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Supplementary figure 1| Positive circuit’s detections. Seven positive circuits or positive feed-back loops 

(the sign of a circuit is defined by the product of the signs of its edges, being activation positive and 

inhibition negative) are present in this illustrative toy network. ‘->’ represents activation or positive 

regulation and ‘-|’ represents inhibition or negative regulation. 
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Supplementary figure 2| Network attractors computation. We assumed a Boolean model to compute 

attractors with a synchronous updating scheme. In such a representation ‘0’ represents Down-

regulation and ‘1’ represents Up-regulation. 
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Supplementary figure 3| Transition specific DEPCs detection. Differentially expressed positive circuits 

(DEPCs) are those for which the expression levels of their genes change between two different 

attractors corresponding to two different cellular phenotypes. White and grey colors stand for down-

regulation and up-regulation respectively. ‘->’ represents activation or positive regulation and ‘-|’ 

represents inhibition or negative regulation. Transition between Attractor 1 and 2 requires the change 

of all positive circuits in the network. Therefore, for this specific transition all positive circuits are DEPCs. 

Notice that not all genes in the network are changing; gene ‘n’ is ‘inactive’ in Attractor 1 and 2. 

 

  

Page 42 of 96



5 

 

 

S
u

p
p

le
m

e
n

ta
ry

 f
ig

u
re

 4
|

D
e

te
ct

in
g

 m
a

st
e

r 
re

g
u

la
to

ry
 D

E
P

C
s.

 D
e

te
ct

io
n

 o
f 

m
a

st
e

r 
re

g
u

la
to

ry
 D

E
P

C
s 

re
q

u
ir

e
s 

re
co

n
st

ru
ct

io
n

 o
f 

a
 t

ra
n

si
ti

o
n

 

sp
e

ci
fi

c 
su

b
n

e
tw

o
rk

 (
A

tt
ra

ct
o

r 
1

 t
o

 A
tt

ra
ct

o
r 

2
 i

s 
re

p
re

se
n

te
d

) 
in

cl
u

d
in

g
 o

n
ly

 D
E

P
C

s 
fo

r 
th

is
 s

p
e

ci
fi

c 
tr

a
n

si
ti

o
n

 a
n

d
 c

o
n

n
e

ct
io

n
s 

b
e

tw
e

e
n

 t
h

e
m

 

(s
te

p
 4

).
 I

n
 s

te
p

 5
 t

h
o

se
 D

E
P

C
s 

o
f 

th
e

 p
re

v
io

u
sl

y
 o

b
ta

in
e

d
 s

u
b

n
e

tw
o

rk
 t

h
a

t 
a

re
 f

o
rm

in
g

 S
C

C
s 

a
re

 c
o

n
tr

a
ct

e
d

 i
n

 a
 s

in
g

le
 s

u
p

e
rn

o
d

e
. 

T
h

e
 

h
ie

ra
rc

h
ic

a
l 

a
n

a
ly

si
s 

o
f 

su
ch

 c
o

n
tr

a
ct

e
d

 s
u

b
n

e
tw

o
rk

 a
ll

o
w

s 
u

s 
to

 i
d

e
n

ti
fy

 m
a

st
e

r 
re

g
u

la
to

ry
 S

C
C

s 
(S

C
C

 1
 a

n
d

 S
C

C
 2

 i
n

 t
h

e
 f

ig
u

re
).

 W
it

h
in

 e
a

ch
 

m
a

st
e

r 
re

g
u

la
to

ry
 S

C
C

s,
 t

h
e

 D
E

P
C

 w
it

h
 h

ig
h

e
st

 i
n

te
rf

a
ce

 o
u

t-
d

e
g

re
e

 (
re

d
 n

u
m

b
e

rs
 i

n
 t

h
e

 f
ig

u
re

) 
is

 i
d

e
n

ti
fi

e
d

 a
s 

m
a

st
e

r 
re

g
u

la
to

ry
 D

E
P

C
s 

(s
te

p
 

6
);

 c
ir

cu
it

s 
4

 a
n

d
 6

 a
re

 t
h

e
 m

a
st

e
r 

re
g

u
la

to
ry

 D
E

P
C

s 
o

f 
th

is
 e

xa
m

p
le

. 
‘-

>
’ 

re
p

re
se

n
ts

 a
ct

iv
a

ti
o

n
 o

r 
p

o
si

ti
v
e

 r
e

g
u

la
ti

o
n

 a
n

d
 ‘

-|
’ 

re
p

re
se

n
ts

 

in
h

ib
it

io
n

 o
r 

n
e

g
a

ti
v
e

 r
e

g
u

la
ti

o
n

. 

Page 43 of 96



6 

 

 
 

Supplementary figure 5|Identification of reprogramming determinants. Identification of genes 

belonging to DEPCs master regulators with maximum gene interface out-degree.  ‘->’ represents 

activation or positive regulation and ‘-|’ represents inhibition or negative regulation. 
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SOURCE INTERACTION TARGET PMID

GATA3 -> GATA3

GATA3 -> IL-10

GATA3 -> IL-4

GATA3 -| STAT4

GATA3 -| T-BET

IFN-B -> IFN-BR

IFN-B -> MIR-145 20382746

IFN-BR -> STAT1

IFN-G -> IFN-GR

IFN-G -> MIR-145 20382746

IFN-GR -> JAK1

IL-10 -> IL-10R

IL-10R -> STAT3

IL-12 -> IL-12R

IL-12R -> STAT4

IL-18 -> IL-18R

IL-18R -> IRAK

IL-4 -> IL-4R

IL-4R -> STAT6

IRAK -> IFN-G

JAK1 -> STAT1

MIR-145 -| STAT1 20098684

NFAT -> IFN-G

SOCS1 -| IL-4R

SOCS1 -| JAK1

STAT1 -| IL-4

STAT1 -> SOCS1

STAT1 -> T-BET

STAT3 -| IFN-G

STAT4 -> IFN-G

STAT6 -> GATA3

STAT6 -| IL-12R

STAT6 -| IL-18R

T-BET -| GATA3

T-BET -> IFN-G

T-BET -> SOCS1

T-BET -> T-BET

TCR -> NFAT
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Th0 Th1 Th2

GATA3 : 0 1 0

IFN-B : 0 0 0

IFN-BR : 0 0 0

IFN-G : 0 0 1

IFN-GR : 0 0 1

IL-10 : 0 1 0

IL-10R : 0 1 0

IL-12 : 0 0 0

IL-12R : 0 0 0

IL-18 : 0 0 0

IL-18R : 0 0 0

IL-4 : 0 1 0

IL-4R : 0 1 0

IRAK : 0 0 0

JAK1 : 0 0 0

MIR-145 : 0 0 1

NFAT : 0 0 0

SOCS1 : 0 0 1

STAT1 : 0 0 0

STAT3 : 0 1 0

STAT4 : 0 0 0

STAT6 : 0 1 0

T-BET : 0 0 1

TCR : 0 0 0
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Circuit 0 Circuit 6 Circuit 15 Circuit 16 Circuit 17

GATA3 -> GATA3 IL-4 -> IL-4R T-BET -> T-BET T-BET -| GATA3 T-BET -> SOCS1

IL-4R -> STAT6 GATA3 -| T-BET SOCS1 -| IL-4R

STAT6 -> GATA3 IL-4R -> STAT6

GATA3 -> IL-4 STAT6 -> GATA3

GATA3 -| T-BET
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GENE INTERFACE OUTDEGREE

GATA3 4

IL-4 1

IL-4R 1

SOCS1 1

STAT6 1

T-BET 4
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SOURCE INTERACTION TARGET PMID

CEBPA -> MIR-34A 20889924

CEBPA -> GFI1

CEBPA -> PU1

CEBPA -> CEBPA

CJUN -> MIR-155 21515911

CJUN -> EGR-NAB

CJUN -> PU1

EGR-NAB -| GFI1

EKLF -| FLI1

FLI1 -> GATA1

FLI1 -| EKLF

FOG1 -| GATA2

GATA1 -> FOG1

GATA1 -> SCL

GATA1 -> FLI1

GATA1 -> EKLF

GATA1 -| PU1

GATA1 -| GATA2

GATA1 -> GATA1

GATA2 -| PU1

GATA2 -> GATA1

GATA2 -> GATA2

GFI1 -| PU1

GFI1 -| EGR-NAB

MIR-155 -| PU1 6688

MIR-155 -| FLI1 2313

MIR-34A -| PU1 20598588

PU1 -> MIR-155 21730352

PU1 -> CJUN

PU1 -| SCL

PU1 -> EGR-NAB

PU1 -| GATA2

PU1 -> PU1

PU1 -| GATA1
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1 2 3 4 5 6 7

SCL : 1 1 0 0 1 0 1

EGRNAB : 0 0 1 0 0 0 0

MIR34A : 0 1 0 0 0 1 1

PU1 : 0 0 1 0 0 0 0

FOG1 : 1 1 0 0 1 0 1

GFI1 : 0 1 0 0 0 1 1

CJUN : 0 0 1 0 0 0 0

GATA2 : 0 0 0 0 0 0 0

CEBPA : 0 1 0 0 0 1 1

MIR155 : 0 0 1 0 0 0 0

GATA1 : 1 1 0 0 1 0 1

EKLF : 1 1 0 0 0 0 0

FLI1 : 0 0 0 0 1 0 1
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Circuit 0 Circuit 3 Circuit 11 Circuit 12

CJUN -> PU1 PU1 -> PU1 GATA1 -> GATA1 GATA1 -| PU1

PU1 -> CJUN PU1 -| GATA1
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GENE INTERFACE OUTDEGREE

CJUN 3

GATA1 5

PU.1 5
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SOURCE INTERACTION TARGET Type

AGT -> CYP11A1 Expression

AGT -> F2 Expression

AGT -> FASN Expression

AGT -> LDLR Expression

AGT -> UCP2 Expression

APOA1 -> APOE Expression

APOA1 -> LDLR Expression

APOB -> FASN Expression

APOC3 -> APOA1 Expression

APOC3 -> APOB Expression

APOE -> APOB Expression

APOE -> CYP11A1 Expression

CYP11A1 -> CYP1B1 Expression

CYP19A1 -| CYP7A1 Expression

CYP1A1 -> CYP1B1 Expression

CYP1B1 -> CYP1A1 Expression

CYP27A1 -> CYP11A1 Expression

CYP7A1 -| CYP11A1 Expression

CYP7A1 -| CYP27A1 Expression

CYP7A1 -| CYP46A1 Expression

CYP7A1 -> LDLR Expression

F2 -> APOE Expression

F2 -> PLG Expression

FASN -> PPARGC1A Expression

FOXA2 -> APOA1 PromoterBinding

FOXA2 -> APOB Expression

FOXA2 -> CYP7A1 PromoterBinding

FOXA2 -> HNF1A PromoterBinding

FOXA2 -> NR5A2 Expression

HNF1A -> CYP2E1 Expression

HNF4A -> AGT PromoterBinding

HNF4A -> APOA1 PromoterBinding

HNF4A -> APOB PromoterBinding

HNF4A -> APOC3 PromoterBinding

HNF4A -> CYP7A1 PromoterBinding

HNF4A -> FASN PromoterBinding

HNF4A -> HNF1A PromoterBinding

HNF4A -> NR1H4 PromoterBinding

HNF4A -> NR1I2 PromoterBinding

HP -> F2 Expression

LDLR -| APOB Expression

LDLR -| APOE Expression

NR1H4 -> APOE Expression

NR1H4 -| CYP7A1 PromoterBinding

NR1H4 -> UCP2 Expression

NR1I2 -> CYP27A1 PromoterBinding

NR1I2 -| CYP7A1 Expression

NR1I2 -> FASN Expression

NR5A2 -> APOA1 PromoterBinding

Page 53 of 96



NR5A2 -> CYP19A1 PromoterBinding

NR5A2 -> FOXA2 PromoterBinding

PPARGC1A -> CYP11A1 Expression

PPARGC1A -> CYP7A1 Expression

PPARGC1A -| FASN Expression

PPARGC1A -> HNF4A Expression

PPARGC1A -| LDLR Expression

UCP2 -> PPARGC1A Expression
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MedLine Reference

15887230:4, 1457080:2, 19221003:4, 7895901:4, 8175981:7, 10579324:1051, 2294118:100, 18308844:1147

10669632:2, 10691100:4, 11893585:8, 10079099:1152, 9564040:1233, 18678787:1115

19109942:6, 16203876:5, 11463364:1117, 15113941:1064, 16373953:1094, 15113738:1152

11564720:10, 16203876:1167, 17043664:1114, 17478552:1200, 18618022:1193

19109942:6, 20118013:6, 20814019:5, 19762685:1183

6712971:2, 20534134:2, 8413767:5, 9861782:8, 12773300:1227, 10488084:1283, 15066991:1187, 16207713:1347, 12951361:1063, 17303773:1131

2151255:5, 12606523:1243

17277197:1345

18678879:1, 15109267:5, 10893424:7, 15649902:3, 9012660:6, 9988739:2, 12747582:2, 16051671:1237, 16338932:1079, 8613278:1327 <more data available...>

9012660:2, 18509206:1199, 8613278:1066

2344296:0, 17848837:2, 11013310:7, 8696954:11, 12551940:1199, 15755832:1114, 12518038:1043, 11714857:1228, 11024044:1228, 19667110:1123 <more data available...>

12401891:1197

7744798:8

12933663:1250

8783816:6, 19460354:3, 17324381:5, 16484233:1235, 19047483:1339, 17511620:1185, 12376470:1146, 15142886:1139, 11577022:1073

19460354:3, 19690180:1154, 12970067:1173, 17511620:1185, 12376470:1146, 15297627:1319, 15142886:1139, 15833926:1081, 11577022:1073

9804849:1200, 9804848:1200

18621681:1044

14870923:7, 8891849:5, 14512880:11, 12588950:1251, 18621681:1044, 12597773:1048, 11701475:1097

18621681:1044

11907135:1088, 16609145:1069, 12213890:1147, 19815588:1198, 17456796:1247, 11397693:1140, 11788471:1121

16683250:3, 15145976:1256, 11145944:1124

8089219:5, 2151408:5, 15894352:0, 4262519:6, 6968239:3, 14699093:1277, 9345041:1125, 12724354:1215, 7749851:1262

19719788:0, 17446185:1241, 19029118:1191

7961760:5, 9512550:1106, 11714848:1391

11244563:100

16492670:1151, 15358835:1133

11875061:7, 9685261:3, 11805192:1179, 11904435:1041, 16912278:1176, 19074951:1195, 19417011:1210, 10468578:1044, 10051618:1237

11595170:8, 14699589:1482, 11927588:1246

8810289:55

15067378:9, 21298017:4, 20684663:5, 10574924:1172, 14672953:1186, 12145290:1289

9012660:1114, 8613278:1191, 16140878:1120, 15123688:1053, 10085149:1032, 9202083:1220, 9153249:1114

18510493:3, 8344962:5, 20007910:1147, 16140878:1120, 10085149:1067, 16301212:1320, 8613278:1275, 9012660:1128, 15123688:1053, 8995295:1265 <more data available...>

9592157:2, 16223942:4, 20938723:8, 9760243:8, 11802721:1, 8760876:2, 9592159:1133, 14766742:1346, 10551874:1055, 10085149:1150 <more data available...>

15322103:7, 16488887:1193, 10627496:1267, 11907135:1259, 21245926:1307, 17145766:1236, 16492670:1274, 17636037:1220, 19389810:1192, 12815072:1219 <more data available...>

15310732:1176, 16800817:100

9812974:6, 10967120:8, 8735941:7, 1734282:3, 16670373:1273, 11679424:1044, 15141028:1179, 10606640:1046, 9792724:1047, 18184923:1139 <more data available...>

14729567:1160, 15146238:1302, 16051671:1072, 16603721:1096

12774017:7, 18305375:4, 10691738:6, 12601364:8, 16912278:1137, 17764444:1202, 14657421:1504, 16051671:1331

2069574:100

8732781:5, 18272520:1, 10683382:8, 15145984:5, 8187218:4, 11904390:100, 20028946:1215, 16537968:1264, 16396637:1544, 11734567:1070 <more data available...>

18369154:3, 15888448:8, 20005821:4, 3956506:3, 10940295:4, 18497424:1207, 11060356:1473, 20686698:1277, 16644710:1199, 18045818:1137 <more data available...>

12454263:1058, 12954636:1055, 15102878:1438

20699090:14, 18820241:1, 15694933:5, 18499494:4, 12897188:11, 17823457:4, 16168958:2, 19056864:5, 12006384:1069

15980055:1245

17088262:5, 17456796:1230

15629111:1, 15331348:2, 12202460:1616, 17456796:1082, 11893771:1145, 12393840:1058, 11248085:1200, 15039287:1294, 15322103:1176, 19174369:1264 <more data available...>

20185760:1118

15218078:4
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20607599:9, 20214950:10, 21273442:9, 19762543:1257, 14593077:1138, 11927588:1069, 16109788:1075, 16357189:1058

10799577:3, 11145965:1168, 17075876:1139, 15143151:1057, 15614783:2201, 12972592:1263

21108604:4, 19389810:1104, 20133449:1150

14522988:7, 15329387:1, 15331348:8, 15576845:1237, 16051671:1072, 17636037:1101, 16037564:1168

14729567:1252

12107181:7, 19208857:5, 17636037:1187, 18664618:1318, 16603721:1285, 16825189:1297, 16885156:1207, 17145766:1238, 20133449:1220

19322023:6

21034559:6, 9163473565e7552cff17c5039d90b0c5
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6712971:2, 20534134:2, 8413767:5, 9861782:8, 12773300:1227, 10488084:1283, 15066991:1187, 16207713:1347, 12951361:1063, 17303773:1131

18678879:1, 15109267:5, 10893424:7, 15649902:3, 9012660:6, 9988739:2, 12747582:2, 16051671:1237, 16338932:1079, 8613278:1327 <more data available...>

2344296:0, 17848837:2, 11013310:7, 8696954:11, 12551940:1199, 15755832:1114, 12518038:1043, 11714857:1228, 11024044:1228, 19667110:1123 <more data available...>

8783816:6, 19460354:3, 17324381:5, 16484233:1235, 19047483:1339, 17511620:1185, 12376470:1146, 15142886:1139, 11577022:1073

19460354:3, 19690180:1154, 12970067:1173, 17511620:1185, 12376470:1146, 15297627:1319, 15142886:1139, 15833926:1081, 11577022:1073

8089219:5, 2151408:5, 15894352:0, 4262519:6, 6968239:3, 14699093:1277, 9345041:1125, 12724354:1215, 7749851:1262

11875061:7, 9685261:3, 11805192:1179, 11904435:1041, 16912278:1176, 19074951:1195, 19417011:1210, 10468578:1044, 10051618:1237

18510493:3, 8344962:5, 20007910:1147, 16140878:1120, 10085149:1067, 16301212:1320, 8613278:1275, 9012660:1128, 15123688:1053, 8995295:1265 <more data available...>

9592157:2, 16223942:4, 20938723:8, 9760243:8, 11802721:1, 8760876:2, 9592159:1133, 14766742:1346, 10551874:1055, 10085149:1150 <more data available...>

15322103:7, 16488887:1193, 10627496:1267, 11907135:1259, 21245926:1307, 17145766:1236, 16492670:1274, 17636037:1220, 19389810:1192, 12815072:1219 <more data available...>

9812974:6, 10967120:8, 8735941:7, 1734282:3, 16670373:1273, 11679424:1044, 15141028:1179, 10606640:1046, 9792724:1047, 18184923:1139 <more data available...>

12774017:7, 18305375:4, 10691738:6, 12601364:8, 16912278:1137, 17764444:1202, 14657421:1504, 16051671:1331

8732781:5, 18272520:1, 10683382:8, 15145984:5, 8187218:4, 11904390:100, 20028946:1215, 16537968:1264, 16396637:1544, 11734567:1070 <more data available...>

18369154:3, 15888448:8, 20005821:4, 3956506:3, 10940295:4, 18497424:1207, 11060356:1473, 20686698:1277, 16644710:1199, 18045818:1137 <more data available...>

20699090:14, 18820241:1, 15694933:5, 18499494:4, 12897188:11, 17823457:4, 16168958:2, 19056864:5, 12006384:1069

15629111:1, 15331348:2, 12202460:1616, 17456796:1082, 11893771:1145, 12393840:1058, 11248085:1200, 15039287:1294, 15322103:1176, 19174369:1264 <more data available...>
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20607599:9, 20214950:10, 21273442:9, 19762543:1257, 14593077:1138, 11927588:1069, 16109788:1075, 16357189:1058

12107181:7, 19208857:5, 17636037:1187, 18664618:1318, 16603721:1285, 16825189:1297, 16885156:1207, 17145766:1238, 20133449:1220
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1 2 3 4

FOXA2 : 1 0 0 0

CYP19A1 : 1 0 0 0

CYP1A1 : 1 1 1 0

NR1I2 : 1 1 0 0

LDLR : 0 0 0 0

CYP7A1 : 0 0 0 0

UCP2 : 1 1 0 0

CYP46A1 : 1 1 1 1

AGT : 1 1 0 0

NR1H4 : 1 1 0 0

CYP1B1 : 1 1 1 0

CYP2E1 : 1 1 0 0

F2 : 1 1 0 0

APOA1 : 1 1 0 0

NR5A2 : 1 0 0 0

APOE : 1 1 0 0

PLG : 1 1 0 0

APOB : 1 1 0 0

PPARGC1A : 1 1 0 0

APOC3 : 1 1 0 0

CYP11A1 : 1 1 0 0

CYP27A1 : 1 1 0 0

HNF1A : 1 1 0 0

FASN : 0 0 0 0

HNF4A : 1 1 0 0

HP : 0 0 0 0
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Circuit 0 Circuit 2 Circuit 7 Circuit 14

AGT -> UCP2 FOXA2 -> NR5A2 HNF1A -> UCP2 HNF4A -> NR1H4

UCP2 -> PPARGC1A NR5A2 -> FOXA2 UCP2 -> PPARGC1A NR1H4 -> UCP2

PPARGC1A -> HNF4A PPARGC1A -> HNF4A UCP2 -> PPARGC1A

HNF4A -> AGT HNF4A -> HNF1A PPARGC1A -> HNF4A
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GENE INTERFACE OUTDEGREE

AGT 5

FOXA2 5

HNF4A 9

NR1H4 3

NR5A2 3

PPARGC1A 5

UCP2 1
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