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d
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2
A
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prehensive

view
ofthe

biochem
icalprocesses

involved
in

Xylella
fastidiosa

pathogenicity
and

survivalin
the

hostxylem
.The

principalfunctionalcategories
are

show
n

in
bold,

and
the

bacterialgenes
and

gene
products

related
to

that
function

are
arranged

w
ithin

the
coloured

section
containing

the
bold

heading.
Transporters

are
indicated

as

follow
s:

cylinders,
channels;

ovals,
secondary

carriers,
including

the
M

FS
fam

ily;
paired

dum
bbells,

secondary
carriers

for
drug

extrusion;
triple

dum
bbells,

A
B

C
transporters;

bulb-like
icon,

F-type
A

TP
synthase;

squares,
other

transporters.
Icons

w
ith

tw
o

arrow
s

represent
sym

porters
and

antiporters
(H

+
or

N
a

+
porters,

unless
noted

otherw
ise).

2
,5

D
D

O
L,

2
,5

-dichloro-2
,5

-cyclohexadiene-1
,4

-dol;
EP

S
,

exopolysaccharides;
M

A
TE,

m
ulti-antim

icrobialextrusion
fam

ily
of

transporters
m

ultidrug
efflux

gene
(X

F2
6
8
6
);M

FS
,

m
ajor

facilitator
superfam

ily
of

transporters;
P
bp,

b
-lactam

ase-like
penicillin-binding

protein
(X

F1
6
2
1
);

R
N

D
,

resistance-nodulation-cell
division

superfam
ily

of
transporters;

R
O

S
,

reactive
oxygen

species.
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f
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at
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b
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p
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isitio
n

o
fn

ew
traits

b
y

th
e

b
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b
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b
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p
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b
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p
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b
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p
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p
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w
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(ref.
35).
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p
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X
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36).
T

h
ey

b
o

th
co

n
tain

a
14,317-b

p
exact

rep
eat.F

ew
p

article-assem
b

ly
gen

es
w

ere
fo

u
n

d
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d
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p
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b
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h
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d
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b
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b
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p
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issectio

n
o

f
th

e
in

teractio
n

s
b

etw
een

X
.

fastid
iosa

an
d

its
h

o
sts

th
at

m
igh

t
lead

to
fresh

in
sigh

ts
in
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e

o
rien

tatio
n

an
d

in
tegrity

o
f

th
e

co
n

tigs.
T

h
e

seq
u

en
ce

w
as

assem
b

led
u

sin
g

p
h

red
+

p
h

rap
+

co
n

sed
45.

A
ll

co
n

sen
su

s
b

ases
h

ave
q

u
ality

w
ith

P
h

red
valu

e
o

f
at

least
20.

T
h

ere
are

n
o

u
n

exp
lain

ed
h

igh
q

u
ality

d
iscrep

an
cies,each

co
n

sen
su

s
b

ase
is

co
n

fi
rm

ed
b

y
at

least
o

n
e

read
fro

m
each

stran
d

,
an

d
th

e
o

verall
erro

r
estim

ate
is

less
th

an
1

in
every

10,000
b

ases.

O
R

F
p

re
d

ic
tio

n
a

n
d

a
n

n
o
ta

tio
n

O
R

F
s

w
ere

d
eterm

in
ed

u
sin

g
glim

m
er

2.0
(ref.46)

an
d

th
e

glim
m

er
p

o
st-p

ro
cesso

r
R

B
Sfi

n
d

er
(S.

L
.

Salzb
erg,

p
erso

n
al

co
m

m
u

n
icatio

n
).

A
few

O
R

F
s

w
ere

fo
u

n
d

b
y

h
an

d
gu

id
ed

b
y

B
L

A
ST

41
resu

lts.A
n

n
o

tatio
n

w
as

carried
o

u
t

in
a

co
o

p
erative

w
ay,

m
o

stly
b

y
co

m
p

ariso
n

w
ith

seq
u

en
ces

in
p

u
b

lic
d

atab
ases,u

sin
g

B
L

A
ST

41an
d

tR
N

A
scan

-SE
(ref.47)

an
d

w
as

b
ased

o
n

th
e

fu
n

ctio
n

al
catego

ries
fo

r
E

.
coli 48.

O
n

ly
o

n
e

tm
R

N
A

w
as

lo
cated

(K
.

W
illiam

s,
p

erso
n

al
co

m
m

u
n

icatio
n

).
To

h
elp

an
n

o
tate

tran
sp

o
rt

p
ro

tein
s,

w
e

b
u

ilt
a

cu
sto

m
B

L
A

ST
41

d
atab

ase
u

sin
g

seq
u

en
ces

fro
m

h
ttp

://w
w

w
-b

io
lo

gy.u
csd

.ed
u

/
,

m
saier/

tran
sp

o
rt/to

c.h
tm

l
an

d
co

m
p

ared
o

u
r

O
R

F
s

w
ith

th
ese

seq
u

en
ces.P

h
ylo

gen
etic

trees
fo

r
co

n
served

C
O

G
s

12
w

ere
b

u
ilt

u
sin

g
C

lu
stalX

49
fo

r
m

u
ltip

le
align

m
en

t
an

d
P

h
ylip

50.
P

aralo
go

u
s

gen
e

fam
ilies

(T
ab

le
2)

w
ere

d
eterm

in
ed

u
sin

g
B

L
A

ST
X

w
ith

th
e

E
-valu

e
cu

t-o
ffeq

u
alto

e-5
an

d
su

ch
th

atatleast60%
o

fth
e

q
u

ery
seq

u
en

ce
an

d
atleast30%

o
fth

e
su

b
ject

seq
u

en
ce

w
ere

align
ed

.

R
eceived

24
M

arch
;

accep
ted

24
M

ay
2000.

1.
R

o
sseti,

V
.

et
al.

P
résen

ce
d

e
b

actéries
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ló
gico

(C
N

P
q

)
an

d
F

u
n

d
ecitru

s.F
o

r
th

e
fu

lllist
o

f
in

d
ivid

u
als

w
h

o
co

n
trib

u
ted

to
th

e
co

m
p

letio
n

o
f

th
is

p
ro

ject
see

(h
ttp

://w
w

w
.lb

i.
ic.u

n
icam

p
.b

r/xf).

C
o

rresp
o

n
d

en
ce

an
d

req
u

ests
fo

r
m

aterials
sh

o
u

ld
b

e
ad

d
ressed

to
J.C

.S.
(e-m

ail:
setu

b
al@

ic.u
n

icam
p

.b
r).

T
h

e
seq

u
en

ce
h

as
b

een
d

ep
o

sited
in

G
en

B
an

k
w

ith
accessio

n
n

u
m

b
ers

A
E

003849
(ch

ro
m

o
so

m
e),

A
E

003850
(p

X
F

1.3)
an

d
A

E
003851

(p
X

F
51).

a
r
t
ic

le
s

1
5

6
N

A
T

U
R

E
|V

O
L

406
|13

JU
LY

2000
|w

w
w

.n
atu

re.co
m

A
u
th

o
rs:

A
.
J.

G
.
S

im
p
so

n
1,

F.C
.

R
ein

a
ch

2,
P

.
A

rru
d
a

3,
F.

A
.
A

b
reu

4,
M

.
A

cen
cio

5,
R

.
A

lva
ren

g
a

2,
L.

M
.
C

.
A

lves
6,

J.
E
.

A
ra

ya
7,

G
.
S

.
B

a
ia

2,
C

.
S

.
B

a
p
tista

8,
M

.
H

.
B

a
rro

s
8,

E
.

D
.

B
o
n
a
cco

rsi 2,
S

.
B

o
rd

in
9,

J.
M

.
B

o
vé
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ã
o

P
a
u
lo

,
R
u
a

d
o

M
a
tã
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ú
c
le

o
In

te
g
ra

d
o

d
e

B
io

te
c
n
o
lo

g
ia

,
U

n
iv

e
rs

id
a
d
e

d
e

M
o
g
id

a
s

C
ru

ze
s
,
A
v.

D
r.

C
â
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INTERMEDIARY METABOLISM/ DEGRADATION/Degradation
of small molecules

XF2395 acetylxylan esterase (axeA) 34%
XF1250 arginine deaminase (rocF) 45%
XF1472 benzene 1,2-dioxygenase,

ferredoxin protein (bedB) 37%
XF0840 beta-galactosidase (bga) 71%
XF0439 beta-glucosidase (bglX) 41%
XF0846 beta-mannosidase precursor 35%
XF1234 carboxyphosphonoenolpyruvate

phosphonomutase (prpB) 62%
XF2210 dioxygenase 48%
XF1743 esterase (est) 46%
XF1610 fructokinase 36%
XF1740 glucose dehydrogenase B (yliI) 44%
XF1064 glucose kinase (glk) 41%
XF1460 glucose kinase (glk) 35%
XF1965 haloalkane dehalogenase (dhaA) 30%
XF2677 L-ascorbate oxidase (aao) 29%
XF1253 lipase (lipP) 46%
XF0781 lipase/esterase (estA) 25%
XF1825 NAD(P)H steroid dehydrogenase (cdh) 35%
XF1201 phosphoglycolate phosphatase (yfbT) 35%
XF2470 phosphoglycolate phosphatase (cbbZC) 37%
XF2259 polyvinylalcohol dehydrogenase 22%
XF0366 ribokinase (rbsK) 38%
XF0379 rubredoxin (rubA) 54%
XF1819 threonine dehydratase catabolic (tdcB) 39%
XF1181 triacylglycerol lipase precursor (lip) 56%
XF0610 UDP-glucose 4-epimerase (galE) 27%
XF2432 UTP-glucose-1-phosphate

uridylyltransferase (gtaB) 82%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Amino sugars

XF0141 glucosamine--fructose-6-phosphate
aminotransferase (glmS) 54%

XF1464 glucosamine--fructose-6-
phosphateaminotransferase 47%

XF2355 N-acetyl-beta-glucosaminidase (exo) 45%
XF1465 N-acetylglucosamine-6-phosphate

deacetylase (nagA) 39%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Entner-Douderoff

XF1061 2-keto-3-deoxy-6-phosphogluconate
aldolase (eda/hga/kdgA) 41%

XF1062 6-phosphogluconate dehydratase (edd) 58%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Gluconeogenesis

XF0977 malate oxidoreductase (maeB) 57%
XF1259 phosphoenolpyruvate synthase (ppsA/pps) 64%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Non-oxidative branch, pentose pathway

XF0208 D-ribulose-5-phosphate
3-epimerase (rpe/dod) 76%

XF2015 ribose-5-phosphate isomerase A (rpiA) 57%
XF1936 transketolase 1 (tktA/tkt) 63%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Nucleotide interconversions

XF1288 CTP synthetase (pyrG) 65%
XF1058 uridylate kinase (pyrH) 54%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Phosphorus compounds

XF0657 alkaline phosphatase (phoA) 32%
XF0904 ATP-binding protein (ybeZ) 55%
XF2590 exopolyphosphatase (ppx) 42%
XF2591 polyphosphate kinase (ppk) 33%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Pool, multipurpose conversions

XF2255 acetyl coenzyme A synthetase (acs) 61%
XF1037 adenosylhomocysteinase (ahcY) 65%
XF0880 carbonic anhydrase (yadF) 46%
XF2095 carbonic anhydrase 32%
XF2249 deoxyxylulose-5-phosphate synthase (dxs) 55%
XF1889 ferredoxin-NADP reductase (fpr) 59%
XF2268 glycerol kinase (glpK) 59%
XF0181 glycine cleavage H protein (gcvH) 48%
XF0183 glycine cleavage T protein (gcvT) 55%
XF1385 glycine decarboxylase (gcvP) 57%
XF2160 hydroxyacylglutathione hydrolase (gloB) 45%
XF2171 inorganic pyrophosphatase (ppa) 59%
XF1399 lactoylglutathione lyase (gloA) 63%
XF0392 methionine adenosyltransferase (metK) 70%
XF0913 tropinone reductase 43%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Sugar-nucleotide biosynthesis, conversions

XF0609 GDP-mannose 4,6 dehydratase (gmd) 50%
XF2279 nucleotide sugar epimerase (wbnF) 51%
XF0260 phosphoglucomutase/

phosphomannomutase (xanA) 84%
XF1468 phosphomannomutase (mrsA) 55%
XF0259 phosphomannose isomerase-GDP-

mannose pyrophosphorylase (xanB) 84%
XF1606 UDP-glucose dehydrogenase (ugd) 63%

INTERMEDIARY METABOLISM/CENTRAL INTERMEDIARY
METABOLISM/Sulfur metabolism

XF1497 3’-phosphoadenosine
5’-phosphosulfate reductase (cysH) 57%

XF1501 ATP sulfurylase, large subunit (nodQ) 55%
XF1500 ATP sulfurylase, small subunit (cysD) 67%
XF1499 NADPH-sulfite reductase, flavoprotein

subunit (cysJ) 40%
XF1498 NADPH-sulfite reductase, iron-sulfur

protein (cysI) 52%

XF0187 sulfite synthesis pathway protein
(cysQ/amtA) 45%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Aerobic respiration

XF0347 D-lactate dehydrogenase (dld1) 38%
XF1802 glycerol-3-phosphate

dehydrogenase (gpsA) 46%
XF2266 glycerol-3-phosphate

dehydrogenase (glpD) 54%
XF0310 NADH-ubiquinone oxidoreductase,

NQO1 subunit (nuoF) 53%
XF0314 NADH-ubiquinone oxidoreductase,

NQO10 subunit (nuoJ) 45%
XF0315 NADH-ubiquinone oxidoreductase,

NQO11 subunit (nuoK) 69%
XF0316 NADH-ubiquinone oxidoreductase,

NQO12 subunit (nuoL) 42%
XF0317 NADH-ubiquinone oxidoreductase,

NQO13 subunit (nuoM) 50%
XF0318 NADH-ubiquinone oxidoreductase,

NQO14 subunit (nuoN) 43%
XF0309 NADH-ubiquinone oxidoreductase,

NQO2 subunit (nuoE) 41%
XF0311 NADH-ubiquinone oxidoreductase,

NQO3 subunit (nuoG) 38%
XF0308 NADH-ubiquinone oxidoreductase,

NQO4 subunit (nuoD) 58%
XF0307 NADH-ubiquinone oxidoreductase,

NQO5 subunit (nuoC) 63%
XF0306 NADH-ubiquinone oxidoreductase,

NQO6 subunit (nuoB) 87%
XF0305 NADH-ubiquinone oxidoreductase,

NQO7 subunit (nuoA) 53%
XF0312 NADH-ubiquinone oxidoreductase,

NQO8 subunit (nuoH) 56%
XF0313 NADH-ubiquinone oxidoreductase,

NQO9 subunit (nuoI) 60%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Anaerobic respiration and fermentation

XF1746 alcohol dehydrogenase (yahK) 81%
XF2389 alcohol dehydrogenase (yahK) 78%
XF1136 NADP-alcohol dehydrogenase 56%
XF1727 NADP-alcohol dehydrogenase (adh) 42%
XF1734 NADP-alcohol dehydrogenase 56%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Electron transport

XF2460 c-type cytochrome biogenesis
membrane protein (cycK) 52%

XF2459 c-type cytochrome biogenesis protein (cycJ) 39%
XF2462 c-type cytochrome biogenesis protein (cycL) 52%
XF0620 c-type cytochrome biogenesis

protein (copper tolerance) (dsbD) 32%
XF2461 c-type cytochrome biogenesis

protein/thioredoxin (dsbE/ccmG) 39%
XF1328 cytochrome B561 (yodB) 34%
XF1360 cytochrome C oxidase assembly factor (coxD) 41%
XF1389 cytochrome O ubiquinol oxidase,

subunit I (cyoB) 69%
XF1390 cytochrome O ubiquinol oxidase,

subunit II (cyoA) 56%
XF1388 cytochrome O ubiquinol oxidase,

subunit III (cyoC) 63%
XF1387 cytochrome O ubiquinol oxidase,

subunit IV (cyoD) 41%
XF0253 electron transfer flavoprotein alpha

subunit (etfA) 51%
XF0254 electron transfer flavoprotein beta

subunit (etfB/etfS) 54%
XF1298 electron transfer flavoprotein

ubiquinone oxidoreductase (etf-QO) 46%
XF0557 electron transfer protein azurin I (az1) 49%
XF0983 ferredoxin 56%
XF1964 ferredoxin (ykgJ) 47%
XF2601 ferredoxin 70%
XF0547 ferredoxin II (ydgM) 54%
XF0053 flavohemoprotein (fhp) 40%
XF2082 oxidoreductase 31%
XF1990 thioredoxin (yneN) 30%
XF0909 ubiquinol cytochrome C oxidoreductase,

cytochrome B subunit (petB) 56%
XF0910 ubiquinol cytochrome C oxidoreductase,

cytochrome C1 subunit (petC) 48%
XF0908 ubiquinol cytochrome C oxidoreductase,

iron-sulfur subunit (petA) 52%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Glycolysis

XF0274 6-phosphofructokinase (pfkA) 31%
XF1291 enolase (eno) 63%
XF0826 fructose-bisphosphate aldolase 52%
XF0232 glucose-6-phosphate isomerase (pgi) 79%
XF0457 glyceraldehyde-3-phosphate

dehydrogenase (gapA) 68%
XF0823 phosphoglycerate kinase (pgk) 60%
XF1893 phosphoglyceromutase (gpmA/gpm) 56%
XF0824 pyruvate kinase type II (pykA) 50%
XF0303 triosephosphate isomerase (tpiA/tpi) 48%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Oxidative branch, pentose pathway

XF1063 6-phosphogluconolactonase (pgl) 35%
XF1065 glucose-6-phosphate 1-dehydrogenase (zwf) 46%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/Pyruvate dehydrogenase

XF0869 dihydrolipoamide acetyltranferase (pdhB) 52%
XF0868 dihydrolipoamide dehydrogenase (lpdA/lpd) 57%
XF0669 pyruvate dehydrogenase (aceE) 56%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/TCA cycle

XF0292 aconitate hydratase 2 (acnB) 72%

XF1535 citrate synthase (gltA) 61%
XF1548 dihydrolipoamide dehydrogenase (lpd) 58%
XF1549 dihydrolipoamide S-succinyltransferase

(sucB) 53%
XF1554 fumarate hydratase (fumC) 58%
XF1855 fumarate hydratase (fumB)  30%
XF2596 isocitrate dehydrogenase (icd)  49%
XF2700 isocitrate dehydrogenase (icd)  75%
XF1211 malate dehydrogenase (mdh)  62%
XF0942 malate:quinone oxidoreductase (yojH)  57%
XF1550 oxoglutarate dehydrogenase (odhA)  54%
XF1073 succinate dehydrogenase iron-sulfur

protein (sdhB)  70%
XF1072 succinate dehydrogenase,

flavoprotein subunit (sdhA)  69%
XF1070 succinate dehydrogenase,

membrane anchor subunit (sdhC)  38%
XF1071 succinate dehydrogenase, membrane

anchor subunit (sdhD)  36%
XF2548 succinyl-CoA synthetase,

alpha subunit (sucD)  71%
XF2547 succinyl-CoA synthetase, beta subunit (sucC)  58%

INTERMEDIARY METABOLISM/ENERGY METABOLISM,
CARBON/ATP-proton motive force interconversion

XF1149 ATP synthase, A chain (atpB/uncB/papD)  46%
XF1145 ATP synthase, alpha chain (atpA/uncA)  74%
XF1147 ATP synthase, B chain (atpF/uncF)  45%
XF1143 ATP synthase, beta chain (atpD)  78%
XF1148 ATP synthase, C chain (atpE/uncE)  56%
XF1146 ATP synthase, delta chain (atpH/uncH)  37%
XF1142 ATP synthase, epsilon chain (atpC)  46%
XF1144 ATP synthase, gamma chain

(atpG/uncG/papC)  57%

INTERMEDIARY METABOLISM/REGULATORY FUNCTIONS

XF1241 aconitate hydratase 1 (acnA/acn) ---%
XF1316 ATP:GTP 3’-pyrophosphotranferase (relA)  42%
XF0125 carbon storage regulator (csrA)  84%
XF2352 cold shock protein (scoF)  69%
XF2476 extragenic supressor (suhB/ssyA)  44%
XF2342 heat-inducible transcriptional

repressor (hrcA)  40%
XF0122 LexA repressor (lexA)  76%
XF1182 lipase modulator (act)  53%
XF1813 methanol dehydrogenase regulatory protein  53%
XF1830 nitrile hydratase activator  46%
XF1843 nitrogen regulatory protein P-II (glnB)  87%
XF0352 pentaphosphate guanosine-3’-

pyrophosphohydrolase (spoT)  47%
XF2145 phosphate regulon transcriptional

regulator (phoU)  43%
XF1275 poly(hydroxyalcanoate) granule

associated protein (phaF)  20%
XF2691 RNA polymerase sigma-32 factor (rpoH)  80%
XF1408 RNA polymerase sigma-54 factor (rpoN)  64%
XF1350 RNA polymerase sigma-70 factor (rpoD)  63%
XF2239 RNA polymerase sigma-H factor (algU/algT)  56%
XF1407 sigma-54 modulation protein  44%
XF0911 stringent starvation protein A

(sspA/ssp/pog)  46%
XF0912 stringent starvation protein B (sspB)  42%
XF2165 transcription-related protein (tex)  59%
XF0962 transcriptional regulator (gcvR)  26%
XF1749 transcriptional regulator (opdE)  77%
XF1858 transcriptional regulator (exsB)  49%
XF2038 transcriptional regulator (paiB)  31%
XF2228 transcriptional regulator (algH)  45%
XF2085 transcriptional regulator (AcrR family)  23%
XF1254 transcriptional regulator (AraC family) (araL)  34%
XF0767 transcriptional regulator (ArsR family) (hlyU)  34%
XF1540 transcriptional regulator (Crp/Fnr family) (clp)  85%
XF0821 transcriptional regulator (Fur family) (zur)  38%
XF2344 transcriptional regulator (Fur family) (fur)  85%
XF1463 transcriptional regulator (LacI family)  32%
XF0972 transcriptional regulator

(LuxR/UhpA family) (agmR/glpR)  38%
XF2608 transcriptional regulator

(LuxR/UhpA family) (gacA)  44%
XF0833 transcriptional regulator (LysR family) (cysB)  39%
XF1132 transcriptional regulator (LysR family) (act)  33%
XF1730 transcriptional regulator (LysR family) (yafC)  35%
XF1752 transcriptional regulator (LysR family)  80%
XF1768 transcriptional regulator (LysR family) (ycjZ)  45%
XF0216 transcriptional regulator (MarR family) (prsX)  22%
XF1354 transcriptional regulator (MarR family) (yybA) 28%
XF1490 transcriptional regulator (MarR/EmrR family)  26%
XF1996 transcriptional regulator (PbsX family)  35%
XF0061 transcriptional repressor (korB)  28%
XF2062 transcriptional repressor (korC)  69%
XF1920 Trp operon transcriptional repressor (trpR)  36%
XF1094 tryptophan repressor binding

protein (wrbA)  39%
XF1133 tryptophan repressor binding protein  33%
XF1733 tryptophan repressor binding protein  31%
XF1455 two-component system, hybrid

sensor/regulatory protein  28%
XF0322 two-component system, regulatory

protein (tctD)  45%
XF0389 two-component system, regulatory

protein (popP/feuP/phoP)  54%
XF0450 two-component system, regulatory

protein (pilH)  50%
XF1113 two-component system, regulatory protein  30%
XF1626 two-component system, regulatory

protein (algR)  47%
XF1848 two-component system, regulatory

protein (glnG/ntrC/glnT)  51%
XF2336 two-component system, regulatory

protein (colR) 51%
XF2534 two-component system, regulatory

protein (colR) 59%
XF2545 two-component system, regulatory

protein (pilR) 58%
XF2578 two-component system, regulatory

protein (actR) 40%
XF2593 two-component system, regulatory

protein (phoB) 56%
XF0323 two-component system, sensor protein (tctE) 31%
XF0390 two-component system, sensor protein (phoQ)36%

XF0853 two-component system, sensor protein (phs) 37%
XF0973 two-component system, sensor protein (flhS) 35%
XF1625 two-component system, sensor protein (algZ) 40%
XF1849 two-component system, sensor protein (ntrB) 37%
XF2535 two-component system, sensor protein (colS) 34%
XF2546 two-component system, sensor protein (pilS) 37%
XF2577 two-component system, sensor protein (actS) 25%
XF2592 two-component system, sensor protein (phoR)38%

BIOSYNTHESIS OF SMALL MOLECULES/AMINO ACIDS
BIOSYNTHESIS/Glutamate family|nitrogen assimilation

XF1001 acetylglutamate kinase (argB) 30%
XF1000 acetylornithine deacetylase (argE) 28%
XF1003 argininosuccinate lyase (asl) 35%
XF0999 argininosuccinate synthase (argG) 36%
XF1005 gamma-glutamyl phosphate reductase (proA) 51%
XF1004 glutamate 5-kinase 46%
XF2710 glutamate synthase, alpha subunit

(gltB/aspB) 53%
XF2709 glutamate synthase, beta subunit (gltD/aspB) 55%
XF1842 glutamine synthetase (glnA) 64%
XF1002 N-acetyl-gamma-glutamyl-phosphate

reductase 33%
XF0998 ornithine carbamoyltransferase (argF) 36%
XF2712 pyrroline-5-carboxylate reductase (proC) 49%
XF1427 succinylornithine aminotransferase

(argM/astC/cstC) 48%

BIOSYNTHESIS OF SMALL MOLECULES/AMINO ACIDS
BIOSYNTHESIS/Aspartate family, pyruvate family

XF0114 2,3,4,5-tetrahydropyridine-2-carboxylate
N-succinyltransferase (dapD) 60%

XF1818 2-isopropylmalate synthase (leuA) 47%
XF2375 3-isopropylmalate dehydratase large

subunit (leuA) 63%
XF2374 3-isopropylmalate dehydratase small

subunit (leuD) 79%
XF2372 3-isopropylmalate dehydrogenase (leuB) 78%
XF1121 5,10-methylenetetrahydrofolate

reductase (metF) 37%
XF2272 5-methyltetrahydropteroyltriglutamate--

homocysteine methyltransferase (metE) 56%
XF1821 acetolactate synthase isozyme II,

large subunit (ilvG) 56%
XF1473 aminotransferase (nifS) 47%
XF2396 aminotransferase (aspC) 45%
XF0118 asparagine synthase B (asnB) 60%
XF1371 aspartate-B-semialdehyde

dehydrogenase (asd) 59%
XF2100 aspartyl/asparaginyl beta-hydroxylase (aspH)  28%
XF2443 beta-alanine synthetase 62%
XF2225 bifunctional aspartokinase/homoserine

dehydrogenase I (thrA/thrA1/thrA2) 40%
XF1116 bifunctional diaminopimelate

decarboxylase/aspartate kinase (lysA) 33%
XF1999 branched-chain amino acid

aminotransferase (ilvE) 55%
XF0864 cystathionine gamma-synthase (metB) 57%
XF1481 diaminopimelate epimerase (dapF) 45%
XF1105 dihydrodipicolinate reductase (dapB) 34%
XF0099 dihydroxy-acid dehydratase (ilvD) 73%
XF0963 dihydroxydipicolinate synthase (dapA) 42%
XF2211 enolase-phosphatase (masA) 50%
XF2224 homoserine kinase (thrB) 33%
XF0863 homoserine O-acetyltransferase (met2) 30%
XF2465 homoserine O-acetyltransferase 34%
XF1822 ketol-acid reductoisomerase (ilvC) 59%
XF0116 succinyl-diaminopimelate

desuccinylase (dapE) 52%
XF2223 threonine synthase (thrC) 38%

BIOSYNTHESIS OF SMALL MOLECULES/AMINO ACIDS
BIOSYNTHESIS/Glycine-serine family|sulfur metabolism

XF0603 cystathionine beta-synthase (cysB) 31%
XF0128 cysteine synthase 27%
XF0831 cysteine synthase (cysK) 51%
XF2206 D-3-phosphoglycerate dehydrogenase (serA) 62%
XF2326 phosphoserine aminotransferase (serC) 49%
XF0946 serine hydroxymethyltransferase (glyA) 71%

BIOSYNTHESIS OF SMALL MOLECULES/AMINO ACIDS
BIOSYNTHESIS/Aromatic amino acid family

XF1334 3-dehydroquinate synthase (aroB) 47%
XF2324 3-phosphoshikimate

1-carboxyvinyltransferase (aroE) 46%
XF0212 anthranilate phosphoribosyltransferase (trpD) 48%
XF0210 anthranilate synthase component I (trpE) 57%
XF0674 anthranilate synthase component I (trpE) 36%
XF1914 anthranilate synthase component I (trpE) 37%
XF0211 anthranilate synthase component II (trpG) 67%
XF1915 anthranilate synthase component II (trpG) 43%
XF0036 aromatic-amino-acid aminotranferase (tyrB) 55%
XF0047 catabolic dehydroquinase (aroQ) 65%
XF1141 chorismate mutase 25%
XF2338 chorismate mutase 29%
XF1369 chorismate synthase (aroC) 62%
XF0213 indole-3-glycerol phosphate synthase (trpC) 63%
XF1374 N-(5’-phosphoribosyl) anthranilate

isomerase (trpF) 43%
XF2325 P-protein (aroQ/pheA) 75%
XF0026 phospho-2-dehydro-3-deoxyheptonate

aldolase (aroG) 61%
XF0624 shikimate 5-dehydrogenase (aroE) 43%
XF1335 shikimate kinase (aroK) 40%
XF1376 tryptophan synthase alpha chain (trpA) 46%
XF1375 tryptophan synthase beta chain (trpB) 65%

BIOSYNTHESIS OF SMALL MOLECULES/AMINO ACIDS
BIOSYNTHESIS/Histidine

XF2216 amidotransferase (hisH) 43%
XF2220 ATP phosphoribosyltransferase (hisG) 43%
XF2214 cyclase (hisF) 61%
XF2219 histidinol dehydrogenase (hisD) 50%
XF2218 histidinol-phosphate aminotransferase (hisC) 42%
XF2217 imidazoleglycerolphosphate

dehydratase/histidinol-phosphate phosphatase
bifunctional enzyme (hisB) 50%

XF2213 phosphoribosyl-AMP
cyclohydrolase/phosphoribosyl-ATP
pyrophosphatase bifunctional
enzyme (hisI/hisIE) 56%

XF2215 phosphoribosylformimino-5-aminoimidazole
carboxamide ribotide isomerase (hisA) 44%

BIOSYNTHESIS OF SMALL MOLECULES/NUCLEOTIDES
BIOSYNTHESIS/Purine ribonucleotides

XF0587 5’-phosphoribosyl-5-aminoimidazole
synthetase (purM/purG) 59%

XF0585 5’-phosphoribosylglycinamide
transformylase (purN) 43%

XF0275 adenylate kinase (adk) 47%
XF1553 adenylosuccinate lyase (purB) 57%
XF0455 adenylosuccinate synthetase (purA) 59%
XF1949 amidophosphoribosyltransferase (purF) 61%
XF1975 bifunctional purine biosynthesis

protein (purH) 59%
XF2429 glutamine amidotransferase (guaA) 68%
XF1976 glycinamide ribonucleotide synthetase (purD) 64%
XF0560 GMP synthase 37%
XF1503 guanylate kinase (gmk/spoR) 52%
XF2430 inosine-5’-monophosphate

dehydrogenase (guaB) 64%
XF0458 nucleoside diphosphate kinase (ndk) 68%
XF2644 phosphoribosyl pyrophosphate

synthetase (prsA/prs) 60%
XF2671 phosphoribosylaminoimidazole

carboxylase, ATPase subunit (purK) 50%
XF2672 phosphoribosylaminoimidazole

carboxylase, catalytic subunit (purE) 66%
XF0205 phosphoribosylaminoimidazole-

succinocarboxamide synthase (purC) 53%
XF1423 phosphoribosylformylglycinamidine

synthetase (purL/purI) 50%

BIOSYNTHESIS OF SMALL MOLECULES/NUCLEOTIDES
BIOSYNTHESIS/Pyrimidine ribonucleotides

XF2226 aspartate carbamoyltransferase (pyrB) 52%
XF1107 carbamoyl-phosphate synthase

large chain (carB/pyrA) 68%
XF1106 carbamoyl-phosphate synthase small

chain (carA) 68%
XF2439 cytidylate kinase (cmkA) 48%
XF0988 dihydroorotase (pyrC) 30%
XF2571 dihydroorotate dehydrogenase (pyrD) 51%
XF0153 orotate phosphoribosyl transferase (pyrE) 51%
XF0034 orotidine 5’-phosphate decarboxylase (pyrF) 41%

BIOSYNTHESIS OF SMALL MOLECULES/NUCLEOTIDES
BIOSYNTHESIS/2’-Deoxyribonucleotides

XF0762 deoxycytidine triphosphate deaminase (dcd) 65%
XF1441 phosphohydrolase (orfU1) 45%
XF1196 ribonucleoside-diphosphate reductase

alpha chain (nrdA) 44%
XF1197 ribonucleoside-diphosphate reductase

beta chain (nrdB) 34%
XF1448 thioredoxin reductase (trxB) 70%
XF0580 thymidylate kinase 39%

BIOSYNTHESIS OF SMALL MOLECULES/NUCLEOTIDES
BIOSYNTHESIS/Salvage of nucleosides and nucleotides

XF2089 5’-nucleotidase 42%
XF2150 diadenosine tetraphosphatase (apaH) 44%
XF0150 dUTPase (dut/dnaS/sof) 59%
XF1831 formyltetrahydrofolate deformylase (purU) 47%
XF2354 hypoxanthine-guanine

phosphoribosyltransferase (hpt) 27%
XF2599 phosphodiesterase-nucleotide

pyrophosphatase precursor 39%
XF2353 purine nucleoside phosphorylase 45%
XF2332 thymidylate synthase (thyA) 70%

BIOSYNTHESIS OF SMALL MOLECULES/SUGARS AND SUGAR
NUCLEOTIDES BIOSYNTHESIS

XF1297 gluconolactonase precursor 37%
XF0608 mannosyltransferase (mtfA) 38%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Biotin

XF1357 8-amino-7-oxononanoate synthase (bioF) 42%
XF0189 adenosylmethionine-8-amino-7-oxononanoate

aminotransferase (bioA) 47%
XF1356 biotin biosynthesis protein (bioH/bioB) 36%
XF0064 biotin synthase (bioB) 60%
XF2099 biotin synthesis protein (bioC) 36%
XF0356 cytochrome P-450 hydroxylase 37%
XF0377 cytochrome P450-like enzyme (bioI) 37%
XF2477 dethiobiotin synthetase (bioD) 44%

BIOSYNTHESIS OF SMALL MOLECULES/
COFACTORS, PROSTHETIC GROUPS,
CARRIERS BIOSYNTHESIS/Folic acid

XF0228 2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
pyrophosphokinase (folK) 50%

XF1456 2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
pyrophosphokinase (folK) 35%

XF2431 bifunctional methylenetetrahydrofolate
dehydrogenase/methenyltetrahydrofolate
cyclohydrolase (folD) 58%

XF2331 dihydrofolate reductase type III 43%
XF0436 dihydroneopterin aldolase (folB) 50%
XF0091 dihydropteroate synthase (folP) 52%
XF1946 folylpolyglutamate synthase/dihydrofolate

synthase (folC/dedC) 44%
XF1983 GTP cyclohydrolase I (folE) 52%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Lipoate

XF1270 lipoate biosynthesis protein B (lipB) 55%
XF1269 lipoic acid synthetase (lipA/lip) 60%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS
BIOSYNTHESIS/Molybdopterin

XF0466 molybdopterin biosynthesis protein (moeB) 53%
XF1545 molybdopterin biosynthesis protein 42%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS
BIOSYNTHESIS/Pantothenate

XF0229 3-methyl-2-oxobutanoate
hydroxymethyltransferase (panB) 55%

XF0231 aspartate 1-decarboxylase precursor (panD) 53%
XF0230 pantoate--beta-alanine ligase (panC) 46%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Pyridoxine

XF0060 pyridoxal phosphate biosynthetic
protein (pdxJ) 49%

XF0839 pyridoxal phosphate biosynthetic
protein (pdxA) 50%

XF1337 pyridoxamine 5’-phosphate oxidase (fprA) 52%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Pyridine
nucleotides

XF1924 L-aspartate oxidase 40%
XF1961 NH3-dependent NAD synthetase (nadE/adgA) 47%
XF1097 nicotinate phosphoribosyltransferase (pncB) 43%
XF1925 nicotinate-mononucleotide

pyrophosphorylase (nadC) 54%
XF1923 quinolinate synthetase A (nadA) 42%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Thiamin

XF1048 1-deoxy-D-xylulose 5-phosphate
reductoisomerase (dxr) 46%

XF0621 phosphomethylpyrimidine kinase 45%
XF0378 thiamin-phosphate pyrophosphorylase (thiE) 41%
XF0594 thiamine biosynthesis lipoprotein ApbE

precursor (apbE) 33%
XF0783 thiamine biosynthesis protein (thiG) 57%
XF1888 thiamine biosynthesis protein (thiC/thiA) 67%
XF0956 thiamine-monophosphate kinase (thiL) 44%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Riboflavin

XF1748 5-amino-6-(5-phosphoribosylamino)uracil
reductase 21%

XF0954 6,7-dimethyl-8-ribityllumazine synthase (ribH) 45%
XF0953 GTP cyclohydrolase II/3,4-dihydroxy-2-butanone

4-phosphate synthase (ribA) 52%
XF1992 riboflavin biosynthesis protein (ribA) 35%
XF2419 riboflavin biosynthesis protein (ribF) 43%
XF0952 riboflavin synthase alpha chain (ribE) 45%
XF0950 riboflavin-specific deaminase (ribD/ribG) 51%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Thioredoxin,
glutaredoxin, glutathione

XF0984 gamma-glutamyltranspeptidase (ggt) 39%
XF1428 glutamate-cysteine ligase precursor (gsh1) 57%
XF2595 glutaredoxin (grxC) 53%
XF2394 glutaredoxin-like protein 54%
XF1956 glutathione synthetase (gshB/gsh-II) 53%
XF1199 thioredoxin (trxA) 34%
XF2174 thioredoxin (ybbN) 31%
XF2698 thioredoxin (trxA/tsnC/fipA) 49%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS
BIOSYNTHESIS/Menaquinone, ubiquinone

XF0835 2-octaprenyl-6-methoxyphenol
hydroxylase (ubiH/visB) 34%

XF2471 3-demethylubiquinone-9 3-methyltransferase
(ubiG/pufX) 49%

XF0661 geranyltranstransferase (farnesyl-diphosphate
synthase) (ispA) 54%

XF0068 hydroxybenzoate octaprenyltransferase
(ubiA/cyr) 52%

XF1391 octaprenyl-diphosphate synthase (ispB/cel) 49%
XF1538 ubiquinone biosynthesis protein (coq7) 29%
XF1833 ubiquinone biosynthesis protein (aarF) 43%
XF1487 ubiquinone/menaquinone transferase (ubiE) 58%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Heme,
porphyrin

XF0017 coproporphyrinogen III oxidase, aerobic
(hemF) 63%

XF2306 delta-aminolevulinic acid dehydratase
(hemB) 65%

XF0566 ferrochelatase (hemH) 48%
XF2302 glutamate-1-semialdehyde 2,1-aminomutase

(hemL) 80%
XF2648 glutamyl-tRNA reductase (hemA) 76%
XF1627 hydroxymethylbilane synthase (hemC) 52%
XF1797 porphyrin biosynthesis protein (hemY) 20%
XF1512 protoporphyrinogen oxidase (hemK) 45%
XF0832 siroheme synthase (cysG) 45%
XF1332 uroporphyrinogen decarboxylase (hemE) 54%
XF1799 uroporphyrinogen-III synthase (hemD) 27%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Cobalamin

XF1886 phosphoglycerate mutase (pgmA) 32%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Biopterin

XF0193 6-pyruvoyl tetrahydrobiopterin synthase
(ygcM) 63%

XF1457 pteridine reductase 1 (ptr1/ltdH) 37%
XF2604 pterin-4-alpha-carbinolamine

dehydratase (phhB) 34%

BIOSYNTHESIS OF SMALL MOLECULES/COFACTORS,
PROSTHETIC GROUPS, CARRIERS BIOSYNTHESIS/Others

XF1916 coenzyme F390 synthetase 25%

BIOSYNTHESIS OF SMALL MOLECULES/FATTY ACID AND
PHOSPHATIDIC ACID BIOSYNTHESIS

XF1044 (3r)-hydroxymyristoyl ACP dehydrase (fabZ) 49%
XF2269 3-alpha-hydroxysteroid dehydrogenase 34%
XF0173 3-oxoacyl-[ACP] reductase 42%
XF0671 3-oxoacyl-[ACP] reductase (fabG) 66%
XF0673 3-oxoacyl-[ACP] synthase II (fabF) 60%
XF1970 3-oxoacyl-[ACP] synthase III 24%
XF0319 acetoacetyl-CoA reductase (phbB) 65%
XF0203 acetyl-coenzyme A carboxylase carboxyl

transferase subunit alpha (accA) 64%
XF1467 acetyl-coenzyme A carboxylase carboxyl

transferase subunit beta (accD/dedB/usg) 62%
XF0672 acyl carrier protein (acpP) 72%
XF0771 acyl carrier protein (acpC) 40%
XF0572 beta-hydroxydecanoyl-ACP dehydratase

(fabA) 63%
XF1639 beta-ketoacyl-[ACP] synthase II (fabF/fabJ) 34%
XF1817 beta-ketoacyl-[ACP] synthase III (fabH) 62%
XF0048 biotin carboxyl carrier protein of

acetyl-CoA carboxilase (accB/fabE) 53%
XF0049 biotin carboxylase subunit of

acetyl CoA carboxylase (accC/fabG) 76%
XF1087 cardiolipin synthase 33%
XF1209 cardiolipin synthase (cls/nov) 34%
XF2716 ketoreductase 29%
XF0670 malonyl CoA-ACP transacylase (fabD) 51%
XF1049 phosphatidate cytidylyltransferase (cdsA/cds) 36%
XF1365 phosphatidylserine decarboxylase (psd) 44%

BIOSYNTHESIS OF SMALL MOLECULES/POLYAMINES
BIOSYNTHESIS

XF0144 biosynthetic arginine decarboxylase (speA) 45%
XF1539 S-adenosyl methionine decarboxylase

proenzyme (speD) 66%
XF0143 spermidine synthase (speE) 41%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Replication

XF2680 ATP-dependent DNA helicase (rep) 43%
XF0882 ATP-dependent helicase (yoaA) 43%
XF1229 ATP-dependent helicase 43%
XF0001 chromosomal replication initiator (dnaA) 53%
XF2552 DNA gyrase subunit A (gyrA) 57%
XF0005 DNA gyrase subunit B (gyrB) 60%
XF2556 DNA ligase (ligA/lig/dnaL/pdeC/lop) 46%
XF1103 DNA polymerase I (polA/resA) 52%
XF0136 DNA polymerase III holoenzyme chi subunit

(holC) 34%
XF1807 DNA polymerase III subunit

(dnaX/dnaZ/dnaZX) 40%
XF0204 DNA polymerase III, alpha chain

(dnaE/polC) 48%
XF0002 DNA polymerase III, beta chain (dnaN) 51%
XF0676 DNA polymerase III, delta subunit (holB) 35%
XF2178 DNA polymerase III, delta subunit (holA) 29%
XF2157 DNA polymerase III, epsilon chain (dnaQ) 49%
XF0430 DNA primase (dnaG/dnaP/parB) 46%
XF2025 DNA primase (traC) 56%
XF0920 DNA topoisomerase I (topA) 41%
XF1776 DNA topoisomerase III (topB) 48%
XF0149 DNA/pantothenate metabolism

flavoprotein (dfp) 51%
XF1935 glucose inhibited division protein (gidB) 45%
XF2106 glucose inhibited division protein A (gidA) 65%
XF1383 helicase, ATP dependent (hrpA) 50%
XF2689 primosomal protein N’ (priA) 44%
XF0361 replicative DNA helicase (dnaB/groP/grpA) 53%
XF1127 TldD protein (tldD) 61%
XF1353 topoisomerase IV subunit (parC) 61%
XF1286 topoisomerase IV subunit B (parE) 64%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Structural DNA binding proteins

XF2558 chromosome segregation protein (smc) 27%
XF0446 DNA-binding protein (bbh3) 33%
XF1998 DNA-binding protein (fis) 58%
XF1190 histone-like protein (hbs/hbsU) 64%
XF1943 histone-like protein 54%
XF0482 single-stranded DNA binding protein (ssb) 49%
XF1392 single-stranded DNA binding protein (ssb) 56%
XF1558 single-stranded DNA binding protein (ssb) 36%
XF1644 single-stranded DNA binding protein (ssb) 54%
XF1778 single-stranded DNA binding protein (ssb) 25%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Recombination

XF0354 ATP-dependent DNA helicase (recG) 55%
XF1381 DNA helicase 54%
XF2248 DNA repair protein RecO (recO) 35%
XF0003 DNA replication and repair RecF protein

(recF/uvrF) 32%
XF1892 endonuclease V (deoxyinosine

3’endonuclease) (nfi) 53%
XF0425 exodeoxyribonuclease V alpha chain (recD) 38%
XF0423 exodeoxyribonuclease V beta chain

(recB/rorA) 30%
XF0422 exodeoxyribonuclease V gamma chain (recC) 29%
XF1425 integrase/recombinase (xerD/xprB) 53%
XF0743 integration host factor, alpha subunit (himA) 73%
XF2437 integration host factor, beta subunit (himD) 72%
XF1809 recombination protein (recR) 54%
XF2343 recombination protein N (recN) 38%
XF0123 recombination protein RecA (recA) 91%
XF1110 single-stranded DNA exonuclease (recJ) 45%
XF1483 site-specific recombinase (sss/xerC) 53%
XF2028 site-specific recombinase (rin) 81%

MACROMOLECULE METABOLISM/DNA METABOLISM/Repair

XF2598 6-O-methylguanine-DNA methyltransferase
(dat/dat1) 46%

XF1262 7,8-dihydro-8-oxoguanine-triphosphatase
(mutX) 38%

XF1909 A/G-specific adenine glycosylase
(mutY/mutB) 46%

XF0050 DNA helicase II (uvrD/mutU/pdeB/rad/recL) 56%

XF0760 DNA mismatch repair protein MutL (mutL) 42%
XF0148 DNA repair protein (radC) 41%
XF1378 DNA repair protein (radA/sms) 61%
XF1299 DNA repair system specific for alkylated

DNA (alkB) 28%
XF1326 DNA-3-methyladenine glycosidase (mag1) 35%
XF1806 DNA-damage-inducible protein (dinD/pcsA) ---%
XF2081 DNA-damage-inducible protein (dinJ) 57%
XF0647 endonuclease III (nth) 67%
XF2426 excinuclease ABC subunit A (uvrA) 70%
XF0967 excinuclease ABC subunit B (uvrB) 83%
XF2311 excinuclease ABC subunit C (uvrC) 50%
XF0164 exodeoxyribonuclease 43%
XF2022 exodeoxyribonuclease I (sbcB/xonA/cpeA) 43%
XF1933 exodeoxyribonuclease II I (xthA) 46%
XF0660 exodeoxyribonuclease small subunit (xseB) 39%
XF0755 exodeoxyribonuclease VII large subunit

(xseA) 41%
XF0071 formamidopyrimidine DNA glycosylase

(mutM/fpg) 51%
XF0170 formamidopyrimidine DNA glycosylase

(mutM/fpg) 51%
XF1902 holliday junction binding protein,

DNA helicase (ruvB) 69%
XF1904 holliday junction binding protein,

DNA helicase (ruvA) 42%
XF1905 holliday junction resolvase,

endodeoxyribonuclease (ruvC) 52%
XF1716 mismatch repair protein (mutS) 54%
XF0045 transcription-repair coupling factor (mfd) 49%
XF2692 uracil-DNA glycosylase (ung) 55%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Restriction, modification

XF1368 adenine-specific methylase 46%
XF2297 DNA methylase 40%
XF0641 DNA methyltransferase (sfiIM) 31%
XF1774 DNA methyltransferase (gene with intron) ---%
XF0924 DNA processing chain A (smf/dprA) 37%
XF0935 methyltransferase 37%
XF1968 methyltransferase (kpnIM) 33%
XF1804 site-specific DNA-methyltransferase (sphIM) 39%
XF2313 site-specific DNA-methyltransferase 41%
XF2724 type I restriction-modification system (hsdM) 25%
XF0297 type I restriction-modification system

DNA methylase ---%
XF2723 type I restriction-modification system

DNA methylase (hsdM) 44%
XF2728 type I restriction-modification system

DNA methylase 61%
XF2742 type I restriction-modification system

DNA methylase (hsdM) 53%
XF0295 type I restriction-modification system

endonuclease ---%
XF2721 type I restriction-modification system

endonuclease (hsdR1) 20%
XF2725 type I restriction-modification system

endonuclease 53%
XF2739 type I restriction-modification system

endonuclease (hsdR) 42%
XF0296 type I restriction-modification system

specificity determinant 27%
XF2722 type I restriction-modification system

specificity determinant 21%
XF2726 type I restriction-modification system

specificity determinant (hsdS) 24%
XF2741 type I restriction-modification system

specificity determinant (hsdS) 24%

MACROMOLECULE METABOLISM/RNA
METABOLISM/Ribosomal proteins

XF2438 30S ribosomal protein S1 (rpsA/ssyF) 67%
XF1151 30S ribosomal protein S10 (rpsJ) 72%
XF1174 30S ribosomal protein S11 (rpsK) 86%
XF2631 30S ribosomal protein S12 (rpsL) 81%
XF1173 30S ribosomal protein S13 (rpsM) 85%
XF1165 30S ribosomal protein S14 (rpsN) 62%
XF0238 30S ribosomal protein S15 (rpsO/secC) 62%
XF0107 30S ribosomal protein S16 (rpsP) 65%
XF1161 30S ribosomal protein S17 (rpsQ) 51%
XF2560 30S ribosomal protein S18 (rpsR) 70%
XF1156 30S ribosomal protein S19 (rpsS) 60%
XF2580 30S ribosomal protein S2 (rpsB) 60%
XF2421 30S ribosomal protein S20 (rpsT) 54%
XF0434 30S ribosomal protein S21 (rpsU) 67%
XF1158 30S ribosomal protein S3 (rpsC) 67%
XF1175 30S ribosomal protein S4 (rpsD) 84%
XF1169 30S ribosomal protein S5 (rpsE/spc) 71%
XF2561 30S ribosomal protein S6 (rpsF) 67%
XF2630 30S ribosomal protein S7 (rpsG/rps7) 60%
XF1166 30S ribosomal protein S8 (rpsH/rps8) 56%
XF1536 30S ribosomal protein S9 (rpsI/rps9) 68%
XF2636 50S ribosomal protein L1 (rplA/rpl1) 64%
XF2635 50S ribosomal protein L10 (rplJ) 43%
XF2637 50S ribosomal protein L11 (rplK/relC) 69%
XF1537 50S ribosomal protein L13 (rplM) 71%
XF1162 50S ribosomal protein L14 (rplN) 80%
XF1171 50S ribosomal protein L15 (rplO) 48%
XF1159 50S ribosomal protein L16 (rplP) 69%
XF1177 50S ribosomal protein L17 (rplQ) 80%
XF1168 50S ribosomal protein L18 (rplR) 53%
XF0110 50S ribosomal protein L19 (rplS) 65%
XF1155 50S ribosomal protein L2 (rplB) 69%
XF0740 50S ribosomal protein L20 (rplT) 72%
XF2424 50S ribosomal protein L21 (rplU) 53%
XF1157 50S ribosomal protein L22 (rplV) 63%
XF1154 50S ribosomal protein L23 (rplW) 52%
XF1163 50S ribosomal protein L24 (rplX) 48%
XF2643 50S ribosomal protein L25 (rplY) 48%
XF2423 50S ribosomal protein L27 (rpmA) 64%
XF1206 50S ribosomal protein L28 (rpmB) 71%
XF1160 50S ribosomal protein L29 (rpmC) 50%
XF1152 50S ribosomal protein L3 (rplC/rpl3) 61%
XF1170 50S ribosomal protein L30 (rpmD) 47%
XF1534 50S ribosomal protein L31 (rpmE) 57%
XF1816 50S ribosomal protein L32 (rpmF) 75%
XF1207 50S ribosomal protein L33 (rpmG) 73%
XF2782 50S ribosomal protein L34 (rpmH) 76%
XF0739 50S ribosomal protein L35 (rpmI) 60%
XF2440 50S ribosomal protein L36 (rpmJ) 65%
XF1153 50S ribosomal protein L4 (rplD) 54%
XF1164 50S ribosomal protein L5 (rplE/rpl5) 63%
XF1167 50S ribosomal protein L6 (rplF) 52%
XF2634 50S ribosomal protein L7/L12 (rplL) 67%
XF2559 50S ribosomal protein L9 (rplI) 52%

MACROMOLECULE METABOLISM/RNA
METABOLISM/Ribosomes - maturation and modification

XF0108 16S rRNA processing protein (rimM) 36%
XF2607 ribonuclease E (rne/ams/hmp1) 43%
XF1125 ribonuclease G (cafA/rng) 53%
XF0939 ribosomal large subunit pseudouridine

synthase D (rluD/sfhB) 54%
XF2201 ribosomal protein L11 methyltransferase

(prmA) 46%
XF2532 ribosomal protein S6 modification protein

(rimK) ---%
XF1200 ribosomal small subunit pseudouridine

synthase (rsuA) 42%
XF0236 ribosomal-binding factor A (rbfA) 35%
XF0441 ribosomal-protein-alanine

acetyltransferase (rimI) 38%
XF2358 RNA methyltransferase (ygcA) 38%
XF1972 tRNA/rRNA methylase (yibK) 57%
XF1985 tRNA/rRNA methyltransferase (yjfH) 50%

MACROMOLECULE METABOLISM/RNA
METABOLISM/Aminoacyl tRNA synthetases,
tRNA modification

XF0124 alanyl-tRNA synthetase (alaS/lovB) 56%
XF0147 arginyl-tRNA synthetase (argS) 40%
XF2563 asparaginyl-tRNA synthetase (asnS/tss) 66%
XF1856 aspartyl-tRNA synthetase (aspS) 53%
XF0995 cysteinyl-tRNA synthetase (cysS) 46%
XF1338 glutaminyl-tRNA synthetase (glnS) 54%
XF0822 glutamyl-tRNA synthetase (gltX) 54%
XF1960 glycyl-tRNA synthetase alpha chain

(glyQ/glyS(A)) 74%
XF1959 glycyl-tRNA synthetase beta chain

(glyS/glyS(B)) 39%
XF2222 histidyl-tRNA synthetase (hisS) 36%
XF2418 isoleucyl-tRNA synthetase (ileS/ilvS) 54%
XF2176 leucyl-tRNA synthetase (leuS) 58%
XF1112 lysyl-tRNA synthetase (lysU) 56%
XF2555 lysyl-tRNA synthetase (yjeA/genX) 47%
XF0927 methionyl-tRNA formyltransferase (fmt) 56%
XF0549 methionyl-tRNA synthetase (metG) 54%
XF0742 phenylalanyl-tRNA sinthetase beta chain

(pheT) 42%
XF0741 phenylalanyl-tRNA synthetase alpha

chain (pheS) 59%
XF0445 prolyl-tRNA synthetase (proS/drpA) 55%
XF0751 ribonuclease D (rnd) 31%
XF2781 ribonuclease P (rnpA) 37%
XF1314 S-adenosylmethionine: tRNA

ribosyltransferase-isomerase (queA) 52%
XF2286 seryl-tRNA synthetase (serS) 59%
XF0736 threonyl-tRNA synthetase (thrS) 59%
XF0109 tRNA (guanine-N1-)-methyltransferase (trmD) 51%
XF1362 tRNA adenylyltransferase (cca) 52%
XF0090 tRNA delta(2)-isopentenylpyrophosphate

transferase (miaA/trpX) 49%
XF1440 tRNA methyltransferase (trmU/asuE) 55%
XF1373 tRNA pseudouridine synthase A

(truA/hisT/asuC/leuK) 52%
XF0237 tRNA pseudouridine synthase B (truB) 42%
XF2475 tRNA/rRNA methyltransferase 41%
XF0428 tryptophanyl-tRNA synthetase 34%
XF0169 tyrosyl-tRNA synthetase (tyrS) 53%
XF0134 valyl-tRNA synthetase (valS) 51%

MACROMOLECULE METABOLISM/RNA METABOLISM/RNA
synthesis, modification, DNA transcription

XF0192 ATP-dependent RNA helicase (rhlE) 52%
XF0252 ATP        -dependent RNA helicase (deaD) 55%
XF2696 ATP-dependent RNA helicase (rhlB/mmrA) 52%
XF0234 N utilization substance protein A (nusA) 56%
XF0227 polynucleotide adenyltransferase (pcnB) 48%
XF2606 pseudouridylate synthase (rluC) 48%
XF1176 RNA polymerase alpha subunit (rpoA) 87%
XF2633 RNA polymerase beta subunit

(rpoB/groN/nitB/rif/ron) 67%
XF2632 RNA polymerase beta’ subunit (rpoC/tabB) 71%
XF1502 RNA polymerase omega subunit (rpoZ) 43%
XF2638 transcription antitermination factor (nusG) 60%
XF0955 transcription termination factor (nusB/ssyB) 49%
XF2699 transcription termination factor Rho

(rho/nitA/psuA/rnsC/tsu) 72%
XF1108 transcriptional elongation factor (greA) 62%

MACROMOLECULE METABOLISM/RNA METABOLISM/RNA
degradation

XF1257 oligoribonuclease (orn) 58%
XF0239 polynucleotide phosphorylase (pnp) 64%
XF2615 ribonuclease 44%
XF2158 ribonuclease H (rnhA/rnh) 60%
XF1041 ribonuclease HII (rnhB) 55%
XF2246 ribonuclease III (rnc) 50%
XF1505 ribonuclease PH (rph) 63%
XF2146 ribonuclease T (rnt) 47%

MACROMOLECULE METABOLISM/PROTEIN
METABOLISM/Translation and modification

XF1018 arginine-tRNA-protein transferase (ate1) 25%
XF1436 disulfide oxidoreductase (dsbA) 38%
XF1834 disulphide isomerase 30%
XF2629 elongation factor G (fusA) 70%
XF2203 elongation factor P (yeiP) 39%
XF2473 elongation factor P (efp) 63%
XF2579 elongation factor Ts (tsf) 50%
XF2628 elongation factor Tu (tufA) 82%
XF2640 elongation factor Tu (tufB) 82%
XF2553 initiation factor eIF-2B, alpha

subunit-related 50%
XF1445 initiation factor IF-1 (infA) 73%
XF0235 initiation factor IF-2 (infB) 49%
XF0737 initiation factor IF-3 (infC) 60%
XF0857 L-isoaspartate O-methyltransferase (pcm) 47%
XF2417 lipoprotein signal peptidase (lspA) 45%
XF2298 low molecular weight phosphotyrosine

protein phosphatase (stp1) 40%
XF0576 metallopeptidase 37%
XF0111 methionine aminopeptidase (map) 60%
XF2649 peptide chain release factor 1

(prfA/sueB/uar) 61%
XF1111 peptide chain release factor 2 (prfB) 66%
XF0174 peptide chain release factor 3 (prfC) 62%

XF1940 peptide methionine sulfoxide reductase
(msrA/pms) 59%

XF2642 peptidyl tRNA hydrolase (pth) 49%
XF0644 peptidyl-prolyl cis-trans isomerase (mip) 38%
XF0652 peptidyl-prolyl cis-trans isomerase (slyD) 43%
XF0838 peptidyl-prolyl cis-trans isomerase (surA) 32%
XF1191 peptidyl-prolyl cis-trans isomerase (ppiD) 25%
XF1212 peptidyl-prolyl cis-trans isomerase (ppiB/ppi) 60%
XF1605 peptidyl-prolyl cis-trans isomerase 36%
XF0442 phosphatidyltransferase (ptr) 37%
XF0926 polypeptide deformylase (def/fms) 55%
XF2156 protein phosphatase (yloO) 35%
XF1446 protein transferase (aat) 51%
XF2585 protein-L-isoaspartate

O-methyltransferase (pcm) 34%
XF1051 ribosome recycling factor (frr) 58%
XF2244 signal peptidase I (lepB) 40%
XF1437 thiol:disulfide interchange protein (dsbA) 39%
XF0353 translation initiation inhibitor 54%

MACROMOLECULE METABOLISM/PROTEIN
METABOLISM/Chaperones

XF0616 10kDa chaperonin (groES/htpA) 59%
XF0615 60kDa chaperonin (mopA/groEL) 77%
XF1452 chaperone (lolA) 32%
XF2233 DnaJ protein (dnaJ) 41%
XF2339 DnaJ protein (dnaJ) 59%
XF2340 DnaK protein (dnaK/grpF/groP/seg) 72%
XF0991 DnaK supressor 48%
XF0978 heat shock protein G (htpG) 58%
XF2341 heat shock protein GrpE (grpE) 38%
XF1186 peptidyl-prolyl cis-trans isomerase (tig) 32%

MACROMOLECULE METABOLISM/PROTEIN
METABOLISM/Protein degradation

XF2260 alanyl dipeptidyl peptidase 30%
XF0138 aminopeptidase A/I (pepA/xerB/carP) 47%
XF1488 aminopeptidase N 36%
XF2009 aminopeptidase P (pepP) 46%
XF1188 ATP-dependent Clp protease ATP

binding subunit Clpx (clpX/lopC) 73%
XF1187 ATP-dependent Clp protease proteolytic

subunit (clpP/lopP) 73%
XF0381 ATP-dependent Clp protease subunit

(clpB/htpM) 69%
XF1443 ATP-dependent Clp protease subunit

(clpA/lopD) 61%
XF1189 ATP-dependent serine proteinase La

(lon/capR/deg/muc/lopA) 64%
XF2704 carboxyl-terminal protease (ctpA) 41%
XF1282 carboxypeptidase related protein 33%
XF0156 cysteine protease (cpr6) 28%
XF0015 dipeptidyl-peptidase 28%
XF1484 heat shock protein (hslV/htpO) 65%
XF1485 heat shock protein (hslU/htpI) 66%
XF0452 integral membrane protease (hflK/hflA) 33%
XF0453 integral membrane proteinase (hflC) 36%
XF0280 leucine aminopeptidase (pepA) 34%
XF0435 O-sialoglycoprotein endopeptidase (gcp) 63%
XF0127 oligopeptidase A (prlC/opdA/optA) 50%
XF1479 peptidase (ptrB/tlp) 44%
XF1944 peptidyl-dipeptidase (dcp) 53%
XF2241 periplasmic protease (mucD) 47%
XF0220 proline dipeptidase (pepQ) 33%
XF1510 proline imino-peptidase (pip/xap) 81%
XF2330 proteinase (slpD) 22%
XF0267 serine protease (pspB) 28%
XF1026 serine protease (pspB) 27%
XF1851 serine protease 25%
XF1823 tail-specific protease (prc/tsp) 39%
XF0816 zinc protease 40%

MACROMOLECULE METABOLISM/OTHER MACROMOLECULES
METABOLISM/Polysaccharides

XF2714 alpha-L-fucosidase (fucA1) 36%
XF2278 dolichol-phosphate mannosyltransferase

(dpm1) 24%
XF0887 mannosyltransferase (mtfA) 31%

MACROMOLECULE METABOLISM/OTHER MACROMOLECULES
METABOLISM/Phospholipids

XF2310 CDP-diacylglycerol-glycerol-3-phosphate 3-
phosphatidyltransferase (pgsA) 49%

XF1031 glycerol-3-phosphate acyltransferase (plsB) 37%

CELL STRUCTURE/MEMBRANE COMPONENTS/Inner
membrane

XF2780 60kDa inner-membrane protein 40%
XF1640 ankyrin-like protein (ank2) 26%
XF2235 bifunctional penicillin-binding

protein 1C precursor (pbpC) 47%
XF0082 chaperone protein precursor (ecpD) 40%
XF0851 D-amino acid dehydrogenase subunit

(dadA/dadR) 54%
XF2334 diacylglycerol kinase (dgkA) 54%
XF0340 disulfide bond formation protein B (dsbB) 33%
XF2433 epimerase/dehydratase protein (capD) 37%
XF0256 glucose-1-phosphate thymidylyltransferase

(rfbA) 78%
XF0375 inner membrane protein (yjdB) 36%
XF0103 membrane protein 25%
XF0764 membrane protein 36%
XF0777 membrane protein (actII-3) 22%
XF2230 penicillin-binding protein 6 precursor (dacC) 47%
XF0151 phosphomannomutase (algC) 45%
XF1183 polysaccharide biosynthetic protein

(vipA/tviB) 52%
XF2333 prolipoprotein diacylglyceryl transferase

(lgt/umpA) 48%
XF1310 rod shape-determining protein (mreC) 37%
XF1313 rod shape-determining protein (mrdB/rodA) 48%
XF1979 transmembrane protein (ampE) 28%
XF1140 UDP-N-acetylglucosamine

pyrophosphorylase (glmU) 49%

CELL STRUCTURE/MEMBRANE COMPONENTS/Outer
membrane constituents

XF2392 autolytic lysozyme (lyc) 30%
XF0847 beta-hexosaminidase precursor (nahA) 37%
XF2184 membrane-bound lytic

transglycosylase (mltB) 36%

XF1046 outer membrane antigen (oma) 37%
XF0384 outer membrane hemin receptor (phuR) 22%
XF0343 outer membrane protein (mopB) 31%
XF0872 outer membrane protein (ompW) 30%
XF0873 outer membrane protein 43%
XF1053 outer membrane protein (ompP1) 28%
XF1123 outer membrane protein 34%
XF1739 outer membrane protein (romA) 43%
XF2345 outer membrane protein (smpA) 38%
XF1024 outer membrane protein H.8 precursor 42%
XF1811 outer membrane protein Slp precursor (slp) 31%
XF1547 peptidoglycan-associated outer membrane

lipoprotein precursor (pcp/lpp) 29%
XF0033 PilE protein (pilE) 37%
XF0975 polyphosphate-selective porin O (oprO) 23%
XF0321 porin O precursor (oprO) 23%
XF0028 pre-pilin like leader sequence (fimT) 37%
XF1363 soluble lytic murein transglycosylase

precursor (slt/sltY) 25%

CELL STRUCTURE/MUREIN SACCULUS, PEPTIDOGLYCAN

XF0852 alanine racemase (alr) 45%
XF0799 D-alanine--D-alanine ligase B (ddlB/ddl) 51%
XF0855 lipoprotein (nlpD/lppB) 39%
XF0416 lipoprotein precursor (vacJ) 36%
XF1715 monofunctional biosynthetic

peptidoglycan transglycosylase (mtgA) 50%
XF0759 N-acetylmuramoyl-L-alanine amidase

precursor (amiC) 45%
XF2646 outer membrane lipoprotein precursor

(lolB/hemM) 29%
XF1896 outer membrane protein P6 precursor

(pal/ompP6) 37%
XF1614 penicillin binding protein (pbp4) 39%
XF0368 penicillin-binding protein 1A (mrcA/ponA) 39%
XF0884 penicillin-binding protein 1B (ponB) 41%
XF1312 penicillin-binding protein 2 (mrdA/pbp2) 38%
XF0792 penicillin-binding protein 3 (ftsI/pbpB) 43%
XF0795 phospho-N-acetylmuramoyl-pentapeptide-

transferase (mraY/murX) 59%
XF2185 rare lipoprotein A (rlpA) 30%
XF1309 rod shape-determining protein

(mreB/envB/rodY) 77%
XF1311 rod shape-determining protein (mreD) 32%
XF0907 soluble lytic murein transglycosylase

precursor (yjbJ) 42%
XF0797 UDP-N-acetylglucosamine--N-acetylmuramyl-

(pentapeptide) pyrophosphoryl-undecaprenol
(murG) 47%

XF0798 UDP-N-acetylmuramate--alanine ligase
(murC) 53%

XF0276 UDP-N-acetylmuramate-L-alanine ligase
(mpl) 50%

XF1118 UDP-N-acetylmuramoylalanine--D-glutamate
ligase (murD) 29%

XF0793 UDP-N-acetylmuramoylalanyl-D-glutamate--
2,6-diaminopimelate ligase (murE) 43%

XF0794 UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6
diaminopimelate--D-alanyl-D-alanyl
ligase (murF/mra) 41%

XF2572 UDP-N-acetylpyruvoylglucosamine
reductase (murB) 43%

XF1050 undecaprenyl pyrophosphate synthetase
(uppS/rth) 51%

CELL STRUCTURE/SURFACE POLYSACCHARIDES,
LIPOPOLYSACCHARIDES, AND ANTIGENS

XF1289 2-dehydro-3-deoxyphosphooctonate
aldolase (kdsA) 44%

XF0105 3-deoxy-D-manno-octulosonic acid
transferase (kdtA/waaA) 44%

XF2299 3-deoxy-manno-octulosonate
cytidylyltransferase (kdsB) 50%

XF1419 acetyltransferase (lpxD/firA/omsA) 26%
XF0918 acyl-[ACP]-UDP-N-acetylglucosamine (lpxA) 32%
XF1994 beta 1,4 glucosyltransferase 29%
XF0612 dolichol-phosphate mannosyltransferase

(dmt) 24%
XF1638 dolichyl-phosphate mannose synthase

related protein 34%
XF0257 dTDP-4-dehydrorhamnose 3,5-epimerase

(rfbD) 75%
XF0258 dTDP-4-keto-L-rhamnose reductase (rfbC) 54%
XF0255 dTDP-glucose 4,6-dehydratase (rfbB) 76%
XF0611 dTDP-glucose 4-6-dehydratase (rfbB) 63%
XF1637 glycosyl transferase (spsQ) 29%
XF1082 lipid A 4’-kinase (lpxK) 38%
XF0104 lipid A biosynthesis lauroyl acyltransferase

(htrB/waaM) 40%
XF1348 lipid A biosynthesis lauroyl acyltransferase

(htrB/waaM) 26%
XF1042 lipid A disaccharide synthase (lpxB/pgsB) 45%
XF0879 lipopolysaccharide biosynthesis protein (rfbU) 26%
XF2434 lipopolysaccharide core biosynthesis protein 37%
XF0980 lipopolysaccharide synthesis enzyme (kdtB) 56%
XF0778 O-antigen acetylase (oafA) 26%
XF1413 polysialic acid capsule expression protein

(kpsF) 45%
XF2154 saccharide biosynthesis regulatory protein

(opsX) 73%
XF0176 sugar transferase 43%
XF1045 UDP-3-O-(R-3-hydroxymyristoyl)-glucosamine

N-acyltransferase (lpxD/firA/ssc) 41%
XF1646 UDP-3-O-(R-3-hydroxymyristoyl)-glucosamine

N-acyltransferase (lpxD/firA) 28%
XF0486 UDP-3-O-[3-hydroxymyristoyl] glucosamine N-

acyltransferase (lpxD) 31%
XF0803 UDP-3-O-[3-hydroxymyristoyl] N-

acetylglucosamine deacetylase (lpxC) 59%
XF1415 UDP-N-acetylglucosamine 1-

carboxyvinyltransferase (murA/murZ) 62%
XF1043 UDP-N-acetylglucosamine acyltransferase

(lpxA) 44%

CELL STRUCTURE/SURFACE STRUCTURES

XF0077 fimbrial adhesin precursor (mrkD) 30%
XF0078 fimbrial adhesin precursor (mrkD) 32%
XF0080 fimbrial adhesin precursor (fimA/pilA) 29%
XF0369 fimbrial assembly membrane protein (pilM) 61%
XF0370 fimbrial assembly membrane protein (pilN) 44%
XF0371 fimbrial assembly membrane protein (pilO) 43%
XF0372 fimbrial assembly protein (pilP) 38%
XF0373 fimbrial assembly protein (pilQ) 34%
XF0478 fimbrial assembly protein (pilY1) 33%

XF2538 fimbrial assembly protein (pilC) 56%
XF2539 fimbrial protein 48%
XF2542 fimbrial protein 53%
XF0083 fimbrial subunit precursor 42%
XF0487 fimbrillin 37%
XF0538 fimbrillin 37%
XF0539 fimbrillin (fimA) 38%
XF1791 fimbrillin 48%
XF0081 outer membrane usher protein precursor

(fimD) 36%
XF1953 pilus biogenesis protein (pilJ) 46%
XF1954 pilus biogenesis protein (pilI) 33%
XF2544 pilus biogenesis protein (pilB) 55%
XF1955 pilus protein (pilG) 82%
XF0031 PilX protein (pilX) 28%
XF0032 PilY1 gene product (pilY1) 32%
XF1224 PilY1 gene product (pilY1) 30%
XF2537 pre-pilin leader peptidase (xpsO) 76%
XF0029 pre-pilin leader sequence (pilV) 33%
XF1632 twitching motility protein (pilU) 60%
XF1633 twitching motility protein (pilT) 74%
XF0677 type 4 fimbriae assembly protein (pilZ) 62%
XF0479 type IV pilin (pilE) 35%

CELLULAR PROCESSES/TRANSPORT/Amino acids, amines

XF0408 amino acid transporter (yhdG) 43%
XF2730 amino acid transporter (rhtC) 28%
XF2207 cationic amino acid transporter 43%
XF2208 cationic amino acid transporter 41%
XF1891 di-tripeptide ABC transporter membrane

protein (yclF) 35%
XF0656 glutamate symport protein (gltT) 28%
XF1937 proton glutamate symport protein (gltP) 35%

CELLULAR PROCESSES/TRANSPORT/Anions

XF0411 ABC transporter nitrate permease (nrtB) 26%
XF2141 ABC transporter phosphate binding protein

(phoX) 67%
XF2142 ABC transporter phosphate permease

(pstC/phoW) 50%
XF2143 ABC transporter phosphate permease

(pstA/phoT) 53%
XF1344 ABC transporter sulfate binding protein (sbp) 64%
XF1345 ABC transporter sulfate permease

(cysU/cysT) 50%
XF1346 ABC transporter sulfate permease (cysW) 49%
XF0412 nitrate ABC transporter ATP-binding

protein (nrtD) 46%
XF2144 phosphate ABC transporter ATP-binding

protein (pstB/phoT) 65%
XF1347 sulfate ABC transporter ATP-binding

protein (cysA) 61%

CELLULAR PROCESSES/TRANSPORT/Carbohydrates, organic
acids, alcohols

XF2446 ABC transporter sugar permease 40%
XF2447 ABC transporter sugar permease (lacF) 37%
XF2448 ABC transporter sugar-binding protein (malE) 24%
XF0087 alpha-ketoglutarate permease symporter

(kgtP/witA) 64%
XF0976 C4-dicarboxylate transport protein (dctA) 66%
XF1462 glucose/galactose transporter (gluP) 31%
XF1609 glucose/galactose transporter (gluP) 48%
XF2267 glycerol uptake facilitator protein (glpF) 39%
XF1406 HPr kinase/phosphatase (ptsK) 36%
XF0320 Mg++/citrate complex transporter

(citN/citH) 60%
XF1402 phosphotransferase system enzyme I (phbI) 40%
XF1403 phosphotransferase system HPr enzyme

(phbH) 52%
XF1067 sugar ABC transporter ATP-binding protein 53%

CELLULAR PROCESSES/TRANSPORT/Cations

XF2328 ABC transporter sodium permease (natB) 27%
XF1844 ammonium transporter (amtB) 57%
XF0395 bacterioferritin (bfr) 61%
XF2140 cation:proton antiporter (ybaL) 57%
XF2134 ferric enterobactin receptor (bfeA) 22%
XF2137 ferric enterobactin receptor (bfeA) 22%
XF0932 ferrous iron transport protein 47%
XF0933 ferrous iron transport protein B (feoB) 52%
XF1426 ion transporter 48%
XF0900 magnesium and cobalt transport

protein (corA) 33%
XF1015 manganese transport protein (mntH2) 64%
XF1401 Mg++ transporter (mgtE) 26%
XF1398 Na+/H+ exchange protein 24%
XF2019 Na+:H+ antiporter (yjcE) 42%
XF0324 periplasmic iron-binding protein (afuA) 24%
XF0901 polar amino acid transporter (ybeX) 46%
XF1903 potassium uptake protein (kup/trkD) 48%
XF2329 sodium ABC transporter ATP-binding

protein (natA) 47%
XF0599 TonB-dependent receptor for iron

transport (ybiL) 47%
XF1496 TonB-dependent receptor for iron

transport (yncD) 23%
XF0367 voltage-gated potassium channel beta

subunit 50%

CELLULAR PROCESSES/TRANSPORT/Protein, peptide secretion

XF2455 heme ABC transporter ATP-binding
protein (ccmA) 41%

XF2456 heme ABC transporter membrane protein
(ccmB) 50%

XF2457 heme ABC transporter membrane protein
(ccmC) 48%

XF2261 oligopeptide transporter 40%
XF0806 preprotein translocase SecA subunit

(secA/prlD/azi/pea) 60%
XF1172 preprotein translocase SecY subunit

(secY/prlA) 55%
XF2639 preprotein translocase subunit (secE) 33%
XF0224 preprotein translocase YajC subunit (yajC) 36%
XF2685 protease IV (sppA) 40%
XF0225 protein-export membrane protein (secD) 44%
XF0226 protein-export membrane protein (secF) 38%
XF0304 protein-export membrane protein (secG) 43%
XF1801 protein-export protein (secB) 43%
XF0562 sec-independent protein translocase

(tatC/mttB) 47%
XF0073 signal recognition particle protein (ffh) 63%

XF1913 type V secretory pathway protein (mttC) 46%

CELLULAR PROCESSES/TRANSPORT/Other

XF0875 ABC transporter ATP-binding protein (yusC) 48%
XF0944 ABC transporter ATP-binding protein (yjjK) 69%
XF1077 ABC transporter ATP-binding protein (ycfV) 55%
XF1081 ABC transporter ATP-binding protein (msbA) 41%
XF1223 ABC transporter ATP-binding protein (yadG) 54%
XF1302 ABC transporter ATP-binding protein 42%
XF1409 ABC transporter ATP-binding protein 60%
XF1475 ABC transporter ATP-binding protein (ynhD) 63%
XF1602 ABC transporter ATP-binding protein 31%
XF2133 ABC transporter ATP-binding protein (yheS) 45%
XF2568 ABC transporter ATP-binding protein (rfbE) 45%
XF2582 ABC transporter ATP-binding protein 42%
XF2617 ABC transporter ATP-binding protein (uup) 49%
XF2695 ABC transporter ATP-binding protein (ftsE) 47%
XF1474 ABC transporter membrane protein (ynhC) 33%
XF1476 ABC transporter membrane protein 69%
XF0874 ABC transporter permease protein 48%
XF2567 ABC transporter permease protein (rfbD) 35%
XF1604 ABC transporter vitamin B12 uptake

permease (btuE) 44%
XF0406 export protein (ygjT) 54%
XF0039 large-conductance mechanosensitive

channel (mscL) 52%
XF0589 permease 28%
XF2301 polysaccharide export protein (mrp) 63%
XF1258 small conductance mechanosensitive

ion channel (yggB) 35%
XF2251 solute:Na+ symporter (ppa) 58%
XF0281 transport protein (yueF) 24%
XF0651 transport protein (yxaH) 33%
XF1728 transport protein 27%

CELLULAR PROCESSES/CELL DIVISION

XF0659 cell cycle protein (mesJ) 42%
XF0286 cell division inhibitor (sulA) 39%
XF1322 cell division inhibitor (minC) 35%
XF0093 cell division protein (hflB/ftsH/mrsC/tolZ) 64%
XF0094 cell division protein (ftsJ/mrsF) 52%
XF0791 cell division protein (ftsL) 30%
XF0796 cell division protein (ftsW) 44%
XF0800 cell division protein (ftsQ) 32%
XF0801 cell division protein (ftsA/divA) 45%
XF0802 cell division protein (ftsZ) 59%
XF1450 cell division protein (ftsK) 50%
XF1910 cell division protein (ftsY) 45%
XF2557 cell division protein (zipA) 27%
XF2694 cell division protein (ftsX/ftsS) 31%
XF1320 cell division topological specificity factor

(minE) 48%
XF1657 cell filamentation protein (fic) 38%
XF2281 chromosome partitioning protein 43%
XF2282 chromosome partitioning protein (parA) 49%
XF1785 chromosome partitioning related

protein (soj) 27%
XF2247 GTP binding protein (era) 51%
XF1084 partition protein (parA) 32%
XF1321 septum site-determining protein (minD) 68%

CELLULAR PROCESSES/CHEMOTAXIS AND MOBILITY

XF1952 chemotaxis-related protein kinase (chpA) 42%

MOBILE GENETIC ELEMENTS/PHAGE-RELATED FUNCTIONS
AND PROPHAGES

XF0089 host factor-I protein (hfq) 92%
XF0719 phage-related baseplate assembly protein

(gpV) 32%
XF0723 phage-related baseplate assembly protein

(gpW) 40%
XF0724 phage-related baseplate assembly protein

(gpJ) 46%
XF2488 phage-related baseplate assembly protein

(gpJ) 46%
XF2489 phage-related baseplate assembly protein

(gpW) 40%
XF2492 phage-related baseplate assembly protein

(gpV) 32%
XF0727 phage-related contractile tail sheath

protein (fIR2) 46%
XF2485 phage-related contractile tail sheath

protein (fIR2) 46%
XF0728 phage-related contractile tail tube protein

(fIIR2) 41%
XF0683 phage-related DNA polymerase (dpoL) 50%
XF2525 phage-related DNA polymerase (dpoL) 49%
XF0513 phage-related endolysin (lycV) 46%
XF0631 phage-related integrase (int) 28%
XF0678 phage-related integrase (int) 27%
XF1642 phage-related integrase (int) 28%
XF1718 phage-related integrase (int) 91%
XF2288 phage-related integrase (int) 26%
XF2530 phage-related integrase (int) 28%
XF1564 phage-related lysozyme (lycV) 43%
XF1669 phage-related lysozyme (lycV) 43%
XF2314 phage-related lysozyme (lycV) 42%
XF0713 phage-related portal protein (gp4) 25%
XF2498 phage-related portal protein (gp4) 25%
XF0485 phage-related protein 34%
XF0680 phage-related protein 56%
XF0682 phage-related protein 50%
XF0684 phage-related protein 49%
XF0685 phage-related protein 53%
XF0686 phage-related protein 41%
XF0704 phage-related protein 32%
XF0705 phage-related protein 32%
XF0707 phage-related protein 44%
XF0710 phage-related protein 27%
XF1555 phage-related protein 34%
XF1570 phage-related protein 29%
XF1573 phage-related protein 27%
XF1645 phage-related protein 31%
XF1663 phage-related protein 47%
XF1675 phage-related protein 29%
XF1678 phage-related protein 27%
XF1763 phage-related protein 30%
XF1786 phage-related protein 42%
XF1864 phage-related protein 48%
XF1869 phage-related protein 37%
XF1870 phage-related protein 35%
XF1875 phage-related protein 36%
XF1876 phage-related protein 36%

XF2127 phage-related protein 24%
XF2132 phage-related protein 34%
XF2290 phage-related protein 57%
XF2291 phage-related protein 47%
XF2292 phage-related protein 50%
XF2294 phage-related protein 32%
XF2295 phage-related protein 53%
XF2479 phage-related protein 32%
XF2482 phage-related protein 21%
XF2484 phage-related protein 41%
XF2501 phage-related protein 27%
XF2504 phage-related protein 44%
XF2505 phage-related protein 34%
XF2511 phage-related protein 28%
XF2522 phage-related protein 41%
XF2523 phage-related protein 52%
XF2524 phage-related protein 43%
XF2526 phage-related protein 50%
XF2527 phage-related protein 21%
XF2528 phage-related protein 56%
XF0500 phage-related repressor protein (racR) 50%
XF0696 phage-related repressor protein (rpcI) 29%
XF1658 phage-related repressor protein (CI) 24%
XF1706 phage-related tail fiber protein (gp37) 25%
XF0725 phage-related tail protein (gpI) 35%
XF0730 phage-related tail protein (gpT) 21%
XF0731 phage-related tail protein (gpU) 40%
XF0732 phage-related tail protein (gpX) 41%
XF0733 phage-related tail protein (gpD) 32%
XF2480 phage-related tail protein (gpX) 41%
XF2481 phage-related tail protein (gpU) 40%
XF2487 phage-related tail protein (gpI) 35%
XF0508 phage-related terminase large subunit (gp2) 25%
XF0711 phage-related terminase large subunit (gp2) 28%
XF2500 phage-related terminase large subunit (gp2) 28%

MOBILE GENETIC ELEMENTS/PLASMID-RELATED FUNCTIONS

XF2045 conjugal transfer protein (trbN) 76%
XF2046 conjugal transfer protein (trbL) 45%
XF2048 conjugal transfer protein (trbJ) ---%
XF2049 conjugal transfer protein (trbI) 53%
XF2050 conjugal transfer protein (trbH) 45%
XF2051 conjugal transfer protein (trbG) 65%
XF2052 conjugal transfer protein (trbF) 49%
XF2053 conjugal transfer protein (trbE) ---%
XF2054 conjugal transfer protein (trbD) 68%
XF2055 conjugal transfer protein (trbC) 52%
XF2056 conjugal transfer protein (trbB) 69%
XF2058 conjugal transfer protein (traF) 59%
XF2059 conjugal transfer protein (traE) 73%
XF2060 conjugal transfer protein (traD) 43%
XF1759 conserved plasmid protein 35%
XF2066 conserved plasmid protein (yacB) 35%
XF2161 conserved plasmid protein 30%
XF2061 DNA primase (traC) 44%
XF2444 pheromone shutdown protein (traB) 31%
XF1589 plasmid stabilization protein 50%
XF1590 plasmid stabilization protein 62%
XF2031 plasmid stabilization protein (parD) 81%
XF2032 plasmid stabilization protein (parE) 75%
XF1574 plasmid-related protein (traN) 34%
XF1679 plasmid-related protein (traN) 34%
XF1945 VirK protein (virK) 35%

MOBILE GENETIC ELEMENTS/TRANSPOSON- AND INTRON-
RELATED FUNCTIONS

XF2063 DNA-invertase (rin) ---%
XF1930 resolvase (tnpR) ---%
XF1775 reverse transcriptase ---%
XF1931 transposase (tnpA) ---%
XF2303 transposase (tnpA) 71%
XF0325 transposase OrfA 64%
XF0535 transposase OrfA 64%
XF0326 transposase OrfB ---%
XF0536 transposase OrfB 35%

PATHOGENICITY, VIRULENCE, AND ADAPTATION/TOXIN
PRODUCTION AND DETOXIFICATION

XF1726 2,5-dichloro-2,5-cyclohexadiene-1,4-diol
dehydrogenase (linC) 39%

XF0243 acriflavin resistance protein (yerP) 23%
XF2386 acriflavin resistance protein (yegN) 42%
XF2385 acriflavin resistance protein D (yegN) 50%
XF2407 bacteriocin 27%
XF0165 beta-lactamase induction signal transducer

protein (ampG) 38%
XF1621 beta-lactamase-like protein (pbp) 24%
XF0010 biopolymer transport ExbB protein (exbB) 81%
XF0011 biopolymer transport ExbD1 protein (exbD1) 78%
XF0012 biopolymer transport ExbD2 protein (exbD2) 82%
XF2232 catalase/peroxidase (cpeB) 66%
XF2083 cation efflux system protein (czcA) 24%
XF0262 colicin V precursor (cvaC) 36%
XF0263 colicin V precursor (cvaC) 31%
XF1948 colicin V production protein (cvpA) 31%
XF1220 colicin V secretion ABC transporter

ATP-binding protein (cvaB) 40%
XF1216 colicin V secretion protein (cvaA) 25%
XF2084 component of multidrug efflux system (mexE) 28%
XF1341 copper homeostasis protein (cutC) 47%
XF0132 copper resistance protein A precursor (copA) 61%
XF0133 copper resistance protein B precursor (copB) 38%
XF1741 daunorubicin C-13 ketoreductase (dnrU) 31%
XF2148 dimethyladenosine transferase (ksgA/rsmA) 48%
XF2416 drug tolerance protein (lytB) 64%
XF0993 drug:proton antiporter (tetV) 24%
XF1765 drug:proton antiporter (mmr) 33%
XF1029 glutaryl-7-ACA acylase precursor (gaa) 60%
XF1890 glutathione peroxidase-like protein (gpo) 50%
XF1210 glutathione S-transferase (gst) 38%
XF0175 hemolysin III protein 48%
XF2398 hemolysin secretion protein D (hlyD) 39%
XF0668 hemolysin-type calcium binding protein (frpC) 32%
XF1011 hemolysin-type calcium binding protein (frpC) 30%
XF2759 hemolysin-type calcium binding protein (frpC) 35%
XF1934 HetI protein (hetI) 35%
XF0244 membrane fusion protein (mexC) 25%
XF2384 membrane fusion protein precursor (mtrC) 37%
XF2686 multidrug efflux protein (ydhE) 34%
XF2094 multidrug-efflux transporter (acrF/envD) 50%
XF1732 NAD(P)H-dependent 2-cyclohexen-1-one

reductase (ncr) 40%
XF1137 NonF-related protein (nonF) 34%

XF1827 organic hydroperoxide resistance
protein (ohr) 70%

XF2586 outer membrane export factor
(tolC/mtcB/mukA/refI) 33%

XF2550 outer membrane hemolysin activator
protein (hecB) 26%

XF1532 oxidative stress transcriptional regulator
(oxyR) 81%

XF1038 peptide synthase 23%
XF2276 peptide synthase 26%
XF0619 periplasmic divalent cation tolerance

protein (cutA/cycY/cutA1) 37%
XF1729 phenylacetaldehyde dehydrogenase 61%
XF1131 PmbA protein (pmbA/tldE) 45%
XF2135 polyketide synthase (PKS) (frnE) 35%
XF2093 precursor of drug resistance protein

(acrA/mtcA/lir) 42%
XF0769 pteridine-dependent deoxygenase (rapK) 34%
XF1530 subunit C of alkyl hydroperoxide reductase

(ahpC) 70%
XF1531 subunit F of alkyl hydroperoxide reductase

(ahpF) 77%
XF2614 superoxide dismutase [MN] (sodA/sod) 78%
XF1921 superoxide dismutase [MN] precursor

(sodA/sodM) 57%
XF2778 thiophene and furan oxidation protein

(thdF/trmE) 47%
XF1898 TolA protein (tolA) 21%
XF1897 TolB protein precursor (tolB) 40%
XF1900 TolQ protein (tolQ/fii) 48%
XF1899 TolR protein (tolR) 34%
XF0009 TonB protein (tonB) 72%
XF1957 TonB protein (tonB) 26%
XF2287 TonB protein (tonB) 29%
XF2327 TonB protein (tonB) 28%
XF2605 TonB protein (tonB) 36%
XF2397 toxin secretion ABC transporter ATP-binding

protein (hlyB) 61%
XF1841 undecaprenol kinase (bacA) 38%

PATHOGENICITY, VIRULENCE, AND ADAPTATION/HOST CELL
WALL DEGRADATION

XF1267 1,4-beta-cellobiosidase (cbhA) 46%
XF0818 endo-1,4-beta-glucanase (engXCA) 64%
XF2708 endo-1,4-beta-glucanase (egl) 47%
XF0810 extracellular endoglucanase precursor

(engXCA) 33%
XF0845 family 3 glycoside hydrolase (xylA) 45%
XF2466 polygalacturonase precursor (pglA) ---%

PATHOGENICITY, VIRULENCE, AND
ADAPTATION/EXOPOLYSACCHARIDES

XF2370 GumB protein (gumB) 67%
XF2369 GumC protein (gumC) 62%
XF2367 GumD protein (gumD) 73%
XF2366 GumE protein (gumE) 61%
XF2365 GumF protein (gumF) 44%
XF2364 GumH protein (gumH) 64%
XF2362 GumJ protein (gumJ) 65%
XF2361 GumK protein (gumK) 69%
XF2360 GumM protein (gumM) 69%

PATHOGENICITY, VIRULENCE, AND ADAPTATION/SURFACE
PROTEINS

XF0889 hemagglutinin-like secreted protein (pspA)  25%
XF2196 hemagglutinin-like secreted protein (pspA) 35%
XF2775 hemagglutinin-like secreted protein (pspA) 35%
XF1529 surface protein (hsf) 22%
XF1981 surface protein (hsf) 24%
XF1516 surface-exposed outer membrane protein

(uspA1) 28%

PATHOGENICITY, VIRULENCE, AND
ADAPTATION/ADAPTATION, ATYPICAL CONDITIONS

XF0432 BrkB protein (brk) 33%
XF0866 cobalt-zinc-cadmium resistance protein

(czcD) 53%
XF0285 heat shock protein (htrA/degP/ptd) 43%
XF2625 heat shock protein (htpX) 53%
XF2234 low molecular weight heat shock protein

(hspA) 38%
XF1379 luciferase 31%
XF0837 organic solvent tolerance precursor

(imp/ostA) 29%
XF1623 periplasmic glucan biosynthesis protein

(mdoH) 37%
XF2682 periplasmic glucan biosynthesis protein

(mdoG) 36%
XF0785 sulfur deprivation response regulator (sac1) 22%
XF0858 survival protein (surE) 60%
XF2622 temperature acclimation protein B (tapB) 85%
XF0418 toluene tolerance protein (ttg2D) 24%
XF0419 toluene tolerance protein (ttg2C) 41%
XF0420 toluene tolerance protein (ttg2B) 42%
XF0421 toluene tolerance protein (ttg2A) 50%

PATHOGENICITY, VIRULENCE, AND ADAPTATION/OTHER

XF0290 aconitase (rpfA) 79%
XF1424 chitinase (chi) 43%
XF1527 general secretory pathway protein D

precursor (xpsD/pefD) 68%
XF1517 general secretory pathway protein E

(xpsE/pefE) 81%
XF1518 general secretory pathway protein F (xpsF) 66%
XF1519 general secretory pathway protein G

precursor (xpsG/pefG) 78%
XF1520 general secretory pathway protein H

precursor (xpsH) 67%
XF1521 general secretory pathway protein I

precursor (xpsI/pefI) 55%
XF1522 general secretory pathway protein J

precursor (xpsJ/pefJ) 56%
XF1523 general secretory pathway protein K (pefK) 60%
XF1524 general secretory pathway protein L (pefL) 60%
XF1020 pathogenicity-related protein 48%
XF0720 proteic killer active protein (higB) 33%
XF0721 proteic killer suppression protein (higA) 40%
XF0223 queuine tRNA-ribosyltransferase (tgt/vacC) 61%
XF0287 regulator of pathogenicity factors (rpfB) 72%
XF1114 regulator of pathogenicity factors (rpfC) 59%
XF1115 regulator of pathogenicity factors (rpfF) 67%
XF1987 VacB protein (vacB) 46%

XF0591 virulence factor 48%
XF2420 virulence factor (mviN) 39%
XF0754 virulence protein (acvB) 39%
XF2679 virulence protein (acvB) 28%
XF0749 virulence regulator (xrvA) 47%
XF1493 virulence regulator (xrvA) 46%
XF0506 virulence-associated protein E (vapE) 31%
XF2121 virulence-associated protein E (vapE) 32%

ORFS WITH UNDEFINED CATEGORY

XF2149 ApaG protein (apaG/corD) 45%
XF1828 ATPase 28%
XF0961 bacterioferritin comigratory protein (bcp) 51%
XF1120 bifunctional DGTP-

pyrophosphohydrolase/thiamine phosphate
synthase (mutT/thiE1) 43%

XF1796 bifunctional transcriptional repressor of
the biotin operon/biotin acetyl-CoA-carboxylase
synthetase (birA/bioR/dhbB) 40%

XF1624 carboxylesterase (estB) 37%
XF0063 competence protein F (comF) 37%
XF1179 competence related protein (comM) 52%
XF1078 DNA uptake protein (comA) 35%
XF2243 GTP binding protein (lepA) 69%
XF1213 GTP-binding elongation factor protein (typA) 69%
XF0088 GTP-binding protein (hflX) 54%
XF0465 GTP-binding protein (yfgK) 46%
XF1430 GTP-binding protein (yihA) 52%
XF2422 GTP-binding protein (yhbZ) 55%
XF2641 GTP-binding protein 68%
XF1668 HicB-related protein 38%
XF1192 integral membrane protein 49%
XF1927 integral membrane protein ---%
XF2645 isopentenyl monophosphate kinase (ipk) 50%
XF0145 oxidoreductase (ydfG) 50%
XF1744 oxidoreductase 71%
XF1723 sugar-phosphate dehydrogenase (yrpG) 55%
XF1724 sugar-phosphate dehydrogenase (yrpG) 55%

pXF51 genes:

INTERMEDIARY METABOLISM/REGULATORY FUNCTIONS

XFa0001 transcriptional regulator 31%
XFa0057 transcriptional regulator (korA) 40%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Replication

XFa0061 single-strand binding protein (ssb) 54%
XFa0003 topoisomerase I (topA/supX) 35%

MACROMOLECULE METABOLISM/DNA
METABOLISM/Recombination

XFa0019 site-specific recombinase (rin) 91%

MOBILE GENETIC ELEMENTS/PLASMID-RELATED FUNCTIONS

XFa0002 conjugal transfer protein (traL/virB1) 46%
XFa0005 conjugal transfer protein (trbC/virB2) 32%
XFa0006 conjugal transfer protein (traA/virB3) 39%
XFa0007 conjugal transfer protein (traB/virB4) 43%
XFa0008 conjugal transfer protein (traC/virB5) 28%
XFa0011 conjugal transfer protein (traD/virB6) 23%
XFa0012 conjugal transfer protein (traE/virB8) 33%
XFa0013 conjugal transfer protein (traO/virB9) 34%
XFa0014 conjugal transfer protein (traF/virB10) 40%
XFa0015 conjugal transfer protein

(traG/virB11) 41%
XFa0016 conjugal transfer protein (traG/virD4) 35%
XFa0036 conjugal transfer protein (trbN) 76%
XFa0037 conjugal transfer protein (trbL) 45%
XFa0039 conjugal transfer protein (trbJ) 54%
XFa0040 conjugal transfer protein (trbI) 52%
XFa0041 conjugal transfer protein (trbH) 44%
XFa0042 conjugal transfer protein (trbG) 65%
XFa0043 conjugal transfer protein (trbF) 47%
XFa0044 conjugal transfer protein (trbE) ---%
XFa0047 nickase (taxC) 30%
XFa0027 plasmid maintenance protein (pemK) 48%
XFa0060 plasmid replication protein (incC) 34%
XFa0059 plasmid replication/partition protein 32%
XFa0029 plasmid stabilization protein (parE) 76%

PATHOGENICITY, VIRULENCE, AND ADAPTATION/OTHER

XFa0052 virulence-associated protein D (vapD) 64%

pXF1.3 genes:

MOBILE GENETIC ELEMENTS/PLASMID-RELATED FUNCTIONS

XFb0001 replication protein 41%

Table 3 Putative identification of Xylella fastidiosa genes. Gene numbers correspond to those in Fig. 1. Percentages represent % identities
relative to the most relevant database hit (conserved hypotheticals and % identities of genes with frameshift/stop codon in frame not shown).
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