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Abstract

Genetic missense tolerance ratio (MTR) analysis systematically evaluates all

possible segments in a given protein-encoding transcript found in the human

population. This method scores each segment for the number of observed mis-

sense variants versus the number of silent mutations in that same segment. An

MTR score of 0 indicates that no missense mutations are observed within a

given segment. This is indicative of evolutionary purifying selection, which

excludes mutations in that segment from the general human population. Here,

we conducted MTR analysis on each of the roughly 20,000 protein-encoding

human genes. It was seen that there are 257 genes with at least one 31-residue

encoding segment with MTR = 0 (1.3% of all human genes). The proteins

encoded by these 257 genes were tabulated along with information regarding

the sequence location of each intolerant segment, the likely function of the

protein, and so forth. The most functionally-enriched family among these pro-

teins is a collection of several dozen proteins that are directly involved in RNA

splicing. Some of the other proteins with zero-tolerance segments have thus

far escaped significant characterization. Indeed, while a number of these pro-

teins have previously been genetically linked to human disorders, many have

not. We hypothesize that this compendium of human proteins with zero-

tolerance segments can be used to complement disease mutation data as a

pointer to genes and proteins that are associated with interesting and underex-

plored human biology.
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1 | INTRODUCTION

Genetic intolerance analysis has emerged as a powerful
tool for studying protein evolution, structure–function
relationships, and linkage of proteins to disease.1–10 Here
we examine an extreme form of protein sequential intol-
erance by identifying human proteins that contain seg-
ments in which genetic variation is completely
disallowed by evolution.

Petrovsky and coworkers introduced an approach to
measure the “missense tolerance ratios” (MTR) for seg-
ments of human protein-encoding genes.1,2 For a given
gene, this method is based on analyzing the >105 sequences
for that gene in the gnomAD database and comparing the
number of missense mutations present in each 31 amino
acids segment versus the number of observed silent mis-
sense mutations in that same segment. Coding genes with
segments that exhibit fewer amino acid-encoding mutations
than expected based on the observed number of silent
mutations for that segment are deemed to be genetically
intolerant. Intolerance indicates that amino acid-encoding
missense mutations within that gene segment are evolu-
tionarily excluded from the human gene pool by “purifying
selection.” Because of the limited number of currently
available sequences in gnomAD, statistically meaningful
single codon MTR ratios cannot yet be determined. How-
ever, analysis of 93-base segments encoding 31 amino acids
usually yields robust statistics.1 A segmental MTR score of
1.0 indicates that the sequence of the analyzed gene seg-
ment is under no purifying selective pressure, whereas an
MTR score of 0 means that the introduction of even a single
amino acid-varying missense mutation into a segment is
not seen in gnomAD, indicative of stringent purifying selec-
tion for variations associated with that segment. Mutations
occurring in an intolerant segment of a protein can result
in reduced evolutionary fitness through any one of a variety
of potential mechanisms, such as triggering the loss of that
protein's native function or inducing the formation of toxic
aggregates, as we have reviewed elsewhere.11

Previous studies have explored the relationship of MTR
analysis to specific proteins, particularly with respect to the
use of segmental intolerance analysis to predict or illumi-
nate the linkage of proteins to human disease.2,3,11–15 This
highlights the fact that proteins containing intolerant seg-
ments are sometimes subjected to known disease mutations
in other parts of the protein and, more rarely, even within
the intolerant segment. The latter instance occurs when a
disease mutation is observed in a patient-derived database
such as ClinVar that is too rare to be seen in the sample of
the global (mostly healthy) human population represented
by the current gnomAD collection of sequences.

Our objective in this paper differs from the previous
work. Here we sought to systematically identify all protein-

encoding human genes that contain one or more MTR = 0
(“zero-tolerance”) segments. The resulting list is the main
deliverable of this paper. It is hoped that this list will serve
as a useful resource for the research community in identify-
ing proteins that contain segments in which mutations
result in such catastrophic consequences that they are fil-
tered out of the human population. Evidently, these pro-
teins are profoundly important and/or perilous, such that
their study in some cases may yield groundbreaking insight
into human biology and molecular pathophysiology. We
also reported a few selected observations that can be made
regarding the 257 proteins that contain at least one zero-
tolerance segment. One important finding is that proteins
involved in RNA splicing are the most common group of
proteins that contain absolutely intolerant segments.
Another important finding is that there are many proteins
that contain at least one intolerant segment, but for which
there exist no known disease or ClinVar pathogenic muta-
tions to date. We hypothesized that some of these proteins
must be essential to human reproduction and/or develop-
ment, despite, in many cases, having escaped much prior
attention or recognition.

2 | RESULTS AND DISCUSSION

2.1 | Human proteins with zero-
tolerance segments

We observed 257 proteins—ca. 1.3% of all human
proteins—that contain at least one amino acid segment
at least 31 residues long (or an N- or C-terminal segment
at least 16 residues long) in which amino acid variations
appear not to be evolutionarily tolerated (MTR score = 0),
as determined by MTR analysis of the human gene
sequences in the gnomAD database. These proteins are
listed in Table 1, ordered alphabetically by their corre-
sponding gene symbol. For each entry, a variety of sup-
porting information is included, such as the location of
the intolerant segment(s) in the protein, the function of
the protein, and whether it is a membrane protein. Many
of the proteins contain multiple zero-tolerance segments
and some of these segments extend well beyond 31 resi-
dues. Figure 1a shows a histogram that summarizes the
distribution of all possible 31 amino acids segment MTR
scores within the 257 proteins. Even within these pro-
teins, only 1.8% of all segments exhibited an MTR score
at or near zero. Figure 1b shows the distribution of the
whole-protein median MTR score for each protein, where
it is seen that the level of genetic tolerance within these
proteins is typically not low, with a median score of 0.75
and a mean of 0.71 ± 0.26. These data complement
results reported in a column of Table 1 in which the

2 of 35 SANDERS ET AL.



T
A
B
L
E

1
H
um

an
pr
ot
ei
n
s
th
at

co
n
ta
in

at
le
as
t
on

e
ze
ro
-t
ol
er
an

ce
se
gm

en
t

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

A
B
L
1

P0
05
19
-1

E
N
ST

00
00
03
18
56
0

T
yr
os
in
e-
pr
ot
ei
n
ki
n
as
e
A
B
L
1

N
R
ty
ro
si
n
e
ki
n
as
e
th
at

is
lin

ke
d

to
ce
ll
gr
ow

th
an

d
su
rv
iv
al
,a
s

w
el
la

s
ch

ro
m
at
in

re
m
od

el
in
g.
R
eg
ul
at
es

C
D
C
42

si
gn

al
tr
an

sd
uc
ti
on

.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

1,
13
0

N
o

39
3–
42
3c

0.
82
1

N
on

e
M
an

y

A
C
T
B

P6
07
09
-1

b

E
N
ST

00
00
06
75
51
5

A
ct
in
,c
yt
op

la
sm

ic
1

A
ct
in

co
m
po

n
en

t
G
O
:0
03
00
29
;a
ct
in

fi
la
m
en

t-

ba
se
d
pr
oc
es
s

37
5

N
o

53
–9
1,
12
4–
18
5,

24
7–
27
8b
,

(b
as
ed

on

E
N
ST

00
00
03
31
78
9)

0.
12
45

9
M
an

y

A
C
T
C
1

P6
80
32
-1

E
N
ST

00
00
02
90
37
8

A
ct
in
,a
lp
h
a
ca
rd
ia
c
m
us
cl
e
1

A
ct
in

G
O
:0
06
00
48
;c
ar
di
ac

m
us
cl
e

co
n
tr
ac
ti
on

37
7

N
o

10
5–
15
1

0.
43
5

4
M
an

y

A
C
T
L
6B

O
94
80
5-
1

E
N
ST

00
00
01
60
38
2

A
ct
in
-l
ik
e
pr
ot
ei
n
6B

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
ti
on

an
d

re
pr
es
si
on

of
se
le
ct

ge
n
es

by

ch
ro
m
at
in

re
m
od

el
in
g.
R
ol
e

in
n
eu

ro
n
al

de
ve
lo
pm

en
t.

G
O
:0
01
65
73
;h

is
to
n
e

ac
et
yl
at
io
n

42
6

N
o

1–
19

0.
72
6

N
on

e
2

A
C
T
R
2

P6
11
60
-1

E
N
ST

00
00
02
60
64
1

A
ct
in
-r
el
at
ed

pr
ot
ei
n
2

A
T
P
bi
n
di
n
g
co
m
po

n
en

t
of

A
rp
23

co
m
pl
ex
.

G
O
:0
00
70
10
;c
yt
os
ke
le
to
n

or
ga
n
iz
at
io
n

39
4

N
o

1–
16

0.
65
4

N
on

e
N
on

e

A
G
O
2

Q
9U

K
V
8-
1

E
N
ST

00
00
02
20
59
2

Pr
ot
ei
n
ar
go
n
au

te
-2

E
ss
en

ti
al

fo
r
R
N
A
i.
M
ay

in
h
ib
it

tr
an

sl
at
io
n
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

85
9

N
o

44
6–
48
5

0.
55
4

N
on

e
N
on

e

A
P2

M
1

Q
96
C
W
1-
1

E
N
ST

00
00
02
92
80
7

A
P-
2
co
m
pl
ex

su
bu

n
it
m
u

C
om

po
n
en

t
of

A
P-
2.
A
da

pt
or

pr
ot
ei
n
th
at

pl
ay
s
a
ro
le
in

tr
af
fi
ck
in
g.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

43
5

N
o

40
3–
44
7c

0.
46
45

N
on

e
N
on

e

A
R

P1
02
75
-1

E
N
ST

00
00
03
74
69
0

A
n
dr
og
en

re
ce
pt
or

St
er
oi
d
h
or
m
on

e
re
ce
pt
or

th
at

ca
n
af
fe
ct

pr
ol
if
er
at
io
n
an

d

di
ff
er
en

ti
at
io
n
.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

92
0

N
o

89
1–
93
2

0.
84
9

N
on

e
N
on

e

A
R
F
1

P8
40
77
-1

E
N
ST

00
00
05
41
18
2

A
D
P-
ri
bo

sy
la
ti
on

fa
ct
or

1
G
T
P
bi
n
di
n
g
pr
ot
ei
n
in
vo
lv
ed

in

pr
ot
ei
n
tr
af
fi
ck
in
g.

G
O
:0
03
28
80
;r
eg
ul
at
io
n
of

pr
ot
ei
n
lo
ca
liz

at
io
n

18
1

N
o

16
–5
9

0.
44
8

1
3

A
R
F
5

P8
40
85
-1

E
N
ST

00
00
00
00
23
3

A
D
P-
ri
bo

sy
la
ti
on

fa
ct
or

5
G
T
P-
bi
n
di
n
g
pr
ot
ei
n
in
vo
lv
ed

in

pr
ot
ei
n
tr
af
fi
ck
in
g.

G
O
:0
00
68
86
;i
n
tr
ac
el
lu
la
r

pr
ot
ei
n
tr
an

sp
or
t

18
0

N
o

41
–7
4

0.
60
3

N
on

e
N
on

e

A
R
IH

1

Q
9Y

4X
5-
1

E
N
ST

00
00
03
79
88
7

E
3
ub

iq
ui
ti
n
-p
ro
te
in

lig
as
e

A
R
IH

1

E
3
ub

iq
ui
ti
n
lig

as
e.
In
te
ra
ct
s

w
it
h
cu
lli
n
-R
IN

G
ub

iq
ui
ti
n

lig
as
e
co
m
pl
ex
es
.

G
O
:0
00
02
09
;p

ro
te
in

po
ly
ub

iq
ui
ti
n
at
io
n

55
7

N
o

33
6–
36
9,

45
0–
48
3

0.
51
55

N
on

e
N
on

e

A
T
F
2

P1
53
36
-1

E
N
ST

00
00
02
64
11
0

C
yc
lic

A
M
P-
de
pe
n
de
n
t

tr
an

sc
ri
pt
io
n
fa
ct
or

A
T
F
-2

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
to
r
th
at

in
vo
lv
es

an
ti
-a
po

pt
os
is
,c
el
l

gr
ow

th
,a
n
d
D
N
A
da

m
ag
e

re
sp
on

se
.C

an
im

pa
ir

m
it
oc
h
on

dr
ia
lm

em
br
an

e

po
te
n
ti
al
.

G
O
:0
04
59
30
;n

eg
at
iv
e

re
gu

la
ti
on

of
m
it
ot
ic
ce
ll

cy
cl
e

50
5

N
o

36
5–
39
5

0.
84
8

N
on

e
2

(C
on

ti
n
ue

s)

SANDERS ET AL. 3 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

A
T
P1

A
1

P0
50
23
-1

E
N
ST

00
00
02
95
59
8

So
di
um

/p
ot
as
si
um

-t
ra
n
sp
or
ti
n
g

A
T
Pa

se
su
bu

n
it
al
ph

a-
1

So
di
um

po
ta
ss
iu
m

pu
m
p

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
02
3

Y
es

60
4–
63
7

0.
53
7

N
on

e
8

A
T
P1

A
3

P1
36
37
-2

d

E
N
ST

00
00
05
43
77
0

So
di
um

/p
ot
as
si
um

-t
ra
n
sp
or
ti
n
g

A
T
Pa

se
su
bu

n
it
al
ph

a-
3

So
di
um

po
ta
ss
iu
m

pu
m
p

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
02
4

Y
es

35
5–
39
8d

0.
49
4

5
M
an

y

A
T
P2

B
1

P2
00
20
-3

E
N
ST

00
00
04
28
67
0

Pl
as
m
a
m
em

br
an

e
ca
lc
iu
m
-

tr
an

sp
or
ti
n
g
A
T
Pa

se
1

C
al
ci
um

tr
an

sp
or
te
r

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
22
0

Y
es

42
1–
45
1

0.
71
2

N
on

e
N
on

e

A
T
P6

V
0C

P2
74
49
-1

E
N
ST

00
00
03
30
39
8

V
-t
yp

e
pr
ot
on

A
T
Pa

se
16

kD
a

pr
ot
eo
lip

id
su
bu

n
it

Pr
ot
on

-c
on

du
ct
in
g
po

re
fo
rm

in
g

su
bu

n
it
of

th
e
m
em

br
an

e

in
te
gr
al

V
0
co
m
pl
ex

of

va
cu
ol
ar

A
T
Pa

se
re
sp
on

si
bl
e

fo
r
ac
id
if
yi
n
g
a
va
ri
et
y
of

in
tr
ac
el
lu
la
r
co
m
pa

rt
m
en

ts
in

eu
ka

ry
ot
ic
ce
lls
.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

15
5

Y
es

13
3–
17
0

0.
37
15

N
on

e
N
on

e

A
T
R
X

P4
61
00
-1

E
N
ST

00
00
03
73
34
4

T
ra
n
sc
ri
pt
io
n
al

re
gu

la
to
r
A
T
R
X

In
vo
lv
ed

in
tr
an

sc
ri
pt
io
n
al

re
gu

la
ti
on

an
d
ch

ro
m
at
in

re
m
od

el
in
g.
M
ay

be
in
vo
lv
ed

in
te
lo
m
er
e
m
ai
n
te
n
an

ce
.

G
O
:0
06
50
04
;p

ro
te
in
–D

N
A

co
m
pl
ex

as
se
m
bl
y

2,
49
2

N
o

1,
78
2–
1,
81
4,
2,
09
5–
2,
14
2,

2,
15
9–
2,
21
3

0.
83
7

3
M
an

y

B
C
L
11
B

Q
9C

0K
0-
1

E
N
ST

00
00
03
57
19
5

B
-c
el
ll
ym

ph
om

a/
le
uk

em
ia

11
B

K
ey

re
gu

la
to
r
of

di
ff
er
en

ti
at
io
n

an
d
su
rv
iv
al

of
T
-

ly
m
ph

oc
yt
es
.R

eq
ui
re
d
fo
r

C
C
R
7
an

d
C
C
R
9
re
ce
pt
or
s.

G
O
:0
00
09
04
;c
el
l

m
or
ph

og
en

es
is
in
vo
lv
ed

in
di
ff
er
en

ti
at
io
n

89
4

N
o

78
9–
82
2

0.
67
5

1
4

B
R
D
4

O
60
88
5-
1

E
N
ST

00
00
02
63
37
7

B
ro
m
od

om
ai
n
-c
on

ta
in
in
g

pr
ot
ei
n
4

C
h
ro
m
at
in

re
ad

er
pr
ot
ei
n
th
at

bi
n
ds

ac
et
yl
at
ed

h
is
to
n
es

an
d

pl
ay
s
a
ro
le
in

ep
ig
en

et
ic
s.

G
O
:0
03
10
56
;r
eg
ul
at
io
n
of

h
is
to
n
e
m
od

if
ic
at
io
n

1,
36
2

N
o

50
8–
54
2

0.
76

N
on

e
1

B
R
D
8

Q
9H

0E
9-
1

E
N
ST

00
00
02
54
90
0

B
ro
m
od

om
ai
n
-c
on

ta
in
in
g

pr
ot
ei
n
8

M
ay

ac
t
as

a
co
ac
ti
va
to
r
du

ri
n
g

tr
an

sc
ri
pt
io
n
al

ac
ti
va
ti
on

by

h
or
m
on

e-
ac
ti
va
te
d
n
uc
le
ar

re
ce
pt
or
s.
C
om

po
n
en

t
of

N
uA

4
h
is
to
n
e

ac
et
yl
tr
an

sf
er
as
e.

G
O
:0
01
65
73
;h

is
to
n
e

ac
et
yl
at
io
n

1,
23
5

N
o

70
4–
73
6

0.
89
1

N
on

e
N
on

e

C
A
C
N
A
1A

O
00
55
5-
8

E
N
ST

00
00
03
60
22
8

V
ol
ta
ge
-d
ep
en

de
n
t
P/
Q
-t
yp

e

ca
lc
iu
m

ch
an

n
el
su
bu

n
it

al
ph

a-
1A

V
ol
ta
ge

de
pe
n
de
n
t
ca
lc
iu
m

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

2,
50
6

Y
es

28
7–
32
5

0.
76
2

1
M
an

y

C
A
C
N
A
1C

Q
13
93
6-
11

d

E
N
ST

00
00
03
47
59
8

V
ol
ta
ge
-d
ep
en

de
n
t
L
-t
yp

e

ca
lc
iu
m

ch
an

n
el
su
bu

n
it

al
ph

a-
1C

C
al
ci
um

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

2,
18
6

Y
es

73
1–
76
4d

0.
71
0

1
M
an

y

C
A
C
N
A
1E

Q
15
87
8-
1

E
N
ST

00
00
03
67
57
3

V
ol
ta
ge
-d
ep
en

de
n
t
R
-t
yp

e

ca
lc
iu
m

ch
an

n
el
su
bu

n
it

al
ph

a-
1E

V
ol
ta
ge

ga
te
d
ca
lc
iu
m

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

2,
31
3

Y
es

1,
64
8–
1,
67
9

0.
78
6

N
on

e
17

4 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

C
A
L
M
1

P0
D
P2

3-
1

E
N
ST

00
00
03
56
97
8

C
al
m
od

ul
in
-1

M
od

ul
at
es

th
e
fu
n
ct
io
n
of

n
um

er
ou

s
pr
ot
ei
n
s
in

a

ca
lc
iu
m

de
pe
n
de
n
t
m
an

n
er
.

In
vo
lv
ed

in
ce
n
tr
os
om

e
cy
cl
e

an
d
cy
to
ki
n
es
is
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

14
9

N
o

11
0–
14
2

0.
39
75

N
on

e
12

C
A
L
M
2

P0
D
P2

4-
1

E
N
ST

00
00
02
72
29
8

C
al
m
od

ul
in
-2

C
on

tr
ol
s
a
la
rg
e
n
um

be
r
of

en
zy
m
es

an
d,

w
it
h
C
C
P1

10

an
d
ce
n
tr
in
,i
s
in
vo
lv
ed

in
th
e

ce
n
tr
os
om

e
cy
cl
e
an

d

pr
og
re
ss
io
n
th
ro
ug

h

cy
to
ki
n
es
is
.

G
O
:0
05
50
74
;c
al
ci
um

io
n

h
om

eo
st
as
is

14
9

N
o

78
–1
18

0.
46
75

3
12

C
A
M
K
2A

Q
9U

Q
M
7-
1

E
N
ST

00
00
03
48
62
8

C
al
ci
um

/c
al
m
od

ul
in
-d
ep
en

de
n
t

pr
ot
ei
n
ki
n
as
e
ty
pe

II
su
bu

n
it

al
ph

a

K
in
as
e
th
at

is
ac
ti
va
te
d
by

ca
lc
iu
m

or
ca
lm

od
ul
in

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t;
G
O
:1
90
51
14

47
8

N
o

11
1–
16
3

0.
51
5

N
on

e
9

C
A
N
D
1

Q
86
V
P6

-1

E
N
ST

00
00
05
45
60
6

C
ul
lin

-a
ss
oc
ia
te
d

N
E
D
D
8-
di
ss
oc
ia
te
d
pr
ot
ei
n
1

K
ey

as
se
m
bl
y
fa
ct
or

of
SC

F

ub
iq
ui
ti
n
lig

as
e

G
O
:0
01
02
65
;S

C
F
co
m
pl
ex

as
se
m
bl
y

1,
23
0

46
–7
6

0.
78
6

N
on

e
1

C
A
SK

O
14
93
6-
1

E
N
ST

00
00
03
78
16
3

Pe
ri
ph

er
al

pl
as
m
a
m
em

br
an

e

pr
ot
ei
n
C
A
SK

N
eu

ro
n
al

de
ve
lo
pm

en
t
pr
ot
ei
n

tr
af
fi
ck
in
g

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

92
6

N
o

73
–1
03

0.
65
2

N
on

e
M
an

y

C
D
C
42

P6
09
53
-2

E
N
ST

00
00
04
00
25
9

C
el
ld

iv
is
io
n
co
n
tr
ol

pr
ot
ei
n
42

h
om

ol
og

E
pi
th
el
ia
lp

ol
ar
iz
at
io
n
,

at
ta
ch

m
en

t
of

sp
in
dl
e
to

m
ic
ro
tu
bu

le
s.
C
el
lm

ig
ra
ti
on

.

Pr
es
en

t
in

n
eu

ro
n
al

ce
lls
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

19
1

N
o

28
–1
09

0.
20
35

5
11

C
D
C
73

Q
6P

1J
9-
1

E
N
ST

00
00
03
67
43
5

Pa
ra
fi
br
om

in
R
N
A
po

lI
I
re
cr
ui
tm

en
t
(P
A
F
1

in
te
ra
ct
io
n
).
R
ec
ru
it
s
E
2

lig
as
es

to
h
is
to
n
es
.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g;

G
O
:1
90
51
14

53
1

N
o

13
3–
17
3

0.
72
1

N
on

e
M
an

y

C
D
K
11
B

P2
11
27
-1

E
N
ST

00
00
04
07
24
9

C
yc
lin

-d
ep
en

de
n
t
ki
n
as
e
11
B

C
yc
lin

de
pe
n
de
n
t
ki
n
as
e

in
vo
lv
ed

in
m
an

y
ro
le
s.
Pr
e-

m
R
N
A
sp
lic
in
g.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

79
5

N
o

73
3–
80
1

0.
71
35

N
on

e
N
on

e

C
E
L
F
2

O
95
31
9-
1

E
N
ST

00
00
04
16
38
2

C
U
G
B
P
E
la
v-
lik

e
fa
m
ily

m
em

be
r

2

R
N
A
sp
lic
in
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

50
8

N
o

41
3–
44
9

0.
55
2

N
on

e
N
on

e

C
H
D
2

O
14
64
7-
1

E
N
ST

00
00
03
94
19
6

C
h
ro
m
od

om
ai
n
-h
el
ic
as
e-
D
N
A
-

bi
n
di
n
g
pr
ot
ei
n
2

D
N
A
bi
n
di
n
g
h
el
ic
as
e.
Pr
om

ot
es

de
po

si
ti
on

of
h
is
to
n
e
H
3.
3.

G
O
:0
03
25
08
;D

N
A
du

pl
ex

un
w
in
di
n
g

1,
82
8

N
o

48
4–
51
9

0.
74
3

1
M
an

y

C
H
D
4

Q
14
83
9-
1

E
N
ST

00
00
05
44
04
0

C
h
ro
m
od

om
ai
n
-h
el
ic
as
e-
D
N
A
-

bi
n
di
n
g
pr
ot
ei
n
4

Pa
rt
of

N
uR

D
co
m
pl
ex

an
d

re
m
od

el
s
ch

ro
m
at
in

G
O
:0
04
30
44
;A

T
P-

de
pe
n
de
n
t
ch

ro
m
at
in

re
m
od

el
in
g

1,
91
2

N
o

1,
11
0–
1,
16
0,
1,
16
5–
1,
21
2

0.
67
2

2
17

C
L
A
SR

P

Q
8N

2M
8-
1

E
N
ST

00
00
03
91
95
3

C
L
K
4-
as
so
ci
at
in
g
se
ri
n
e/

ar
gi
n
in
e
ri
ch

pr
ot
ei
n

Pr
ob

ab
ly

fu
n
ct
io
n
s
as

an

al
te
rn
at
iv
e
sp
lic
e
re
gu

la
to
r.

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

67
4

N
o

1–
32

0.
82
05

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 5 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

C
L
C
N
4

P5
17
93
-1

E
N
ST

00
00
03
80
83
3

H
(+

)/
C
l(
�)

ex
ch

an
ge

tr
an

sp
or
te
r
4

H
yd

ro
ge
n
ch

lo
ri
de

ou
tw

ar
d

re
ct
if
yi
n
g
ex
ch

an
ge
r

G
O
:0
00
68
11
;i
on

tr
an

sp
or
t

76
0

Y
es

51
9–
54
9

0.
58
4

1
M
an

y

C
L
T
C

Q
00
61
0-
1

E
N
ST

00
00
02
69
12
2

C
la
th
er
in

h
ea
vy

ch
ai
n
1

C
en

tr
al

pr
ot
ei
n
of

cl
at
h
ri
n

co
at
ed

pi
ts
.K

ey
ro
le

in

en
do

cy
to
si
s.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
67
5

N
o

1,
30
2–
1,
33
6

0.
66
0

N
on

e
5

C
N
O
T
6L

Q
96
L
I5
-1

E
N
ST

00
00
05
04
12
3

C
C
R
4-
N
O
T
tr
an

sc
ri
pt
io
n

co
m
pl
ex

su
bu

n
it
6-
lik

e

H
as

po
ly
(A

)
ex
or
ib
on

uc
le
as
e

ac
ti
vi
ty
.C

at
al
yt
ic
co
m
po

n
en

t

of
th
e
C
C
R
4-
N
O
T
co
m
pl
ex
.

G
O
:0
00
64
02
;m

R
N
A

ca
ta
bo

lic
pr
oc
es
s

55
5

N
o

40
4–
43
4

0.
72
55

N
on

e
N
on

e

C
PS

F
4

O
95
63
9-
1

E
N
ST

00
00
02
92
47
6

C
le
av
ag
e
an

d
po

ly
ad

en
yl
at
io
n

sp
ec
if
ic
it
y
fa
ct
or

su
bu

n
it
4

Pr
e-
m
R
N
A
pr
oc
es
si
n
g.
Po

ly
-A

ca
p

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

26
9

N
o

68
–1
15

0.
58
5

N
on

e
N
on

e

C
R
E
B
1

P1
62
20
-2

E
N
ST

00
00
04
30
62
4

C
yc
lic

A
M
P-
re
sp
on

si
ve

el
em

en
t-

bi
n
di
n
g
pr
ot
ei
n
1

Ph
os
ph

or
yl
at
io
n
-d
ep
en

de
n
t

tr
an

sc
ri
pt
io
n
fa
ct
or
.B

in
ds

to

C
R
E
an

d
is
en

h
an

ce
d
by

T
O
R
C
co
ac
ti
va
to
rs
.C

ir
ca
di
an

rh
yt
h
m

an
d
di
ff
er
en

ti
at
io
n
of

ad
ip
os
e
ti
ss
ue

.

G
O
:0
00
76
23
;c
ir
ca
di
an

rh
yt
h
m

32
7

N
o

27
1–
31
5c

0.
66
8

N
on

e
1

C
R
E
B
L
2

O
60
51
9-
1

E
N
ST

00
00
02
28
86
5

cA
M
P-
re
sp
on

si
ve

el
em

en
t-

bi
n
di
n
g
pr
ot
ei
n
-l
ik
e
2

M
ay

pl
ay

a
ro
le

in
ce
ll
cy
cl
e.

T
ra
n
sc
ri
pt
io
n
al

ac
ti
vi
ty

in
vo
lv
ed

in
ad

ip
os
e

di
ff
er
en

ti
at
io
n
.

G
O
:0
00
63
51
;t
ra
n
sc
ri
pt
io
n
,

D
N
A
-t
em

pl
at
ed

12
0

N
o

20
–5
4

0.
83
6

N
on

e
N
on

e

C
SN

K
2B

P6
78
70
-1

E
N
ST

00
00
03
75
88
2

C
as
ei
n
ki
n
as
e
II
su
bu

n
it
be
ta

R
eg
ul
at
or
y
su
bu

n
it
of

ca
se
in

ki
n
as
e
2,

a
n
or
m
al
ly

co
n
st
it
ut
iv
el
y
ac
ti
ve

ki
n
as
e.

Pa
rt
ic
ip
at
es

in
W
n
t
si
gn

al
in
g.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

21
5

N
o

1–
19

0.
56
95

1
3

C
ST

F
2

P3
32
40
-1

E
N
ST

00
00
03
72
97
2

C
le
av
ag
e
st
im

ul
at
io
n
fa
ct
or

su
bu

n
it
2

R
eq
ui
re
d
fo
r
po

ly
ad

en
yl
at
io
n

an
d
pr
e-
m
R
N
A
cl
ea
va
ge

G
O
:0
00
63
79
;m

R
N
A

cl
ea
va
ge

57
7

N
o

55
5–
57
7c

0.
81
55

N
on

e
N
on

e

C
T
C
F

P4
97
11
-1

E
N
ST

00
00
02
64
01
0

T
ra
n
sc
ri
pt
io
n
al

re
pr
es
so
r
C
T
C
F

In
vo
lv
ed

in
tr
an

sc
ri
pt
io
n
al

re
gu

la
ti
on

by
bi
n
di
n
g
to

ch
ro
m
at
in

in
su
la
to
rs
.P

la
ys

a

ro
le

in
C
E
N
PE

re
cr
ui
tm

en
t

du
ri
n
g
m
it
os
is
.

G
O
:0
07
18
24
;p

ro
te
in
–D

N
A

co
m
pl
ex

su
bu

n
it

or
ga
n
iz
at
io
n

72
7

N
o

27
9–
32
4

0.
62
35

N
on

e
16

C
U
L
1

Q
13
61
6-
1

E
N
ST

00
00
03
25
22
2

C
ul
lin

-1
C
or
e
co
m
po

n
en

t
of

cu
lli
n
-R
IN

G
-

ba
se
d
SC

F
E
3
ub

iq
ui
ti
n
lig

as
e

in
ub

iq
ui
ti
n
at
io
n
of

pr
ot
ei
n
s

in
vo
lv
ed

in
ce
ll
cy
cl
e

pr
og
re
ss
io
n
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

77
6

N
o

53
2–
56
6

0.
48
4

N
on

e
N
on

e

C
U
L
4B

Q
13
62
0-
2

E
N
ST

00
00
03
71
32
2

C
ul
lin

-4
B

C
or
e
co
m
po

n
en

t
of

cu
lli
n
-R
IN

G
-

ba
se
d
E
3
ub

iq
ui
ti
n
lig

as
e

G
O
:0
01
65
67
;p

ro
te
in

ub
iq
ui
ti
n
at
io
n

91
3

N
o

70
9–
74
2c

0.
63
1

N
on

e
M
an

y

6 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

D
D
X
3X

O
00
57
1-
2d

E
N
ST

00
00
04
57
13
8

A
T
P-
de
pe
n
de
n
t
R
N
A
h
el
ic
as
e

D
D
X
3X

A
T
P-
de
pe
n
de
n
t
h
el
ic
as
e.
B
in
ds

R
N
A
G
4s
.T

ra
n
sc
ri
pt
io
n

re
gu

la
ti
on

.R
eq
ui
re
d
fo
r
A
T
F
4

m
R
N
A
tr
an

sl
at
io
n
.M

ed
ia
te
s

vi
ru
s
re
pl
ic
at
io
n
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

64
6

N
o

47
6–
50
7d

0.
60
3

1
M
an

y

D
E
N
N
D
1A

Q
8T

E
H
3-
1

E
N
ST

00
00
03
73
62
4

D
E
N
N
do

m
ai
n
-c
on

ta
in
in
g

pr
ot
ei
n
1A

G
ua

n
in
e
n
uc
le
ot
id
e
ex
ch

an
ge

fa
ct
or

re
gu

la
ti
n
g
cl
at
h
ri
n

en
do

cy
to
si
s
th
ro
ug

h
R
A
B
35

ac
ti
va
ti
on

G
O
:0
04
69
07
;i
n
tr
ac
el
lu
la
r

tr
an

sp
or
t

1,
00
9

N
o

1–
18

0.
87
5

N
on

e
N
on

e

D
H
X
15

O
43
14
3-
1

E
N
ST

00
00
03
36
81
2

Pr
e-
m
R
N
A
-s
pl
ic
in
g
fa
ct
or

A
T
P-

de
pe
n
de
n
t
R
N
A
h
el
ic
as
e

D
H
X
15

Pr
e-
m
R
N
A
pr
oc
es
si
n
g
fa
ct
or

in
vo
lv
ed

in
di
sa
ss
em

bl
y
of

sp
lic
eo
so
m
es
.

G
O
:0
00
63
97
;m

R
N
A

pr
oc
es
si
n
g

79
5

N
o

46
2–
50
9,

53
2–
57
3

0.
50
1

N
on

e
N
on

e

D
H
X
9

Q
08
21
1-
1

E
N
ST

00
00
03
67
54
9

A
T
P-
de
pe
n
de
n
t
R
N
A
h
el
ic
as
e
A

H
el
ic
as
e
ac
ti
vi
ty
.S

om
e
m
R
N
A

sp
lic
in
g
ac
ti
vi
ty
.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

1,
27
0

N
o

70
8–
75
7

0.
66
6

N
on

e
N
on

e

D
K
C
1

O
60
83
2-
1

E
N
ST

00
00
03
69
55
0

H
/A

C
A
ri
bo

n
uc
le
op

ro
te
in

co
m
pl
ex

su
bu

n
it
D
K
C
1

C
at
al
yz
es

ur
id
in
e
to

ps
ue

do
ur
id
in
e
in

R
N
A

G
O
:0
00
63
96
;R

N
A

pr
oc
es
si
n
g

51
4

N
o

88
–1
38
,1
67
–2
07
,2
18
–2
56
,

37
1–
40
4

0.
58
4

2
M
an

y

D
L
G
3

Q
92
79
6-
1

E
N
ST

00
00
03
74
36
0

D
is
ks

la
rg
e
h
om

ol
og

3
R
ol
e
in

le
ar
n
in
g,
th
ro
ug

h
N
M
D
A

re
ce
pt
or

si
gn

al
in
g

G
O
:2
00
03
10
;r
eg
ul
at
io
n
of

N
M
D
A
re
ce
pt
or

ac
ti
vi
ty

81
7

N
o

52
2–
57
2

0.
80
0

N
on

e
14

D
U
SP

8

Q
13
20
2-
1

E
N
ST

00
00
03
97
37
4

D
ua

ls
pe
ci
fi
ci
ty

pr
ot
ei
n

ph
os
ph

at
as
e
8

Ph
os
ph

at
as
e
th
at

re
gu

la
te
s

M
A
PK

ac
ti
vi
ty

G
O
:0
00
99
66
;r
eg
ul
at
io
n
of

si
gn

al
tr
an

sd
uc
ti
on

62
5

N
o

61
0–
62
5

0.
78
0

N
on

e
N
on

e

E
H
B
P1

Q
8N

D
I1
-1

E
N
ST

00
00
02
63
99
1

E
H

do
m
ai
n
-b
in
di
n
g
pr
ot
ei
n
1

M
ay

pl
ay

a
ro
le

in
ac
ti
n

re
or
ga
n
iz
at
io
n
.

G
O
:0
03
30
36
;m

ac
ro
m
ol
ec
ul
e

lo
ca
liz

at
io
n

1,
23
1

N
o

1–
21

0.
93
1

N
on

e
N
on

e

E
H
M
T
2

Q
96
K
Q
7-
1

E
N
ST

00
00
03
75
53
7

H
is
to
n
e-
ly
si
n
e
N
-

m
et
h
yl
tr
an

sf
er
as
e
E
H
M
T
2

H
is
to
n
e
m
et
h
yl
tr
an

sf
er
as
e
th
at

m
on

o
or

di
-m

et
h
yl
at
es

H
3K

9

G
O
:0
01
65
70
;h

is
to
n
e

m
od

if
ic
at
io
n

1,
21
0

N
o

1,
07
0–
1,
10
8

0.
82
3

N
on

e
N
on

e

E
IF
1A

X

P4
78
13
-1

E
N
ST

00
00
03
79
60
7

E
uk

ar
yo
ti
c
tr
an

sl
at
io
n
in
it
ia
ti
on

fa
ct
or

1A
,X

-c
h
ro
m
os
om

al

Se
em

s
to

be
re
qu

ir
ed

fo
r

m
ax
im

al
pr
ot
ei
n
bi
os
yn

th
es
is
.

G
O
:0
00
64
13
;t
ra
n
sl
at
io
n
al

in
it
ia
ti
on

14
4

N
o

5–
45
,5
6–
12
8

0.
21
05

N
on

e
N
on

e

E
IF
1A

Y

O
14
60
2-
1

E
N
ST

00
00
03
61
36
5

E
uk

ar
yo
ti
c
tr
an

sl
at
io
n
in
it
ia
ti
on

fa
ct
or

1A
,Y

-c
h
ro
m
os
om

al

Se
em

s
to

be
re
qu

ir
ed

fo
r

m
ax
im

al
pr
ot
ei
n
bi
os
yn

th
es
is

ra
te
.

G
O
:0
00
64
13
;t
ra
n
sl
at
io
n
al

in
it
ia
ti
on

14
4

N
o

12
4–
14
4

0.
50
75

N
on

e
N
on

e

E
IF
2S
2

P2
00
42
-1

E
N
ST

00
00
03
74
98
0

E
uk

ar
yo
ti
c
tr
an

sl
at
io
n
in
it
ia
ti
on

fa
ct
or

2
su
bu

n
it
2

In
it
ia
ti
on

of
tr
an

sl
at
io
n

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

33
3

N
o

22
6–
28
5,

31
8–
33
3

0.
64
5

N
on

e
N
on

e

E
IF
2S
3

P4
10
91
-1

E
N
ST

00
00
02
53
03
9

E
uk

ar
yo
ti
c
tr
an

sl
at
io
n
in
it
ia
ti
on

fa
ct
or

2
su
bu

n
it
3

Su
bu

n
it
of

eI
F
-2

in
vo
lv
ed

in

ea
rl
y
st
ep
s
of

pr
ot
ei
n

sy
n
th
es
is
.

G
O
:0
00
64
13
;t
ra
n
sl
at
io
n
al

in
it
ia
ti
on

47
2

N
o

15
0–
20
4,

42
9–
46
1

0.
47
8

N
on

e
6

(C
on

ti
n
ue

s)

SANDERS ET AL. 7 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

E
IF
3A

Q
14
15
2-
1

E
N
ST

00
00
03
69
14
4

E
uk

ar
yo
ti
c
tr
an

sl
at
io
n
in
it
ia
ti
on

fa
ct
or

3
su
bu

n
it
A

Su
bu

n
it
of

th
e
eI
F
-3

co
m
pl
ex
.

R
eq
ui
re
d
fo
r
pr
ot
ei
n

sy
n
th
es
is
.T

ar
ge
ts
a
su
bs
et

of

m
R
N
A
in
vo
lv
ed

in
ce
ll

pr
ol
if
er
at
io
n
.

G
O
:0
00
64
13
;t
ra
n
sl
at
io
n

in
it
ia
ti
on

1,
38
2

N
o

1–
18

0.
88
7

N
on

e
N
on

e

E
IF
4A

3

P3
89
19
-1

b

E
N
ST

00
00
06
49
76
4

E
uk

ar
yo
ti
c
in
it
ia
ti
on

fa
ct
or

4A
-

II
I

A
T
P
de
pe
n
de
n
t
h
el
ic
as
e.
Pr
e-

m
R
N
A
sp
lic
in
g.
C
or
e

co
m
po

n
en

t
of

ex
on

ju
n
ct
io
n

co
m
pl
ex
.I
n
vo
lv
ed

in

cr
an

io
fa
ci
al

de
ve
lo
pm

en
t.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

41
1

N
o

20
4–
23
4b

(b
as
ed

on

E
N
ST

00
00
02
69
34
9)

0.
47
35

N
on

e
1

E
R
H

P8
40
90
-1

E
N
ST

00
00
05
57
01
6

E
n
h
an

ce
r
of

ru
di
m
en

ta
ry

h
om

ol
og

M
ay

h
av
e
a
ro
le

in
ce
ll
cy
cl
e

G
O
:0
00
70
49
;c
el
lc
yc
le

10
4

N
o

30
–6
1

0.
32
5

N
on

e
N
on

e

E
T
F
1

P6
24
95
-1

E
N
ST

00
00
03
60
54
1

E
uk

ar
yo
ti
c
pe
pt
id
e
ch

ai
n
re
le
as
e

fa
ct
or

su
bu

n
it
1

D
ir
ec
ts
te
rm

in
at
io
n
of

n
as
ce
n
t

pe
pt
id
e
sy
n
th
es
is
in

re
sp
on

se

to
st
op

co
do

n
s.
C
om

po
n
en

t
of

SU
R
F
co
m
pl
ex
.

G
O
:0
00
21
84
;c
yt
op

la
sm

ic

tr
an

sl
at
io
n
al

te
rm

in
at
io
n

43
7

N
o

55
–8
7,
32
4–
35
5

0.
49
0

N
on

e
N
on

e

F
8

P0
04
51
-1

E
N
ST

00
00
03
60
25
6

C
oa
gu

la
ti
on

fa
ct
or

V
II
I

F
ac
to
r
V
II
I,
al
on

g
w
it
h
ca
lc
iu
m

an
d
ph

os
ph

ol
ip
id
,a
ct
s
as

a

co
fa
ct
or

fo
r
F
9/
fa
ct
or

IX
a,

w
h
en

it
co
n
ve
rt
s
F
10
/f
ac
to
r
X

to
th
e
ac
ti
va
te
d
fo
rm

,f
ac
to
r

X
a.

G
O
:0
01
64
91
;o

xi
do

re
du

ct
as
e

ac
ti
vi
ty

2,
35
1

N
o

95
–1
31

0.
89
3

4
M
an

y

F
G
D
1

P9
81
74
-1

E
N
ST

00
00
03
75
13
5

F
Y
V
E
,R

h
oG

E
F
,a
n
d
PH

do
m
ai
n
-c
on

ta
in
in
g
pr
ot
ei
n
1

A
ct
iv
at
es

C
D
C
42
.P

la
ys

a
ro
le

in

cy
to
sk
el
et
on

an
d
ce
ll
sh
ap

e

G
O
:0
00
70
10
;c
yt
os
ke
le
to
n

or
ga
n
iz
at
io
n

96
1

N
o

57
5–
61
6,

73
9–
76
9

0.
76
15

1
M
an

y

F
M
R
1

Q
06
78
7-
1

E
N
ST

00
00
03
70
47
5

Sy
n
ap

ti
c
fu
n
ct
io
n
al

re
gu

la
to
r

F
M
R
1

m
R
N
A
re
gu

la
ti
on

.M
ay
be

D
N
A

re
pa

ir
in

n
eu

ro
n
al

ce
lls
.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

63
2

N
o

69
–9
9

0.
85
8

N
on

e
16

F
O
X
G
1

P5
53
16
-1

E
N
ST

00
00
03
13
07
1

F
or
kh

ea
d
bo

x
pr
ot
ei
n
G
1

T
ra
n
sc
ri
pt
io
n
re
pr
es
si
on

fa
ct
or

im
po

rt
an

t
fo
r
n
eu

ro
ge
n
es
is
.

G
O
:0
00
74
20
;b

ra
in

de
ve
lo
pm

en
t

48
9

N
o

17
5–
20
9,

21
7–
24
7

0.
56
4

2
M
an

y

F
O
X
J3

Q
9U

PW
0-
1

E
N
ST

00
00
03
72
57
2

F
or
kh

ea
d
bo

x
pr
ot
ei
n
J3

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
to
r
of

M
E
F
2C

.P
la
ys

an
im

po
rt
an

t

ro
le

in
sp
er
m
at
og
en

es
is
.

G
O
:0
01
04
68
;r
eg
ul
at
io
n
of

ge
n
e
ex
pr
es
si
on

62
2

N
o

10
0–
13
9

0.
84
8

N
on

e
N
on

e

G
A
B
PA

Q
06
54
6-
1

E
N
ST

00
00
03
54
82
8

G
A
-b
in
di
n
g
pr
ot
ei
n
al
ph

a
ch

ai
n

T
ra
n
sc
ri
pt
io
n
fa
ct
or

ca
pa

bl
e
of

in
te
ra
ct
in
g
w
it
h
pu

ri
n
e
ri
ch

re
pe
at
s.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

45
4

N
o

37
6–
40
6

0.
69
8

N
on

e
N
on

e

G
A
B
R
A
2

P4
78
69
-1

E
N
ST

00
00
05
14
09
0

G
am

m
a-
am

in
ob

ut
yr
ic
ac
id

re
ce
pt
or

su
bu

n
it
al
ph

a-
2

L
ig
an

d
ga
te
d
ch

lo
ri
de

ch
an

n
el

th
at

is
a
co
m
po

n
en

t
of

th
e

re
ce
pt
or

fo
r
G
A
B
A
.

G
O
:0
09
95
36
;s
yn

ap
ti
c

si
gn

al
in
g

45
1

Y
es

27
9–
31
6

0.
65
45

N
on

e
N
on

e

G
A
B
R
A
3

P3
49
03
-1

E
N
ST

00
00
03
70
31
4

G
am

m
a-
am

in
ob

ut
yr
ic
ac
id

re
ce
pt
or

su
bu

n
it
al
ph

a-
3

G
A
B
A
re
ce
pt
or

G
O
:0
09
95
36
;s
yn

ap
ti
c

si
gn

al
in
g

49
2

Y
es

30
6–
33
8

0.
68
8

N
on

e
N
on

e

8 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

G
A
B
R
B
2

P6
31
37
-1

E
N
ST

00
00
02
74
54
7

G
am

m
a-
am

in
ob

ut
yr
ic
ac
id

re
ce
pt
or

su
bu

n
it
be
ta
-2

L
ig
an

d-
ga
te
d
ch

lo
ri
de

ch
an

n
el

co
m
po

n
en

t
of

th
e
G
A
B
A

re
ce
pt
or
.

G
O
:0
09
95
36
;s
yn

ap
ti
c

si
gn

al
in
g

51
2

Y
es

15
1–
19
0

0.
61
8

N
on

e
M
an

y

G
D
F
11

O
95
39
0-
1

E
N
ST

00
00
02
57
86
8

G
ro
w
th
/d
if
fe
re
n
ti
at
io
n
fa
ct
or

11
Se
cr
et
ed

si
gn

al
in
vo
lv
ed

in

de
ve
lo
pm

en
t.

G
O
:0
04
56
64
;r
eg
ul
at
io
n
of

n
eu

ro
n
di
ff
er
en

ti
at
io
n

40
7

N
o

1–
21

0.
72
8

N
on

e
N
on

e

G
JB

1

P0
80
34
-1

E
N
ST

00
00
03
74
02
9

G
ap

ju
n
ct
io
n
be
ta
-1

pr
ot
ei
n

F
or
m
s
ga
p
ju
n
ct
io
n
s

G
O
:0
00
72
67
;c
el
l–
ce
ll

si
gn

al
in
g

28
3

Y
es

50
–8
9

0.
71
3

3
M
an

y

G
L
R
A
2

P2
34
16
-1

E
N
ST

00
00
02
18
07
5

G
ly
ci
n
e
re
ce
pt
or

su
bu

n
it
al
ph

a-
2

G
ly
ci
n
e
lig

an
d
ga
te
d
ch

lo
ri
de

ch
an

n
el
.A

ls
o
tr
ig
ge
re
d
by

ta
ur
in
e
an

d
be
ta
-a
la
n
in
e.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

45
2

Y
es

26
1–
31
5

0.
69
8

N
on

e
N
on

e

G
N
A
L

P3
84
05
-1

E
N
ST

00
00
05
35
12
1

G
ua

n
in
e
n
uc
le
ot
id
e-
bi
n
di
n
g

pr
ot
ei
n
G
(o
lf
)
su
bu

n
it
al
ph

a

G
pr
ot
ei
n
th
at

m
ay

be
in
vo
lv
ed

in
ol
fa
ct
or
y
an

d
vi
su
al

tr
an

sd
uc
ti
on

.

G
O
:0
01
99
32
;s
ec
on

d-

m
es
se
n
ge
r-
m
ed
ia
te
d

si
gn

al
in
g

38
1

N
o

35
–6
6,
14
0–
17
1,

17
8–
21
5c

0.
61
5

1
6

G
N
A
Q

P5
01
48
-1

E
N
ST

00
00
02
86
54
8

G
ua

n
in
e
n
uc
le
ot
id
e-
bi
n
di
n
g

pr
ot
ei
n
G
(q
)
su
bu

n
it
al
ph

a

G
pr
ot
ei
n
in
vo
lv
ed

in
m
an

y

tr
an

sm
em

br
an

e
si
gn

al
in
g

pa
th
w
ay
s.
Is

im
po

rt
an

t
fo
r
B

ce
ll
se
le
ct
io
n
an

d
ch

em
ot
ax
is

of
n
eu

tr
op

h
ils

an
d
de
n
dr
it
ic

ce
lls
.

G
O
:0
01
99
32
;s
ec
on

d-

m
es
se
n
ge
r-
m
ed
ia
te
d

si
gn

al
in
g

35
9

N
o

17
1–
20
2

0.
57
5

N
on

e
4

G
N
A
S

Q
5J
W
F
2-
1

E
N
ST

00
00
03
71
10
0

G
ua

n
in
e
n
uc
le
ot
id
e-
bi
n
di
n
g

pr
ot
ei
n
G
(s
)
su
bu

n
it
al
ph

a

is
of
or
m
s
sh
or
t

G
pr
ot
ei
n
th
at

is
ac
ti
va
te
d
by

G
PC

R
s
in
cl
ud

in
g
be
ta
-

ad
re
n
er
gi
c
re
ce
pt
or
s,

st
im

ul
at
es

R
as

si
gn

al
in
g.

N
A

1,
03
7

N
o

89
9–
95
9

0.
84
55

N
on

e
17

G
N
G
3

P6
32
15
-1

E
N
ST

00
00
02
94
11
7

G
ua

n
in
e
n
uc
le
ot
id
e-
bi
n
di
n
g

pr
ot
ei
n
G
(I
)/
G
(S
)/
G
(O

)

su
bu

n
it
ga
m
m
a-
3

G
pr
ot
ei
n
su
bu

n
it
an

d
re
qu

ir
ed

fo
r
G
T
Pa

se
ac
ti
vi
ty
.

G
O
:0
05
50
74
;c
al
ci
um

io
n

h
om

eo
st
as
is

75
N
o

58
–7
5

0.
81
9

N
on

e
1

G
O
L
G
A
8G

Q
08
A
F
8-
1b

E
N
ST

00
00
05
26
61
9

Pu
ta
ti
ve

go
lg
in

su
bf
am

ily
A

m
em

be
r
8F

/8
G

Po
ss
ib
ly

a
ps
ue

do
ge
n
e

G
O
:0
00
02
26
;m

ic
ro
tu
bu

le

cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

43
0

N
o

38
9–
42
2b

(b
as
ed

on

E
N
ST

00
00
05
25
59
0)

0.
90
45

N
on

e
N
on

e

G
O
R
A
SP

2

Q
9H

8Y
8-
1

E
N
ST

00
00
02
34
16
0

G
ol
gi

re
as
se
m
bl
y-
st
ac
ki
n
g

pr
ot
ei
n
2

R
ol
e
in

as
se
m
bl
y
an

d
m
em

br
an

e

st
ac
ki
n
g
of

th
e
G
ol
gi

ci
st
er
n
ae
.M

ay
re
gu

la
te

in
tr
ac
el
lu
la
r
tr
an

sp
or
t.

R
eq
ui
re
d
fo
r
n
or
m
al

ac
ro
so
m
e
fo
rm

at
io
n
in

sp
er
m
io
ge
n
es
is
.M

ed
ia
te
s
E
R
-

st
re
ss

an
d
in
du

ce
d

un
co
n
ve
n
ti
on

al
tr
af
fi
ck
in
g
of

co
re
-g
ly
co
sy
la
te
d
C
F
T
R
to

ce
ll
m
em

br
an

e.

G
O
:0
04
51
84
;e
st
ab
lis
h
m
en

t

of
pr
ot
ei
n
lo
ca
liz

at
io
n

45
4

N
o

1–
16

0.
89
6

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 9 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

G
R
IA

2

P4
22
62
-1

E
N
ST

00
00
02
64
42
6

G
lu
ta
m
at
e
re
ce
pt
or

2
R
ec
ep
to
r
fo
r
gl
ut
am

at
e
th
at

fu
n
ct
io
n
s
as

an
io
n
ch

an
n
el
in

th
e
C
N
S.

G
O
:0
09
95
36
;s
yn

ap
ti
c

si
gn

al
in
g

83
3

Y
es

52
1–
55
4

0.
67
45

N
on

e
1

G
R
IA

3

P4
22
63
-1

b

E
N
ST

00
00
06
22
76
8

G
lu
ta
m
at
e
re
ce
pt
or

3
G
lu
ta
m
at
e
ga
te
d
io
n
ch

an
n
el

G
O
:0
00
72
15
;g
lu
ta
m
at
e

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

89
4

Y
es

48
7–
54
3,

60
2–
63
8,
74
5–
77
7,

87
9–
89
4b

(b
as
ed

on

E
N
ST

00
00
03
71
25
6)

0.
60
8

2
M
an

y

G
R
IN

1

Q
05
58
6-
1

E
N
ST

00
00
03
71
56
1

G
lu
ta
m
at
e
re
ce
pt
or

io
n
ot
ro
pi
c,

N
M
D
A
1

N
M
D
A
su
bu

n
it
th
at

bi
n
ds

gl
ut
am

at
e

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

93
8

Y
es

54
9–
58
1c

0.
54
4

3
M
an

y

G
R
IN

2A

Q
12
87
9-
1

E
N
ST

00
00
03
96
57
3

G
lu
ta
m
at
e
re
ce
pt
or

io
n
ot
ro
pi
c,

N
M
D
A
2A

L
ig
an

d-
ga
te
d
io
n
ch

an
n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
46
4

Y
es

63
1–
67
0

0.
79
9

5
M
an

y

G
R
IN

2B

Q
13
22
4-
1

E
N
ST

00
00
06
09
68
6

G
lu
ta
m
at
e
re
ce
pt
or

io
n
ot
ro
pi
c,

N
M
D
A
2B

C
om

po
n
en

t
of

N
M
D
A
re
ce
pt
or

co
m
pl
ex

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

1,
48
4

Y
es

50
4–
56
7,

66
2–
70
0,
74
4–
77
4

0.
65
9

5
M
an

y

G
SP

T
1

P1
51
70
-1

E
N
ST

00
00
05
63
46
8

E
uk

ar
yo
ti
c
pe
pt
id
e
ch

ai
n
re
le
as
e

fa
ct
or

G
T
P-
bi
n
di
n
g
su
bu

n
it

E
R
F
3A

T
ra
n
sl
at
io
n
te
rm

in
at
io
n

G
O
:0
00
21
84
;c
yt
op

la
sm

ic

tr
an

sl
at
io
n
al

te
rm

in
at
io
n

49
9

N
o

17
0–
20
4c

0.
73
9

N
on

e
N
on

e

H
C
F
C
1

P5
16
10
-1

E
N
ST

00
00
03
10
44
1

H
os
t
ce
ll
fa
ct
or

1
C
on

tr
ol

of
ce
ll
cy
cl
e
fr
om

G
1
to

S.
C
oa
ct
iv
at
or

of
G
A
B
P2

.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

20
35

N
o

14
3–
17
3,

20
7–
24
0,
1,
60
0–

1,
63
1,
1,
97
6–
2,
00
7

0.
64
8

1
M
an

y

H
M
G
N
4

O
00
47
9-
1

E
N
ST

00
00
03
77
57
5

H
ig
h
m
ob

ili
ty

gr
ou

p

n
uc
le
os
om

e-
bi
n
di
n
g
do

m
ai
n
-

co
n
ta
in
in
g
pr
ot
ei
n
4

C
h
ro
m
at
in

bi
n
di
n
g

G
O
:0
03
14
92
;n

uc
le
os
om

al

D
N
A
bi
n
di
n
g

90
N
o

1–
17

0.
97
8

N
on

e
N
on

e

H
N
F
1B

P3
56
80
-1

b

E
N
ST

00
00
06
17
81
1

H
ep
at
oc
yt
e
n
uc
le
ar

fa
ct
or

1-
be
ta

T
ra
n
sc
ri
pt
io
n
fa
ct
or
.B

in
ds

to

F
PC

el
em

en
t
in

PL
A
U

ge
n
e.

O
rg
an

de
ve
lo
pm

en
t.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

55
7

N
o

28
1–
31
3b

(b
as
ed

on

E
N
ST

00
00
02
25
89
3)

0.
81
95

N
on

e
M
an

y

H
N
R
N
PC

P0
79
10
-1

E
N
ST

00
00
05
54
45
5

H
et
er
og
en

eo
us

n
uc
le
ar

ri
bo

n
uc
le
op

ro
te
in
s
C
1/
C
2

B
in
ds

pr
e-
m
R
N
A
an

d
n
uc
le
at
es

th
e
as
se
m
bl
y
of

40
S
h
n
R
N
P

pa
rt
ic
le
s.
M
ay

pl
ay

a
ro
le
in

sp
lic
eo
so
m
e
as
se
m
bl
y
an

d

pr
e-
m
R
N
A
sp
lic
in
g.

G
O
:0
04
34
87
;r
eg
ul
at
io
n
of

R
N
A
st
ab
ili
ty

30
6

N
o

39
–8
3

0.
67

N
on

e
N
on

e

H
N
R
N
PD

Q
14
10
3-
1

E
N
ST

00
00
03
13
89
9

H
et
er
og
en

eo
us

n
uc
le
ar

ri
bo

n
uc
le
op

ro
te
in

D
0

B
in
ds

w
it
h
h
ig
h
af
fi
n
it
y
to

R
N
A

w
it
h
A
U
-r
ic
h
el
em

en
ts
.

F
un

ct
io
n
s
as

tr
an

sc
ri
pt
io
n

fa
ct
or
.

G
O
:0
00
64
01
;R

N
A
ca
ta
bo

lic

pr
oc
es
s

35
5

N
o

10
8–
14
8

0.
92
4

N
on

e
N
on

e

H
N
R
N
PH

2

P5
57
95
-1

E
N
ST

00
00
03
16
59
4

H
et
er
og
en

eo
us

n
uc
le
ar

ri
bo

n
uc
le
op

ro
te
in

H
2

C
om

po
n
en

t
of

h
n
R
N
P
w
h
ic
h

pr
oc
es
se
s
pr
e-
m
R
N
A
s.

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

44
9

N
o

78
–1
11
,1
51
–1
90

0.
50
4

N
on

e
5

10 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

H
N
R
N
PK

P6
19
78
-2

d

E
N
ST

00
00
03
51
83
9

H
et
er
og
en

eo
us

n
uc
le
ar

ri
bo

n
uc
le
op

ro
te
in

K

m
R
N
A
pr
oc
es
si
n
g
(o
n
e
of

m
aj
or

pr
e-
m
R
N
A
bi
n
di
n
g
pr
ot
ei
n
s)
.

D
N
A
bi
n
di
n
g.
T
P5

3

co
ac
ti
va
to
r.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

46
3

N
o

44
1–
46
3a

(b
as
ed

on

E
N
ST

00
00
03
76
26
3)

0.
69
85

N
on

e
8

H
SD

17
B
10

Q
99
71
4-
1

E
N
ST

00
00
01
68
21
6

3-
h
yd

ro
xy
ac
yl
-C
oA

de
h
yd

ro
ge
n
as
e
ty
pe
-2

M
it
oc
h
on

dr
ia
ld

eh
yd

ro
ge
n
as
e

in
vo
lv
ed

in
pa

th
w
ay
s
of

fa
tt
y

ac
id
,b

ra
n
ch

ed
-c
h
ai
n
am

in
o

ac
id

an
d
st
er
oi
d
m
et
ab
ol
is
m
.

G
O
:1
90
15
75
;o

rg
an

ic

su
bs
ta
n
ce

ca
ta
bo

lic

pr
oc
es
s

26
1

N
o

14
5–
18
1

0.
62
8

N
on

e
15

H
U
W
E
1

Q
7Z

6Z
7-
1

E
N
ST

00
00
03
42
16
0

E
3
ub

iq
ui
ti
n
-p
ro
te
in

lig
as
e

H
U
W
E
1

E
3
ub

iq
ui
ti
n
lig

as
e

G
O
:0
00
02
09
;p

ro
te
in

po
ly
ub

iq
ui
ti
n
at
io
n

4,
37
4

N
o

49
9–
52
9,

54
7–
57
8,
3,
00
6–

3,
04
2,
3,
91
7–
3,
95
2,

4,
35
8–

4,
39
0

0.
72
8

1
M
an

y

IN
T
S6

Q
9U

L
03
-1

E
N
ST

00
00
03
11
23
4

In
te
gr
at
or

co
m
pl
ex

su
bu

n
it
6

C
om

po
n
en

t
of

in
te
gr
at
or

co
m
pl
ex
.I
n
vo
lv
ed

in
U
1
an

d

U
2
tr
an

sc
ri
pt
io
n
.

G
O
:0
00
63
66
;t
ra
n
sc
ri
pt
io
n

by
R
N
A
po

ly
m
er
as
e
II

88
7

N
o

76
–1
07

0.
77
15

N
on

e
N
on

e

IR
A
K
1

P5
16
17
-1

E
N
ST

00
00
03
69
98
0

In
te
rl
eu

ki
n
-1

re
ce
pt
or
-a
ss
oc
ia
te
d

ki
n
as
e
1

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e
th
at

pl
ay
s
a
cr
it
ic
al

ro
le
in

in
it
ia
ti
n
g
th
e
in
n
at
e
im

m
un

e

sy
st
em

.

G
O
:0
00
22
18
;a
ct
iv
at
io
n
of

in
n
at
e
im

m
un

e
re
sp
on

se

71
2

N
o

26
–5
8

0.
80
1

N
on

e
1

K
A
T
7

O
95
25
1-
1

E
N
ST

00
00
02
59
02
1

H
is
to
n
e
ac
et
yl
tr
an

sf
er
as
e
K
A
T
7

C
at
al
yt
ic
co
m
po

n
en

t
of

H
B
O
1

h
is
to
n
e
ac
et
yl
tr
an

sf
er
as
e

co
m
pl
ex
es
.

G
O
:0
01
65
73
;h

is
to
n
e

ac
et
yl
at
io
n

61
1

N
o

40
5–
44
3

0.
67
8

N
on

e
N
on

e

K
C
N
A
3

P2
20
01
-1

E
N
ST

00
00
03
69
76
9

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
A
m
em

be
r
3

V
ol
ta
ge

ga
te
d
po

ta
ss
iu
m

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

57
5

Y
es

35
9–
39
2

0.
86
5

N
on

e
1

K
C
N
B
1

Q
14
72
1-
1

E
N
ST

00
00
03
71
74
1

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
B
m
em

be
r
1

V
ol
ta
ge
-g
at
ed

po
ta
ss
iu
m

ch
an

n
el
s
th
at

ca
n
fo
rm

h
et
er
ot
et
ra
m
er
ic
ch

an
n
el
s

w
it
h
ot
h
er

po
ta
ss
iu
m

ch
an

n
el
s.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

85
8

Y
es

82
–1
13
,3
26
-3
57
,3

69
–4
13

0.
66
4

3
M
an

y

K
C
N
C
2

Q
96
PR

1-
1

E
N
ST

00
00
05
49
44
6

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
C
m
em

be
r
2

V
ol
ta
ge

ga
te
d
po

ta
ss
iu
m

ch
an

n
el
.A

ls
o
ac
ts
in

va
ri
ou

s

si
gn

al
in
g
pa

th
w
ay
s
su
ch

as

N
O
si
gn

al
in
g.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

63
8

Y
es

37
0–
40
1

0.
72
0

N
on

e
N
on

e

K
C
N
D
3

Q
9U

K
17
-1

E
N
ST

00
00
03
15
98
7

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
D
m
em

be
r
3

V
ol
ta
ge

ga
te
d
in
ac
ti
va
te
d
A
-t
yp

e

po
ta
ss
iu
m

ch
an

n
el
.M

ay

co
n
tr
ib
ut
e
to

cu
rr
en

t
in

h
ea
rt

or
n
eu

ro
n
.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

65
5

Y
es

29
8–
33
2,

36
4–
40
7

0.
74
05

3
M
an

y

K
C
N
H
7

Q
9N

S4
0-
1

E
N
ST

00
00
03
32
14
2

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
H

m
em

be
r
7

V
ol
ta
ge

ga
te
d
po

ta
ss
iu
m

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
19
6

Y
es

61
2–
64
2

0.
83
4

N
on

e
1

K
C
N
J3

P4
85
49
-1

E
N
ST

00
00
02
95
10
1

G
pr
ot
ei
n
-a
ct
iv
at
ed

in
w
ar
d

re
ct
if
ie
r
po

ta
ss
iu
m

ch
an

n
el
1

In
w
ar
d
re
ct
if
ie
r
po

ta
ss
iu
m

ch
an

n
el

co
n
tr
ol
le
d
by

G

pr
ot
ei
n
s
an

d
pl
ay
in
g
a
cr
uc
ia
l

ro
le

in
re
gu

la
ti
n
g
h
ea
rt
be
at
.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

50
1

Y
es

16
1–
19
4

0.
63
65

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 11 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

K
C
N
M
A
1

Q
12
79
1-
1

E
N
ST

00
00
02
86
62
8

C
al
ci
um

-a
ct
iv
at
ed

po
ta
ss
iu
m

ch
an

n
el
su
bu

n
it
al
ph

a-
1

E
xp
or
t
of

po
ta
ss
iu
m

tr
ig
ge
re
d
by

ch
an

ge
s
in

cy
to
so
lic

ca
lc
iu
m

or
m
ag
n
es
iu
m
.R

eg
ul
at
es

sm
oo

th
m
us
cl
es
,h

ai
r
ce
lls

in

co
ch

le
a,
tr
an

sm
it
te
r
re
le
as
e,

an
d
in
n
at
e
im

m
un

it
y.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
23
6

Y
es

55
4–
59
8,

1,
00
9–
1,
03
9

0.
68
1

N
on

e
M
an

y

K
C
N
Q
2

O
43
52
6-
1

E
N
ST

00
00
03
59
12
5

Po
ta
ss
iu
m

vo
lt
ag
e-
ga
te
d
ch

an
n
el

su
bf
am

ily
K
Q
T
m
em

be
r
2

H
et
er
ot
et
ra
m
er
iz
es

w
it
h
K
C
N
Q
3

to
fo
rm

a
vo
lt
ag
e
ga
te
d

ch
an

n
el

im
po

rt
an

t
fo
r

re
gu

la
ti
on

of
n
eu

ro
n
al

ex
ci
ta
bi
lit
y.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

87
2

Y
es

19
7–
23
7

0.
72
1

5
M
an

y

K
D
M
2A

Q
9Y

2K
7-
1

E
N
ST

00
00
05
29
00
6

L
ys
in
e-
sp
ec
if
ic
de
m
et
h
yl
as
e
2A

H
is
to
n
e
de
m
et
h
yl
as
e
th
at

pr
ef
er
en

ti
al
ly

de
m
et
h
yl
at
es

H
3K

36
.R

eg
ul
at
es

ci
rc
ad

ia
n

cl
oc
k.

G
O
:0
00
76
23
;c
ir
ca
di
an

rh
yt
h
m

1,
16
2

N
o

27
5–
31
1,

58
5–
62
7

0.
70
4

N
on

e
N
on

e

K
D
M
3B

Q
7L

B
C
6-
1

E
N
ST

00
00
03
14
35
8

L
ys
in
e-
sp
ec
if
ic
de
m
et
h
yl
as
e
3B

H
is
to
n
e
de
m
et
h
yl
as
e
th
at

sp
ec
if
ic
al
ly

de
m
et
h
yl
at
es

h
is
to
n
e
H
3.

G
O
:0
01
65
70
;h

is
to
n
e

m
od

if
ic
at
io
n

1,
76
1

N
o

1,
67
8–
17
14
,1
71
6–
17
48

0.
78
6

N
on

e
N
on

e

K
IF
11

P5
27
32
-1

E
N
ST

00
00
02
60
73
1

K
in
es
in
-l
ik
e
pr
ot
ei
n
K
IF
11

M
ot
or

pr
ot
ei
n
re
qu

ir
ed

fo
r

es
ta
bl
is
h
in
g
a
bi
po

la
r
sp
in
dl
e

du
ri
n
g
m
it
os
is
.A

ls
o
in
vo
lv
ed

in
G
ol
gi
-t
o-
ce
ll
su
rf
ac
e

tr
af
fi
ck
in
g.

G
O
:0
00
70
51
;s
pi
n
dl
e

or
ga
n
iz
at
io
n

1,
05
6

N
o

25
9–
29
9

0.
84
0

N
on

e
13

K
IF
1A

Q
12
75
6-
1

E
N
ST

00
00
04
98
72
9

K
in
es
in
-l
ik
e
pr
ot
ei
n
K
IF
1A

M
ot
or

fo
r
an

te
ro
gr
ad

e
ax
on

al

tr
an

sp
or
t
of

sy
n
ap

ti
c
ve
si
cl
e

pr
ec
ur
so
rs
.I
n
te
ra
ct
s
w
it
h

C
A
L
M
1.
R
eq
ui
re
d
fo
r

n
eu

ro
n
al

de
n
se

co
re

ve
si
cl
es

tr
an

sp
or
t
to

de
n
dr
it
ic
sp
in
es

an
d
ax
on

s.

G
O
:0
03
07
05
;c
yt
os
ke
le
to
n
-

de
pe
n
de
n
t
in
tr
ac
el
lu
la
r

tr
an

sp
or
t

1,
79
1

N
o

1,
46
5–
1,
49
8

0.
77
9

1
M
an

y

K
IF
5A

Q
12
84
0-
1

E
N
ST

00
00
04
55
53
7

K
in
es
in

h
ea
vy

ch
ai
n
is
of
or
m

5A
K
in
es
in

tr
an

sp
or
t
of

n
eu

ro
fi
la
m
en

t
pr
ot
ei
n
s

G
O
:0
03
07
05
;c
yt
os
ke
le
to
n
-

de
pe
n
de
n
t
in
tr
ac
el
lu
la
r

tr
an

sp
or
t

1,
03
2

N
o

23
0–
26
4

0.
78
8

1
M
an

y

K
M
T
2C

Q
8N

E
Z
4-
1

E
N
ST

00
00
02
62
18
9

H
is
to
n
e-
ly
si
n
e
N
-

m
et
h
yl
tr
an

sf
er
as
e
2C

H
is
to
n
e
m
et
h
yl
tr
an

sf
er
as
e
to

H
3K

4.
C
h
ro
m
at
in

re
m
od

el
in
g.

G
O
:0
01
65
71
;h

is
to
n
e

m
et
h
yl
at
io
n

4,
91
1

N
o

34
9–
37
9

0.
92
3

N
on

e
M
an

y

K
PN

B
1

Q
14
97
4-
1

E
N
ST

00
00
02
90
15
8

Im
po

rt
in

su
bu

n
it
be
ta
-1

B
in
ds

to
n
uc
le
ar

lo
ca
liz

at
io
n

si
gn

al
s
an

d
im

po
rt
s
pr
ot
ei
n
s

in
to

th
e
n
uc
le
us
.

G
O
:0
05
11
69
;n

uc
le
ar

tr
an

sp
or
t

87
6

N
o

70
6–
74
5

0.
58
0

N
on

e
N
on

e

L
PA

P0
85
19
-1

E
N
ST

00
00
03
16
30
0

A
po

lip
op

ro
te
in
(a
)

M
ai
n
co
n
st
it
ue

n
t
of

lip
op

ro
te
in
(a
).
Se
ri
n
e
pr
ot
ea
se

ac
ti
vi
ty
.I
n
h
ib
it
s
pl
as
m
in
og
en

ac
ti
va
to
r
1.

G
O
:0
00
65
08
;p

ro
te
ol
ys
is

4,
58
4

N
o

99
–1
30

0.
93
5

N
on

e
N
on

e

12 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

L
U
C
7L

3

O
95
23
2-
1

E
N
ST

00
00
05
05
65
8

L
uc
7-
lik

e
pr
ot
ei
n
3

B
in
ds

cA
M
P
re
gu

la
to
ry

el
em

en
t

D
N
A
se
qu

en
ce
.M

ay
pl
ay

a

ro
le

in
R
N
A
sp
lic
in
g

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

43
2

N
o

18
5–
22
5

0.
80
8

N
on

e
N
on

e

M
A
M
L
D
1

Q
13
49
5-
4a

E
N
ST

00
00
04
26
61
3

M
as
te
rm

in
d-
lik

e
do

m
ai
n
-

co
n
ta
in
in
g
pr
ot
ei
n
1

T
ra
n
sa
ct
iv
at
es

H
E
S3

in
de
pe
n
de
n
t
of

N
O
T
C
H

G
O
:0
00
63
57
;r
eg
ul
at
io
n
of

tr
an

sc
ri
pt
io
n
by

R
N
A

po
ly
m
er
as
e
II

74
9

N
o

71
3–
74
7a

(b
as
ed

on

E
N
ST

00
00
04
32
68
0)

0.
91
6

N
on

e
N
on

e

M
A
PR

E
2

Q
15
55
5-
1

E
N
ST

00
00
03
00
24
9

M
ic
ro
tu
bu

le
-a
ss
oc
ia
te
d
pr
ot
ei
n

R
P/
E
B
fa
m
ily

m
em

be
r
2

M
ay

be
in
vo
lv
ed

in
m
ic
ro
tu
bu

le

po
ly
m
er
iz
at
io
n
by

an
ch

or
in
g

at
ce
n
tr
os
om

e.

G
O
:0
05
14
93
;r
eg
ul
at
io
n
of

cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

32
7

N
o

45
–8
7,
13
1–
16
2

0.
57
85

1
3

M
E
D
12

Q
93
07
4-
1

E
N
ST

00
00
03
74
08
0

M
ed
ia
to
r
of

R
N
A
po

ly
m
er
as
e
II

tr
an

sc
ri
pt
io
n
su
bu

n
it
12

C
om

po
n
en

t
of

m
ed
ia
to
r

co
m
pl
ex
.I
n
vo
lv
ed

in
th
e

re
gu

la
ti
on

of
n
ea
rl
y
al
lR

N
A

po
l-
II
de
pe
n
de
n
t
ge
n
es
.M

ay

sp
ec
if
ic
al
ly

re
gu

la
te

tr
an

sc
ri
pt
io
n
of

ta
rg
et
s
of

W
n
t

si
gn

al
in
g
pa

th
w
ay

an
d
SH

H

si
gn

al
in
g.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

2,
17
7

N
o

1,
13
8–
1,
16
9

0.
69
3

1
M
an

y

M
E
D
14

O
60
24
4-
1

E
N
ST

00
00
03
24
81
7

M
ed
ia
to
r
of

R
N
A
po

ly
m
er
as
e
II

tr
an

sc
ri
pt
io
n
su
bu

n
it
14

C
om

po
n
en

t
of

th
e
m
ed
ia
to
r

co
m
pl
ex
,n

ee
de
d
fo
r
n
ea
rl
y
al
l

R
N
A
po

lI
I
de
pe
n
de
n
t
ge
n
es
.

G
O
:0
00
63
66
;t
ra
n
sc
ri
pt
io
n

by
R
N
A
po

ly
m
er
as
e
II

1,
45
4

N
o

1,
27
7–
1,
30
8

0.
84
5

N
on

e
N
on

e

M
E
F
2C

Q
06
41
3-
1

E
N
ST

00
00
04
37
47
3

M
yo
cy
te
-s
pe
ci
fi
c
en

h
an

ce
r
fa
ct
or

2C

T
ra
n
sc
ri
pt
io
n
ac
ti
va
to
r
th
at

bi
n
ds

sp
ec
if
ic
al
ly

to
M
E
F
2

el
em

en
t
in

m
an

y
m
us
cl
e-

sp
ec
if
ic
ge
n
es
.C

on
tr
ol
s

ca
rd
ia
c
m
or
ph

og
en

es
is
an

d

m
yo
ge
n
es
is
.P

la
ys

a
ro
le

in

h
ip
po

ca
m
pa

ll
ea
rn
in
g.

Im
po

rt
an

t
fo
r
im

m
un

e
ce
lls
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

47
3

N
o

1–
36

0.
64
85

6
M
an

y

M
E
T
T
L
14

Q
9H

C
E
5-
1

E
N
ST

00
00
03
88
82
2

N
6-
ad

en
os
in
e-
m
et
h
yl
tr
an

sf
er
as
e

n
on

-c
at
al
yt
ic
su
bu

n
it

C
om

po
n
en

t
of

m
et
h
yl
tr
an

sf
er
as
e

co
m
pl
ex

th
at

m
et
h
yl
at
es

at

th
e
N
6
po

si
ti
on

of
so
m
e

m
R
N
A
s
an

d
re
gu

la
te
s

ci
rc
ad

ia
n
rh
yt
h
m
,

di
ff
er
en

ti
at
io
n
of

em
br
yo
n
ic

st
em

ce
lls

an
d
co
rt
ic
al

n
eu

ro
ge
n
es
is
.

G
O
:0
03
22
59
;m

et
h
yl
at
io
n

45
6

N
o

10
4–
13
5

0.
80
1

N
on

e
N
on

e

M
M
P1

6

P5
15
12
-1

E
N
ST

00
00
02
86
61
4

M
at
ri
x
m
et
al
lo
pr
ot
ei
n
as
e-
16

E
n
do

pe
pt
id
as
e
th
at

de
gr
ad

es

co
m
po

n
en

ts
of

ex
tr
ac
el
lu
la
r

m
at
ri
x.
M
at
ri
x
re
m
od

el
in
g
of

bl
oo

d
ve
ss
el
s.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

60
7

Y
es

19
9–
23
3

0.
79
75

N
on

e
N
on

e

M
O
B
4

Q
9Y

3A
3-
1

E
N
ST

00
00
03
23
30
3

M
O
B
-l
ik
e
pr
ot
ei
n
ph

oc
ei
n

M
ay

pl
ay

a
ro
le

in
m
em

br
an

e

tr
af
fi
ck
in
g,
sp
ec
if
ic
al
ly

m
em

br
an

e
bu

dd
in
g.

G
O
:0
04
68
72
;m

et
al

io
n

bi
n
di
n
g

22
5

N
o

12
3–
15
3

0.
72
25

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 13 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

M
R
C
1

P2
28
97
-1

b

E
N
ST

00
00
05
69
59
1

M
ac
ro
ph

ag
e
m
an

n
os
e
re
ce
pt
or

1
M
ed
ia
te
s
en

do
cy
to
si
s
of

gl
yc
op

ro
te
in
s.

G
O
:0
04
44
19
;i
n
te
rs
pe
ci
es

in
te
ra
ct
io
n
be
tw

ee
n

or
ga
n
is
m
s

1,
45
6

Y
es

16
8–
21
3,

41
1–
47
1b

(b
as
ed

on

E
N
ST

00
00
02
39
76
1)

0.
77
8

N
on

e
1

M
Y
B

P1
02
42
-1

E
N
ST

00
00
03
67
81
4

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
to
r
M
yb

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
to
r.
D
N
A
-

bi
n
di
n
g
to

Y
A
A
C
[G

T
]G

.P
la
ys

an
im

po
rt
an

t
ro
le
in

th
e

co
n
tr
ol

of
pr
ol
if
er
at
io
n
an

d

di
ff
er
en

ti
at
io
n
of

h
em

at
op

oi
et
ic
pr
og
en

it
or

ce
lls
.

G
O
:0
00
63
38
;c
h
ro
m
at
in

re
m
od

el
in
g

64
0

N
o

11
8–
15
7

0.
84
1

N
on

e
N
on

e

N
A
A
10

P4
12
27
-1

E
N
ST

00
00
04
64
84
5

N
-a
lp
h
a-
ac
et
yl
tr
an

sf
er
as
e
10

A
ce
ty
lt
ra
n
sf
er
as
e,
pa

rt
ic
ul
ar
ly

th
e
fi
rs
t
am

in
o
ac
id

fo
llo

w
in
g

re
m
ov
al

of
m
et
h
io
n
in
e.

G
O
:0
00
64
73
;p

ro
te
in

ac
et
yl
at
io
n

23
5

N
o

17
–4
7,
53
–9
5,
10
4–
14
8

0.
43
35

6
21

N
A
A
15

Q
9B

X
J9
-1

E
N
ST

00
00
02
96
54
3

N
-a
lp
h
a-
ac
et
yl
tr
an

sf
er
as
e
15
,

N
at
A
au

xi
lia

ry
su
bu

n
it

A
ux

ili
ar
y
su
bu

n
it
of

N
-t
er
m
in
al

ac
et
yl
tr
an

sf
er
as
e
ac
ti
vi
ty
.M

ay

be
im

po
rt
an

t
fo
r
va
sc
ul
ar
,

h
em

at
op

oi
et
ic
an

d
n
eu

ro
n
al

gr
ow

th
an

d
de
ve
lo
pm

en
t.

R
eq
ui
re
d
to

co
n
tr
ol

re
ti
n
al

n
eo
va
sc
ul
ar
iz
at
io
n
.

G
O
:0
00
64
73
;p

ro
te
in

ac
et
yl
at
io
n

86
6

N
o

97
–1
37

0.
79
5

N
on

e
N
on

e

N
E
D
D
8

Q
15
84
3-
1

E
N
ST

00
00
02
50
49
5

N
E
D
D
8

Pl
ay
s
an

im
po

rt
an

t
ro
le
in

ce
ll

cy
cl
e
co
n
tr
ol

an
d

em
br
yo
ge
n
es
is
vi
a
it
s

co
n
ju
ga
ti
on

to
ta
rg
et

pr
ot
ei
n
s.

U
bi
qu

it
in
-l
ik
e

G
O
:0
04
36
87
;p

os
t-

tr
an

sl
at
io
n
al

pr
ot
ei
n

m
od

if
ic
at
io
n

81
N
o

16
–4
6

0.
41
75

N
on

e
N
on

e

N
IP
B
L

Q
6K

C
79
-1

E
N
ST

00
00
02
82
51
6

N
ip
pe
d-
B
-l
ik
e
pr
ot
ei
n

L
oa
di
n
g
of

co
h
es
io
n
co
m
pl
ex

on
to

ch
ro
m
at
in
.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

2,
80
4

N
o

2,
07
3–
2,
10
7

0.
81
6

3
M
an

y

N
O
N
O

Q
15
23
3-
1

E
N
ST

00
00
02
76
07
9

N
on

-P
O
U

do
m
ai
n
-c
on

ta
in
in
g

oc
ta
m
er
-b
in
di
n
g
pr
ot
ei
n

Pl
ay
s
a
va
ri
et
y
of

ro
le
s
in

n
uc
le
ar

pr
oc
es
se
s.

G
O
:0
00
62
81
;D

N
A
re
pa

ir
47
1

N
o

17
4–
21
6,

22
1–
26
5

0.
60
0

N
on

e
5

N
R
4A

2

P4
33
54
-1

E
N
ST

00
00
03
39
56
2

N
uc
le
ar

re
ce
pt
or

su
bf
am

ily
4

gr
ou

p
A
m
em

be
r
2

T
ra
n
sc
ri
pt
io
n
al

re
gu

la
to
r
fo
r

di
ff
er
en

ti
at
io
n
of

n
eu

ro
n
s

du
ri
n
g
de
ve
lo
pm

en
t.
C
ru
ci
al

fo
r
ex
pr
es
si
on

of
SL

C
6A

3,

SL
C
18
A
2,
T
H
,a
n
d
D
R
D
2.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

59
8

N
o

26
1–
29
3,

31
8–
34
8

0.
82
5

N
on

e
N
on

e

N
R
B
P1

Q
9U

H
Y
1–
1a

E
N
ST

00
00
03
79
85
2

N
uc
le
ar

re
ce
pt
or
-b
in
di
n
g
pr
ot
ei
n

M
ay

pl
ay

a
ro
le

in
tr
af
fi
ck
in
g

be
tw

ee
n
E
R
an

d
th
e
G
ol
gi

th
ro
ug

h
in
te
ra
ct
io
n
w
it
h
rh
o-

ty
pe

G
T
Pa

se
s.

G
O
:0
00
68
10
;t
ra
n
sp
or
t

53
5

N
o

19
9–
23
2a

(b
as
ed

on

E
N
ST

00
00
03
79
86
3)

0.
67
1

N
on

e
N
on

e

N
SM

F

Q
6X

4W
1-
1

E
N
ST

00
00
03
71
47
5

N
M
D
A
re
ce
pt
or

sy
n
ap

to
n
uc
le
ar

si
gn

al
in
g
an

d
n
eu

ro
n
al

m
ig
ra
ti
on

fa
ct
or

Pa
rt
of

C
R
E
B
sh
ut

of
fp

at
h
w
ay
.

C
ou

pl
es

N
M
D
A
-s
en

si
ti
ve

gl
ut
am

at
e
re
ce
pt
or

an
d

tr
ig
ge
rs

lo
n
g
la
st
in
g
ch

an
ge
s

to
de
n
dr
it
es

an
d
sy
n
ap

se
s.

G
O
:0
04
88
14
;r
eg
ul
at
io
n
of

de
n
dr
it
e
m
or
ph

og
en

es
is

53
0

N
o

1–
19

0.
80
4

N
on

e
N
on

e

14 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

N
U
D
T
11

Q
96
G
61
-1

E
N
ST

00
00
03
75
99
2

D
ip
h
os
ph

oi
n
os
it
ol

po
ly
ph

os
ph

at
e

ph
os
ph

oh
yd

ro
la
se

3-
be
ta

C
le
av
es

a
be
ta
-p
h
os
ph

at
e
fr
om

th
e
di
ph

os
ph

at
e
gr
ou

ps
in

PP
-

In
sP
5

G
O
:0
00
90
58
;b

io
sy
n
th
et
ic

pr
oc
es
s

16
4

N
o

1–
20

0.
52
2

N
on

e
N
on

e

N
U
D
T
21

O
43
80
9-
1

E
N
ST

00
00
03
00
29
1

C
le
av
ag
e
an

d
po

ly
ad

en
yl
at
io
n

sp
ec
if
ic
it
y
fa
ct
or

su
bu

n
it
5

C
om

po
n
en

t
of

cl
ea
va
ge

fa
ct
or

Im
.I
n
vo
lv
ed

in
m
R
N
A

pr
oc
es
si
n
g.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

22
7

N
o

17
0–
21
5

0.
50
65

N
on

e
N
on

e

O
G
T

O
15
29
4-
1

E
N
ST

00
00
03
73
71
9

U
D
P-
N
-

ac
et
yl
gl
uc
os
am

in
e-

pe
pt
id
e
N
-

ac
et
yl
gl
uc
os
am

in
yl
tr
an

sf
er
as
e

11
0
kD

a
su
bu

n
it

G
ly
co
sy
la
te
s
ot
h
er

pr
ot
ei
n
s.

G
O
:0
00
64
93
;p

ro
te
in

O
-

lin
ke
d
gl
yc
os
yl
at
io
n

1,
04
6

N
o

21
–5
2,
54
–8
4,
21
2–
24
8,
34
9–

38
2,
38
4–
45
2,
49
9–
53
8

0.
54
2

1
5

O
R
4F

17

Q
8N

G
A
8-
1

E
N
ST

00
00
05
85
99
3

O
lf
ac
to
ry

re
ce
pt
or

4F
17

Pr
ed
ic
te
d
ol
fa
ct
or
y
re
ce
pt
or

G
O
:0
00
71
65
;s
ig
n
al

tr
an

sd
uc
ti
on

30
5

Y
es

1–
22

0.
93
8

N
on

e
N
on

e

O
T
U
D
5

Q
96
G
74
-1

E
N
ST

00
00
01
56
08
4

O
T
U

do
m
ai
n
-c
on

ta
in
in
g
pr
ot
ei
n

5

D
eu

bi
qu

it
in
in
g
fu
n
ct
io
n
in
g
as

a

n
eg
at
iv
e
re
gu

la
to
r
of

im
m
un

e

sy
st
em

.

G
O
:0
01
65
79
;p

ro
te
in

de
ub

iq
ui
ti
n
at
io
n

57
1

N
o

17
1–
20
1,

34
3–
41
1

0.
50
85

N
on

e
1

PA
K
2

Q
13
17
7-
1

E
N
ST

00
00
03
27
13
4

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

PA
K
2

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e.

In
vo
lv
ed

in
cy
to
sk
el
et
on

re
gu

la
ti
on

,c
el
lm

ot
ili
ty
,c
el
l

cy
cl
e
pr
og
re
ss
io
n
ap

op
to
si
s,

or
pr
ol
if
er
at
io
n
.D

ow
n
st
re
am

of
C
D
C
42

an
d
R
A
C
1.

G
O
:0
03
10
98
;s
tr
es
s-
ac
ti
va
te
d

pr
ot
ei
n
ki
n
as
e
si
gn

al
in
g

ca
sc
ad

e

52
4

N
o

36
2–
39
7

0.
71
9

N
on

e
N
on

e

PA
K
3

O
75
91
4-
1

E
N
ST

00
00
03
72
01
0

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

PA
K
3

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e
th
at

af
fe
ct
s
cy
to
sk
el
et
on

re
gu

la
ti
on

,c
el
lm

ig
ra
ti
on

,

an
d
ce
ll
cy
cl
e.
A
ct
s

do
w
n
st
re
am

of
C
D
C
42
.

G
O
:0
00
64
68
;p

ro
te
in

ph
os
ph

or
yl
at
io
n

55
9

N
o

68
–9
9,
29
0–
33
5,

41
3–
45
5,

45
8–
48
9c

0.
64
5

1
15

PB
X
1

P4
04
24
-1

E
N
ST

00
00
04
20
69
6

Pr
e-
B
-c
el
ll
eu

ke
m
ia

tr
an

sc
ri
pt
io
n

fa
ct
or

1

B
in
ds

D
N
A
in

ju
n
ct
io
n
w
it
h

H
O
X
pr
ot
ei
n
s.
Sp

le
en

de
ve
lo
pm

en
t.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

43
0

N
o

27
5–
30
6

0.
63
2

N
on

e
4

PC
B
P2

Q
15
36
6-
1

E
N
ST

00
00
04
39
93
0

Po
ly
(r
C
)-
bi
n
di
n
g
pr
ot
ei
n
2

Si
n
gl
e
st
ra
n
d
n
uc
le
ot
id
e
bi
n
di
n
g

pr
ot
ei
n
th
at

pr
ef
er
en

ti
al
ly

bi
n
ds

to
dC

.A
ct
s
as

ad
ap

to
r

be
tw

ee
n
M
A
V
S
an

d
E
3
IT
C
H

G
O
:0
04
31
61
;p

ro
te
as
om

e-

m
ed
ia
te
d
ub

iq
ui
ti
n
-

de
pe
n
de
n
t
pr
ot
ei
n

ca
ta
bo

lic
pr
oc
es
s

36
5

N
o

90
–1
20

0.
48
25

N
on

e
N
on

e

PC
Y
T
1B

Q
9Y

5K
3-
1

E
N
ST

00
00
03
79
14
4

C
h
ol
in
e-
ph

os
ph

at
e

cy
ti
dy

ly
lt
ra
n
sf
er
as
e
B

R
at
e-
lim

it
in
g
st
ep

in
th
e
C
D
P-

ch
ol
in
e
pa

th
w
ay

fo
r

ph
os
ph

at
id
yl
ch

ol
in
e

bi
os
yn

th
es
is

G
O
:0
00
90
58
;b

io
sy
n
th
et
ic

pr
oc
es
s

36
9

N
o

22
0–
26
8

0.
67
5

N
on

e
N
on

e

PH
F
5A

Q
7R

T
V
0-
1

E
N
ST

00
00
02
16
25
2

PH
D
fi
n
ge
r-
lik

e
do

m
ai
n
-

co
n
ta
in
in
g
pr
ot
ei
n
5A

In
vo
lv
ed

in
PA

F
1
co
m
pl
ex

in

tr
an

sc
ri
pt
io
n
al

el
on

ga
ti
on

.

In
vo
lv
ed

in
pr
e-
m
R
N
A

sp
lic
in
g
an

d
de
po

si
ti
on

of

ce
rt
ai
n
h
is
to
n
es
.

G
O
:0
00
63
97
;m

R
N
A

pr
oc
es
si
n
g

11
0

N
o

1–
18
,8
5–
11
0

0.
32
4

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 15 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

PI
K
3C

A

P4
23
36
-1

E
N
ST

00
00
02
63
96
7

Ph
os
ph

at
id
yl
in
os
it
ol

4,
5-
bi
sp
h
os
ph

at
e
3-
ki
n
as
e

ca
ta
ly
ti
c
su
bu

n
it
al
ph

a

is
of
or
m

Su
bu

n
it
of

PI
3K

G
O
:0
00
97
49
;r
es
po

n
se

to

gl
uc
os
e

1,
06
8

N
o

92
7–
97
5,

1,
01
0–
1,
04
1

0.
69
1

N
on

e
M
an

y

PL
S3

P1
37
97
-1

E
N
ST

00
00
03
55
89
9

Pl
as
ti
n
-3

A
ct
in

bu
n
dl
in
g
pr
ot
ei
n
s
fo
un

d
in

m
ic
ro
vi
lli
,s
te
re
oc
ili
a,

fi
lo
po

di
a
an

d
m
ay

pl
ay

a
ro
le

in
bo

n
e
de
ve
lo
pm

en
t.

G
O
:0
00
70
10
;c
yt
os
ke
le
to
n

or
ga
n
iz
at
io
n

63
0

N
o

45
6–
50
3

0.
76
6

N
on

e
N
on

e

PO
L
R
2A

P2
49
28
-1

b

N
A

D
N
A
-d
ir
ec
te
d
R
N
A
po

ly
m
er
as
e

II
su
bu

n
it
R
PB

1

F
or
m
s
R
N
A
po

ly
m
er
as
e
ac
ti
ve

ce
n
te
r
w
it
h
an

ot
h
er

ca
ta
ly
ti
c

su
bu

n
it
.

G
O
:0
00
63
66
;t
ra
n
sc
ri
pt
io
n

by
R
N
A
po

ly
m
er
as
e
II

1,
97
0

N
o

47
6–
50
6b

(b
as
ed

on

E
N
ST

00
00
05
72
84
4)

0.
66
7

N
on

e
N
on

e

PO
L
R
2B

P3
08
76
-1

E
N
ST

00
00
03
81
22
7

D
N
A
-d
ir
ec
te
d
R
N
A
po

ly
m
er
as
e

II
su
bu

n
it
R
PB

2

D
N
A
de
pe
n
de
n
t
R
N
A

po
ly
m
er
as
e
ca
ta
ly
zi
n
g

tr
an

sc
ri
pt
io
n
.

G
O
:0
00
63
66
;t
ra
n
sc
ri
pt
io
n

by
R
N
A
po

ly
m
er
as
e
II

1,
17
4

N
o

49
0–
52
2,

52
4–
55
7,
74
6–
77
8,

97
9–
1,
02
6,
1,
07
2–
1,
11
5

0.
62
7

N
on

e
N
on

e

PO
U
3F

2

P2
02
65
-1

E
N
ST

00
00
03
28
34
5

H
is
to
n
e-
ly
si
n
e
N
-

m
et
h
yl
tr
an

sf
er
as
e
E
H
M
T
2

H
is
to
n
e
m
et
h
yl
tr
an

sf
er
as
e
th
at

m
on

o
or

di
-m

et
h
yl
at
es

L
ys
-9
.

G
O
:0
00
64
79
;p

ro
te
in

m
et
h
yl
at
io
n

44
3

N
o

27
8–
31
4

0.
66
7

N
on

e
N
on

e

PO
U
3F

3

P2
02
64
-1

E
N
ST

00
00
03
61
36
0

PO
U

do
m
ai
n
,c
la
ss

3,

tr
an

sc
ri
pt
io
n
fa
ct
or

3

T
ra
n
sc
ri
pt
io
n
fa
ct
or

th
at

ac
ts

sy
n
er
gi
st
ic
al
ly

w
it
h
SO

X
11

an
d
SO

X
4.
R
ol
e
in

n
eu

ro
n
al

de
ve
lo
pm

en
t.

G
O
:0
03
09
00
;f
or
eb
ra
in

de
ve
lo
pm

en
t

50
0

N
o

31
7–
35
2

0.
64
1

N
on

e
1

PP
P1

C
B

P6
21
40
-1

E
N
ST

00
00
03
95
36
6

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n

ph
os
ph

at
as
e
PP

1-
be
ta

ca
ta
ly
ti
c
su
bu

n
it

Pr
ot
ei
n
ph

os
ph

at
as
e
th
at

fo
rm

s

co
m
pl
ex
es

w
it
h
ov
er

20
0

re
gu

la
to
ry

pr
ot
ei
n
s.
G
ly
co
ge
n

m
et
ab
ol
is
m
,m

us
cl
e

co
n
tr
ac
ti
lit
y,
pr
ot
ei
n

sy
n
th
es
is
,c
h
ro
m
at
in

st
ru
ct
ur
e,
an

d
ce
ll
cy
cl
e

pr
og
re
ss
io
n
.

G
O
:0
00
02
78
;m

it
ot
ic
ce
ll

cy
cl
e

32
7

N
o

51
–1
13

0.
32
95

2
11

PP
P2

C
A

P6
77
75
-1

E
N
ST

00
00
04
81
19
5

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n

ph
os
ph

at
as
e
2A

ca
ta
ly
ti
c

su
bu

n
it
al
ph

a
is
of
or
m

M
aj
or

ph
os
ph

at
as
e
fo
r

m
ic
ro
tu
bu

le
-a
ss
oc
ia
te
d

pr
ot
ei
n
s.

G
O
:1
90
45
28
;P

os
it
iv
e

re
gu

la
ti
on

of
m
ic
ro
tu
bu

le

bi
n
di
n
g

30
9

N
o

14
2–
18
1

0.
39
2

N
on

e
N
on

e

PP
P3

R
1

P6
30
98
-1

E
N
ST

00
00
02
34
31
0

C
al
ci
n
eu

ri
n
su
bu

n
it
B
ty
pe

1
R
eg
ul
at
or
y
su
bu

n
it
of

ca
lc
in
eu

ri
n
,a

ca
lc
iu
m
-

de
pe
n
de
n
t,
ca
lm

od
ul
in

st
im

ul
at
ed

pr
ot
ei
n

ph
os
ph

at
as
e.
C
on

fe
rs

ca
lc
iu
m

se
n
si
ti
vi
ty
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

17
0

N
o

62
–9
6

0.
46
4

N
on

e
N
on

e

PR
PF

4B

Q
13
52
3-
1

E
N
ST

00
00
03
37
65
9

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

PR
P4

h
om

ol
og

H
as

a
ro
le
in

pr
e-
m
R
N
A
sp
lic
in
g.

Ph
os
ph

or
yl
at
es

SF
2/
A
SF

.

G
O
:0
00
64
68
;p

ro
te
in

ph
os
ph

or
yl
at
io
n

1,
00
7

N
o

81
1–
84
1

0.
76
1

N
on

e
N
on

e

PR
PF

8

Q
6P

2Q
9-
1

E
N
ST

00
00
05
72
62
1

Pr
e-
m
R
N
A
-p
ro
ce
ss
in
g-
sp
lic
in
g

fa
ct
or

8

C
or
e
co
m
po

n
en

t
of

sp
lic
eo
so
m
e.

G
O
:0
00
03
98
;m

R
N
A

sp
lic
in
g,
vi
a
sp
lic
eo
so
m
e

2,
33
5

N
o

50
5–
53
7,

76
4–
80
0,
83
7–
87
9,

1,
49
4–
1,
53
9,
1,
81
1–
1,
84
8,

1,
88
8–
1,
91
9

0.
52
7

N
on

e
21

16 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

PR
PS

1

P6
08
91
-1

E
N
ST

00
00
03
72
43
5

R
ib
os
e-
ph

os
ph

at
e

py
ro
ph

os
ph

ok
in
as
e
1

E
ss
en

ti
al

fo
r
n
uc
le
ot
id
e

sy
n
th
es
is
.

G
O
:0
01
94
38
;a
ro
m
at
ic

co
m
po

un
d
bi
os
yn

th
et
ic

pr
oc
es
s

31
8

N
o

1–
30
,8
4–
12
1,
12
3–
16
2,
16
8–

19
9

0.
44
6

7
M
an

y

PS
M
C
1

P6
21
91
-1

E
N
ST

00
00
02
61
30
3

26
S
pr
ot
ea
so
m
e
re
gu

la
to
ry

su
bu

n
it
4

26
S
pr
ot
eo
so
m
e
su
bu

n
it

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

44
0

N
o

29
1–
33
2

0.
65
2

N
on

e
N
on

e

PS
M
C
2

P3
59
98
-1

E
N
ST

00
00
04
35
76
5

26
S
pr
ot
ea
so
m
e
re
gu

la
to
ry

su
bu

n
it
7

C
om

po
n
en

t
of

26
S
pr
ot
eo
so
m
e

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

43
3

N
o

28
4–
31
8

0.
64
4

N
on

e
N
on

e

PS
M
C
5

P6
21
95
-1

E
N
ST

00
00
03
10
14
4

26
S
pr
ot
ea
so
m
e
re
gu

la
to
ry

su
bu

n
it
8

26
S
pr
ot
eo
so
m
e
su
bu

n
it

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

40
6

N
o

11
2–
14
4,
15
8–
18
8

0.
56
3

N
on

e
N
on

e

PS
M
D
14

O
00
48
7-
1

E
N
ST

00
00
04
09
68
2

26
S
pr
ot
ea
so
m
e
n
on

-A
T
Pa

se

re
gu

la
to
ry

su
bu

n
it
14

26
S
pr
ot
eo
so
m
e
su
bu

n
it
.

M
et
al
lo
pr
ot
ea
se

th
at

sp
ec
if
ic
al
ly

cl
ea
ve
s
“L

ys
-6
3”

lin
ke
d
po

ly
ub

iq
ui
ti
n
ch

ai
n
s.

Pl
ay
s
a
ro
le

in
D
SB

s
an

d
in

re
co
m
bi
n
at
io
n
re
pa

ir
by

pr
om

ot
in
g
R
A
D
51

lo
ad

in
g.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

31
0

N
o

65
– 9
7

0.
51
5

N
on

e
N
on

e

PU
F
60

Q
9U

H
X
1-
1

E
N
ST

00
00
05
26
68
3

Po
ly
(U

)-
bi
n
di
n
g-
sp
lic
in
g
fa
ct
or

PU
F
60

D
N
A
an

d
R
N
A
bi
n
di
n
g,
in
vo
lv
ed

in
se
ve
ra
ln

uc
le
ar

pr
oc
es
se
s

su
ch

as
pr
e-
m
R
N
A
sp
lic
in
g,

ap
op

to
si
s,
an

d
tr
an

sc
ri
pt
io
n

re
gu

la
ti
on

.B
in
ds

to
po

ly
(U

)

R
N
A
.

G
O
:0
00
03
98
;m

R
N
A

sp
lic
in
g,
vi
a
sp
lic
eo
so
m
e

55
9

N
o

90
–1
64

0.
51
75

1
5

PU
R
A

Q
00
57
7-
1

E
N
ST

00
00
03
31
32
7

T
ra
n
sc
ri
pt
io
n
al

ac
ti
va
to
r
pr
ot
ei
n

Pu
r-
al
ph

a

Pr
ob

ab
le

tr
an

sc
ri
pt
io
n
ac
ti
va
to
r

th
at

bi
n
ds

to
pu

ri
n
e
ri
ch

si
n
gl
e
st
ra
n
d
of

PU
R
el
em

en
t

up
st
re
am

od
M
Y
C
ge
n
e

G
O
:0
03
25
08
;D

N
A
du

pl
ex

un
w
in
di
n
g

32
2

N
o

54
–9
2

0.
46
4

2
M
an

y

R
A
B
2A

P6
10
19
-1

E
N
ST

00
00
02
62
64
6

R
as
-r
el
at
ed

pr
ot
ei
n
R
ab
-2
A

R
eq
ui
re
d
fo
r
tr
an

sp
or
t
fr
om

E
R

to
G
ol
gi

G
O
:0
04
69
07
;i
n
tr
ac
el
lu
la
r

tr
an

sp
or
t

21
2

N
o

8–
46

0.
56
3

N
on

e
N
on

e

R
A
C
1

P6
30
00
-1

E
N
ST

00
00
03
48
03
5

R
as
-r
el
at
ed

C
3
bo

tu
lin

um
to
xi
n

su
bs
tr
at
e
1

G
T
Pa

se
th
at

cy
cl
es

be
tw

ee
n
G
T
P

ac
ti
ve

an
d
G
D
P
in
ac
ti
ve

an
d

pl
ay
s
a
ro
le
in

se
cr
et
or
y

pr
oc
es
se
s,
ph

ag
oc
yt
os
is
of

ap
op

to
ti
c
ce
lls
,e
pi
th
el
ia
lc
el
l

po
la
ri
za
ti
on

,n
eu

ro
n
s

ad
h
es
io
n
,m

ig
ra
ti
on

an
d

di
ff
er
en

ti
at
io
n
,a
n
d
gr
ow

th
-

fa
ct
or

in
du

ce
d
fo
rm

at
io
n
of

m
em

br
an

e
ru
ff
le
s.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

19
2

N
o

14
1–
17
1c

0.
23
6

N
on

e
9

(C
on

ti
n
ue

s)

SANDERS ET AL. 17 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

R
A
N

P6
28
26
-1

E
N
ST

00
00
05
43
79
6

G
T
P-
bi
n
di
n
g
n
uc
le
ar

pr
ot
ei
n

R
an

G
T
Pa

se
in
vo
lv
ed

in

n
uc
le
oc
yt
op

la
sm

ic
im

po
rt
/

ex
po

rt
.R

eq
ui
re
d
fo
r
n
or
m
al

pr
og
re
ss
io
n
th
ro
ug

h
m
it
os
is
.

G
O
:0
07
14
26
;

ri
bo

n
uc
le
op

ro
te
in

co
m
pl
ex

ex
po

rt
fr
om

n
uc
le
us

21
6

N
o

12
–5
0,
11
8–
18
7

0.
17
9

N
on

e
N
on

e

R
B
B
P4

Q
09
02
8-
1

E
N
ST

00
00
03
73
49
3

H
is
to
n
e-
bi
n
di
n
g
pr
ot
ei
n
R
B
B
P4

C
or
e
h
is
to
n
e
bi
n
di
n
g
su
bu

n
it
.

C
h
ro
m
at
in

re
m
od

el
in
g.

C
om

po
n
en

t
of

C
A
F
-1
,H

D
A
C
,

N
uR

D
,P

R
C
2,
an

d
N
U
R
F
.

G
O
:0
04
30
44
;A

T
P-

de
pe
n
de
n
t
ch

ro
m
at
in

re
m
od

el
in
g

42
5

N
o

12
–6
3,
22
8–
26
0,

29
4–
33
3,

33
5–
38
4

0.
33
05

N
on

e
N
on

e

R
B
B
P5

Q
15
29
1-
1

E
N
ST

00
00
02
64
51
5

R
et
in
ob

la
st
om

a-
bi
n
di
n
g
pr
ot
ei
n

5

Pl
ay
s
cr
uc
ia
lr
ol
e
in

di
ff
er
en

ti
at
io
n
po

te
n
ti
al

in

em
br
yo
n
ic
st
em

ce
lls
.G

en
e

re
gu

la
ti
on

.S
ti
m
ul
at
es

h
is
to
n
e

m
et
h
yl
tr
an

sf
er
as
es
.

G
O
:0
01
65
69
;c
ov
al
en

t

ch
ro
m
at
in

m
od

if
ic
at
io
n

53
8

N
o

1–
18

0.
71
6

N
on

e
N
on

e

R
B
B
P7

Q
16
57
6-
1

E
N
ST

00
00
03
80
08
7

H
is
to
n
e-
bi
n
di
n
g
pr
ot
ei
n
R
B
B
P7

C
or
e
h
is
to
n
e
bi
n
di
n
g
su
bu

n
it

th
at

m
ay

ta
rg
et

h
is
to
n
e

re
m
od

el
in
g
fa
ct
or
s.

C
om

po
n
en

t
of

so
m
e
h
is
to
n
e

re
m
od

el
in
g
co
m
pl
ex
es
.

G
O
:0
00
63
38
;c
h
ro
m
at
in

re
m
od

el
in
g

42
5

N
o

12
2–
15
6c

0.
54
05

N
on

e
N
on

e

R
B
M
10

P9
81
75
-1

E
N
ST

00
00
03
77
60
4

R
N
A
-b
in
di
n
g
pr
ot
ei
n
10

m
R
N
A
pr
oc
es
si
n
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

93
0

N
o

33
2–
37
5

0.
71
25

N
on

e
4

R
B
M
22

Q
9N

W
64
-1

E
N
ST

00
00
01
99
81
4

Pr
e-
m
R
N
A
-s
pl
ic
in
g
fa
ct
or

R
B
M
22

R
eq
ui
re
d
fo
r
pr
e-
m
R
N
A
sp
lic
in
g

as
co
m
po

n
en

t
of

th
e
ac
ti
va
te
d

sp
lic
eo
so
m
e.

G
O
:0
00
03
98
;m

R
N
A

sp
lic
in
g,
vi
a
sp
lic
eo
so
m
e

42
0

N
o

20
–5
0

0.
79
8

N
on

e
N
on

e

R
B
M
3

P9
81
79
-1

E
N
ST

00
00
03
76
75
9

R
N
A
-b
in
di
n
g
pr
ot
ei
n
3

R
N
A
bi
n
di
n
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

15
7

N
o

1–
20

0.
85
3

N
on

e
N
on

e

R
B
M
39

Q
14
49
8-
1

E
N
ST

00
00
02
53
36
3

R
N
A
-b
in
di
n
g
pr
ot
ei
n
39

A
ct
s
as

pr
e-
m
R
N
A
sp
lic
in
g

fa
ct
or
.

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

53
0

N
o

37
3–
40
3

0.
65
5

N
on

e
N
on

e

R
B
M
X
2

Q
9Y

38
8-
1

E
N
ST

00
00
03
05
53
6

R
N
A
-b
in
di
n
g
m
ot
if
pr
ot
ei
n
,X

-

lin
ke
d
2

In
vo
lv
ed

in
pr
e-
m
R
N
A
sp
lic
in
g

as
co
m
po

n
en

t
of

sp
lic
eo
so
m
e.

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

32
2

N
o

1–
17

0.
90
7

N
on

e
1

R
B
M
Y
1A

1

P0
D
JD

3-
1

E
N
ST

00
00
03
82
70
7

R
N
A
-b
in
di
n
g
m
ot
if
pr
ot
ei
n
,Y

ch
ro
m
os
om

e,
fa
m
ily

1

m
em

be
r
A
1

m
R
N
A
bi
n
di
n
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

49
6

N
o

99
–1
30

0.
93
4

N
on

e
N
on

e

R
H
O
A

P6
15
86
-1

E
N
ST

00
00
04
18
11
5

T
ra
n
sf
or
m
in
g
pr
ot
ei
n
R
h
oA

G
T
Pa

se
in
vo
lv
ed

in
cy
to
sk
el
et
on

or
ga
n
iz
at
io
n
.R

eg
ul
at
es

K
C
N
A
2.
C
an

be
ac
ti
va
te
d
by

C
aM

K
II
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

19
3

N
o

1–
77

0.
26
8

8
9

18 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

R
H
O
B

P6
27
45
-1

E
N
ST

00
00
02
72
23
3

R
h
o-
re
la
te
d
G
T
P-
bi
n
di
n
g
pr
ot
ei
n

R
h
oB

M
ed
ia
te
s
ap

op
to
si
s
in

n
eo
pl
as
ti
ca
lly

tr
an

sf
or
m
ed

ce
lls

af
te
r
D
N
A
da

m
ag
e.

M
yo
si
n
co
n
tr
ac
ti
le

ri
n
g

fo
rm

at
io
n
du

ri
n
g
ce
ll
cy
cl
e

cy
to
ki
n
es
is
.

G
O
:0
00
02
78
;m

it
ot
ic
ce
ll

cy
cl
e

19
6

N
o

18
–4
8

0.
56
6

N
on

e
N
on

e

R
PL

10

P2
76
35
-1

E
N
ST

00
00
04
24
32
5

60
S
ri
bo

so
m
al

pr
ot
ei
n
L
10

C
om

po
n
en

t
of

la
rg
e
ri
bo

so
m
al

su
bu

n
it
.M

ay
pl
ay

a
ro
le
in

em
br
yo
n
ic
br
ai
n

de
ve
lo
pm

en
t.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

21
4

N
o

48
–7
8

0.
40
5

1
8

R
PL

36
A

P8
38
81
-1

E
N
ST

00
00
05
53
11
0

60
S
ri
bo

so
m
al

pr
ot
ei
n
L
36
a

R
ib
os
om

al
pr
ot
ei
n

G
O
:0
00
21
81
;c
yt
op

la
sm

ic

tr
an

sl
at
io
n

10
6

N
o

81
–1
06

c
0.
58
0

N
on

e
N
on

e

R
PS

28

P6
28
57
-1

E
N
ST

00
00
06
00
65
9

40
S
ri
bo

so
m
al

pr
ot
ei
n
S2
8

N
A

G
O
:0
00
64
13
;t
ra
n
sl
at
io
n
al

in
it
ia
ti
on

69
N
o

54
–6
9

0.
55
85

N
on

e
1

R
PS

6K
A
3

P5
18
12
-1

E
N
ST

00
00
03
79
56
5

R
ib
os
om

al
pr
ot
ei
n
S6

ki
n
as
e

al
ph

a-
3

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e

do
w
n
st
re
am

of
E
R
K
.

R
eg
ul
at
es

tr
an

sl
at
io
n
.

M
od

ul
at
es

m
T
O
R
si
gn

al
in
g.

R
ol
e
in

ot
h
er

pa
th
w
ay
s.

G
O
:0
00
64
68
;p

ro
te
in

ph
os
ph

or
yl
at
io
n

74
0

N
o

11
4–
15
0,

45
7–
49
4,
55
9–
59
5,

68
1–
71
1

0.
58
25

1
M
an

y

R
R
A
G
A

Q
7L

52
3-
1

E
N
ST

00
00
03
80
52
7

R
as
-r
el
at
ed

G
T
P-
bi
n
di
n
g
pr
ot
ei
n

A

G
ua

n
in
e
n
uc
le
ot
id
e
bi
n
di
n
g

pr
ot
ei
n
th
at

pl
ay
s
an

im
po

rt
an

t
ro
le
in

M
T
O
R
C
1

si
gn

al
in
g
fo
r
am

in
o
ac
id

av
ai
la
bi
lit
y.
M
ay

le
ad

to
ce
ll

de
at
h
th
ro
ug

h
T
N
F
-α

si
gn

al
in
g.

G
O
:0
04
32
00
;r
es
po

n
se

to

am
in
o
ac
id

31
3

N
o

16
–4
6

0.
57
25

N
on

e
N
on

e

R
R
M
2

P3
13
50
-1

E
N
ST

00
00
03
04
56
7

R
ib
on

uc
le
os
id
e-
di
ph

os
ph

at
e

re
du

ct
as
e
su
bu

n
it
M
2

Pr
ov
id
es

th
e
pr
ec
ur
so
rs

n
ec
es
sa
ry

fo
r
D
N
A
sy
n
th
es
is
.

G
O
:0
01
94
38
;a
ro
m
at
ic

co
m
po

un
d
bi
os
yn

th
et
ic

pr
oc
es
s

38
9

N
o

34
5–
37
8c

0.
76
9

N
on

e
N
on

e

R
T
F
1

Q
92
54
1-
1

E
N
ST

00
00
03
89
62
9

R
N
A
po

ly
m
er
as
e-
as
so
ci
at
ed

pr
ot
ei
n
R
T
F
1
h
om

ol
og

C
om

po
n
en

t
of

Pa
f1

co
m
pl
ex
.

Im
pl
ic
at
ed

in
re
gu

la
ti
on

of

de
ve
lo
pm

en
t
of

em
br
yo
n
ic

st
em

ce
ll
pl
ur
ip
ot
en

cy
.

R
eq
ui
re
d
fo
r
W
n
t
an

d
H
ox

ge
n
es
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

71
0

N
o

68
8–
71
0

0.
67
2

N
on

e
N
on

e

R
Y
R
2

Q
92
73
6-
1

E
N
ST

00
00
03
66
57
4

R
ya
n
od

in
e
re
ce
pt
or

2
M
ed
ia
te
s
ca
lc
iu
m

re
le
as
e
fr
om

th
e
sa
rc
op

la
sm

ic
re
ti
cu
lu
m

an
d
pl
ay
s
a
cr
it
ic
al

ro
le

in

ca
rd
ia
c
m
us
cl
e
co
n
tr
ac
ti
on

.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

4,
96
7

Y
es

4,
85
6–
4,
88
9

0.
84
1

1
M
an

y

SA
T
1

P2
16
73
-1

E
N
ST

00
00
03
79
27
0

D
ia
m
in
e
ac
et
yl
tr
an

sf
er
as
e
1

A
ce
ty
la
ti
on

of
sm

al
lm

ol
ec
ul
e

po
ly
am

in
es

(e
.g
.,
sp
er
m
id
in
e)

G
O
:0
00
90
58
;b

io
sy
n
th
et
ic

pr
oc
es
s

17
1

N
o

14
8–
17
1

0.
53
3

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 19 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

SC
N
2A

Q
99
25
0-
1

E
N
ST

00
00
03
75
43
7

So
di
um

ch
an

n
el
pr
ot
ei
n
ty
pe

2

su
bu

n
it
al
ph

a
(N

a V
1.
2)

V
ol
ta
ge

de
pe
n
de
n
t
re
le
as
e
of

so
di
um

pe
rm

ea
bi
lit
y.

Im
pl
ic
at
ed

in
h
ip
po

ca
m
pa

l

re
pl
ay

oc
cu
rr
in
g
w
it
h
sh
ar
p

w
av
e
ri
pp

le
s.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

2,
00
5

Y
es

40
4–
43
4,

85
4–
88
5

0.
72
85

1
M
an

y

SC
N
8A

Q
9U

Q
D
0-
1

E
N
ST

00
00
03
54
53
4

So
di
um

ch
an

n
el
pr
ot
ei
n
ty
pe

8

su
bu

n
it
al
ph

a
(N

a V
1.
6)

V
ol
ta
ge

de
pe
n
de
n
t
so
di
um

io
n

ch
an

n
el

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

1,
98
0

Y
es

39
6–
43
9,

83
7–
87
5,
91
0–
96
1,

1,
28
7–
1,
32
3,
1,
44
9–
1,
49
9,

1,
63
9–
1,
67
1,
1,
68
0–

17
16
,1
74
6–
17
76

0.
63
9

M
an

y
M
an

y

SF
1

Q
15
63
7-
1

E
N
ST

00
00
03
77
39
0

Sp
lic
in
g
fa
ct
or

1
R
eq
ui
re
d
fo
r
fi
rs
t
st
ep

in
A
T
P

de
pe
n
de
n
t
sp
lic
eo
so
m
e

as
se
m
bl
y

G
O
:0
00
03
87
;s
pl
ic
eo
so
m
al

sn
R
N
P
as
se
m
bl
y

63
9

N
o

22
3–
25
8c

0.
75
1

N
on

e
N
on

e

SF
3A

2

Q
15
42
8-
1

E
N
ST

00
00
02
21
49
4

Sp
lic
in
g
fa
ct
or

3A
su
bu

n
it
2

In
vo
lv
ed

in
pr
e-
m
R
N
A
sp
lic
in
g

as
a
co
m
po

n
en

t
of

th
e
SF

3A

co
m
pl
ex
.

G
O
:0
00
63
76
;m

R
N
A
sp
lic
e

si
te

se
le
ct
io
n

46
4

N
o

42
–7
2

0.
71
4

N
on

e
N
on

e

SF
3B

1

O
75
53
3-
1

E
N
ST

00
00
03
35
50
8

Sp
lic
in
g
fa
ct
or

3B
su
bu

n
it
1

Pr
e-
m
R
N
A
sp
lic
in
g
as

pa
rt
of

SF
3B

co
m
pl
ex
.

G
O
:0
00
02
45
;s
pl
ic
eo
so
m
al

co
m
pl
ex

as
se
m
bl
y

1,
30
4

N
o

53
7–
57
3,

81
6–
84
8,
96
2–

1,
00
2,
1,
00
5–
1,
06
2,

1,
13
3–

1,
17
0,
1,
18
9–
1,
23
6

0.
56
7

N
on

e
18

SF
3B

4

Q
15
42
7-
1

E
N
ST

00
00
02
71
62
8

Sp
lic
in
g
fa
ct
or

3B
su
bu

n
it
4

m
R
N
A
sp
lic
in
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

42
4

N
o

1–
23

0.
64
2

1
4

SI
N
3A

Q
96
ST

3-
1

E
N
ST

00
00
03
94
94
7

Pa
ir
ed

am
ph

ip
at
h
ic
h
el
ix

pr
ot
ei
n

Si
n
3a

T
ra
n
sc
ri
pt
io
n
al

re
pr
es
so
r.

R
eg
ul
at
es

ce
ll
cy
cl
e

pr
og
re
ss
io
n
.R

eq
ui
re
d
fo
r

co
rt
ic
al

n
eu

ro
n
di
ff
er
en

ti
at
io
n

an
d
ca
llo

sa
la

xo
n
el
on

ga
ti
on

.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

1,
27
3

N
o

11
2–
15
6

0.
77
8

N
on

e
4

SL
C
25
A
5

P0
51
41
-1

E
N
ST

00
00
03
17
88
1

A
D
P/
A
T
P
tr
an

sl
oc
as
e
2

A
D
P:
A
T
P
an

ti
po

rt
er

th
at

m
ed
ia
te
s
A
T
P
sy
n
th
es
is
in

th
e

m
it
oc
h
on

dr
ia
.

G
O
:0
05
50
85
;

tr
an

sm
em

br
an

e
tr
an

sp
or
t

29
8

Y
es

28
3–
29
8

0.
71
4

N
on

e
N
on

e

SL
C
9A

6

Q
92
58
1-
1

E
N
ST

00
00
03
70
69
8

So
di
um

/h
yd

ro
ge
n
ex
ch

an
ge
r
6

E
xc
h
an

ge
of

pr
ot
on

s
fo
r
so
di
um

an
d
po

ta
ss
iu
m

ac
ro
ss

en
do

so
m
es
.C

on
tr
ib
ut
es

to

ca
lc
iu
m

h
om

eo
st
as
is
.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

69
9

Y
es

33
4–
37
1c

0.
75
8

N
on

e
M
an

y

SM
A
R
C
A
2

P5
15
31
-1

E
N
ST

00
00
03
82
20
3

Pr
ob

ab
le

gl
ob

al
tr
an

sc
ri
pt
io
n

ac
ti
va
to
r
SN

F
2L

2

C
om

po
n
en

t
of

SW
I/
SN

F

co
m
pl
ex

w
h
ic
h
ca
rr
ie
s
ou

t

ch
ro
m
at
in

re
m
od

el
in
g.
A
ls
o

be
lo
n
gs

to
th
e
n
eu

ra
l

pr
og
en

it
or
s-
sp
ec
if
ic

ch
ro
m
at
in

re
m
od

el
in
g

co
m
pl
ex

(n
pB

A
F
co
m
pl
ex
)

an
d
th
e
n
eu

ro
n
-s
pe
ci
fi
c

ch
ro
m
at
in

re
m
od

el
in
g

co
m
pl
ex

(n
B
A
F
co
m
pl
ex
).

G
O
:0
00
63
38
;c
h
ro
m
at
in

re
m
od

el
in
g

1,
59
0

N
o

93
3–
96
9

0.
63
4

1
M
an

y

20 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

SM
A
R
C
A
4

P5
15
32
-1

E
N
ST

00
00
03
44
62
6

T
ra
n
sc
ri
pt
io
n
ac
ti
va
to
r
B
R
G
1

In
vo
lv
ed

in
ch

ro
m
at
in

re
m
od

el
in
g,
pa

rt
of

SW
I/
SN

F

co
m
pl
ex

G
O
:0
00
63
38
;c
h
ro
m
at
in

re
m
od

el
in
g

1,
64
7

N
o

75
4–
78
9,

87
9–
91
2,
95
5–
98
7,

1,
03
5–
1,
06
7

0.
55
9

1
M
an

y

SM
A
R
C
A
5

O
60
26
4-
1

E
N
ST

00
00
02
83
13
1

SW
I/
SN

F
-r
el
at
ed

m
at
ri
x-

as
so
ci
at
ed

ac
ti
n
-d
ep
en

de
n
t

re
gu

la
to
r
of

ch
ro
m
at
in

su
bf
am

ily
A
m
em

be
r
5

H
el
ic
as
e
th
at

h
as

A
T
P-

de
pe
n
de
n
t
n
uc
le
os
om

e-

re
m
od

el
in
g
ac
ti
vi
ty
.

C
om

po
n
en

t
of

IS
W
I.
B
in
ds

to

h
is
to
n
es

G
O
:0
04
30
44
;A

T
P-

de
pe
n
de
n
t
ch

ro
m
at
in

re
m
od

el
in
g

1,
05
2

N
o

29
0–
32
1

0.
65
1

N
on

e
N
on

e

SM
A
R
C
E
1

Q
96
9G

3-
1

E
N
ST

00
00
03
48
51
3

SW
I/
SN

F
-r
el
at
ed

m
at
ri
x-

as
so
ci
at
ed

ac
ti
n
-d
ep
en

de
n
t

re
gu

la
to
r
of

ch
ro
m
at
in

su
bf
am

ily
E
m
em

be
r
1

C
h
ro
m
at
in

re
m
od

el
in
g
to

ac
ti
va
te

or
re
pr
es
s
ge
n
es
.

C
om

po
n
en

t
of

SW
I/
SN

F
.

G
O
:0
00
63
38
;c
h
ro
m
at
in

re
m
od

el
in
g

41
1

N
o

54
–1
09

0.
78
5

5
M
an

y

SM
C
1A

Q
14
68
3-
1

E
N
ST

00
00
03
22
21
3

St
ru
ct
ur
al

m
ai
n
te
n
an

ce
of

ch
ro
m
os
om

es
pr
ot
ei
n
1A

C
en

tr
al

co
m
po

n
en

t
of

th
e

co
h
es
io
n
co
m
pl
ex
,w

h
ic
h
is

es
se
n
ti
al

fo
r
co
h
es
io
n
of

si
st
er

ch
ro
m
at
id
s
af
te
r
D
N
A

re
pl
ic
at
io
n
.I
n
vo
lv
ed

in
D
N
A

re
pa

ir
.

G
O
:0
00
70
59
;c
h
ro
m
os
om

e

se
gr
eg
at
io
n

1,
23
3

N
o

36
–7
3,
29
0–
32
1,

63
6–
67
0,

1,
10
3–
1,
15
3

0.
52
05

4
M
an

y

SN
A
I2

O
43
62
3-
1

E
N
ST

00
00
00
20
94
5

Z
in
c
fi
n
ge
r
pr
ot
ei
n
SN

A
I2

T
ra
n
sc
ri
pt
io
n
al

re
pr
es
so
r.

In
vo
lv
ed

in
n
eu

ra
l

de
ve
lo
pm

en
t.

G
O
:0
03
10
56
;r
eg
ul
at
io
n
of

h
is
to
n
e
m
od

if
ic
at
io
n

26
8

N
o

20
2–
24
1

0.
83
8

N
on

e
2

SN
R
PC

P0
92
34
-1

E
N
ST

00
00
02
44
52
0

U
1
sm

al
ln

uc
le
ar

ri
bo

n
uc
le
op

ro
te
in

C

C
om

po
n
en

t
of

U
1
sn
R
N
P

sp
lic
eo
so
m
e

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

15
9

N
o

9–
47

0.
68
9

N
on

e
N
on

e

SN
X
12

Q
9U

M
Y
4-
2

E
N
ST

00
00
03
74
27
4

So
rt
in
g
n
ex
in
-1
2

M
ay

be
in
vo
lv
ed

in
in
tr
a-
ce
llu

la
r

tr
af
fi
ck
in
g

G
O
:0
05
10
49
;r
eg
ul
at
io
n
of

tr
an

sp
or
t

16
2

N
o

6–
37

0.
69
1

N
on

e
N
on

e

SP
3

Q
02
44
7-
1

E
N
ST

00
00
03
10
01
5

T
ra
n
sc
ri
pt
io
n
fa
ct
or

Sp
3

T
ra
n
sc
ri
pt
io
n
fa
ct
or

th
at

ca
n
ac
t

as
an

ac
ti
va
to
r
or

re
pr
es
so
r

de
pe
n
di
n
g
on

is
of
or
m

or

PT
M
.B

in
ds

to
G
T
an

d
G
C

bo
xe
s.
C
el
lc
yc
le
re
gu

la
ti
on

,

h
or
m
on

e
in
du

ct
io
n
,a
n
d

h
ou

se
-k
ee
pi
n
g.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

78
1

N
o

62
5–
65
8

0.
84
05

N
on

e
N
on

e

SP
IN

1

Q
9Y

65
7-
1

E
N
ST

00
00
03
75
85
9

Sp
in
dl
in
-1

C
h
ro
m
at
in

re
ad

er
.A

ct
iv
at
or

of

W
n
t.
M
ay

pl
ay

a
ro
le

in
ce
ll-

cy
cl
e
re
gu

la
ti
on

du
ri
n
g

tr
an

si
ti
on

fr
om

ga
m
et
e
to

em
br
yo
.

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

26
2

N
o

83
–1
15
,2
40
–2
62

0.
61
6

N
on

e
N
on

e

SP
O
P

O
43
79
1-
1

E
N
ST

00
00
03
93
32
8

Sp
ec
kl
e-
ty
pe

PO
Z
pr
ot
ei
n

C
om

po
n
en

t
of

C
ul
lin

ri
n
g
ba
se
d

B
C
R
E
3
ub

iq
ui
ti
n
lig

as
e.

G
O
:0
01
65
67
;p

ro
te
in

ub
iq
ui
ti
n
at
io
n

37
4

N
o

19
–6
0,
62
–1
24

0.
45
3

6
15

(C
on

ti
n
ue

s)

SANDERS ET AL. 21 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

SR
F

P1
18
31
-1

E
N
ST

00
00
02
65
35
4

Se
ru
m

re
sp
on

se
fa
ct
or

T
ra
n
sc
ri
pt
io
n
fa
ct
or

th
at

bi
n
ds

to

se
ru
m

re
sp
on

se
el
em

en
t.

T
og
et
h
er

w
it
h
M
R
T
F
A
is

co
up

le
d
to

cy
to
sk
el
et
al

ex
pr
es
si
on

an
d
dy

n
am

ic
s.

R
eq
ui
re
d
fo
r
ca
rd
ia
c

di
ff
er
en

ti
at
io
n
an

d

m
at
ur
at
io
n
.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

50
8

N
o

13
4–
16
8

0.
78
5

N
on

e
N
on

e

SR
SF

10

O
75
49
4-
1

E
N
ST

00
00
04
92
11
2

Se
ri
n
e/
ar
gi
n
in
e-
ri
ch

sp
lic
in
g

fa
ct
or

10

Pr
e-
m
R
N
A
sp
lic
in
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

26
2

N
o

1–
44
,5
2–
96

0.
79

N
on

e
N
on

e

SR
SF

2

Q
01
13
0-
1

E
N
ST

00
00
03
92
48
5

Se
ri
n
e/
ar
gi
n
in
e-
ri
ch

sp
lic
in
g

fa
ct
or

2

Sp
lic
in
g
of

pr
e-
m
R
N
A

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

22
1

N
o

1–
17

0.
60
3

N
on

e
N
on

e

SR
SF

3

P8
41
03
-1

E
N
ST

00
00
03
73
71
5

Se
ri
n
e/
ar
gi
n
in
e-
ri
ch

sp
lic
in
g

fa
ct
or

3

R
N
A
bi
n
di
n
g
an

d
pr
e-
m
R
N
A

cl
ea
va
ge

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

16
4

N
o

24
–5
6

0.
39
0

N
on

e
N
on

e

SR
Y

Q
05
06
6-
1

E
N
ST

00
00
03
83
07
0

Se
x-
de
te
rm

in
in
g
re
gi
on

Y

pr
ot
ei
n

T
ra
n
sc
ri
pt
io
n
al

re
gu

la
to
r
th
at

co
n
tr
ol
s
a
ge
n
et
ic
sw

it
ch

in

m
al
e
de
ve
lo
pm

en
t.

G
O
:0
03
02
38
;m

al
e
se
x

de
te
rm

in
at
io
n

20
4

N
o

12
9–
16
3

0.
90
95

N
on

e
16

ST
A
G
2

Q
8N

3U
4-
1

E
N
ST

00
00
03
71
16
0

C
oh

es
in

su
bu

n
it
SA

-2
C
om

po
n
en

t
of

co
h
es
in

co
m
pl
ex
.

R
eq
ui
re
d
fo
r
co
h
es
io
n
of

si
st
er

ch
ro
m
at
id
s
af
te
r
D
N
A

re
pl
ic
at
io
n
.

G
O
:0
00
70
59
;c
h
ro
m
os
om

e

se
gr
eg
at
io
n

1,
23
1

N
o

11
3–
14
5

0.
70
0

N
on

e
5

SU
M
O
2

P6
19
56
-1

E
N
ST

00
00
04
20
82
6

Sm
al
lu

bi
qu

it
in
-r
el
at
ed

m
od

if
ie
r

2

U
bi
qu

it
in

lik
e
pr
ot
ei
n
th
at

ca
n

be
at
ta
ch

ed
to

pr
ot
ei
n
s
on

ly
si
n
e
re
si
du

es
.

G
O
:0
01
82
05
;p

ep
ti
dy

l-
ly
si
n
e

m
od

if
ic
at
io
n

95
N
o

17
–5
4

0.
23
1

N
on

e
N
on

e

SU
Z
12

Q
15
02
2-
1

E
N
ST

00
00
03
22
65
2

Po
ly
co
m
b
pr
ot
ei
n
SU

Z
12

Po
ly
co
m
b
gr
ou

p
pr
ot
ei
n
.

In
vo
lv
ed

in
h
is
to
n
e

m
et
h
yl
at
io
n
.

G
O
:0
03
49
68
;h

is
to
n
e
ly
si
n
e

m
et
h
yl
at
io
n

73
9

N
o

30
8–
34
2

0.
81
1

N
on

e
2

T
A
F
1

P2
16
75
-1

E
N
ST

00
00
04
23
75
9

T
ra
n
sc
ri
pt
io
n
in
it
ia
ti
on

fa
ct
or

T
F
II
D
su
bu

n
it
1

L
ar
ge
st
co
m
po

n
en

t
an

d
co
re

sc
af
fo
ld

of
th
e
T
F
II
D
ba
sa
l

tr
an

sc
ri
pt
io
n
fa
ct
or

co
m
pl
ex
.

K
in
as
e
an

d
h
is
to
n
e

ac
et
yl
tr
an

sf
er
as
e
ac
ti
vi
ty
.

G
O
:0
01
65
73
;h

is
to
n
e

ac
et
yl
at
io
n

1,
87
2

N
o

1,
32
8–
1,
37
0

0.
73
8

2
25

T
A
O
K
1

Q
7L

7X
3-
1

E
N
ST

00
00
02
61
71
6

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

T
A
O
1

Se
ri
n
e/
th
re
on

in
e
pr
ot
ei
n
ki
n
as
e

in
vo
lv
ed

in
M
A
PK

ca
sc
ad

e,

D
N
A
da

m
ag
e
re
sp
on

se
,a
n
d

re
gu

la
ti
on

of
cy
to
sk
el
et
on

st
ab
ili
ty

G
O
:0
07
05
07
;r
eg
ul
at
io
n
of

m
ic
ro
tu
bu

le
cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

1,
00
1

N
o

18
1–
21
5

0.
74
2

N
on

e
N
on

e

T
B
C
1D

3H

P0
C
7X

1-
1b

E
N
ST

00
00
04
55
05
4

T
B
C
1
do

m
ai
n
fa
m
ily

m
em

be
r

3H

A
ct
s
as

a
G
T
Pa

se
ac
ti
va
ti
n
g

pr
ot
ei
n
fo
r
R
A
B
5.

G
O
:0
00
68
86
;i
n
tr
ac
el
lu
la
r

pr
ot
ei
n
tr
an

sp
or
t

54
9

N
o

34
4–
37
6b

(b
as
ed

on

E
N
ST

00
00
04
55
05
4)

0.
98
6

N
on

e
N
on

e

22 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

T
B
L
1X

R
1

Q
9B

Z
K
7-
1

E
N
ST

00
00
04
30
06
9

F
-b
ox
-l
ik
e/
W
D
re
pe
at
-c
on

ta
in
in
g

pr
ot
ei
n
T
B
L
1X

R
1

R
ec
ru
it
m
en

t
of

ub
iq
ui
ti
n
/1
9S

pr
ot
eo
so
m
e
to

n
uc
le
ar

re
ce
pt
or
-r
eg
ul
at
ed

tr
an

sc
ri
pt
io
n
un

it
s.
Pr
ob

ab
ly

ac
ts
as

in
te
gr
al

co
m
po

n
en

t
of

th
e
N
-C
or

co
re
pr
es
so
r

co
m
pl
ex
.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

51
4

N
o

26
1–
29
4,

32
2–
35
5

0.
58
8

N
on

e
M
an

y

T
C
F
4

P1
58
84
-1

E
N
ST

00
00
05
64
99
9

T
ra
n
sc
ri
pt
io
n
fa
ct
or

4
T
ra
n
sc
ri
pt
io
n
fa
ct
or

th
at

bi
n
ds

to

im
m
un

og
lo
bu

lin
en

h
an

ce
r.

In
vo
lv
ed

in
n
eu

ro
n

di
ff
er
en

ti
at
io
n
.

G
O
:0
00
63
66
;t
ra
n
sc
ri
pt
io
n

by
R
N
A
po

ly
m
er
as
e
II

66
7

N
o

55
2–
58
7c

0.
73
2

1
M
an

y

T
H
O
C
2

Q
8N

I2
7-
1

E
N
ST

00
00
02
45
83
8

T
H
O
co
m
pl
ex

su
bu

n
it
2

R
eq
ui
re
d
fo
r
ef
fi
ci
en

t
ex
po

rt
of

po
ly
-A

sp
lic
ed

m
R
N
A
.

C
om

po
n
en

t
of

T
R
E
X

co
m
pl
ex
.

G
O
:0
00
63
97
;m

R
N
A

pr
oc
es
si
n
g

1,
59
3

N
o

13
5–
18
8,

69
8–
73
1,
73
3–
78
6,

1,
05
9–
1,
10
0

0.
65
3

1
17

T
L
K
2

Q
86
U
E
8-
1

E
N
ST

00
00
03
26
27
0

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

to
us
le
d-
lik

e
2

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e
in
vo
lv
ed

in
ch

ro
m
at
in

as
se
m
bl
y

G
O
:1
90
22
75
;r
eg
ul
at
io
n
of

ch
ro
m
at
in

or
ga
n
iz
at
io
n

77
2

N
o

65
1–
68
9

0.
63
1

N
on

e
2

T
O
P1

P1
13
87
-1

E
N
ST

00
00
03
61
33
7

D
N
A
to
po

is
om

er
as
e
1

T
op

oi
so
m
er
as
e.
D
N
A
re
pa

ir
/

st
ra
in

re
so
lu
ti
on

.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

76
5

N
o

47
6–
51
2

0.
70
0

N
on

e
2

T
R
A
2B

P6
29
95
-1

E
N
ST

00
00
04
53
38
6

T
ra
n
sf
or
m
er
-2

pr
ot
ei
n
h
om

ol
og

be
ta

m
R
N
A
sp
lic
in
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

28
8

N
o

10
4–
13
8

0.
75
7

N
on

e
N
on

e

T
R
IM

24

O
15
16
4-
1

E
N
ST

00
00
03
43
52
6

T
ra
n
sc
ri
pt
io
n
in
te
rm

ed
ia
ry

fa
ct
or

1-
al
ph

a

T
ra
n
sc
ri
pt
io
n
al

co
ac
ti
va
to
r
th
at

in
te
ra
ct
s
w
it
h
n
um

er
ou

s

n
uc
le
ar

re
ce
pt
or
s
an

d

m
od

ul
at
es

tr
an

sc
ri
pt
io
n
.

In
te
ra
ct
s
w
it
h
ch

ro
m
at
in

h
is
to
n
e
H
3
m
od

if
ic
at
io
n
s.

G
O
:0
00
63
51
;t
ra
n
sc
ri
pt
io
n
,

D
N
A
-t
em

pl
at
ed

1,
05
0

N
o

81
8–
85
8

0.
85
4

N
on

e
N
on

e

T
R
PC

5

Q
9U

L
62
-1

E
N
ST

00
00
02
62
83
9

Sh
or
t
tr
an

si
en

t
re
ce
pt
or

po
te
n
ti
al

ch
an

n
el
5

C
al
ci
um

ch
an

n
el
.C

au
se
s
n
eu

ro
n

ap
op

to
si
s.

G
O
:0
03
00
01
;m

et
al

io
n

tr
an

sp
or
t

97
3

Y
es

29
0–
32
3

0.
71
6

N
on

e
N
on

e

T
U
B
A
1A

Q
71
U
36
-1

E
N
ST

00
00
03
01
07
1

T
ub

ul
in

al
ph

a-
1A

ch
ai
n

T
ub

ul
in

ch
ai
n

G
O
:0
00
02
26
;m

ic
ro
tu
bu

le

cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

45
1

N
o

1–
41
,4
3–
17
2,
17
4–
24
1,
24
3–

28
6,
28
8–
33
8,
34
0–
39
9,

40
1–
43
9

0.
00
0

M
an

y
M
an

y

T
U
B
A
1B

P6
83
63
-1

E
N
ST

00
00
03
36
02
3

T
ub

ul
in

al
ph

a-
1B

ch
ai
n

T
ub

ul
in

ch
ai
n

G
O
:0
00
70
17
;m

ic
ro
tu
bu

le
-

ba
se
d
pr
oc
es
s

45
1

N
o

1–
18
,8
1–
11
7,
11
9–
16
0,
18
5–

23
1,
24
3–
28
6,
34
1–
37
4,

38
2–
44
1

0.
16

N
on

e
N
on

e

T
U
B
B

P0
74
37
-1

E
N
ST

00
00
03
27
89
2

T
ub

ul
in

be
ta

ch
ai
n

M
aj
or

co
m
po

n
en

t
of

m
ic
ro
tu
bu

le
s

G
O
:0
00
02
26
;m

ic
ro
tu
bu

le

cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

44
4

N
o

49
–1
20
,1
22
–1
57
,1
90
–2
40
,

24
2–
27
3,
29
7–
33
0

0.
17
1

5
14

(C
on

ti
n
ue

s)

SANDERS ET AL. 23 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

T
U
B
B
2A

Q
13
88
5-
1

E
N
ST

00
00
03
33
62
8

T
ub

ul
in

be
ta
-2
A
ch

ai
n

T
ub

ul
in

co
m
po

n
en

t.
G
O
:0
00
02
26
;m

ic
ro
tu
bu

le

cy
to
sk
el
et
on

or
ga
n
iz
at
io
n

44
5

N
o

30
0–
36
7

0.
25
6

1
17

T
U
B
B
2B

Q
9B

V
A
1-
1

E
N
ST

00
00
02
59
81
8

T
ub

ul
in

be
ta
-2
B
ch

ai
n

T
ub

ul
in

co
m
po

n
en

t.
Im

pl
ic
at
ed

in
n
eu

ro
n
al

m
ig
ra
ti
on

.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

44
5

N
o

28
3–
35
6

0.
25
6

2
M
an

y

T
U
B
B
4B

P6
83
71
-1

E
N
ST

00
00
03
40
38
4

T
ub

ul
in

be
ta
-4
B
ch

ai
n

Su
bu

n
it
of

m
ic
ro
tu
bu

le
s

G
O
:0
00
70
17
;m

ic
ro
tu
bu

le
-

ba
se
d
pr
oc
es
s

44
5

N
o

16
3–
19
8

0.
25
7

N
on

e
N
on

e

U
2A

F
1

Q
01
08
1-
1

E
N
ST

00
00
02
91
55
2

Sp
lic
in
g
fa
ct
or

U
2A

F
35

kD
a

su
bu

n
it

Pl
ay
s
cr
it
ic
al

ro
le

in
m
R
N
A

sp
lic
in
g.

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

24
0

N
o

1–
32

0.
44
6

2
4

U
2A

F
2

P2
63
68
-1

E
N
ST

00
00
03
08
92
4

Sp
lic
in
g
fa
ct
or

U
2A

F
65

kD
a

su
bu

n
it

Pr
e-
m
R
N
A
sp
lic
in
g

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

47
5

N
o

18
8–
22
0,

24
5–
30
9

0.
46
25

N
on

e
N
on

e

U
2S
U
R
P

O
15
04
2-
1

E
N
ST

00
00
04
73
83
5

U
2
sn
R
N
P-
as
so
ci
at
ed

SU
R
P

m
ot
if
-c
on

ta
in
in
g
pr
ot
ei
n

R
N
A
bi
n
di
n
g

G
O
:0
00
83
80
;R

N
A
sp
lic
in
g

1,
02
9

N
o

29
1–
32
5,

58
5–
62
1

0.
77
05

N
on

e
N
on

e

U
B
C

P0
C
G
48
-1

E
N
ST

00
00
05
36
76
9

Po
ly
ub

iq
ui
ti
n
-C

U
bi
qu

it
i

G
O
:1
90
51
14
;c
el
ls
ur
fa
ce

re
ce
pt
or

si
gn

al
in
g

pa
th
w
ay

in
vo
lv
ed

in
ce
ll
–

ce
ll
si
gn

al
in
g

68
5

N
o

47
0–
50
9

0.
45
5

N
on

e
N
on

e

U
B
E
2D

3

P6
10
77
-1

E
N
ST

00
00
04
53
74
4

U
bi
qu

it
in
-c
on

ju
ga
ti
n
g
en

zy
m
e

E
2
D
3

E
2
ub

iq
ui
ti
n
en

zy
m
e

G
O
:0
00
65
13
;p

ro
te
in

m
on

ou
bi
qu

it
in
at
io
n

14
7

N
o

33
–9
8,
13
0–
14
7c

0.
17
8

N
on

e
N
on

e

U
B
E
2E

3

Q
96
9T

4-
1

E
N
ST

00
00
04
10
06
2

U
bi
qu

it
in
-c
on

ju
ga
ti
n
g
en

zy
m
e

E
2
E
3

A
cc
ep
ts
ub

iq
ui
ti
n
fr
om

E
1

co
m
pl
ex
.P

ar
ti
ci
pa

te
s
in

re
gu

la
ti
on

of
tr
an

se
pi
th
el
ia
l

so
di
um

tr
an

sp
or
t
in

re
n
al

ce
lls
.

G
O
:0
01
65
67
;p

ro
te
in

ub
iq
ui
ti
n
at
io
n

20
7

N
o

65
–9
5

0.
54
6

N
on

e
N
on

e

U
B
E
2H

P6
22
56
-1

E
N
ST

00
00
03
55
62
1

U
bi
qu

it
in
-c
on

ju
ga
ti
n
g
en

zy
m
e

E
2
H

E
2
ub

iq
ui
ti
n
lig

as
e

G
O
:0
00
02
09
;p

ro
te
in

po
ly
ub

iq
ui
ti
n
at
io
n

18
3

N
o

33
–6
7

0.
32
6

N
on

e
1

U
B
E
2I

P6
32
79
-1

E
N
ST

00
00
03
55
80
3

SU
M
O
-c
on

ju
ga
ti
n
g
en

zy
m
e

U
B
C
9

C
ov
al
en

tl
y
at
ta
ch

es
SU

M
O
to

ta
rg
et

pr
ot
ei
n
s.

G
O
:0
01
82
05
;p

ep
ti
dy

l-
ly
si
n
e

m
od

if
ic
at
io
n

15
8

N
o

62
–9
8,
11
7–
14
8

0.
19
3

N
on

e
N
on

e

U
B
E
2K

P6
10
86
-1

E
N
ST

00
00
02
61
42
7

U
bi
qu

it
in
-c
on

ju
ga
ti
n
g
en

zy
m
e

E
2
K

E
2
ub

iq
ui
ti
n
lig

as
e

G
O
:0
00
02
09
;p

ro
te
in

po
ly
ub

iq
ui
ti
n
at
io
n

20
0

N
o

1–
23

0.
37
0

N
on

e
N
on

e

U
H
R
F
2

Q
96
PU

4-
1

E
N
ST

00
00
02
76
89
3

E
3
ub

iq
ui
ti
n
-p
ro
te
in

lig
as
e
U
H
R
F
2

E
3
ub

iq
ui
ti
n
lig

as
e

th
at

pl
ay
s
im

po
rt
an

t
ro
le
s
in

D
N
A
m
et
h
yl
at
io
n
,h

is
to
n
e

m
od

if
ic
at
io
n
s,
ce
ll
cy
cl
e,
an

d

G
O
:0
01
65
67
;p

ro
te
in

ub
iq
ui
ti
n
at
io
n

80
2

N
o

58
2–
62
6

0.
72
1

N
on

e
N
on

e

24 of 35 SANDERS ET AL.



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

D
N
A
re
pa

ir
.R

ea
ds

fo
r
5-

h
yd

ro
xy
m
et
h
yl
cy
to
si
n
e

in
D
N
A
.

U
SP

9Y

O
00
50
7-
1

E
N
ST

00
00
03
38
98
1

Pr
ob

ab
le

ub
iq
ui
ti
n
ca
rb
ox
yl
-

te
rm

in
al

h
yd

ro
la
se

F
A
F
-Y

Pr
ob

ab
le

de
ub

iq
ui
ti
n
as
e.

E
ss
en

ti
al

co
m
po

n
en

t
of

T
G
F
-

B
et
a/
B
M
P
si
gn

al
in
g.

G
O
:0
01
65
79
;p

ro
te
in

de
ub

iq
ui
ti
n
at
io
n

2,
55
5

N
o

1,
32
6–
1,
38
1

0.
95
1

N
on

e
N
on

e

U
T
Y

O
14
60
7-
1

E
N
ST

00
00
03
31
39
7

H
is
to
n
e
de
m
et
h
yl
as
e
U
T
Y

M
al
e
sp
ec
if
ic
h
is
to
n
e

de
m
et
h
yl
as
e

G
O
:0
01
65
70
;h

is
to
n
e

m
od

if
ic
at
io
n

1,
34
7

N
o

12
4–
15
8,

87
3–
91
8,
1,
09
4–

1,
13
8,
1,
19
4–
1,
22
5c

0.
84
1

N
on

e
N
on

e

V
A
V
1

P1
54
98
-1

E
N
ST

00
00
06
02
14
2

Pr
ot
o-
on

co
ge
n
e
va
v

C
ou

pl
es

to
ty
ro
si
n
e
ki
n
as
e

si
gn

al
s
w
it
h
rh
o/
R
ac

G
T
Pa

se
s,
an

d
le
ad

s
to

ce
ll

di
ff
er
en

ti
at
io
n
an

d/
or

pr
ol
if
er
at
io
n
.

G
O
:0
01
09
42
;P

os
it
iv
e

re
gu

la
ti
on

of
ce
ll
de
at
h

84
5

N
o

36
5–
40
1

0.
77
8

N
on

e
3

W
N
K
3

Q
9B

Y
P7

-1

E
N
ST

00
00
03
54
64
6

Se
ri
n
e/
th
re
on

in
e-
pr
ot
ei
n
ki
n
as
e

W
N
K
3

Se
ri
n
e/
th
re
on

in
e
ki
n
as
e
th
at

pl
ay
s
an

im
po

rt
an

t
ro
le
in

el
ec
tr
ol
yt
e
h
om

eo
st
as
is
.

G
O
:0
04
32
70
;p

os
it
iv
e

re
gu

la
ti
on

of
io
n

tr
an

sp
or
t

1,
80
0

N
o

33
2–
36
4

0.
91
5

N
on

e
2

X
PR

1

Q
9U

B
H
6-
1

E
N
ST

00
00
03
67
59
0

X
en

ot
ro
pi
c
an

d
po

ly
tr
op

ic

re
tr
ov
ir
us

re
ce
pt
or

1

Ph
os
ph

at
e
h
om

eo
st
as
is
.

Ph
os
ph

at
e
ex
po

rt
.B

in
ds

in
os
it
ol

po
ly
ph

os
ph

at
es
.

G
O
:0
00
68
73
;c
el
lu
la
r
io
n

h
om

eo
st
as
is

69
6

Y
es

11
2–
14
9

0.
79
0

1
5

Y
T
H
D
C
1

Q
96
M
U
7-
1

E
N
ST

00
00
03
44
15
7

Y
T
H

do
m
ai
n
-c
on

ta
in
in
g
pr
ot
ei
n

1

Pr
e-
m
R
N
A
sp
lic
in
g;
m
R
N
A

ex
po

rt
;i
n
vo
lv
ed

in

sp
er
m
at
og
en

es
is
.

G
O
:0
05
06
84
;r
eg
ul
at
io
n
of

m
R
N
A
pr
oc
es
si
n
g

72
7

N
o

36
1–
39
5

0.
87
2

N
on

e
N
on

e

Y
Y
1

P2
54
90
-1

E
N
ST

00
00
02
62
23
8

T
ra
n
sc
ri
pt
io
n
al

re
pr
es
so
r
pr
ot
ei
n

Y
Y
1

T
ra
n
sc
ri
pt
io
n
fa
ct
or

th
at

ex
h
ib
it
s

po
si
ti
ve

an
d
n
eg
at
iv
e
co
n
tr
ol

on
la
rg
e
n
um

be
r
of

ge
n
es
.

B
in
ds

to
C
C
G
C
C
A
T
N
T
T
.

G
O
:0
00
15
58
;r
eg
ul
at
io
n
of

ce
ll
gr
ow

th

41
4

N
o

28
8–
32
6,

33
8–
41
0

0.
52
6

4
5

Z
B
T
B
16

Q
05
51
6-
1

E
N
ST

00
00
03
35
95
3

Z
in
c
fi
n
ge
r
an

d
B
T
B
do

m
ai
n
-

co
n
ta
in
in
g
pr
ot
ei
n
16

T
ra
n
sc
ri
pt
io
n
al

re
pr
es
so
r.
M
ay

pl
ay

a
ro
le
in

m
ye
lo
id

m
at
ur
at
io
n
.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

67
3

N
o

57
6–
62
2

0.
78
55

N
on

e
1

Z
B
T
B
20

Q
9H

C
78
-1

E
N
ST

00
00
04
74
71
0

Z
in
c
fi
n
ge
r
an

d
B
T
B
do

m
ai
n
-

co
n
ta
in
in
g
pr
ot
ei
n
20

M
ay

be
a
tr
an

sc
ri
pt
io
n
fa
ct
or

in
vo
lv
ed

in
h
em

at
op

oi
es
is
,

on
co
ge
n
es
is
an

d,
im

m
un

e

re
sp
on

se
.

G
O
:0
00
16
78
;c
el
lu
la
r
gl
uc
os
e

h
om

eo
st
as
is

74
1

N
o

57
4–
61
8

0.
73
55

9
19

Z
E
B
2

O
60
31
5-
1

E
N
ST

00
00
05
58
17
0

Z
in
c
fi
n
ge
r
E
-b
ox
-b
in
di
n
g

h
om

eo
bo

x
2

T
ra
n
sc
ri
pt
io
n
al

in
h
ib
it
or

of
E
-

ca
dh

er
in

an
d
re
pr
es
se
s

ex
pr
es
si
on

of
M
E
O
X
2.
B
in
ds

to
C
A
C
C
T
in

di
ff
er
en

t

pr
om

ot
er
s.

G
O
:0
00
97
90
;e
m
br
yo

de
ve
lo
pm

en
t

1,
21
4

N
o

29
6–
32
6,

1,
06
4–
1,
09
4

0.
78
6

1
M
an

y

Z
F
X

P1
70
10
-1

E
N
ST

00
00
03
79
17
7

Z
in
c
fi
n
ge
r
X
-c
h
ro
m
os
om

al

pr
ot
ei
n

Pr
ob

ab
ly

a
tr
an

sc
ri
pt
io
n
al

ac
ti
va
to
r.

G
O
:0
00
63
57
;r
eg
ul
at
io
n
of

tr
an

sc
ri
pt
io
n
by

R
N
A

po
ly
m
er
as
e
II

80
5

N
o

41
4–
44
4

0.
72
0

N
on

e
N
on

e (C
on

ti
n
ue

s)

SANDERS ET AL. 25 of 35



T
A
B
L
E

1
(C
on

ti
n
ue

d)

G
en

e
sy
m
bo

l,

U
n
iP
ro
t
ID

,

tr
an

sc
ri
p
t
ID

E
n
co

d
ed

p
ro
te
in

F
u
n
ct
io
n

G
O

p
at
h
w
ay

or
p
ro
ce
ss

P
ro
te
in

le
n
gt
h

T
ra
n
sm

em
br

an
e?

In
to
le
ra
n
t
se
gm

en
t(
s)

(U
n
iP
ro
t
n
u
m
be

ri
n
g)

M
ed

ia
n

M
T
R
sc
or
e

fo
r
en

ti
re

p
ro
te
in

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

in
to
le
ra
n
t

se
gm

en
t(
s)

N
o.

of
C
li
n
V
ar

va
ri
an

ts
in

th
e

w
h
ol
e
p
ro
te
in

Z
F
Y

P0
80
48
-1

E
N
ST

00
00
03
83
05
2

Z
in
c
fi
n
ge
r
Y
-c
h
ro
m
os
om

al

pr
ot
ei
n

Pr
ob

ab
le

tr
an

sc
ri
pt
io
n
fa
ct
or

G
O
:0
00
63
57
;r
eg
ul
at
io
n
of

tr
an

sc
ri
pt
io
n
by

R
N
A

po
ly
m
er
as
e
II

80
1

N
o

65
4–
69
1c

0.
82
8

N
on

e
N
on

e

Z
M
A
T
2

Q
96
N
C
0-
1

E
N
ST

00
00
02
74
71
2

Z
in
c
fi
n
ge
r
m
at
ri
n
-t
yp

e
pr
ot
ei
n
2

In
vo
lv
ed

in
pr
e-
m
R
N
A
sp
lic
in
g

as
a
co
m
po

n
en

t
of

th
e

sp
lic
eo
so
m
e.

G
O
:0
00
03
98
;m

R
N
A

sp
lic
in
g,
vi
a
sp
lic
eo
so
m
e

19
9

N
o

67
–1
01

0.
70
9

N
on

e
N
on

e

Z
M
Y
M
3

Q
14
20
2-
1

E
N
ST

00
00
03
14
42
5

Z
in
c
fi
n
ge
r
M
Y
M
-t
yp

e
pr
ot
ei
n
3

Pl
ay
s
a
ro
le
in

ce
ll
m
or
ph

ol
og
y

an
d
cy
to
sk
el
et
al

or
ga
n
iz
at
io
n
.

G
O
:0
00
70
10
;c
yt
os
ke
le
to
n

or
ga
n
iz
at
io
n

1,
37
0

N
o

1,
18
5–
1,
21
5

0.
72
4

N
on

e
3

Z
M
Y
N
D
8

Q
9U

L
U
4-
1

E
N
ST

00
00
03
11
27
5

Pr
ot
ei
n
ki
n
as
e
C
-b
in
di
n
g
pr
ot
ei
n

1

T
ra
n
sc
ri
pt
io
n
al

co
re
pr
es
so
r
fo
r

K
D
M
5D

.F
un

ct
io
n
se
em

s
to

be
h
is
to
n
e
re
co
gn

it
io
n
.

G
O
:0
06
02
84
;r
eg
ul
at
io
n
of

ce
ll
de
ve
lo
pm

en
t

1,
18
6

N
o

1,
03
3–
10
72

c
0.
79
0

N
on

e
N
on

e

Z
N
F
84

P5
15
23
-1

E
N
ST

00
00
03
27
66
8

Z
in
c
fi
n
ge
r
pr
ot
ei
n
84

M
ay

be
in
vo
lv
ed

in
tr
an

sc
ri
pt
io
n

G
O
:0
00
63
57
;r
eg
ul
at
io
n
of

tr
an

sc
ri
pt
io
n
by

R
N
A

po
ly
m
er
as
e
II

73
8

N
o

48
6–
52
7

0.
88
5

N
on

e
N
on

e

a T
h
e
tr
an

sc
ri
pt

co
n
ta
in
in
g
th
e
in
to
le
ra
n
t
se
gm

en
t
is
n
ot

fo
un

d
in

U
n
iP
ro
t
an

d
is
n
ot

th
e
ca
n
on

ic
al

tr
an

sc
ri
pt
.T

h
e
am

in
o
ac
id

n
um

be
ri
n
g
pr
ov
id
ed

fo
r
th
e
ze
ro
-t
ol
er
an

ce
se
gm

en
t
is
ba
se
d
on

th
e
se
qu

en
ce

of
th
e
pr
ot
ei
n
en

co
de
d
by

th
e
in
di
ca
te
d
tr
an

sc
ri
pt
.

b
T
h
e
tr
an

sc
ri
pt

co
n
ta
in
in
g
th
e
in
to
le
ra
n
t
se
gm

en
t
is
n
ot

fo
un

d
in

U
n
iP
ro
t.
T
h
e
am

in
o
ac
id

n
um

be
ri
n
g
pr
ov
id
ed

fo
r
th
e
ze
ro
-t
ol
er
an

ce
se
gm

en
t
is
ba
se
d
on

th
e
se
qu

en
ce

of
th
e
pr
ot
ei
n
en

co
de
d
by

th
e
in
di
ca
te
d
tr
an

sc
ri
pt
.

c U
n
iP
ro
t
n
um

be
ri
n
g,
w
h
ic
h
in

th
is
ca
se

is
di
ff
er
en

t
fr
om

th
e
n
um

be
ri
n
g
of

th
e
M
T
R
-d
es
ig
n
at
ed

ca
n
on

ic
al

tr
an

sc
ri
pt

in
gn

om
A
D
.

d
U
n
iP
ro
t
tr
an

sc
ri
pt

us
ed

th
at

is
n
ot

co
n
si
de
re
d
th
e
ca
n
on

ic
al

se
qu

en
ce

by
U
n
iP
ro
t.

A
bb

re
vi
at
io
n
s:
A
T
P,

ad
en

os
in
e
tr
ip
h
os
ph

at
e;
E
R
,e
n
do

pl
as
m
ic
re
ti
cu
lu
m
;G

O
,g
en

e
on

to
lo
gy
;G

PC
R
,G

-p
ro
te
in

co
up

le
d
re
ce
pt
or
;G

D
P,

gu
an

os
in
e
di
ph

os
ph

at
e;
G
T
P,

gu
an

os
in
e
tr
ip
h
os
ph

at
e;
M
T
R
,m

is
se
n
se

to
le
ra
n
ce

ra
ti
o;

P
T
M
,p

os
t-
tr
an

sl
at
io
n
al

m
od

if
ic
at
io
n
.

26 of 35 SANDERS ET AL.



median MTR score is presented for all segments within
each protein.

In addition to the 257 proteins with certain zero-
tolerance segments, we also found 33 human proteins
that have 31 or longer residue segments with an MTR
score of 0, but for which the statistics associated with this
score are uncertain because of an insufficient number of
observed silent mutations with the intolerant segments.
These 33 proteins are listed in Table S1 and will require
additional data to determine whether the preliminary
MTR = 0 score seen for at least one segment within each
of these proteins is confirmed in a statistically robust
manner. It may be significant that 7 of these 33 proteins
have sites of known ClinVar variants, suggestive of high
relevance to human health (Table S1).

2.2 | Homology of human zero-tolerance
proteins to corresponding proteins from
other mammals

For each of the 257 proteins containing one or more
zero-tolerance segments, we conducted BLASTP
sequence homology searches for both the entire protein

sequence and the zero-tolerance segments. Results were
analyzed for the 250 closest mammalian homologs.
Figure 2 gives a representative sample of the results,
while Figure S1 shows the results for all 257 proteins. For
each protein the statistical distribution of sequence iden-
tity to the closest 250 mammalian homologs is presented
for both full-length protein sequence (black) and zero-
tolerance segment(s) (red).

For most proteins, it is seen that the median of the
distribution of % sequence homology is much higher for
the zero-tolerance segments than it is for the entire pro-
tein sequence. Indeed, for a great many zero-tolerance
segments, the degree of sequence identity to all 250 closest
mammalian homologs is 100%. However, there are also a
number of exceptions seen in Figures 2 and S1, where
the median sequence homology observed for a given
zero-tolerance segment is significantly less than 100%.
For example, the intolerant segment found in CTCF
exhibits a lower median homology score to mammalian
homologs than does the full protein sequence of that
protein.

There are a variety of potential explanations for why
any given zero-tolerance segment is not absolutely con-
served among mammalian homologs. Because currently
there are only roughly 150 fully sequenced mammalian
genomes, the fact that we are considering the data for the
250 nearest homologs implies that many of the homologs
included in the analysis for a given protein are paralogs,
not orthologs. Between paralogs, even functionally criti-
cal residues are sometimes expected to exhibit variation.
Another and particularly intriguing possibility is that
some less-than-100%-conserved human zero-tolerance
segments play critical roles in establishing traits that are
unique to humans. Only careful future studies of specific
instances will provide convincing explanations for why
some of the proteins shown in Figures 2 and S1 contain
human zero-tolerance segments that are less-than-100%
conserved.

2.3 | Likely protein basis for most
evolutionary intolerance associated with
protein-encoding genes

While it cannot be ruled out for all entries in Table 1 that
the mechanism responsible for evolutionary purifying
selection involves changes in parent DNA or mRNA
structure (see the previous review11), we hypothesize that
for the vast majority of cases, evolutionary intolerance
stems from the altered properties of the encoded mutant
protein. This is here supported by two observations. (a) A
number of the proteins listed in Table 1 are known to
directly form complexes with other proteins appearing in

FIGURE 1 Histograms for intolerance within the 257 proteins

containing a zero-tolerance segment. (a) Distribution of MTR scores

for all possible 31 residue segments. Segments with a score in the

“at or near zero” bin represent 1.9% of all segments. The mean

MTR score is 0.69 ± 0.26 and the median score is 0.73.

(b) Distribution of median protein MTR scores based on analysis of

all possible 31 amino acid segments within each protein. The mean

of these medians is 0.71 ± 0.26. MTR, missense tolerance ratio
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FIGURE 2 Representative examples of sequence identity patterns for proteins containing zero-tolerance segments, comparing both the

whole-protein (black plots) and the intolerant segmental (red plots) homology levels to the 250 nearest mammalian homologs following

BLASTP searches of NCBI. GENE.1, GENE.2, and so forth indicate which non-contiguous intolerant segment for that gene was searched.

The distributions of sequence identities seen for the 250 closest homologs to each protein are presented as box-and-whiskers plots. The bold

bar is the median, the wings of the bars are the quartiles and the whiskers are 1.5 times the inner quartile ranges. The dots are outliers that

lie beyond the whiskers. The complete results for all 257 proteins with zero-tolerance segments are presented in Figure S1
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this table, suggesting that disruption by a single muta-
tion in a single subunit of critical multi-protein com-
plexes is a common mechanism of underlying zero-
tolerance. In some other cases, multiple proteins con-
taining zero-tolerance segments are seen to be on the
same pathways, even if they do not actually form a
complex. (b) There are many proteins appearing in
Table 1 that are known to be central players in human
biology and physiology—proteins that one might
expect to contain intolerant segments. These include
calmodulin, ubiquitin, SUMO, clathrin, various tubulin
subunits, actin, and the rynanodine receptor. In light of
these considerations, this paper focuses on the implica-
tions of genetic intolerance as it relates to the encoded
proteins.

2.4 | A case study of intolerance: The
voltage-gated potassium and sodium
channels

Although a comprehensive structural study of all 257 pro-
teins with zero-tolerance regions is beyond the scope of
the current work, we nonetheless subjectively perused
several dozen of the proteins in Table 1. Results suggest
that zero-tolerance segments tend to occupy well-
structured regions of proteins, often including
functionally-critical sites. An example is provided by the
six voltage-gated potassium channels and two voltage-
gated sodium channels appearing in Table 1 (see list in
Table S2). With only one exception, the 19 intolerant seg-
ments documented for these eight channels are contained
within the part of the channels that spans the critical
transmembrane S4 segment of the voltage sensor domain
through the transmembrane S6 segment, the latter of
which includes the channel gate and ends the pore
domain (see Table S2). The structural elements in this
span are all known to be critical to voltage-gated sodium
and potassium channel function, where S4 and the S4–S5
linker are central to channel regulation by the transmem-
brane electrical potential. The actual pore is comprised of
S5, the selectivity filter, the pore helix, and S6.16,17 The
location of zero-tolerant segments in these structural ele-
ments strongly implicates mutation-induced alteration of
channel function as the mechanistic basis for evolution-
ary intolerance associated with these segments. It is inter-
esting that from channel to channel the exact location of
the intolerant segments varies. For example, the single
zero-tolerance segment in KCNA3 spans the S4 segment
and S4–S5 linker, which are key for voltage regulation,
while the single zero-tolerance segment in KCNH7 spans
the pore helix, selectivity filter, and S6, which are critical
for ion selectivity and flux.16,17

The single zero-tolerance segment that was not
located within the functionally-central S4 through S6 part
of the channels is the 82–113 residues segment found in
the KCNB1 potassium channel. This segment is located
in its N-terminal tetramerization (T) domain, a domain
found in some, but not all voltage-gated potassium chan-
nels. Mutagenesis studies of H105 located within this
intolerant segment revealed that mutations at this site do
not interfere with KCNB1 homotetramerization, but
rather disrupt heterotetramerization with subunits of
voltage-gated KV6 potassium channel family members.18

This strongly suggests that the basis for zero-tolerance in
this segment is not disruption of the formation of homo-
tetrameric KCNB1 channels but rather disruption of the
formation of heterotetrameric KCNB1/Kv6 channels.

A final observation should be made about the sodium
channel SCN2A. Unlike homotetrameric potassium
channels, human voltage-gated sodium channels com-
bine all four subunits in a single long chain in which the
four connected “pseudo-subunits” are homologous, but
are not identical in sequence, resulting in a fourfold
semi-symmetric channel.19 It is interesting that only two
of the pseudo-subunits of SCN2A contain zero-tolerance
segments, not all four. Some pseudo-subunits in voltage-
dependent sodium channels are evidently more tolerant
of mutations than others.

2.5 | Previously overlooked proteins
containing zero-tolerance segments

While the zero-tolerance proteins include a number of
prominent proteins, on the opposite end of the spectrum
are a number of genes/proteins listed in Table 1 that are
almost completely uncharacterized. A February 2022
PubMed search on each of the following nine genes
yielded, at most, only eight papers mentioning each:
CLASRP, GOLGA8G, HMGN4, OR4F17, RBMX2,
TBC1D3H, U2SURP, ZMAT2, and ZNF84. The presence
of zero-tolerance segments within these proteins suggests
that at least some of them are associated with critical
physiological functions and/or pathophysiology. While
only further study will confirm this prediction, the MTR
data seems compelling that such studies are merited.
Here, we further highlight the case of OR4F17, which is a
membrane protein and putative olfactory receptor. Only
36 of the zero-tolerance proteins (13%) are integral mem-
brane proteins, which include the aforementioned
voltage-gated channels (Table 1). This is despite the fact
that membrane proteins represent roughly 20–30% of all
human proteins20 and are the targets for more than 50%
of all approved drugs.21 This highlights the fact that the
factors that decide what represents a good target for drug
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development correlate only partially with the priorities of
natural selection. Indeed, a particularly intriguing obser-
vation is that while the human G-protein coupled recep-
tor (GPCR) superfamily includes the targets for about
one third of all approved drugs,22 OR4F17 is the only
GPCR among the 257 proteins of Table 1 and is classified
as one of the 500 human olfactory receptors. This raises
the question that why an olfactory receptor would con-
tain a zero-tolerance segment. We suggest three compet-
ing hypotheses. First, it could be that mutations in the
intolerant segment of this receptor (located at its N-termi-
nus) could result in a toxic gain-of-function effect such as
promoting the formation of aggregates or amyloids by
this protein. Another possibility is that OR4F17 is not
actually an olfactory receptor but has a different and very
important physiological function that is disrupted by
mutations in its intolerant segment. A third possibility is
that it is an olfactory receptor but has additional physio-
logical functions. This would not be unprecedented.23

Only future experiments will determine which, if any, of
these hypotheses are correct. However, this serves as
another illustration of the power of intolerance analysis
to direct attention to interesting biological questions.

2.6 | Proteins involved in RNA splicing
represent the largest group of proteins
containing at least one intolerant segment

We sought preliminary insight into which pathways, net-
works, and protein complexes are most commonly repre-
sented among the 257 proteins with intolerant segments.
Cytoscape stringApp24 with a confidence cutoff of 0.95
was used to determine high confidence interactors. This
approach yielded protein interaction maps that group
proteins based on broad molecular or cellular functional
categories (Figure 3). The largest clusters of networked
proteins are associated with central cellular processes
such as chromatin remodeling, protein degradation, RNA
splicing, the cytoskeleton, the cell cycle, and nucleic acids
biochemistry.

Further analysis of the protein interaction-mapping
presented in Figure 3 using the stringApp network clus-
tering with a granularity parameter of three was used to
help identify sets of proteins that may participate in func-
tional complexes (Figure 4). Major complexes include
proteins of the spliceosome, translation, tubulin, and
NMDA receptor.

FIGURE 3 Protein interaction network using Cytoscape stringApp based on an interactor cut-off stringdb score ≥ 0.95. Not all proteins

returned by this analysis (�150) are visualized here, as networks that consisted of two proteins were excluded from the visualization (with

one exception). The clusters highlighted were manually assigned by identifying the general functions of proteins in the clustered area
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GO Panther's overrepresentation analysis25 was
employed to identify biological processes that are over-
represented in the intolerant gene list as compared to the
Homo sapiens reference. We filtered for processes that
had less than 500 proteins in the reference list to avoid
very general biological processes and instead focused on
more specific pathways. In addition, the p value cut-off
was required to be less than 5 � 10�10. As can be seen in
Figure 5a, the most overrepresented biological processes
are all or in some way related to mRNA processing, par-
ticularly RNA splicing. The two other pathways noted
were histone modification and regulation of membrane
potential. For further confirmation, the list of proteins
was analyzed using Enrichr.26 Consistent with Panther, it
was seen that three different databases (Bioplanet,27

WikiPathway 2021 Human,28 and KEGG 2021
Human34423492) indicate that mRNA processing was
the most significantly enriched pathway. Approximately
50 of the 290 proteins with zero-tolerance segments were
identified by Panther having the gene ontology
(GO) term mRNA processing (see Table 1). When GO
Panther's overrepresentation analysis results were filtered
to retain results only for the proteins with a zero-

tolerance segment that is at least 41 residues long, the
only two categories yielding p <5 � 10�10 were RNA
splicing and mRNA processing (Figure 5b), further
highlighting the robust enrichment of these protein func-
tional categories in Table 1.

The gene enrichment analyses all point to RNA splic-
ing as the biological process that is associated with the
largest number of proteins that contain an intolerant seg-
ment. This may well reflect the importance of mRNA
splicing in early human development (conception to
birth), where this process enables proteins to be remo-
deled to suit varying roles during the developmental
phases of human gestation.29–31 Failure to express the
correct protein isoforms at the right time may be a partic-
ularly common mechanism of purifying selective pres-
sure on the responsible gene variations.

2.7 | Association of ClinVar variants
with proteins having intolerant segments

For each protein with an MTR = 0 segment, we also
examined whether there are ClinVar missense variants

FIGURE 4 Granulated protein interaction networks among proteins containing intolerant segments. We used a granularity parameter

of 3 to form more discrete interaction nodes that may represent specific protein complexes. Proteins are labeled according to gene symbol.

The darkness/thickness of the lines connecting nodes is indicative of Cytoscape stringApp experimental score, which is based on high-

throughput interaction mapping, where thicker darker lines reflect more confident interactions based on experiments. The networks shown

are manually identified based of the general function of the cluster. Sub-networks of six or fewer proteins are not shown
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that encode amino acid changes in that protein and
recorded this observation in Table 1. As of February
2022, we found that 127 of the 257 proteins contain at
least one ClinVar missense mutation encoding an amino
acid change in the protein. It is interesting that the other
130 of these proteins have no known or suspected disease
mutations associated with them, highlighting the ability
of intolerance analysis to detect proteins that evidently
may be essential to human reproduction or gestational
development but are not associated with known human
genetic disorders. Currently, detection of disease variants
is usually based on genetic sampling and analysis of peo-
ple after they have been born, explaining why mutations
in such essential genes may have escaped detection.

For the 127 intolerant proteins that are seen to be
associated with ClinVar variations, we also examined
whether any of the encoded amino acid changes are
located within MTR = 0 segments. We found this to be
the case for 68 proteins. For such proteins, while muta-
tions are not observed within their MTR = 0 gene seg-
ments in any of the >105 sequences from mostly healthy
people in the current gnomAD database, there are very
rare variants that are detected in clinical patient

populations, often sick children with de novo (non-inher-
ited) mutations. These very rare variants may cause or
contribute to human disorders, but are not absolutely fil-
tered out of the human population because they do not
prevent birth.

3 | CONCLUSION

This paper reports that 257 human proteins contain zero-
tolerance segments, as identified by MTR analysis. Some
of these proteins were previously known to be associated
with genetic disorders and some were not. While not all
proteins containing zero-tolerance segments can be func-
tionally grouped with other such proteins, about half
were found in one of a half dozen functionally-related
groups of protein, the largest of which (containing nearly
20% of all zero-tolerance proteins) is associated with
RNA splicing and related RNA biochemistry.

We hope that this report of 257 human proteins that
contain zero-tolerance segments will motivate studies of
these proteins to establish exactly how and why muta-
tions in intolerant segments within each protein result in

FIGURE 5 Panther overrepresentation GO biological process term analysis of biological pathways associated with proteins containing a

zero-tolerance segment. Only pathways with less than 500 proteins in the Homo sapiens reference list and p < 5 � 10�10 were considered.

(a) The results for analysis of proteins in which the minimum size of the zero-tolerance segment was 31 residues. (b) The results when the

minimum length of the zero-tolerant segment was 41 residues. GO, gene ontology
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purifying selection in the human population. This will
require insight into the human physiological role(s) of
each protein and also structural and structure–function
data (see Perszyk et al.3 for a recent method that may
support such efforts). For some of these proteins, such as
the voltage-gated potassium and sodium channels, there
may already be enough information in the literature to
rationalize the presence of zero-tolerant segments.
However, even for these channels, questions remain.
For example, mutations in the zero-tolerance segments
of the sodium channels SCN2A and SCN8A are sub-
jected to purifying selection even though these muta-
tions would occur under heterozygous WT/mutant
expression conditions and even though sodium chan-
nels, unlike potassium channels, form monomeric
channels. Does this mean a 50% reduction in the func-
tion of SNC2A or SCN8A is sufficient to prevent human
reproduction or terminate life before birth or is it
instead the case that mutations in zero-tolerant seg-
ments in these proteins induce some sort of toxic gain-
of-function effect that compounds the impact of partial
loss-of-function under WT/mutant heterozygous condi-
tions? Future studies may be required to address such
questions.

For proteins that have previously escaped significant
notice, such as the putative olfactory receptor, OR4F17,
observation of a zero tolerant segment suggests a critical
and previously overlooked role for these proteins in
human reproduction and/or health. Observation of zero-
tolerance segments in proteins may be particularly useful
as a way of pointing investigators to proteins that are crit-
ical for human reproduction and/or pre-birth develop-
ment, but for which associated causative mutations have
never been detected.

Finally, there are other interesting questions trig-
gered by this work. These include the aforementioned
question of why some zero-tolerance segments in
human protein are not 100% conserved among their
nearest mammalian relatives. Another question is
inspired by Figure 1a, where it is seen that there is a
modest population of proteins that have not only a
zero-tolerance segment, but also contain segments with
MTR values higher than 1.0, suggesting these latter seg-
ments are experiencing evolutionary pressure to rapidly
mutate. Does this suggest that such proteins are critical
to human reproduction and/or health, yet also are
being pressured either to adapt to changes in the
human environment, to further optimize a current
function, or to acquire a new function or mode of regu-
lation? We hope that addressing questions such as
these will ultimately advance our understanding of the
molecular biology of human health, reproduction,
development, and disease.

4 | MATERIALS AND METHODS

4.1 | MTR analysis

An Excel file containing a well-annotated list of all
canonical human genes was provided by Prof. Anthony
Capra of the University of California, San Francisco.
From this list, we deleted all genes that encode various
forms of non-coding RNA, leaving a list of roughly 20,000
protein-encoding genes. Each gene was then subjected to
MTR analysis using the web-mounted MTR-Viewer
server (http://biosig.unimelb.edu.au/mtr-viewer/).1 Ver-
sion 2 of MTR analysis was run using the default window
size of 31 residues. This program conducts MTR analysis
in “sliding sequence” fashion for each possible 93 nucleo-
tide segment in the coding gene transcript and returns a
plot of the segmental MTR score versus the position of
the amino acid in the middle of the encoded 31 residues
segment. When a residue is within 16 residues of the pro-
tein's N- or C-terminus, analysis is conducted, but in a
truncated manner. For example, for residue 10 in any
given protein, the reported MTR score will be for the
gene segment that encodes residues 1–25. The MTR plots
generated by the server for each protein were then manu-
ally inspected and the minimum MTR score observed for
the analyzed gene/protein was recorded along with the
corresponding residue number at the center of the ana-
lyzed segment. For proteins having multiple overlapping
and/or non-overlapping MTR = 0 segments, the locations
of all such segments were recorded. MTR plots revealed
that there were 257 human proteins that exhibited at
least one statistically robust MTR = 0 segment.

The 257 genes and their encoded proteins that exhib-
ited at least one statistically robust MTR = 0 segment are
tabulated (Table 1) with both gene codes and UniProt
identifiers (https://www.UniProt.org/).32 It was found
that the canonical transcript for a given gene analyzed by
the MTR version 2 program does not always correspond
to the canonical protein sequence listed in UniProt, usu-
ally because the MTR-analyzed transcript is a splice vari-
ant of the transcript that encodes the UniProt-canonical
protein. For such instances this is noted in Table 1 and,
to avoid confusion, the reported amino acid sequence of
the intolerant segment is provided using the residue
numbering for the canonical UniProt sequence. There
were a few cases where the intolerant segment was not
found in the sequence of the UniProt-listed splice variant
form(s) of the protein. In these cases, a note is added to
the table.

In conjunction with the primary MTR plot for each
gene/protein, the output of the MTR-Viewer server also
includes a plot of the positions of any known ClinVar33

variants for the analyzed gene/protein. Along with
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tabulated MTR data for each protein entry we also
included the total number of ClinVar variants in the pro-
tein and the number that are located within the MTR = 0
segment(s), if any.

Proteins with intolerant segments were also manually
characterized based on their function. The GO terms34,35

were tabulated and pathway analysis was also conducted,
as described in the following sections. We also recorded
whether each protein entry contains a transmembrane
domain.

In addition to the 257 proteins with statically robust
zero-tolerance segments there were additional 33 proteins
that contained MTR = 0 segments, but for which there
were not enough observed silent mutations within these
segments in gnomAD to ensure that MTR = 0 is statisti-
cally robust. These proteins are listed in Table S1, along
with additional information regarding the location of the
candidate intolerant segment(s) in each protein's
sequence. These 33 proteins remain candidates as having
zero-tolerance segments, but more human sequences will
be required to increase the number silent mutations to
the point where statistically reliable MTR scores can be
calculated.

4.2 | Sequence homology searches

For each of the 257 protein sequences of Table 1 that con-
tain one or more zero-tolerance segments we ran
BLASTP36 using the default search parameters against all
available mammalian protein sequences. For each search
we saved the output for the 250 closest mammalian
homologs. We also ran BLASTP for each protein's zero-
tolerance segment(s). For each protein, the median %
sequence identity for both the full-length sequence and
the zero-tolerance segment(s) was determined along with
related statistics (Figure 2 and S1).

BLASTP searches were also conducted for the 33 pro-
teins of Table S1 that contain an MTR = 0 segment, but
for which the result is not statistically definitive, as sum-
marized in Figure S2.

4.3 | Protein–protein interaction
analysis

Protein networks for proteins with MTR = 0 segments
were constructed using the Cytoscape stringApp24

(https://apps.cytoscape.org/apps/stringapp) with a confi-
dence cutoff of ≥ 0.95 stringdb score. Next, a granulation
value of 3 was applied to determine refined complexes.
The thickness of the lines connecting protein pairs in the
granulated Cytoscape networks was set based on the
stringdb experiment scores.

4.4 | Pathway analysis

Gene symbols for proteins with at least one MTR = 0 seg-
ment were input into GO Panther's statistical overrepre-
sentation test to determine which biological pathways are
overrepresented compared to the reference human gene
list (http://www.pantherdb.org/).25 The processes consid-
ered for evaluation were those that encompass less than
500 genes in the human genome reference to filter for
GO biological processes functions that are more specific
and reduce non-specific overarching GO terms. In addi-
tion to this criterion, the GO term must also have p < 5.0
x 10�10. Additionally, the gene list was input into
Enrichr26 (https://maayanlab.cloud/Enrichr/) to deter-
mine the biological pathways involved.
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