87 43870 28928 28934 7 7 2.13E-04 3.00E-03 FBXL7 (+99) 

HypoHier246 chr19 4474970 4475136 -0.84 2.52 27990 95083 95085 3 3 4.29E-03 5.10E-02 ENSG00000167674 (+2769), PLIN4 (+42663) 

HypoHier245 chr11 126286370 126286828 -0.84 3.35 12276 67216 67219 4 4 1.70E-03 2.20E-02 ST3GAL4 (+10922), KIRREL3 (+584056) 

HypoHier244 chr19 49249932 49250561 -0.84 5.87 29736 98258 98264 7 7 2.13E-04 3.00E-03 IZUMO1 (-81) 

HypoHier243 chr1 228464049 228464232 -0.84 2.52 5456 9309 9311 3 7 4.29E-03 5.10E-02 OBSCN (+68310), TRIM11 (+130400) 

HypoHier242 chr10 129535138 129535968 -0.84 9.25 8452 60187 60197 11 11 3.17E-05 2.00E-03 FOXI2 (+54) 

HypoHier241 chr14 38091400 38092175 -0.84 5.89 17492 76759 76765 7 7 2.11E-04 3.00E-03 SSTR1 (-585416), FOXA1 (-27549) 

HypoHier240 chr8 145910546 145911897 -0.84 6.73 56387 53315 53322 8 9 1.28E-04 3.00E-03 ARHGAP39 (-80138), ZNF251 (+69768) 

HypoHier239 chr11 24518149 24518448 -0.84 7.58 9744 62891 62899 9 9 7.99E-05 2.00E-03 LUZP2 (-425) 

HypoHier238 chr18 74961196 74962794 -0.84 16.84 27391 94090 94109 20 28 1.42E-06 0.00E+00 GALR1 (-510) 

HypoHier237 chr1 88928168 88928467 -0.84 2.53 3072 5216 5218 3 6 4.24E-03 4.90E-02 PKN2 (-221587) 

HypoHier236 chr7 4832112 4832535 -0.84 4.22 50712 42936 42940 5 5 7.32E-04 9.00E-03 AP5Z1 (+17071), PAPOLB (+69301) 

HypoHier235 chr10 60935663 60937257 -0.85 11.84 6879 57299 57312 14 14 9.93E-06 0.00E+00 PHYHIPL (+110) 

HypoHier234 chr7 100886961 100887364 -0.85 2.54 52362 46188 46190 3 3 4.18E-03 4.70E-02 CLDN15 (-5062), FIS1 (+1203) 

HypoHier233 chr11 6947541 6947773 -0.85 4.23 9309 62053 62057 5 7 7.21E-04 9.00E-03 ZNF215 (+3) 

HypoHier232 chr7 73894730 73895278 -0.85 5.09 51894 45272 45277 6 6 3.55E-04 5.00E-03 GTF2I (-177007), GTF2IRD1 (+26704) 

HypoHier231 chr1 164290179 164290833 -0.85 6.78 4238 7265 7272 8 8 1.25E-04 3.00E-03 PBX1 (-238366), NUF2 (+998762) 

HypoHier230 chr4 101439954 101440278 -0.85 2.54 42296 26058 26060 3 3 4.16E-03 4.60E-02 EMCN (-866) 

HypoHier229 chr10 95653378 95654134 -0.85 5.93 7521 58359 58365 7 7 2.03E-04 3.00E-03 SLC35G1 (+26) 

HypoHier228 chr6 105388668 105388731 -0.85 2.55 49052 39879 39881 3 5 4.15E-03 4.40E-02 HACE1 (-80906), LIN28B (-16223) 

HypoHier227 chr11 69286145 69286352 -0.85 3.40 10944 65024 65027 4 4 1.63E-03 2.00E-02 CCND1 (-169606), TPCN2 (+469884) 

HypoHier226 chr3 16216094 16216215 -0.85 3.41 37989 18420 18423 4 4 1.61E-03 2.00E-02 GALNT15 (-1) 

HypoHier225 chr19 46318439 46319398 -0.85 7.66 29532 97906 97914 9 9 7.76E-05 2.00E-03 RSPH6A (-342) 

HypoHier224 chr6 27635558 27635849 -0.85 3.41 47352 35502 35505 4 4 1.60E-03 2.00E-02 ZNF184 (-194807), HIST1H2BL (+140005) 

HypoHier223 chr3 181444131 181445647 -0.85 10.25 40425 22654 22665 12 14 1.94E-05 1.00E-03 SOX2 (+15167) 

HypoHier222 chr13 97646639 97647084 -0.86 6.85 16562 74878 74885 8 9 1.19E-04 3.00E-03 OXGR1 (-258) 

HypoHier221 chr4 126237986 126238929 -0.86 5.14 42555 26572 26577 6 6 3.41E-04 4.00E-03 FAT4 (+904) 

HypoHier220 chr2 5835853 5837348 -0.86 8.57 30551 10410 10419 10 10 4.80E-05 2.00E-03 SOX11 (+3802) 

HypoHier219 chr3 164914150 164915196 -0.86 11.14 40210 22282 22294 13 16 1.25E-05 1.00E-03 SLITRK3 (-883) 

HypoHier218 chr13 50706583 50707586 -0.86 6.86 16233 74277 74284 8 8 1.19E-04 3.00E-03 RNASEH2B (-776729), DLEU1 (+50778) 

HypoHier217 chr8 79578116 79578360 -0.86 4.30 55236 51396 51400 5 6 6.79E-04 8.00E-03 ZC2HC1A (-44) 

HypoHier216 chr8 38831148 38832728 -0.86 7.74 54657 50258 50266 9 9 7.35E-05 2.00E-03 HTRA4 (+255) 

HypoHier215 chr1 95392925 95393429 -0.86 4.30 3185 5452 5456 5 5 6.77E-04 8.00E-03 CNN3 (-343) 

HypoHier214 chr11 121971092 121971247 -0.86 3.45 12115 66951 66954 4 8 1.55E-03 1.90E-02 BLID (+15753), SORL1 (+648258) 

HypoHier213 chr10 1651238 1651391 -0.86 2.59 5993 55747 55749 3 3 3.94E-03 4.10E-02 IDI1 (-556205), ADARB2 (+128355) 

HypoHier212 chr7 26897182 26897714 -0.86 6.05 51025 43602 43608 7 7 1.91E-04 3.00E-03 SKAP2 (+6914), SNX10 (+565905) 

HypoHier211 chr7 121512781 121513944 -0.87 6.06 52630 46597 46603 7 7 1.89E-04 3.00E-03 PTPRZ1 (+220) 

HypoHier210 chr12 97379628 97379917 -0.87 2.60 14417 70861 70863 3 3 3.88E-03 3.60E-02 NEDD1 (+78529) 

HypoHier209 chr1 1108820 1109832 -0.87 5.21 70 135 140 6 6 3.26E-04 4.00E-03 TTLL10 (+43) 

HypoHier208 chr12 4918169 4919591 -0.87 7.81 12766 68003 68011 9 9 7.07E-05 2.00E-03 KCNA6 (+538) 

HypoHier207 chr13 70681804 70682324 -0.87 3.48 16389 74512 74515 4 11 1.49E-03 1.50E-02 KLHL1 (+527) 

HypoHier206 chr7 49812836 49813763 -0.87 7.83 51544 44664 44672 9 9 7.02E-05 2.00E-03 VWC2 (+43) 

HypoHier205 chr4 6202091 6202609 -0.87 6.11 41188 24086 24092 7 7 1.84E-04 3.00E-03 JAKMIP1 (-68) 

HypoHier204 chr6 161188322 161188638 -0.87 3.49 49935 41463 41466 4 4 1.48E-03 1.50E-02 MAP3K4 (-224336), PLG (+65206) 

HypoHier203 chr2 241496830 241497599 -0.87 6.11 34725 17636 17642 7 7 1.83E-04 3.00E-03 DUSP28 (-2504), ANKMY1 (+165) 

HypoHier202 chr2 45240373 45241008 -0.87 2.62 31380 11764 11766 3 6 3.79E-03 3.50E-02 SIX2 (-4122) 

HypoHier201 chr2 154729059 154730157 -0.88 7.01 33102 14608 14615 8 9 1.11E-04 3.00E-03 KCNJ3 (-825203), GALNT13 (+1182) 

HypoHier200 chr17 79140481 79140589 -0.88 2.63 26539 92363 92365 3 3 3.76E-03 3.40E-02 AATK (-718) 

HypoHier199 chr20 37352612 37353158 -0.88 6.14 35445 100732 100738 7 7 1.80E-04 2.00E-03 SLC32A1 (-220) 

HypoHier198 chr3 3842202 3842717 -0.88 4.38 37700 17918 17922 5 5 6.29E-04 5.00E-03 SETMAR (-502528), LRRN1 (+1339) 

HypoHier197 chr2 46043 46558 -0.88 2.63 30345 10062 10064 3 3 3.75E-03 3.20E-02 FAM110C (+84) 

HypoHier196 chr1 26644234 26645161 -0.88 5.27 1614 2646 2651 6 7 3.10E-04 3.00E-03 UBXN11 (+156), CD52 (+250) 

HypoHier195 chr7 134576049 134576386 -0.88 5.28 52892 47096 47101 6 6 3.07E-04 3.00E-03 AGBL3 (-95041), CALD1 (+111817) 

HypoHier194 chr17 17625521 17626127 -0.88 2.64 24286 88416 88418 3 3 3.72E-03 3.10E-02 RAI1 (+41037), SREBF1 (+114477) 

HypoHier193 chr1 3663164 3663705 -0.88 4.41 461 894 898 5 5 6.13E-04 4.00E-03 SMIM1 (-25917), TP73 (+94351) 



HypoHier192 chr7 153584416 153585368 -0.88 7.07 53274 47734 47741 8 8 1.08E-04 2.00E-03 DPP6 (-164873) 

HypoHier191 chr8 110986371 110987019 -0.88 4.42 55645 52087 52091 5 5 6.07E-04 4.00E-03 SYBU (-282675), KCNV1 (+1381) 

HypoHier190 chr11 118402280 118402540 -0.89 2.66 11964 66736 66738 3 3 3.65E-03 2.60E-02 TMEM25 (+486) 

HypoHier189 chr2 236578808 236579780 -0.89 3.54 34470 17183 17186 4 6 1.40E-03 1.20E-02 AGAP1 (+176543), GBX2 (+497718) 

HypoHier188 chr1 145714010 145714143 -0.89 2.67 3598 6202 6204 3 3 3.61E-03 2.50E-02 PDZK1 (-29186), CD160 (-7216) 

HypoHier187 chr9 13278512 13278977 -0.89 2.67 56481 53484 53486 3 3 3.59E-03 2.40E-02 MPDZ (+818) 

HypoHier186 chr2 179184854 179184866 -0.89 2.67 33497 15541 15543 3 3 3.59E-03 2.40E-02 OSBPL6 (+125652), PRKRA (+131098) 

HypoHier185 chr6 19837015 19838211 -0.89 7.15 47165 35080 35087 8 8 1.02E-04 2.00E-03 ID4 (-4) 

HypoHier184 chr13 75149833 75149974 -0.89 2.68 16410 74547 74549 3 3 3.54E-03 2.20E-02 KLF12 (-580718), TBC1D4 (+906346) 

HypoHier183 chr16 1585644 1586043 -0.89 2.68 21241 83181 83183 3 3 3.54E-03 2.20E-02 TMEM204 (+2270), IFT140 (+76267) 

HypoHier182 chr3 238048 238618 -0.90 7.16 37664 17849 17856 8 8 1.01E-04 2.00E-03 CHL1 (+54) 

HypoHier181 chr16 54966471 54967786 -0.90 5.38 22349 84962 84967 6 6 2.91E-04 3.00E-03 IRX6 (-390543), IRX5 (+2355) 

HypoHier180 chr1 155146302 155146785 -0.90 3.59 3917 6744 6747 4 4 1.33E-03 1.00E-02 KRTCAP2 (-735), TRIM46 (+101) 

HypoHier179 chr2 106362547 106362832 -0.90 2.69 32366 13364 13366 3 3 3.50E-03 2.20E-02 C2orf40 (-319422), NCK2 (+1336) 

HypoHier178 chr13 46425508 46426026 -0.90 8.08 16156 74148 74156 9 9 6.22E-05 2.00E-03 SIAH3 (+104) 

HypoHier177 chr14 27065974 27066771 -0.90 4.49 17342 76351 76355 5 5 5.71E-04 4.00E-03 NOVA1 (+587) 

HypoHier176 chr7 79081666 79084078 -0.90 20.73 51985 45392 45414 23 26 4.73E-07 0.00E+00 MAGI2 (+18) 

HypoHier175 chr12 133195061 133195520 -0.90 3.61 15611 73148 73151 4 4 1.31E-03 1.00E-02 P2RX2 (-112) 

HypoHier174 chr11 101453871 101454823 -0.90 8.12 11586 66087 66095 9 11 6.12E-05 2.00E-03 TRPC6 (+312) 

HypoHier173 chr8 121137734 121138133 -0.90 2.71 55734 52234 52236 3 5 3.43E-03 2.10E-02 COL14A1 (+587) 

HypoHier172 chr6 5851031 5851840 -0.91 3.63 46857 34497 34500 4 4 1.29E-03 1.00E-02 NRN1 (+155764), FARS2 (+590159) 

HypoHier171 chr7 2756996 2758014 -0.91 3.63 50643 42788 42791 4 7 1.28E-03 1.00E-02 AMZ1 (+38349), GNA12 (+126453) 

HypoHier170 chr8 57069688 57070013 -0.91 2.73 54929 50788 50790 3 4 3.37E-03 2.10E-02 MOS (-43310), PLAG1 (+53987) 

HypoHier169 chr15 48469952 48470794 -0.91 6.37 19652 80363 80369 7 7 1.58E-04 2.00E-03 MYEF2 (+341) 

HypoHier168 chr6 1601229 1601802 -0.91 4.55 46734 34317 34321 5 5 5.49E-04 4.00E-03 FOXC1 (-9165), FOXF2 (+211447) 

HypoHier167 chr4 174421377 174422908 -0.91 7.28 42996 27293 27300 8 8 9.60E-05 2.00E-03 SCRG1 (-101456), HAND2 (+29237) 

HypoHier166 chr9 125796809 125797284 -0.91 2.73 57287 54567 54569 3 3 3.35E-03 2.00E-02 GPR21 (+241) 

HypoHier165 chr7 142494148 142494492 -0.91 5.47 53038 47320 47325 6 9 2.74E-04 3.00E-03 EPHB6 (-58472), PRSS1 (+36990) 

HypoHier164 chr17 1617102 1617465 -0.91 4.57 23705 87292 87296 5 6 5.40E-04 4.00E-03 TLCD2 (-3552) 

HypoHier163 chr1 24645802 24646392 -0.91 10.97 1531 2499 2510 12 12 1.37E-05 1.00E-03 GRHL3 (+182) 

HypoHier162 chr15 41803428 41804283 -0.92 4.58 19527 80162 80166 5 5 5.38E-04 4.00E-03 LTK (+2148), ITPKA (+17783) 

HypoHier161 chr5 74162621 74162924 -0.92 6.41 44494 30091 30097 7 7 1.54E-04 2.00E-03 FAM169A (-110) 

HypoHier160 chr2 45159894 45160554 -0.92 7.33 31348 11672 11679 8 8 9.34E-05 2.00E-03 SIX3 (-8678), CAMKMT (+571121) 

HypoHier159 chr12 96252066 96252245 -0.92 2.76 14398 70830 70832 3 6 3.25E-03 1.80E-02 SNRPF (-550) 

HypoHier158 chr16 8768031 8768425 -0.92 2.76 21596 83780 83782 3 4 3.24E-03 1.80E-02 ABAT (-38598), METTL22 (+52683) 

HypoHier157 chr5 178367621 178368620 -0.92 10.12 46533 33940 33950 11 12 2.08E-05 2.00E-03 ZNF454 (-71) 

HypoHier156 chr4 165877875 165878219 -0.92 6.45 42933 27197 27203 7 7 1.51E-04 2.00E-03 MARCH1 (-572845), TRIM61 (+20773) 

HypoHier155 chr6 33039396 33039500 -0.92 4.61 47937 37696 37700 5 5 5.24E-04 4.00E-03 HLA-DPB1 (-4255) 

HypoHier154 chr4 81118188 81119473 -0.92 8.30 42106 25727 25735 9 11 5.68E-05 2.00E-03 FGF5 (-68922), PRDM8 (+12407) 

HypoHier153 chr11 32454718 32455192 -0.92 7.40 9878 63212 63219 8 11 8.87E-05 2.00E-03 WT1 (+2221), RCN1 (+342505) 

HypoHier152 chr12 66122804 66123496 -0.93 4.63 14043 70267 70271 5 6 5.17E-04 4.00E-03 HMGA2 (-94761), MSRB3 (+450727) 

HypoHier151 chr16 54321848 54323498 -0.93 7.43 22334 84924 84931 8 8 8.63E-05 2.00E-03 IRX3 (-1998) 

HypoHier150 chr4 187476326 187476953 -0.93 9.30 43229 27758 27767 10 13 2.98E-05 2.00E-03 MTNR1A (+81) 

HypoHier149 chr3 42947263 42947385 -0.93 2.79 38285 18950 18952 3 7 3.12E-03 1.80E-02 ZNF662 (-334) 

HypoHier148 chr19 53758289 53758609 -0.93 4.66 30029 98883 98887 5 5 5.01E-04 4.00E-03 VN1R2 (-3096), ZNF677 (-323) 

HypoHier147 chr21 34405553 34405997 -0.93 3.73 36277 102259 102262 4 4 1.15E-03 8.00E-03 OLIG1 (-36675), OLIG2 (+7532) 

HypoHier146 chr19 57617602 57618436 -0.93 3.73 30269 99326 99329 4 4 1.15E-03 8.00E-03 ZIM2 (-265922), USP29 (-13392) 

HypoHier145 chr10 96162066 96162189 -0.94 5.61 7535 58385 58390 6 7 2.52E-04 3.00E-03 TBC1D12 (-133) 

HypoHier144 chr6 31430641 31431969 -0.94 7.49 47715 36852 36859 8 8 8.37E-05 1.00E-03 MICB (-34587), MICA (+59949) 

HypoHier143 chr7 751331 752456 -0.94 9.37 50352 42180 42189 10 13 2.84E-05 1.00E-03 PRKAR1B (+950) 

HypoHier142 chr5 166405485 166406845 -0.94 5.63 46094 33181 33186 6 6 2.49E-04 1.00E-03 TENM2 (-305639) 

HypoHier141 chr16 54315551 54316049 -0.94 3.75 22330 84911 84914 4 4 1.12E-03 7.00E-03 IRX3 (+4875), FTO (+577925) 

HypoHier140 chr7 14028690 14029701 -0.94 12.22 50838 43208 43220 13 13 7.80E-06 0.00E+00 ETV1 (+375) 

HypoHier139 chr17 9479910 9480428 -0.94 8.46 24107 88076 88084 9 9 5.01E-05 1.00E-03 STX8 (-616), WDR16 (+225) 

HypoHier138 chr2 74875227 74875548 -0.94 7.55 31926 12652 12659 8 8 8.11E-05 1.00E-03 M1AP (-224) 

HypoHier137 chr12 63327142 63327207 -0.94 2.83 14003 70204 70206 3 3 3.00E-03 1.60E-02 PPM1H (+1642), MON2 (+466578) 

HypoHier136 chr1 60280088 60281077 -0.94 8.50 2747 4603 4611 9 9 5.01E-05 1.00E-03 HOOK1 (+50) 

HypoHier135 chr2 241459638 241460002 -0.94 2.83 34724 17633 17635 3 3 2.99E-03 1.60E-02 ANKMY1 (+37560), GPC1 (+84732) 



HypoHier134 chr11 65194933 65195039 -0.95 3.78 10672 64518 64521 4 4 1.09E-03 7.00E-03 SCYL1 (-97562), FRMD8 (+40916) 

HypoHier133 chr12 71833017 71833193 -0.95 3.79 14133 70386 70389 4 4 1.09E-03 7.00E-03 LGR5 (-445) 

HypoHier132 chr8 688018 688417 -0.95 2.84 53689 48568 48570 3 3 2.95E-03 1.60E-02 DLGAP2 (-761314), TDRP (-192437) 

HypoHier131 chr9 115818857 115819364 -0.95 3.80 57158 54384 54387 4 5 1.07E-03 7.00E-03 ZFP37 (-115) 

HypoHier130 chr6 30458158 30458730 -0.95 6.65 47620 36515 36521 7 7 1.35E-04 1.00E-03 PRR3 (-66219), HLA-E (+1200) 

HypoHier129 chr19 863054 863244 -0.95 3.81 27604 94453 94456 4 4 1.06E-03 7.00E-03 CFD (+3696), MED16 (+30069) 

HypoHier128 chr8 674434 674560 -0.95 2.86 53687 48561 48563 3 3 2.90E-03 1.60E-02 DLGAP2 (-775035), TDRP (-178716) 

HypoHier127 chr11 125774082 125774447 -0.96 5.75 12258 67189 67194 6 6 2.31E-04 1.00E-03 PUS3 (-1149), DDX25 (+7) 

HypoHier126 chr1 209404846 209405064 -0.97 2.91 5023 8582 8584 3 3 2.75E-03 1.20E-02 PLXNA2 (-987290), CAMK1G (-352107) 

HypoHier125 chr11 40314618 40315404 -0.97 4.85 9990 63393 63397 5 5 4.28E-04 1.00E-03 LRRC4C (+653) 

HypoHier124 chr8 54163622 54164442 -0.98 9.76 54868 50654 50663 10 11 2.46E-05 0.00E+00 OPRK1 (+225) 

HypoHier123 chr5 140345643 140346403 -0.98 10.75 45491 31960 31970 11 12 1.49E-05 0.00E+00 PCDHAC2 (+203) 

HypoHier122 chr2 240302585 240302855 -0.98 3.91 34665 17544 17547 4 4 9.71E-04 6.00E-03 HDAC4 (+19923), TWIST2 (+546047) 

HypoHier121 chr1 228644750 228646224 -0.98 18.60 5466 9333 9351 19 19 9.46E-07 0.00E+00 HIST3H2BB (-321), HIST3H2A (+73) 

HypoHier120 chr5 150284416 150284796 -0.98 6.86 45867 32787 32793 7 7 1.19E-04 0.00E+00 ZNF300 (-61) 

HypoHier119 chr2 154727925 154728468 -0.98 5.89 33101 14602 14607 6 7 2.10E-04 0.00E+00 GALNT13 (-229) 

HypoHier118 chr7 98990265 98990837 -0.98 2.94 52235 45974 45976 3 3 2.64E-03 1.20E-02 BUD31 (-15713), ARPC1B (+18198) 

HypoHier117 chr7 155599026 155599780 -0.98 3.94 53364 47956 47959 4 4 9.45E-04 6.00E-03 SHH (+5564), RBM33 (+162030) 

HypoHier116 chr6 33091357 33091841 -0.98 5.91 47947 37760 37765 6 6 2.06E-04 0.00E+00 HLA-DPA1 (-43112), COL11A2 (+68677) 

HypoHier115 chr4 110223040 110224247 -0.99 15.76 42371 26170 26185 16 16 1.66E-06 0.00E+00 COL25A1 (+155) 

HypoHier114 chr3 128204047 128205496 -0.99 8.88 39646 21186 21194 9 9 4.04E-05 0.00E+00 DNAJB8 (-18961), GATA2 (+7256) 

HypoHier113 chr6 41605343 41605784 -0.99 2.96 48317 38450 38452 3 3 2.59E-03 1.20E-02 MDFI (-621) 

HypoHier112 chr18 20713759 20714332 -0.99 2.96 26971 93224 93226 3 6 2.58E-03 1.20E-02 CABLES1 (-1681) 

HypoHier111 chr4 467983 468201 -0.99 5.93 40811 23307 23312 6 6 2.04E-04 0.00E+00 ZNF721 (+24853), ZNF141 (+136468) 

HypoHier110 chr7 1067302 1067459 -0.99 2.97 50402 42278 42280 3 3 2.57E-03 1.20E-02 GPR146 (-27540), CYP2W1 (+44546) 

HypoHier109 chr6 10529935 10530035 -0.99 2.97 46982 34781 34783 3 3 2.57E-03 1.20E-02 GCNT6 (-104008), GCNT2 (+1396) 

HypoHier108 chr9 90113813 90114156 -0.99 3.97 56854 53976 53979 4 4 9.23E-04 6.00E-03 CTSL (-226449), DAPK1 (+1189) 

HypoHier107 chr15 35046760 35047411 -0.99 5.96 19363 79897 79902 6 8 2.01E-04 0.00E+00 GJD2 (+80) 

HypoHier106 chr1 144930572 144931379 -0.99 2.98 3573 6170 6172 3 3 2.54E-03 1.20E-02 PDE4DIP (+64046), NBPF9 (+119228) 

HypoHier105 chr9 136149908 136150823 -0.99 4.97 57639 55017 55021 5 5 3.86E-04 1.00E-03 OBP2B (-65738), SURF6 (+52869) 

HypoHier104 chr3 16974160 16974681 -1.00 2.99 38001 18436 18438 3 3 2.50E-03 1.20E-02 PLCL2 (+47969), TBC1D5 (+767091) 

HypoHier103 chr1 228646916 228646970 -1.00 2.99 5467 9352 9354 3 3 2.50E-03 1.20E-02 HIST3H2A (-1383), HIST3H2BB (+1135) 

HypoHier102 chr4 103998289 103998497 -1.00 5.01 42314 26078 26082 5 5 3.77E-04 1.00E-03 SLC9B2 (-463) 

HypoHier101 chr16 17562960 17563300 -1.00 3.01 21749 84007 84009 3 3 2.44E-03 1.10E-02 XYLT1 (+1608) 

HypoHier100 chr7 29923339 29924165 -1.01 7.07 51152 44037 44043 7 7 1.08E-04 0.00E+00 WIPF3 (+49411), SCRN1 (+106153) 

HypoHier99 chr5 178322737 178322924 -1.01 6.09 46531 33932 33937 6 6 1.85E-04 0.00E+00 ZFP2 (-64) 

HypoHier98 chr19 56988398 56989543 -1.02 7.16 30244 99262 99268 7 7 1.01E-04 0.00E+00 ZNF667 (-272) 

HypoHier97 chr19 19221316 19221574 -1.02 4.09 28785 96511 96514 4 4 8.19E-04 2.00E-03 TMEM161A (+27857), SLC25A42 (+46637) 

HypoHier96 chr11 124747075 124747263 -1.02 4.10 12220 67126 67129 4 4 8.14E-04 2.00E-03 ROBO3 (+11887), ROBO4 (+21008) 

HypoHier95 chr19 11199851 11199965 -1.02 6.15 28345 95712 95717 6 6 1.79E-04 0.00E+00 LDLR (-130) 

HypoHier94 chr12 51786038 51786547 -1.03 3.09 13558 69316 69318 3 3 2.26E-03 4.00E-03 SLC4A8 (-32262), GALNT6 (-8946) 

HypoHier93 chr2 164592561 164593498 -1.04 9.33 33209 14847 14855 9 11 2.93E-05 0.00E+00 FIGN (-513) 

HypoHier92 chr12 62583974 62584454 -1.04 3.12 13993 70191 70193 3 3 2.19E-03 3.00E-03 FAM19A2 (+2409) 

HypoHier91 chr19 51196754 51197463 -1.04 3.12 29885 98580 98582 3 3 2.19E-03 3.00E-03 SYT3 (-55807), SHANK1 (+23086) 

HypoHier90 chr11 8190152 8190837 -1.05 6.27 9372 62167 62172 6 6 1.67E-04 0.00E+00 RIC3 (+41) 

HypoHier89 chr17 75955921 75956222 -1.05 3.14 26263 91865 91867 3 3 2.13E-03 3.00E-03 TNRC6C (-45065), SEPT9 (+678580) 

HypoHier88 chr14 24640947 24642317 -1.05 14.72 17300 76250 76263 14 14 2.60E-06 0.00E+00 REC8 (+570) 

HypoHier87 chr6 152011103 152011666 -1.05 5.26 49757 41156 41160 5 5 3.11E-04 0.00E+00 ESR1 (-246) 

HypoHier86 chr14 91866325 91866751 -1.06 4.25 18350 78136 78139 4 4 7.10E-04 0.00E+00 GPR68 (-146269), CCDC88C (+17583) 

HypoHier85 chr2 241936844 241937034 -1.06 3.19 34762 17711 17713 3 3 2.03E-03 2.00E-03 SNED1 (-1316) 

HypoHier84 chr3 44753946 44754587 -1.07 11.76 38325 19014 19024 11 11 1.04E-05 0.00E+00 ZNF502 (+129) 

HypoHier83 chr14 106329158 106329652 -1.07 4.29 19024 79341 79344 4 4 6.86E-04 0.00E+00 TMEM121 (+336465) 

HypoHier82 chr19 58570419 58570995 -1.08 8.61 30313 99434 99441 8 8 4.75E-05 0.00E+00 ZNF135 (+100) 

HypoHier81 chr2 216946201 216946429 -1.08 3.23 33908 16202 16204 3 3 1.93E-03 1.00E-03 TMEM169 (-274), PECR (+224) 

HypoHier80 chr4 6201080 6201536 -1.08 3.24 41187 24083 24085 3 5 1.92E-03 1.00E-03 JAKMIP1 (+974) 

HypoHier79 chr17 37024020 37024760 -1.08 6.48 24785 89260 89265 6 6 1.47E-04 0.00E+00 LASP1 (-1722) 

HypoHier78 chr3 128209772 128210541 -1.08 4.33 39649 21199 21202 4 4 6.61E-04 0.00E+00 DNAJB8 (-24346), GATA2 (+1871) 

HypoHier77 chr3 185911316 185912486 -1.09 8.71 40543 22826 22833 8 8 4.47E-05 0.00E+00 ETV5 (-85000), DGKG (+168125) 



HypoHier76 chr6 32908466 32909003 -1.09 8.73 47925 37655 37662 8 13 4.47E-05 0.00E+00 HLA-DMB (+112) 

HypoHier75 chr19 51189671 51190179 -1.09 4.37 29884 98576 98579 4 4 6.38E-04 0.00E+00 SYT3 (-48623), SHANK1 (+30270) 

HypoHier74 chr11 32448293 32450692 -1.10 15.39 9875 63190 63203 14 14 1.66E-06 0.00E+00 WT1 (+7683), RCN1 (+337043) 

HypoHier73 chr10 121300857 121301343 -1.10 3.31 8177 59708 59710 3 3 1.79E-03 1.00E-03 RGS10 (+1120), GRK5 (+333999) 

HypoHier72 chr17 38084119 38084459 -1.11 4.43 24849 89423 89426 4 4 6.05E-04 0.00E+00 ORMDL3 (-1195) 

HypoHier71 chr4 89978251 89978566 -1.11 3.34 42214 25906 25908 3 3 1.74E-03 1.00E-03 FAM13A (-86) 

HypoHier70 chr1 3309864 3310911 -1.11 5.57 409 774 778 5 5 2.59E-04 0.00E+00 ARHGEF16 (-60602), PRDM16 (+324613) 

HypoHier69 chr16 54324187 54325929 -1.11 10.03 22335 84932 84940 9 9 2.20E-05 0.00E+00 IRX3 (-4383) 

HypoHier68 chr6 21667333 21668049 -1.12 4.46 47181 35112 35115 4 4 5.88E-04 0.00E+00 SOX4 (+73719), PRL (+630039) 

HypoHier67 chr4 114681314 114681880 -1.13 5.63 42444 26372 26376 5 5 2.49E-04 0.00E+00 CAMK2D (+627) 

HypoHier66 chr11 65324768 65325249 -1.13 3.39 10685 64555 64557 3 3 1.65E-03 1.00E-03 LTBP3 (+690) 

HypoHier65 chr1 47696212 47696701 -1.13 4.52 2451 4069 4072 4 4 5.62E-04 0.00E+00 TAL1 (-1014) 

HypoHier64 chr7 810958 811390 -1.13 3.40 50356 42198 42200 3 3 1.62E-03 1.00E-03 SUN1 (-60964), HEATR2 (+44836) 

HypoHier63 chr6 97285662 97285776 -1.14 3.41 48944 39558 39560 3 4 1.61E-03 1.00E-03 GPR63 (-380) 

HypoHier62 chr21 27944586 27945708 -1.14 5.68 36186 102103 102107 5 5 2.41E-04 0.00E+00 CYYR1 (+456) 

HypoHier61 chr10 128993810 128995192 -1.14 12.52 8439 60157 60167 11 11 6.86E-06 0.00E+00 NPS (-353112), DOCK1 (+400523) 

HypoHier60 chr7 121784249 121784596 -1.15 5.74 52638 46614 46618 5 5 2.31E-04 0.00E+00 AASS (-10547), FEZF1 (+160136) 

HypoHier59 chr17 5000803 5001281 -1.16 4.62 23892 87621 87624 4 4 5.19E-04 0.00E+00 USP6 (-18691), ZFP3 (+19499) 

HypoHier58 chr3 239188 240139 -1.16 8.10 37665 17857 17863 7 7 6.15E-05 0.00E+00 CNTN6 (-894596), CHL1 (+1385) 

HypoHier57 chr7 8011594 8012104 -1.17 3.50 50800 43115 43117 3 3 1.47E-03 1.00E-03 GLCCI1 (+3424), ICA1 (+290062) 

HypoHier56 chr19 57183016 57183268 -1.17 3.50 30253 99287 99289 3 3 1.47E-03 1.00E-03 ZNF835 (-14) 

HypoHier55 chr11 32451777 32452839 -1.17 8.22 9876 63204 63210 7 7 5.79E-05 0.00E+00 WT1 (+4868), RCN1 (+339858) 

HypoHier54 chr16 10912331 10912718 -1.18 5.88 21640 83855 83859 5 5 2.12E-04 0.00E+00 TVP23A (+117) 

HypoHier53 chr11 101785507 101785806 -1.18 10.62 11592 66103 66111 9 9 1.54E-05 0.00E+00 KIAA1377 (-89) 

HypoHier52 chr20 44035850 44036136 -1.19 3.57 35556 100965 100967 3 3 1.36E-03 0.00E+00 DBNDD2 (-654) 

HypoHier51 chr3 151178727 151178904 -1.20 3.61 40060 22002 22004 3 3 1.30E-03 0.00E+00 IGSF10 (-2319) 

HypoHier50 chr8 11057947 11059303 -1.21 13.27 54015 49102 49112 11 11 5.20E-06 0.00E+00 XKR6 (+250) 

HypoHier49 chr19 12911875 12912252 -1.21 3.62 28421 95872 95874 3 3 1.29E-03 0.00E+00 PRDX2 (+609) 

HypoHier48 chr2 37551024 37551108 -1.21 3.62 31201 11420 11422 3 3 1.29E-03 0.00E+00 QPCT (-20651), PRKD3 (-6029) 

HypoHier47 chr19 58545001 58545837 -1.22 13.38 30309 99415 99425 11 11 5.20E-06 0.00E+00 ZSCAN1 (-15) 

HypoHier46 chr8 116679763 116680127 -1.22 4.88 55672 52137 52140 4 4 4.17E-04 0.00E+00 TRPS1 (+1283) 

HypoHier45 chr11 6439806 6440065 -1.23 3.69 9295 62029 62031 3 3 1.21E-03 0.00E+00 APBB1 (+364) 

HypoHier44 chr12 48592635 48592818 -1.24 3.71 13430 69123 69125 3 3 1.18E-03 0.00E+00 OR10AD1 (+4443), C12orf68 (+15361) 

HypoHier43 chr1 208084640 208085455 -1.24 6.19 5004 8555 8559 5 5 1.76E-04 0.00E+00 CD34 (-301) 

HypoHier42 chr5 137071523 137071799 -1.24 4.98 45331 31663 31666 4 4 3.84E-04 0.00E+00 KLHL3 (+118) 

HypoHier41 chr1 205781722 205782099 -1.25 3.74 4923 8431 8433 3 3 1.14E-03 0.00E+00 SLC41A1 (+393) 

HypoHier40 chr1 110254709 110254896 -1.25 6.24 3333 5706 5710 5 5 1.72E-04 0.00E+00 GSTM5 (-74) 

HypoHier39 chr15 89920348 89922071 -1.25 17.53 20616 81963 81976 14 18 1.42E-06 0.00E+00 POLG (-43132), RHCG (+118634) 

HypoHier38 chr20 3051954 3052692 -1.26 13.82 34941 99696 99706 11 11 4.26E-06 0.00E+00 OXT (+57) 

HypoHier37 chr12 93966060 93967711 -1.27 10.13 14357 70752 70759 8 8 2.08E-05 0.00E+00 CRADD (-104607), SOCS2 (+3296) 

HypoHier36 chr10 74034644 74034667 -1.27 3.82 7095 57676 57678 3 3 1.06E-03 0.00E+00 DDIT4 (+978) 

HypoHier35 chr5 178487310 178487826 -1.28 10.23 46541 33967 33974 8 8 1.94E-05 0.00E+00 ZNF354C (+152) 

HypoHier34 chr5 178003633 178004685 -1.30 6.48 46520 33913 33917 5 5 1.47E-04 0.00E+00 PHYKPL (-344373), COL23A1 (+13397) 

HypoHier33 chr19 38747174 38747378 -1.32 6.62 29146 97228 97232 5 8 1.36E-04 0.00E+00 PPP1R14A (-45) 

HypoHier32 chr1 208083913 208084071 -1.33 4.00 5003 8552 8554 3 3 8.94E-04 0.00E+00 CD34 (+755) 

HypoHier31 chr19 12305553 12306497 -1.34 6.71 28396 95824 95828 5 5 1.30E-04 0.00E+00 ZNF136 (+32146), ZNF44 (+99603) 

HypoHier30 chr1 47694517 47695475 -1.36 8.15 2450 4063 4068 6 6 6.08E-05 0.00E+00 TAL1 (+447) 

HypoHier29 chr10 124133785 124133822 -1.36 4.08 8253 59823 59825 3 3 8.27E-04 0.00E+00 PLEKHA1 (-408) 

HypoHier28 chr3 100053070 100053188 -1.39 4.17 39197 20521 20523 3 3 7.60E-04 0.00E+00 NIT2 (-416) 

HypoHier27 chr5 76248637 76248923 -1.39 4.18 44537 30163 30165 3 3 7.59E-04 0.00E+00 CRHBP (+242) 

HypoHier26 chr7 143582146 143582630 -1.39 5.57 53062 47365 47368 4 4 2.58E-04 0.00E+00 CTAGE6 (-127599), OR2F2 (-49871) 

HypoHier25 chr3 57994941 57995180 -1.40 4.21 38748 19815 19817 3 3 7.40E-04 0.00E+00 FLNB (+934) 

HypoHier24 chr7 65196614 65196881 -1.44 4.33 51761 45073 45075 3 3 6.57E-04 0.00E+00 VKORC1L1 (-141506), ZNF92 (+358036) 

HypoHier23 chr19 58220080 58220837 -1.46 16.09 30299 99376 99386 11 11 1.66E-06 0.00E+00 ZNF154 (+77) 

HypoHier22 chr2 85810844 85812023 -1.50 10.47 32052 12858 12864 7 8 1.70E-05 0.00E+00 VAMP5 (-97) 

HypoHier21 chr11 32458656 32461240 -1.50 24.08 9880 63224 63239 16 16 4.73E-07 0.00E+00 WT1 (-2772) 

HypoHier20 chr5 67583598 67584380 -1.52 16.72 44386 29849 29859 11 11 1.42E-06 0.00E+00 SLC30A5 (-805484), PIK3R1 (+72441) 

HypoHier19 chr12 122018770 122019525 -1.54 13.83 15064 72156 72164 9 9 4.02E-06 0.00E+00 KDM2B (-259) 



HypoHier18 chr8 42356637 42356871 -1.54 4.61 54742 50427 50429 3 3 5.23E-04 0.00E+00 SMIM19 (-39544), VDAC3 (+107333) 

HypoHier17 chr7 2847517 2847575 -1.54 4.62 50654 42829 42831 3 3 5.19E-04 0.00E+00 GNA12 (+36412), AMZ1 (+128390) 

HypoHier16 chr1 42383598 42384647 -1.55 13.97 2260 3756 3764 9 9 3.07E-06 0.00E+00 HIVEP3 (+46) 

HypoHier15 chr20 11898478 11899258 -1.57 7.86 35043 99896 99900 5 5 6.93E-05 0.00E+00 NONE 

HypoHier14 chr9 135039836 135040296 -1.65 4.95 57583 54943 54945 3 3 3.91E-04 0.00E+00 NTNG2 (+2732), SETX (+190306) 

HypoHier13 chr7 150211761 150211939 -1.66 8.29 53146 47515 47519 5 5 5.68E-05 0.00E+00 GIMAP7 (-68) 

HypoHier12 chr6 10521452 10521715 -1.68 6.72 46980 34776 34779 4 5 1.29E-04 0.00E+00 TFAP2A (-106114), GCNT2 (-7005) 

HypoHier11 chr22 38201496 38201848 -1.72 6.87 37166 103806 103809 4 4 1.19E-04 0.00E+00 GCAT (-2240), H1F0 (+558) 

HypoHier10 chr16 1583810 1584516 -1.72 13.79 21240 83173 83180 8 8 4.26E-06 0.00E+00 TMEM204 (+589) 

HypoHier9 chr10 114712695 114713187 -1.80 7.21 8007 59325 59328 4 6 9.86E-05 0.00E+00 HABP2 (-599844), TCF7L2 (+2932) 

HypoHier8 chr19 58399865 58400559 -1.83 10.96 30303 99390 99395 6 6 1.37E-05 0.00E+00 ZNF814 (+193) 

HypoHier7 chr5 76249502 76250527 -1.85 9.26 44538 30166 30170 5 5 3.10E-05 0.00E+00 AGGF1 (-76195), CRHBP (+1477) 

HypoHier6 chr13 76334583 76334866 -1.89 7.57 16421 74560 74563 4 4 8.02E-05 0.00E+00 LMO7 (-72) 

HypoHier5 chr14 74179674 74180217 -1.90 5.69 18029 77643 77645 3 3 2.40E-04 0.00E+00 PNMA1 (+1182), ACOT6 (+96398) 

HypoHier4 chr7 143579665 143580147 -1.92 7.69 53061 47361 47364 4 4 7.50E-05 0.00E+00 CTAGE6 (-125117), OR2F2 (-52353) 

HypoHier3 chr11 128391271 128391494 -2.03 6.09 12325 67281 67283 3 3 1.85E-04 0.00E+00 ETS1 (+66054) 

HypoHier2 chr5 76115672 76116535 -2.15 15.08 44534 30154 30160 7 7 1.89E-06 0.00E+00 S100Z (-29820), F2RL1 (+1302) 

HypoHier1 chr3 194868750 194868843 -2.16 6.49 40719 23140 23142 3 4 1.46E-04 0.00E+00 LSG1 (-475591), XXYLT1 (+123099) 
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