
 

Supplementary Table 1. LDSC Estimates of Genetic Correlations 

 Insomnia_complaints Insomnia_symptoms Sleep_duration Total MTAG 

Insomnia_complaints 1.000 0.9717 (0.0214) -0.4722 (0.058) 0.3621 (0.0785) 

Insomnia_symptoms 0.9717 (0.0214) 1.000 -0.5087 (0.0555) 0.2161 (0.0888) 

Sleep_duration -0.4722 (0.058) -0.5087 (0.0555) 1.000 0.5282 (0.0553) 

Standard errors are in parentheses 

 

Supplementary Table 2. LDSC Estimates of heritability 

 Insomnia_complaints Insomnia_symptoms Sleep_duration  Total MTAG 

Heritability (h2) 0.0473 (0.0048) 0.1324 (0.012) 0.0575 (0.0059)  0.0988 (0.0082) 

Standard errors are in parentheses 

 

Supplementary Table 3. LDSC Estimates of Intercepts 

 Insomnia_complaints Insomnia_symptoms Sleep_duration  Total MTAG 

Intercepts 1.0028 (0.007)  1.0021 (0.008) 1.013 (0.0077)  1.4869 (0.0091) 

Standard errors are in parentheses 

 

Supplementary Table 4. Summary of GWAS and MTAG Results 

 N SNPs  GWAS mean χ2 MTAG mean χ2 GWAS equiv. N 

Insomnia_complaints 113006 8,270,035 1.082  1.119 163188 

Insomnia_symptoms 59128 8,270,035 1.118  1.127     63055 

Sleep_duration 111975 8,270,035 1.108  1.119 122792 

GWAS equiv. N: GWAS-equivalent sample size.  

              

 



 

Supplementary Table 5. Summary of gene-based for GWAS and MTAG Results 

CHR START STOP ZSTAT P Gene Phenotype 

2 66650584 66811001 5.0352 2.39E-07 MEIS1 GWAS (insomnia complaints) 

7 113716382 114343827 4.6247 1.88E-06 FOXP2 GWAS (insomnia complaints) 

2 66650584 66811001 6.0123 9.14E-10 MEIS1 GWAS (insomnia symptoms) 

18 52879562 53342018 4.9847 3.1E-07 TCF4 GWAS (insomnia symptoms) 

2 215265789 215453683 4.8941 4.94E-07 VWC2L GWAS (insomnia symptoms) 

8 8630864 8761155 4.8816 5.26E-07 MFHAS1 GWAS (insomnia symptoms) 

9 96328689 96451869 4.8595 5.89E-07 PHF2 GWAS (insomnia symptoms) 

17 43118978 43196384 4.8504 6.16E-07 NMT1 GWAS (insomnia symptoms) 

1 201788269 201863422 4.7338 1.1E-06 IPO9 GWAS (insomnia symptoms) 

1 17856330 18034369 4.5841 2.28E-06 ARHGEF10L GWAS (insomnia symptoms) 

17 36876488 36901297 4.5637 2.51E-06 CISD3 GWAS (insomnia symptoms) 

8 9901778 10296401 5.9232 1.58E-09 MSRA GWAS (sleep duration) 

7 113716382 114343827 5.7134 5.54E-09 FOXP2 GWAS (sleep duration) 

22 39120730 39200148 5.4345 2.75E-08 SUN2 GWAS (sleep duration) 

22 39164513 39200203 4.683 1.41E-06 DNAL4 GWAS (sleep duration) 

8 9911778 10286401 6.6278 1.7E-11 MSRA MTAG (sleep duration) 

7 113726382 114333827 6.3221 1.29E-10 FOXP2 MTAG (sleep duration) 

8 8640864 8751155 4.9964 2.92E-07 MFHAS1 MTAG (sleep duration) 

22 39130730 39190148 4.9692 3.36E-07 SUN2 MTAG (sleep duration) 

8 10753555 11058875 4.7961 8.09E-07 XKR6 MTAG (sleep duration) 

22 22108789 22221970 4.6685 1.52E-06 MAPK1 MTAG (sleep duration) 

2 66660584 66801001 5.7648 4.09E-09 MEIS1 MTAG (insomnia complaints) 

7 113726382 114333827 5.6069 1.03E-08 FOXP2 MTAG (insomnia complaints) 



1 201798269 201853422 4.8774 5.37E-07 IPO9 MTAG (insomnia complaints) 

3 49158547 49170551 4.7712 9.16E-07 LAMB2 MTAG(insomnia complaints) 

8 8640864 8751155 4.7044 1.27E-06 MFHAS1 MTAG(insomnia complaints) 

12 57482677 57489259 4.6871 1.39E-06 NAB2 MTAG(insomnia complaints) 

2 215275789 215443683 4.6867 1.39E-06 VWC2L MTAG(insomnia complaints) 

8 9911778 10286401 4.6574 1.60E-06 MSRA MTAG(insomnia complaints) 

15 74275547 74286963 4.6082 2.03E-06 STOML1 MTAG(insomnia complaints) 

18 52889562 53332018 4.6048 2.06E-06 TCF4 MTAG(insomnia complaints) 

2 66660584 66801001 5.7192 5.35E-09 MEIS1 MTAG(insomnia symptoms) 

7 113726382 114333827 5.4951 1.95E-08 FOXP2 MTAG(insomnia symptoms) 

8 8640864 8751155 5.1199 1.53E-07 MFHAS1 MTAG(insomnia symptoms) 

8 9911778 10286401 5.0284 2.47E-07 MSRA MTAG(insomnia symptoms) 

18 52889562 53332018 4.944 3.83E-07 TCF4 MTAG(insomnia symptoms) 

12 57482677 57489259 4.9345 4.02E-07 NAB2 MTAG(insomnia symptoms) 

1 201798269 201853422 4.9201 4.32E-07 IPO9 MTAG(insomnia symptoms) 

3 49158547 49170551 4.7899 8.34E-07 LAMB2 MTAG(insomnia symptoms) 

5 88013975 88199922 4.7146 1.21E-06 MEF2C MTAG(insomnia symptoms) 

2 215275789 215443683 4.6613 1.57E-06 VWC2L MTAG(insomnia symptoms) 

15 74275547 74286963 4.6505 1.66E-06 STOML1 MTAG(insomnia symptoms) 

8 11141925 11185646 4.5996 2.12E-06 MTMR9 MTAG(insomnia symptoms) 

17 43128978 43186384 4.577 2.36E-06 NMT1 MTAG(insomnia symptoms) 

15 66839517 66858317 4.5575 2.59E-06 LCTL MTAG(insomnia symptoms) 

 

 

 

 



 

Supplementary Table 6. Genes in each cluster 

Module 
Nodes in 

Module 
Node List 

0 132 

ACSS2,ADH1A,ADH1B,ADH1C,ADH4,ADH5,ADH6,ADH7,AIFM2,ALDH1A1,ALDH2,ALDH3A1,APAF1,APP,AQP1,AQP2,AQP3,AQP5,AQP6,AQP7,A

TF1,ATF2,BAX,BBC3,BCL6,BNIP3L,CASP6,CCL22,CDC25B,CIRH1A,CREB1,CREBBP,CYP11A1,CYP11B1,CYP11B2,CYP19A1,CYP1A1,CYP1A2,CYP

1B1,CYP24A1,CYP26C1,CYP27A1,CYP27B1,CYP2C18,CYP2C19,CYP2C8,CYP2C9,CYP2E1,CYP2F1,CYP2S1,CYP3A4,CYP3A5,CYP3A7,CYP4A11,CY

P4F11,CYP4F22,CYP7A1,CYP7B1,CYP8B1,DDX47,DKC1,DUSP3,DUSP4,DUSP6,DUSP7,ELK1,EPHX1,FBL,FDX1,FDX1L,FDXR,FOS,FOXO1,FOXO3,F

OXO4,JUN,MAPK10,MAPK11,MAPK14,MAPK7,MAPK8,MAPK9,MAPKAPK2,MDM2,MEF2A,MEF2C,MYO5B,NCOA1,NCOA2,NDRG1,NFATC1,NFA

TC2,NFATC3,NHP2,NOC4L,NOP10,NOP2,NOP56,NOP58,NR1H4,NR4A1,PARP2,PERP,PIAS1,PMAIP1,PPP3CA,PPP3CB,PPP3R1,PRELID1,PTGIS,PTGS

1,RAB11FIP2,RPS14,RPS2,RPS6KA5,RPS7,RPS9,RXRA,SMOX,SNU13,STEAP3,TBXAS1,TP53,TP53AIP1,TP53I3,TP63,TP73,TRIAP1,UBC,UTP11L,UTP

14A,ZNF420 

1 100 

AKT1,AKT1S1,AKT2,AKT3,BTC,CASP9,CD19,CD28,CD80,CD86,CLEC7A,CYP4F2,DNM1,DNM2,EGF,EGFR,ERBB2,ERBB3,ERBB4,EREG,FGF1,FGF1

0,FGF16,FGF17,FGF18,FGF19,FGF2,FGF20,FGF22,FGF23,FGF3,FGF4,FGF5,FGF6,FGF7,FGF8,FGF9,FGFR1,FGFR2,FGFR3,FGFR4,FRS2,FYN,GAB1,GR

B2,HBEGF,INS,INSR,IRS1,IRS2,ITGAM,ITGB2,KIT,KITLG,KL,KLB,LCK,MAP2K1,MAPK1,MAPK3,MAPKAP1,MLST8,MTOR,NRG1,NRG2,NRG3,NR

G4,PDGFA,PDGFB,PDGFRA,PDGFRB,PDPK1,PIK3CA,PIK3CB,PIK3CD,PIK3R1,PIK3R2,PIK3R3,PLCG2,PPP2CA,PPP2CB,PPP2R1A,PPP2R1B,PPP2R5

D,PRKCD,PRR5,PTK6,PTPN11,RICTOR,RPS6,RPS6KA1,RPS6KA2,RPS6KA3,RPS6KB2,SRC,SYK,TP53BP2,TRAT1,TSC2,VAV1 



2 90 

BIRC2,BIRC3,BTRC,CCND1,CCNE1,CCNE2,CDC25A,CDC34,CDC6,CDK2,CDKN1A,CDKN1B,CHM,CKS1B,CUL1,FBXW11,FZR1,GMNN,GSK3B,IGF

BP3,IKBKE,MAP3K14,MAX,MYC,NFKB2,NFKBIA,NFKBIB,NOL11,ORC1,PPP1R13B,PSMA1,PSMA2,PSMA3,PSMA4,PSMA5,PSMA6,PSMA7,PSMA8,

PSMB1,PSMB10,PSMB11,PSMB2,PSMB3,PSMB4,PSMB5,PSMB6,PSMB7,PSMB8,PSMB9,PSMC1,PSMC2,PSMC3,PSMC4,PSMC5,PSMC6,PSMD1,PSM

D10,PSMD11,PSMD12,PSMD13,PSMD14,PSMD2,PSMD3,PSMD4,PSMD5,PSMD6,PSMD7,PSMD8,PSMD9,PSME1,PSME2,PSME3,PSME4,PSMF1,RAB

GGTA,RABGGTB,RBX1,RELB,RPS27A,SKP1,SKP2,TNIP2,TRAF3,UBA3,UBA52,UBE2D1,UBE2D2,UBE2D3,UBE2M,WEE1 

3 83 

AGER,BCL10,BID,BPI,BTK,CARD11,CARD9,CASP1,CASP10,CASP2,CASP8,CD14,CD180,CD36,CHUK,CRADD,DHX9,ECSIT,FADD,FAS,HMGB1,IKB

KB,IKBKG,IL1B,IRAK1,IRAK2,IRAK3,IRAK4,IRF3,IRF7,LBP,LY86,LY96,MALT1,MAP2K3,MAP2K4,MAP2K6,MAP2K7,MAP3K1,MAP3K7,MAP3K8,

MAPKAPK3,MYD88,NFKB1,NLRC4,NOD1,NOD2,PELI1,PELI2,PELI3,PIDD1,PYCARD,RELA,RIPK1,RIPK2,RIPK3,S100A12,S100B,SAA1,SARM1,SIGI

RR,SOCS1,TAB1,TAB2,TAB3,TANK,TBK1,TICAM1,TICAM2,TIRAP,TLR1,TLR10,TLR2,TLR3,TLR4,TLR5,TLR6,TNFRSF10A,TNFRSF10B,TNFRSF10

C,TNFRSF10D,TRAF6,UBE2V1 

4 72 

ATM,BIRC5,CCNA1,CCNA2,CCNH,CDC45,CDC7,CDK4,CDK7,CDT1,CETN2,CHD1L,CUL4A,CUL4B,DBF4,DDB1,DDB2,E2F1,E2F2,E2F3,ERCC1,ERC

C2,ERCC3,ERCC4,ERCC5,GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,MAOA,MAOB,MCM10,MCM2,MCM3,MCM4,MCM5,MCM6,MCM7,MCM8,MN

AT1,ORC2,ORC3,ORC4,ORC5,ORC6,PARP1,PIAS3,POLA1,POLA2,POLE,POLE2,PRIM1,PRIM2,RAD23A,RAD23B,RB1,RNF111,RPA1,RPA2,RPA3,RP

A4,SUMO1,SUMO2,SUMO3,UBB,UBE2I,UBE2N,UBE2V2,USP45,XPA,XPC 

5 46 

ADCY1,ADCY2,ADCY3,ADCY4,ADCY5,ADCY6,ADCY7,ADCY8,ADCY9,AHCYL1,AVP,AVPR2,BAD,CALM1,CYP17A1,GNAS,GNB1,GNB2,GNB3,G

NB4,GNB5,GNG10,GNG11,GNG12,GNG13,GNG2,GNG3,GNG4,GNG5,GNG7,GNG8,GNGT1,GNGT2,GSK3A,ITPR1,ITPR2,ITPR3,POMC,PRKACA,PRK

ACB,PRKACG,PRKAR1A,PRKAR1B,PRKAR2A,PRKAR2B,RAB11A 



6 24 
ATP6AP1,ATP6V0A1,ATP6V0A2,ATP6V0A4,ATP6V0B,ATP6V0C,ATP6V0D1,ATP6V0D2,ATP6V0E1,ATP6V0E2,ATP6V1A,ATP6V1B1,ATP6V1B2,AT

P6V1C1,ATP6V1C2,ATP6V1D,ATP6V1E1,ATP6V1E2,ATP6V1F,ATP6V1G1,ATP6V1G2,ATP6V1G3,ATP6V1H,TCIRG1 

7 4 DCAF13,PWP2,TBL3,WDR3 

8 3 IMP3,IMP4,MPHOSPH10 

9 2 RRP9,WDR36 

10 2 CYP2A13,CYP2B6 

 

 

 

 

 

Supplementary Table 7: GO enrichment analysis for each cluster. 
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mal 

cell 

migra

tion 

1 1 
8.30E

-03 

0.02

49 
PDGFB 

1 

negat

ive 

regul

ation 

of 

cortis

ol 

1 1 
8.30E

-03 

0.02

49 
PTPN11 



secret

ion 

1 

regul

ation 

of 

extrin

sic 

apopt

otic 

signa

ling 

path

way 

in 

absen

ce of 

ligan

d 

1 1 
8.30E

-03 

0.02

49 
FGFR1 

1 

cellul

ar 

respo

nse to 

carbo

n 

mono

1 1 
8.30E

-03 

0.02

49 
DNM2 



xide 

1 

branc

h 

elong

ation 

invol

ved 

in 

ureter

ic 

bud 

branc

hing 

1 1 
8.30E

-03 

0.02

49 
FGF1 

1 

regul

ation 

of 

glom

erular 

mesa

ngial 

cell 

prolif

eratio

n 

1 1 
8.30E

-03 

0.02

49 
PDGFA 



1 

bronc

hiole 

morp

hoge

nesis 

1 1 
8.30E

-03 

0.02

49 
FGF10 

1 

meta

nephr

ic 

mese

nchy

mal 

cell 

migra

tion 

1 1 
8.30E

-03 

0.02

49 
PDGFRB 

1 

positi

ve 

regul

ation 

of 

brow

n fat 

cell 

prolif

eratio

n 

1 1 
8.30E

-03 

0.02

49 
FGF16 



1 

regul

ation 

of 

caveo

lin-m

ediat

ed 

endo

cytos

is 

1 1 
8.30E

-03 

0.02

49 
SRC 

1 

cell 

migra

tion 

invol

ved 

in 

coron

ary 

angio

genes

is 

1 1 
8.30E

-03 

0.02

49 
PDGFRB 

1 

positi

ve 

regul

ation 

of 

1 1 
8.30E

-03 

0.02

49 
FGF10 



white 

fat 

cell 

prolif

eratio

n 

1 

cellul

ar 

respo

nse to 

proge

stero

ne 

stimu

lus 

1 1 
8.30E

-03 

0.02

49 
SRC 

1 

cell 

migra

tion 

invol

ved 

in 

mese

ndod

erm 

migra

tion 

1 1 
8.30E

-03 

0.02

49 
FGF8 



1 

platel

et-der

ived 

growt

h 

factor 

recep

tor-al

pha 

signa

ling 

path

way 

1 1 
8.30E

-03 

0.02

49 
PDGFRA 

1 

meta

nephr

os 

morp

hoge

nesis 

1 1 
8.30E

-03 

0.02

49 
FGF10 



1 

fibro

blast 

growt

h 

factor 

recep

tor 

signa

ling 

path

way 

invol

ved 

in 

positi

ve 

regul

ation 

of 

cell 

prolif

eratio

n in 

bone 

marr

ow 

1 1 
8.30E

-03 

0.02

49 
FGFR2 



1 

positi

ve 

regul

ation 

of 

lymp

hotox

in A 

biosy

ntheti

c 

proce

ss 

1 1 
8.30E

-03 

0.02

49 
CD86 

1 

positi

ve 

regul

ation 

of 

uroth

elial 

cell 

prolif

eratio

n 

1 1 
8.30E

-03 

0.02

49 
FGF10 

1 
meso

nephr
1 1 

8.30E

-03 

0.02

49 
FGF1 



ic 

epith

elium 

devel

opme

nt 

1 

negat

ive 

regul

ation 

of 

elasti

n 

biosy

ntheti

c 

proce

ss 

1 1 
8.30E

-03 

0.02

49 
HBEGF 

1 

regul

ation 

of 

branc

hing 

invol

ved 

in 

1 1 
8.30E

-03 

0.02

49 
PDGFA 



saliva

ry 

gland 

morp

hoge

nesis 

by 

epith

elial-

mese

nchy

mal 

signa

ling 

1 

positi

ve 

regul

ation 

of 

interl

eukin

-4 

biosy

ntheti

c 

proce

1 1 
8.30E

-03 

0.02

49 
CD86 



ss 

1 

growt

h 

factor 

depe

ndent 

regul

ation 

of 

satell

ite 

cell 

prolif

eratio

n 

1 1 
8.30E

-03 

0.02

49 
FGF2 

1 

palliu

m 

devel

opme

nt 

1 1 
8.30E

-03 

0.02

49 
FGF8 

1 
embr

yonic 
17 2 

9.06E

-03 

0.02

72 
KIT,KITLG 



hemo

poies

is 

1 

positi

ve 

regul

ation 

of 

nitric

-oxid

e 

synth

ase 

activi

ty 

17 2 
9.06E

-03 

0.02

72 
AKT1,INS 

1 

positi

ve 

regul

ation 

of 

smoo

th 

musc

le 

cell 

migra

17 2 
9.06E

-03 

0.02

72 
PDGFRB,PDGFB 



tion 

1 

thyro

id 

gland 

devel

opme

nt 

17 2 
9.06E

-03 

0.02

72 
FGF8,FGF10 

1 

adren

al 

gland 

devel

opme

nt 

17 2 
9.06E

-03 

0.02

72 
PDGFRB,INSR 

1 

cartil

age 

cond

ensati

on 

17 2 
9.06E

-03 

0.02

72 
FGF4,FGF6 

1 

negat

ive 

regul

ation 

of 

prote

17 2 
9.06E

-03 

0.02

72 
AKT1,INS 



olysis 

1 

phos

phati

dylin

ositol 

3-kin

ase 

casca

de 

17 2 
9.06E

-03 

0.02

72 
IRS1,PIK3R2 

1 

regul

ation 

of 

nitric

-oxid

e 

synth

ase 

activi

ty 

17 2 
9.06E

-03 

0.02

72 
AKT1,DNM2 



2 

negat

ive 

regul

ation 

of 

apopt

otic 

proce

ss 

395 40 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UB

A52,BIRC2,BIRC3,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSM

B8,PSMB9,NFKBIA,PSMC3,PSMC4,PSMC2 

2 

antig

en 

proce

ssing 

and 

prese

ntatio

n of 

exog

enous 

pepti

de 

antig

en 

via 

MHC 

58 34 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  



class 

I, 

TAP-

depe

ndent 

2 

Ras 

protei

n 

signa

l 

trans

ducti

on 

192 36 
1.11E

-16 

9.99

E-16 

CDKN1A,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD

10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC

4,PSMC2 



2 

anap

hase-

prom

oting 

comp

lex-d

epen

dent 

prote

asom

al 

ubiqu

itin-d

epen

dent 

protei

n 

catab

olic 

proce

ss 

63 37 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,SKP2,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,FZR1,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PS

MC4,PSMC2 

2 

prote

asom

al 

ubiqu

itin-i

23 19 
1.11E

-16 

9.99

E-16 

PSMA5,PSMA6,PSMA3,PSMA4,PSMA1,PSMA2,PSME4,PSMB11,PSMA7,PSMB10,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB2,PSMB1,PSM

B8,PSMB9 



ndep

ende

nt 

protei

n 

catab

olic 

proce

ss 

2 

axon 

guida

nce 

439 36 
1.11E

-16 

9.99

E-16 

GSK3B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,

PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,P

SMC2 

2 

antig

en 

proce

ssing 

and 

prese

ntatio

n of 

80 34 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



pepti

de 

antig

en 

via 

MHC 

class 

I 

2 

stimu

latory 

C-typ

e 

lectin 

recep

tor 

signa

ling 

path

way 

86 39 
1.11E

-16 

9.99

E-16 

UBE2D2,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,FBXW11,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSM

D10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,NFKB

IA,PSMC3,PSMC4,PSMC2,MAP3K14 



2 

insuli

n 

recep

tor 

signa

ling 

path

way 

239 35 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 

2 

negat

ive 

regul

ation 

of 

cano

nical 

Wnt 

recep

tor 

signa

ling 

path

way 

120 36 
1.11E

-16 

9.99

E-16 

GSK3B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,

PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,P

SMC2 



2 

MAP

K 

casca

de 

209 36 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2,

MAP3K14 

2 

small 

GTPa

se 

medi

ated 

signa

l 

trans

ducti

on 

522 36 
1.11E

-16 

9.99

E-16 

CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD

10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC

4,PSMC2 



2 

activ

ation 

of 

MAP

KK 

activi

ty 

181 36 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2,

MAP3K14 

2 

polya

mine 

meta

bolic 

proce

ss 

61 32 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,PSMD10,PSMB11,PSMD12,PS

MD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  



2 

nerve 

growt

h 

factor 

recep

tor 

signa

ling 

path

way 

312 39 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSM

E2,UBA52,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSM

B9,NFKBIA,PSMC3,PSMC4,PSMC2 

2 

G1/S 

transi

tion 

of 

mitot

ic 

cell 

cycle 

112 44 
1.11E

-16 

9.99

E-16 

CDKN1A,CDKN1B,CKS1B,PSMD9,PSMD6,PSMD7,PSMD4,CCND1,PSMD5,PSMD2,PSMD3,PSMD1,SKP2,CDC25A,PSMA5,PSMA4,CDC34,CC

NE2,CCNE1,PSME3,PSME1,PSME2,UBA52,PSMD10,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMB6,PSMB7,PSMB4,PSMB5,ORC1,PSMB1,

PSMF1,RPS27A,CDC6,PSMB8,PSMB9,WEE1,PSMC3,PSMC4,PSMC2 



2 

cellul

ar 

nitro

gen 

comp

ound 

meta

bolic 

proce

ss 

134 32 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,PSMD10,PSMB11,PSMD12,PS

MD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  

2 

progr

amm

ed 

cell 

death 

120 35 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,BIRC3,PSMD10,PSMB

11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



2 

apopt

otic 

proce

ss 

483 37 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,IGFBP3,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSM

B11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,NFKBIA,PSMC3,PSM

C4,TNIP2,PSMC2 

2 

regul

ation 

of 

cellul

ar 

amin

o 

acid 

meta

bolic 

proce

ss 

39 32 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,PSMD10,PSMB11,PSMD12,PS

MD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



2 

antig

en 

proce

ssing 

and 

prese

ntatio

n of 

exog

enous 

pepti

de 

antig

en 

via 

MHC 

class 

I 

62 34 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  



2 

positi

ve 

regul

ation 

of 

ubiqu

itin-p

rotein 

ligase 

activi

ty 

invol

ved 

in 

mitot

ic 

cell 

cycle 

54 36 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,FZR1,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PS

MC2 



2 

innat

e 

immu

ne 

respo

nse 

800 50 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,UBE2D2,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,IKBKE,FBXW11,RBX1,PSMA5,PSMA4,T

RAF3,PSME3,PSME4,PSME1,PSME2,UBA52,BIRC3,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,RELB,PSMB6,PSMB

7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,NFKB2,NFKBIA,PSMC3,PSMC4,TNIP2,PSMC2,MAP3K14,NFKBIB 

2 

positi

ve 

regul

ation 

of 

cano

nical 

Wnt 

recep

tor 

signa

ling 

path

107 35 
1.11E

-16 

9.99

E-16 

GSK3B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB

11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



way 

2 

mitot

ic 

cell 

cycle 

334 48 
1.11E

-16 

9.99

E-16 

CDKN1A,CDKN1B,GMNN,CKS1B,PSMD9,PSMD6,PSMD7,PSMD4,CCND1,PSMD5,PSMD2,PSMD3,PSMD1,SKP2,FBXW11,CDC25A,PSMA5,P

SMA4,CCNE2,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PS

MB4,FZR1,PSMB5,ORC1,PSMB1,PSMF1,RPS27A,CDC6,PSMB8,PSMB9,WEE1,PSMC3,PSMC4,PSMC2 



2 

NIK/

NF-k

appa

B 

casca

de 

49 41 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,IKBKE,FBXW11,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,BIRC

3,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,RELB,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,P

SMB9,NFKB2,PSMC3,PSMC4,PSMC2,MAP3K14 

2 

gene 

expre

ssion 

758 34 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  



2 

tumo

r 

necro

sis 

factor

-medi

ated 

signa

ling 

path

way 

119 39 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,FBXW11,PSMA5,PSMA4,TRAF3,PSME3,PSME4,PSME1,PSME2,UBA52,BIRC

3,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,

PSMC3,PSMC4,PSMC2,MAP3K14 

2 

Fc-ep

silon 

recep

tor 

signa

ling 

path

way 

369 42 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,UBE2D2,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,FBXW11,RBX1,PSMA5,PSMA4,PSME3,P

SME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PS

MF1,RPS27A,PSMB8,PSMB9,NFKBIA,PSMC3,PSMC4,PSMC2 



2 

DNA 
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ge 
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l 
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p53 

class 
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result

ing in 

cell 

cycle 

arrest 

48 36 
1.11E

-16 

9.99

E-16 

CDKN1A,CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PS

MD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PS

MC4,PSMC2 



2 

viral 

repro

ducti

on 

431 37 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,NFKBIA,PSMC3,

PSMC4,PSMC2 

2 

regul
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of 
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A 

stabil

ity 

75 34 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  

2 

negat

ive 

regul

ation 

of 

ubiqu

itin-p

rotein 

52 32 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME1,PSME2,UBA52,PSMD10,PSMD12,PSMD11,PS

MD14,PSMD13,PSMB6,PSMB7,PSMB4,FZR1,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



ligase 

activi

ty 
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in 

mitot

ic 

cell 

cycle 

2 
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ation 

of 

ubiqu
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in 
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ic 

cell 

cycle 

57 36 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,FZR1,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PS
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n 
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n 

111 39 
1.11E

-16 

9.99

E-16 

UBE2D2,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,SKP2,FBXW11,PSMA5,PSMA4,CDC34,PSME3,PSME4,PSME1,PSME

2,UBA52,BIRC2,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB

8,PSMB9,PSMC3,PSMC4,PSMC2 

2 
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h 
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ling 
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way 

234 38 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSM

E2,UBA52,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSM

B9,PSMC3,PSMC4,PSMC2 
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of 
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ss 

196 38 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,SKP2,PSMA5,PSMA4,TRAF3,PSME3,PSME4,PSME1,PSME2,UBA52,BIRC3,PS

MD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PS

MC4,PSMC2,MAP3K14 

2 

vascu
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h 

factor 

recep

tor 

signa

ling 

path

way 

220 35 
1.11E

-16 

9.99

E-16 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB1

1,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2 



2 

prote

asom

al 
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n 
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olic 

proce

ss 

133 24 
1.11E

-16 

9.99

E-16 

PSMD6,PSMD2,PSMD1,FBXW11,RBX1,PSMA5,PSMA6,PSMA3,PSMA4,CDC34,PSMA1,PSMA2,PSMB11,PSMA7,PSMB10,PSMA8,PSMB6,PSM

B7,PSMB4,PSMB5,PSMB2,PSMB1,PSMB8,PSMB9 

2 
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way 

250 38 
1.11E

-16 

9.99

E-16 

GSK3B,CDKN1A,CDKN1B,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,RBX1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSM

E2,UBA52,PSMD10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSM

B9,PSMC3,PSMC4,PSMC2 



2 
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recep

tor 

signa

ling 

path

way 

116 38 
1.11E

-16 

9.99

E-16 

UBE2D2,PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,FBXW11,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSM

D10,PSMB11,PSMD12,PSMD11,PSMD14,PSMD13,CUL1,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,NFKB

IA,PSMC3,PSMC4,PSMC2 

2 
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mole
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bolic 

proce

ss 

1229 34 
4.60E

-12 

4.14

E-11 

PSMD9,PSMD6,PSMD7,PSMD4,PSMD5,PSMD2,PSMD3,PSMD1,PSMA5,PSMA4,PSME3,PSME4,PSME1,PSME2,UBA52,PSMD10,PSMB11,PSM

D12,PSMD11,PSMD14,PSMD13,PSMA8,PSMB6,PSMB7,PSMB4,PSMB5,PSMB1,PSMF1,RPS27A,PSMB8,PSMB9,PSMC3,PSMC4,PSMC2  

2 

TRIF

-depe

ndent 

toll-li

ke 

recep

tor 

signa

58 10 
2.80E

-11 

2.52

E-10 
UBE2D2,IKBKE,FBXW11,UBA52,BIRC3,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



ling 

path

way 

2 

MyD

88-in

depe

ndent 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

60 10 
3.89E

-11 

3.50

E-10 
UBE2D2,IKBKE,FBXW11,UBA52,BIRC3,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 

2 

toll-li

ke 

recep

tor 3 

signa

ling 

path

way 

63 10 
6.21E

-11 

5.59

E-10 
UBE2D2,IKBKE,FBXW11,UBA52,BIRC3,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



2 

positi

ve 

regul

ation 

of 

RNA 
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se II 

trans

cripti
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tiatio

n 
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lex 

asse

mbly 

11 6 
3.46E

-10 

2.77

E-09 
PSMC5,PSMC6,PSMC3,PSMC4,PSMC1,PSMC2 

2 

toll-li

ke 

recep

tor 4 

signa

ling 

path

76 10 
3.75E

-10 

3.00

E-09 
UBE2D2,IKBKE,FBXW11,UBA52,BIRC3,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



way 

2 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

84 10 
9.72E

-10 

7.77

E-09 
UBE2D2,IKBKE,FBXW11,UBA52,BIRC3,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 

2 

ubiqu

itin-d

epen

dent 

protei

n 

catab

olic 

proce

ss 

73 8 
9.34E

-08 

7.36

E-07 
UBE2D2,PSMD9,PSMD3,SKP1,PSMD11,PSMD14,PSMF1,PSMC2 

2 

toll-li

ke 

recep

tor 10 

signa

49 7 
1.05E

-07 

7.36

E-07 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



ling 

path

way 

2 

toll-li

ke 

recep

tor 5 

signa

ling 

path

way 

49 7 
1.05E

-07 

7.36

E-07 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 

2 

I-kap

paB 

kinas

e/NF-

kapp

aB 

casca

de 

52 7 
1.57E

-07 

1.10

E-06 
UBA52,BIRC3,RELB,RPS27A,NFKB2,TNIP2,MAP3K14 

2 

toll-li

ke 

recep

tor 

TLR

6:TL

R2 

55 7 
2.28E

-07 

1.59

E-06 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 
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ling 

path

way 

2 

toll-li

ke 

recep

tor 

TLR

1:TL

R2 

signa

ling 

path

way 

55 7 
2.28E

-07 

1.59

E-06 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 

2 

toll-li

ke 

recep

tor 9 

signa

ling 

path

way 

55 7 
2.28E

-07 

1.59

E-06 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



2 

regul

ation 

of 

cycli

n-dep

ende

nt 

protei

n 

kinas

e 

activi

ty 

34 6 
2.63E

-07 

1.84

E-06 
CDKN1A,CDKN1B,CKS1B,CDC25A,CCNE2,CDC6 

2 

toll-li

ke 

recep

tor 2 

signa

ling 

path

way 

57 7 
2.89E

-07 

2.02

E-06 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 

2 

MyD

88-de

pend

ent 

toll-li

64 7 
6.23E

-07 

4.36

E-06 
FBXW11,UBA52,CUL1,RPS27A,NFKBIA,TNIP2,NFKBIB 



ke 

recep

tor 

signa

ling 

path

way 

2 

positi

ve 

regul

ation 

of 

endo

pepti

dase 

activi

ty 

9 4 
7.68E

-07 

4.61

E-06 
PSME3,PSME1,PSME2,PSMD14 

2 

ER-a

ssoci

ated 

protei

n 

catab

olic 

proce

ss 

43 6 
1.02E

-06 

6.11

E-06 
PSMC5,PSMC6,PSMC3,PSMC4,PSMC1,PSMC2 



2 

prote

asom

e 

regul

atory 

partic

le 

asse

mbly 

3 3 
1.81E

-06 

1.08

E-05 
PSMD9,PSMD5,PSMD10 

2 

G2/

M 

transi

tion 

of 

mitot

ic 

cell 

cycle 

112 8 
2.26E

-06 

1.36

E-05 
CDKN1A,SKP2,FBXW11,CDC25A,UBA52,CUL1,RPS27A,WEE1 

2 

SCF-

depe

ndent 

prote

asom

al 

ubiqu

itin-d

32 5 
4.91E

-06 

2.95

E-05 
BTRC,SKP2,FBXW11,RBX1,CUL1 



epen

dent 

protei

n 

catab

olic 

proce

ss 

2 

protei

n 

geran

ylger

anyla

tion 

6 3 
1.42E

-05 

8.53

E-05 
CHM,RABGGTB,RABGGTA 

2 

prote

asom

e 

asse

mbly 

6 3 
1.42E

-05 

8.53

E-05 
PSMD4,PSMD11,PSMD13 

2 

cytop

lasmi

c 

seque

sterin

g of 

NF-k

6 3 
1.42E

-05 

8.53

E-05 
PSMD10,NFKBIA,NFKBIB 



appa

B 

2 

DNA

-depe

ndent 

DNA 

replic

ation 

initiat

ion 

21 4 
2.13E

-05 

1.28

E-04 
CDC34,CCNE2,ORC1,CDC6 

2 

stress

-activ

ated 

MAP

K 

casca

de 

46 5 
2.78E

-05 

1.39

E-04 
FBXW11,UBA52,CUL1,RPS27A,TNIP2 

2 

regul

ation 

of 

trans

cripti

on 

from 

RNA 

poly

23 4 
3.02E

-05 

1.51

E-04 
UBE2D2,RBX1,UBA52,RPS27A 



mera

se II 

prom

oter 

in 

respo

nse to 

hypo
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2 

positi

ve 

regul

ation 

of 

I-kap

paB 

kinas

e/NF-

kapp

aB 

casca

de 

127 7 
5.16E

-05 

2.58

E-04 
IKBKE,UBA52,BIRC2,BIRC3,RPS27A,TNIP2,MAP3K14 

2 

positi

ve 

regul

ation 

2 2 
1.10E

-04 

5.51

E-04 
CDC34,PSMC6 



of 

inclu

sion 

body 

asse

mbly 

2 

regul

ation 

of 

necro

tic 

cell 

death 

13 3 
1.39E

-04 

6.96

E-04 
UBA52,BIRC3,RPS27A 

2 

re-ent

ry 

into 

mitot

ic 

cell 

cycle 

3 2 
2.47E

-04 

1.23

E-03 
GSK3B,CCND1 

2 

regul

ation 

of 

necro

ptosis 

3 2 
2.47E

-04 

1.23

E-03 
BIRC2,BIRC3 



2 

regul

ation 

of 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

3 2 
2.47E

-04 

1.23

E-03 
BIRC2,BIRC3 

2 

regul

ation 

of 

prote

asom

al 

protei

n 

catab

olic 

proce

ss 

41 4 
2.76E

-04 

1.38

E-03 
PSME3,PSME1,PSME2,PSMD14 

2 

progr

amm

ed 

17 3 
3.05E

-04 

1.52

E-03 
UBA52,BIRC3,RPS27A 



necro

tic 

cell 

death 

2 
necro

ptosis 
19 3 

4.21E

-04 

2.10

E-03 
UBA52,BIRC3,RPS27A 

2 

regul

ation 

of 

cell 

cycle 

89 5 
5.85E

-04 

2.92

E-03 
SKP2,CDC25A,CCNE1,BIRC2,WEE1 

2 

Notc

h 

signa

ling 

path

way 

141 6 
7.06E

-04 

2.92

E-03 
CDKN1B,CCND1,RBX1,UBA52,CUL1,RPS27A 

2 

positi

ve 

regul

ation 

of 

type I 

interf

eron 

produ

53 4 
7.19E

-04 

2.92

E-03 
UBA52,RPS27A,NFKBIA,NFKBIB 



ction 

2 

nucle

otide-

excisi

on 

repair

, 

DNA 

dama

ge 

recog

nition 

23 3 
7.30E

-04 

2.92

E-03 
RBX1,UBA52,RPS27A 

2 

regul

ation 

of 

tumo

r 

necro

sis 

factor

-medi

ated 

signa

ling 

25 3 
9.28E

-04 

3.71

E-03 
UBA52,BIRC3,RPS27A 



path

way 

2 

DNA 

dama

ge 

respo

nse, 

detec

tion 

of 

DNA 

dama

ge 

28 3 
1.28E

-03 

5.13

E-03 
RBX1,UBA52,RPS27A 

2 

nucle

otide-

excisi

on 

repair

, 

DNA 

incisi

on 

28 3 
1.28E

-03 

5.13

E-03 
RBX1,UBA52,RPS27A 



2 

negat

ive 

regul

ation 

of 

type I 

interf

eron 

produ

ction 

30 3 
1.56E

-03 

6.24

E-03 
IKBKE,UBA52,RPS27A 

2 

protei

n 

ubiqu

itinati

on 

292 8 
1.62E

-03 

6.49

E-03 
UBE2D2,SKP2,FBXW11,RBX1,CDC34,TRAF3,BIRC3,CUL1 

2 

cellul

ar 

protei

n 

modi

ficati

on 

proce

ss 

67 4 
1.70E

-03 

6.78

E-03 
UBE2D2,RABGGTA,CDC34,UBA52 
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protei

n 
9 2 

2.16E

-03 

8.63

E-03 
RBX1,UBA3 
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n 

2 
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rhyth

m 

76 4 
2.67E

-03 

0.01

07 
GSK3B,UBA52,CUL1,RPS27A 

2 

cell 

divisi

on 

251 7 
2.88E

-03 

0.01

15 
CKS1B,CCND1,CDC25A,CCNE2,FZR1,CDC6,WEE1 

2 

viral 

protei

n 

proce

ssing 

11 2 
3.19E

-03 

0.01

28 
UBA52,RPS27A 

2 

transl

esion 

synth

esis 

39 3 
3.27E

-03 

0.01

31 
RBX1,UBA52,RPS27A 

2 

respo

nse to 
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12 2 
3.78E
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0.01

51 
CDKN1A,CCND1 
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ic 

cell 

cycle 

arrest 

-03 51 

2 

positi

ve 

regul

ation 

of 

cycli

n-dep

ende

nt 

protei

n 

kinas

e 

activi

ty 
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13 2 
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UBA52,RPS27A 
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2 
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4.41E
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0.01

64 
PSMC3,PSMC4 

2 

negat

ive 

regul

ation 

of 

cycli

n-dep

ende

nt 

protei

n 

kinas

e 

activi

ty 

14 2 
5.09E

-03 

0.01

64 
CDKN1A,CDKN1B 

2 

error-

free 

transl

14 2 
5.09E

-03 

0.01

64 
UBA52,RPS27A 



esion 

synth

esis 

2 

cellul

ar 

respo

nse to 

hypo

xia 

93 4 
5.43E

-03 

0.01

64 
UBE2D2,RBX1,UBA52,RPS27A 

2 

globa

l 

geno

me 

nucle

otide-

excisi

on 

repair 

47 3 
5.48E

-03 

0.01

64 
RBX1,UBA52,RPS27A 

2 

respo

nse to 

cortic

oster

one 

stimu

lus 

15 2 
5.82E

-03 

0.01

75 
CDKN1A,CCND1 



2 

error-

prone 

transl

esion 

synth

esis 

15 2 
5.82E

-03 

0.01

75 
UBA52,RPS27A 

2 

positi

ve 

regul

ation 

of 

protei

n 

catab

olic 

proce

ss 

50 3 
6.49E

-03 

0.01

95 
GSK3B,CDKN1B,FZR1 

2 

negat

ive 

regul

ation 

of 

DNA 

replic

ation 

17 2 
7.40E

-03 

0.02

22 
GMNN,CDC6 

2 virio 17 2 7.40E 0.02 UBA52,RPS27A 



n 

asse

mbly 

-03 22 

2 

regul

ation 

of 

cystei

ne-ty

pe 

endo

pepti

dase 

activi

ty 

1 1 
7.47E

-03 

0.02

24 
BIRC3 

2 

super

ior 

temp

oral 

gyrus 

devel

opme

nt 

1 1 
7.47E

-03 

0.02

24 
GSK3B 



2 

cano

nical 

Wnt 

recep

tor 

signa

ling 

path

way 

invol

ved 

in 

positi

ve 

regul

ation 

of 

apopt

otic 

proce

ss 

1 1 
7.47E

-03 

0.02

24 
GSK3B 

2 

regul

ation 

of 

RIG-

I 

1 1 
7.47E

-03 

0.02

24 
BIRC3 



signa

ling 

path

way 

2 

fat 

cell 

differ

entiat

ion 

53 3 
7.61E

-03 

0.02

28 
GSK3B,CCND1,PSMB8 

2 

nucle

otide-

excisi

on 

repair

, 

DNA 

gap 

fillin

g 

18 2 
8.26E

-03 

0.02

48 
UBA52,RPS27A 

2 

respo

nse to 

X-ray 

18 2 
8.26E

-03 

0.02

48 
CDKN1A,CCND1 

2 

positi

ve 

regul

ation 

108 4 
9.08E

-03 

0.02

73 
UBA52,RPS27A,NFKBIA,NFKBIB 



of 

NF-k

appa

B 

trans

cripti

on 

factor 

activi

ty 

2 

negat

ive 

regul

ation 

of 

phos

phory

lation 

19 2 
9.16E

-03 

0.02

75 
CDKN1A,CDKN1B 

2 

Notc

h 

recep

tor 

proce

ssing 

19 2 
9.16E

-03 

0.02

75 
UBA52,RPS27A 



2 

regul

ation 

of 

trans

cripti

on 

invol

ved 

in 

G1/S 

phase 

of 

mitot

ic 

cell 

cycle 

19 2 
9.16E

-03 

0.02

75 
ORC1,CDC6 

3 

MyD

88-in

depe

ndent 

toll-li

ke 

recep

tor 

signa

ling 

60 29 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,MAPKAPK3,IRF3,TRAF6,IRF7,TLR4,TLR3,LY96,NOD1,NOD2,TANK,RELA,IR

AK2,RIPK1,CD14,FADD,MAP2K7,MAP2K6,SARM1,TAB3,TAB2,TAB1 



path

way 

3 

toll-li

ke 

recep

tor 

TLR

6:TL

R2 

signa

ling 

path

way 

55 28 
1.11E

-16 

3.33

E-15 

IKBKG,CD36,MAP3K7,MAP2K4,CHUK,RIPK2,TIRAP,TLR1,MAPKAPK3,TRAF6,PELI1,TLR6,UBE2V1,TLR4,TLR2,PELI2,LY96,NOD1,NOD2,

RELA,IRAK2,CD14,MAP2K7,MAP2K6,MAP3K1,TAB3,TAB2,TAB1 

3 

activ

ation 

of 

MAP

K 

activi

ty 

90 16 
1.11E

-16 

3.33

E-15 
IKBKG,MAP3K7,MAP2K3,RIPK2,MAPKAPK3,TRAF6,IL1B,TLR4,NOD1,NOD2,IRAK2,MAP2K6,SAA1,TAB3,TAB2,TAB1 



3 

toll-li

ke 

recep

tor 4 

signa

ling 

path

way 

76 40 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,LBP,CD36,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,TIRAP,TLR1,MAPKAPK3,IRF3,TRAF6,PELI1,IRF7,TLR6,UBE2V1,T

LR4,TLR3,TLR2,PELI2,LY96,NOD1,NOD2,TANK,RELA,IRAK1,IRAK2,RIPK1,CD14,FADD,MAP2K7,MAP2K6,MAP3K1,SARM1,TAB3,TAB2,T

AB1 

3 

TRIF

-depe

ndent 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

58 28 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,MAPKAPK3,IRF3,TRAF6,IRF7,TLR4,TLR3,LY96,NOD1,NOD2,TANK,RELA,IR

AK2,RIPK1,CD14,FADD,MAP2K7,MAP2K6,TAB3,TAB2,TAB1 

3 

I-kap

paB 

kinas

e/NF-

kapp

aB 

52 22 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,MAP3K7,TICAM2,RIPK3,CHUK,RIPK2,TIRAP,TRAF6,TLR4,TLR3,LY96,TANK,RELA,IRAK2,RIPK1,CD14,CARD9,NFKB1,TAB

3,TAB2,TAB1 



casca

de 

3 

positi

ve 

regul

ation 

of 

interl

eukin

-6 

produ

ction 

38 12 
1.11E

-16 

3.33

E-15 
PYCARD,LBP,CD36,TICAM2,RIPK2,IL1B,TLR4,TLR3,TLR2,NOD1,NOD2,CARD9 

3 

apopt

otic 

proce

ss 

483 27 
1.11E

-16 

3.33

E-15 

HMGB1,PYCARD,CASP10,CASP1,CASP2,IKBKG,MAP3K7,MAP2K4,TICAM2,RIPK2,IRF3,IL1B,TLR4,TLR3,TLR2,LY96,NOD1,RIPK1,CD14,F

ADD,BID,MAP2K7,MAP2K6,LY86,TNFRSF10B,TNFRSF10A,FAS 



3 

toll-li

ke 

recep

tor 10 

signa

ling 

path

way 

49 22 
1.11E

-16 

3.33

E-15 

IKBKG,MAP3K7,MAP2K4,CHUK,RIPK2,MAPKAPK3,TRAF6,PELI1,TLR10,UBE2V1,TLR5,PELI2,NOD1,NOD2,RELA,IRAK2,MAP2K7,MAP2K

6,MAP3K1,TAB3,TAB2,TAB1 

3 

innat

e 

immu

ne 

respo

nse 

800 58 
1.11E

-16 

3.33

E-15 

HMGB1,ECSIT,PYCARD,TBK1,CASP10,IKBKG,LBP,CD36,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,CD180,TIRAP,TLR1,MAPKAPK3,

IRF3,TRAF6,IL1B,PELI1,IRF7,TLR10,TLR6,UBE2V1,TLR5,TLR4,TLR3,CARD11,TLR2,DHX9,PELI2,LY96,NOD1,NLRC4,NOD2,TANK,AGER,

MALT1,RELA,IRAK2,S100A12,RIPK1,CD14,FADD,MAP2K7,MAP2K6,MAP3K1,CARD9,LY86,S100B,NFKB1,SARM1,SAA1,TAB3,TAB2,TAB1 



3 

toll-li

ke 

recep

tor 5 

signa

ling 

path

way 

49 22 
1.11E

-16 

3.33

E-15 

IKBKG,MAP3K7,MAP2K4,CHUK,RIPK2,MAPKAPK3,TRAF6,PELI1,TLR10,UBE2V1,TLR5,PELI2,NOD1,NOD2,RELA,IRAK2,MAP2K7,MAP2K

6,MAP3K1,TAB3,TAB2,TAB1 

3 

positi

ve 

regul

ation 

of 

NF-k

appa

B 

trans

cripti

on 

factor 

activi

ty 

108 28 
1.11E

-16 

3.33

E-15 

PYCARD,PIDD1,IKBKG,MAP3K7,RIPK3,CHUK,RIPK2,IRAK3,TIRAP,TRAF6,IL1B,UBE2V1,TLR4,TLR3,CARD11,TLR2,NOD1,NLRC4,NOD2,

AGER,MALT1,RELA,IRAK2,S100A12,RIPK1,TAB3,TAB2,TAB1 



3 

infla

mmat

ory 

respo

nse 

310 29 
1.11E

-16 

3.33

E-15 

HMGB1,PYCARD,TBK1,IKBKG,TICAM2,CHUK,RIPK2,CD180,TIRAP,TLR1,IL1B,TLR10,TLR6,TLR5,TLR3,TLR2,LY96,NOD1,NLRC4,AGER,

RELA,IRAK2,S100A12,CD14,TNFRSF10C,LY86,TNFRSF10B,TNFRSF10A,TNFRSF10D 

3 

positi

ve 

regul

ation 

of 

I-kap

paB 

kinas

e/NF-

kapp

aB 

casca

de 

127 29 
1.11E

-16 

3.33

E-15 

TBK1,CASP10,IKBKG,CD36,MAP3K7,TICAM2,CHUK,RIPK2,TIRAP,IRF3,TRAF6,IL1B,PELI1,TLR6,UBE2V1,CARD11,PELI2,NOD1,NOD2,MA

LT1,RELA,S100A12,RIPK1,FADD,CARD9,TNFRSF10B,S100B,TAB2,MYD88 



3 

toll-li

ke 

recep

tor 

TLR

1:TL

R2 

signa

ling 

path

way 

55 28 
1.11E

-16 

3.33

E-15 

IKBKG,CD36,MAP3K7,MAP2K4,CHUK,RIPK2,TIRAP,TLR1,MAPKAPK3,TRAF6,PELI1,TLR6,UBE2V1,TLR4,TLR2,PELI2,LY96,NOD1,NOD2,

RELA,IRAK2,CD14,MAP2K7,MAP2K6,MAP3K1,TAB3,TAB2,TAB1 

3 

positi

ve 

regul

ation 

of 

tumo

r 

necro

sis 

factor 

produ

ction 

40 16 
1.11E

-16 

3.33

E-15 
HMGB1,PYCARD,LBP,CD36,RIPK2,TIRAP,TLR4,TLR3,TLR2,LY96,NOD1,NOD2,RIPK1,CD14,FADD,CARD9  



3 

stress

-activ

ated 

MAP

K 

casca

de 

46 16 
1.11E

-16 

3.33

E-15 
IKBKG,MAP3K7,MAP2K4,CHUK,RIPK2,MAPKAPK3,TRAF6,NOD1,NOD2,IRAK2,MAP2K7,MAP2K6,MAP3K1,TAB3,TAB2,TAB1  

3 

MyD

88-de

pend

ent 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

64 32 
1.11E

-16 

3.33

E-15 

IKBKG,CD36,MAP3K7,MAP2K4,CHUK,RIPK2,IRAK3,TIRAP,TLR1,MAPKAPK3,TRAF6,PELI1,TLR10,TLR6,UBE2V1,TLR5,TLR4,TLR2,PELI2,

LY96,NOD1,NOD2,RELA,IRAK2,CD14,MAP2K7,MAP2K6,MAP3K1,TAB3,TAB2,TAB1,MYD88 

3 

nucle

otide-

bindi

ng 

oligo

meriz

ation 

21 14 
1.11E

-16 

3.33

E-15 
IKBKG,MAP3K7,CHUK,RIPK2,TRAF6,UBE2V1,NOD1,NOD2,IRAK2,MAP2K6,CARD9,TAB3,TAB2,TAB1 



doma

in 

conta

ining 

signa

ling 

path

way 

3 

toll-li

ke 

recep

tor 3 

signa

ling 

path

way 

63 29 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,MAPKAPK3,IRF3,TRAF6,IRF7,TLR4,TLR3,LY96,NOD1,NOD2,TANK,RELA,IR

AK2,RIPK1,CD14,FADD,MAP2K7,MAP2K6,SARM1,TAB3,TAB2,TAB1 

3 

toll-li

ke 

recep

tor 2 

signa

ling 

path

way 

57 28 
1.11E

-16 

3.33

E-15 

IKBKG,CD36,MAP3K7,MAP2K4,CHUK,RIPK2,TIRAP,TLR1,MAPKAPK3,TRAF6,PELI1,TLR6,UBE2V1,TLR4,TLR2,PELI2,LY96,NOD1,NOD2,

RELA,IRAK2,CD14,MAP2K7,MAP2K6,MAP3K1,TAB3,TAB2,TAB1 



3 

toll-li

ke 

recep

tor 9 

signa

ling 

path

way 

55 21 
1.11E

-16 

3.33

E-15 

IKBKG,MAP3K7,MAP2K4,CHUK,RIPK2,MAPKAPK3,TRAF6,PELI1,IRF7,UBE2V1,PELI2,NOD1,NOD2,RELA,IRAK2,MAP2K7,MAP2K6,MAP3

K1,TAB3,TAB2,TAB1 

3 

nucle

otide-

bindi

ng 

doma

in, 

leuci

ne 

rich 

repea

t 

conta

ining 

recep

tor 

signa

ling 

path

35 16 
1.11E

-16 

3.33

E-15 
PYCARD,IKBKG,MAP3K7,CHUK,RIPK2,TRAF6,UBE2V1,NOD1,NLRC4,NOD2,IRAK2,MAP2K6,CARD9,TAB3,TAB2,TAB1  



way 

3 

toll-li

ke 

recep

tor 

signa

ling 

path

way 

84 41 
1.11E

-16 

3.33

E-15 

TBK1,IKBKG,LBP,CD36,MAP3K7,MAP2K4,TICAM2,RIPK3,CHUK,RIPK2,TIRAP,TLR1,MAPKAPK3,IRF3,TRAF6,PELI1,IRF7,TLR10,TLR6,UB

E2V1,TLR5,TLR4,TLR3,TLR2,PELI2,LY96,NOD1,NOD2,TANK,RELA,IRAK2,RIPK1,CD14,FADD,MAP2K7,MAP2K6,MAP3K1,SARM1,TAB3,T

AB2,TAB1 

3 

JNK 

casca

de 

44 12 
4.44E

-16 

1.29

E-14 
IKBKG,MAP3K7,MAP2K4,RIPK2,TRAF6,NOD1,NOD2,IRAK2,MAP2K7,TAB3,TAB2,TAB1 

3 

stimu

latory 

C-typ

e 

lectin 

recep

tor 

86 14 
1.55E

-15 

4.20

E-14 
PYCARD,IKBKG,MAP3K7,CHUK,TRAF6,IL1B,UBE2V1,CARD11,MALT1,RELA,CARD9,TAB3,TAB2,TAB1 



signa

ling 

path

way 

3 

activ

ation 

of 

cystei

ne-ty

pe 

endo

pepti

dase 

activi

ty 

invol

ved 

in 

apopt

otic 

signa

ling 

path

way 

15 9 
2.22E

-15 

5.77

E-14 
TICAM2,TLR4,TLR3,LY96,RIPK1,CD14,FADD,TNFRSF10B,TNFRSF10A 



3 

positi

ve 

regul

ation 

of 

interl

eukin

-8 

produ

ction 

25 10 
3.22E

-15 

8.05

E-14 
LBP,TIRAP,IL1B,TLR5,TLR4,TLR3,TLR2,NOD2,RIPK1,FADD 

3 

positi

ve 

regul

ation 

of 

JNK 

casca

de 

51 11 
9.97E

-14 

2.49

E-12 
HMGB1,PYCARD,RIPK2,TIRAP,IL1B,TLR4,TLR3,NOD1,NOD2,RIPK1,CARD9 

3 

activ

ation 

of 

cystei

ne-ty

pe 

endo

pepti

74 12 
1.96E

-13 

4.69

E-12 
PYCARD,PIDD1,CASP10,CASP2,NOD1,NLRC4,RIPK1,FADD,BID,CRADD,TNFRSF10B,TNFRSF10A 



dase 

activi

ty 

invol

ved 

in 

apopt

otic 

proce

ss 

3 

activ

ation 

of 

NF-k

appa

B-ind

ucing 

kinas

e 

activi

ty 

15 8 
2.16E

-13 

4.98

E-12 
IKBKG,MAP3K7,TRAF6,TLR6,TLR3,MALT1,TNFRSF10B,TNFRSF10A 

3 

cellul

ar 

respo

nse to 

mech

59 11 
4.74E

-13 

1.04

E-11 
CASP2,MAP2K4,IL1B,TLR5,TLR4,TLR3,FADD,MAP3K1,CRADD,TNFRSF10B,TNFRSF10A 



anica

l 

stimu

lus 

3 

cellul

ar 

respo

nse to 

lipote

ichoi

c acid 

9 7 
5.28E

-13 

1.16

E-11 
LBP,CD36,RIPK2,TIRAP,TLR4,TLR2,CD14 

3 

cell 

surfa

ce 

recep

tor 

signa

ling 

path

way 

236 17 
5.85E

-13 

1.23

E-11 
CASP10,IKBKG,CD36,MAP3K7,CHUK,TIRAP,MAPKAPK3,LY96,AGER,RIPK1,CD14,FADD,TNFRSF10B,TNFRSF10A,TAB3,TAB2,TAB1 

3 

respo

nse to 

lipop

olysa

cchar

ide 

144 14 
1.56E

-12 

3.13

E-11 
LBP,CHUK,IRAK3,TIRAP,MAPKAPK3,PELI1,TLR4,LY96,NOD2,SOCS1,TNFRSF10C,TNFRSF10B,TNFRSF10A,TNFRSF10D 



3 

tumo

r 

necro

sis 

factor

-medi

ated 

signa

ling 

path

way 

119 13 
2.49E

-12 

4.98

E-11 
PYCARD,IKBKG,MAP3K7,CHUK,RIPK1,FADD,TNFRSF10C,TNFRSF10B,TNFRSF10A,TNFRSF10D,TAB3,TAB2,TAB1  

3 

lipop

olysa

cchar

ide-m

ediat

ed 

signa

ling 

path

way 

22 8 
4.46E

-12 

8.47

E-11 
LBP,RIPK2,IRF3,IL1B,TLR4,TLR2,LY96,IRAK2 

3 

positi

ve 

regul

ation 

of 

22 8 
4.46E

-12 

8.47

E-11 
HMGB1,TBK1,RIPK2,IRF3,IRF7,TLR4,TLR3,TLR2 



interf

eron-

beta 

produ

ction 

3 

positi

ve 

regul

ation 

of 

type I 

interf

eron 

produ

ction 

53 10 
5.13E

-12 

9.23

E-11 
TBK1,IKBKG,RIPK3,CHUK,IRF3,IRF7,DHX9,RELA,RIPK1,CD14 

3 

progr

amm

ed 

cell 

death 

120 12 
5.03E

-11 

9.05

E-10 
HMGB1,TICAM2,RIPK3,TLR4,TLR3,LY96,RIPK1,CD14,FADD,BID,TNFRSF10B,TNFRSF10A 

3 

extrin

sic 

apopt

otic 

signa

ling 

47 9 
5.50E

-11 

9.34

E-10 
TICAM2,TLR4,TLR3,LY96,RIPK1,CD14,FADD,TNFRSF10B,TNFRSF10A 



path

way 

3 

regul

ation 

of 

cytok

ine 

secret

ion 

9 6 
6.40E

-11 

1.09

E-09 
TLR1,TLR10,TLR6,TLR5,TLR4,SOCS1 

3 

defen

se 

respo

nse to 

Gram

-posit

ive 

bacte

rium 

53 9 
1.57E

-10 

2.51

E-09 
TBK1,LBP,CD36,RIPK2,TIRAP,TLR2,NOD1,NOD2,CARD9 

3 

positi

ve 

regul

ation 

of 

interf

eron-

12 6 
3.54E

-10 

5.66

E-09 
HMGB1,TBK1,RIPK2,IRF3,IRF7,TLR4 



alpha 

produ

ction 

3 

positi

ve 

regul

ation 

of 

interl

eukin

-12 

produ

ction 

24 7 
4.66E

-10 

7.45

E-09 
CD36,RIPK2,TIRAP,TLR4,TLR3,TLR2,NOD2 

3 

T cell 

recep

tor 

signa

ling 

path

way 

116 11 
5.87E

-10 

8.81

E-09 
IKBKG,MAP3K7,CHUK,RIPK2,TRAF6,BTK,UBE2V1,CARD11,MALT1,RELA,TAB2 

3 

cellul

ar 

respo

nse to 

lipop

88 10 
6.73E

-10 

1.01

E-08 
PYCARD,LBP,CD36,TICAM2,CD180,TRAF6,TLR5,TLR4,RELA,CD14 



olysa

cchar

ide 

3 

induc

tion 

of 

apopt
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DDB1,UBB,RPA2,GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC4,RPA3,ERCC2,MNAT1 



4 

DNA 

stran

d 

elong

ation 

invol

ved 

in 

DNA 

replic

ation 

20 8 
6.49E

-13 

2.33

E-11 
MCM7,MCM8,MCM5,MCM6,PRIM2,RPA2,POLA2,RPA3 

4 

mRN

A 

cappi

ng 

25 8 
3.78E

-12 

1.21

E-10 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

trans

cripti

on 

elong

ation 

from 

RNA 

poly

mera

se I 

prom

26 8 
5.14E

-12 

1.54

E-10 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 



oter 

4 

termi

natio

n of 

RNA 

poly

mera

se I 

trans

cripti

on 

27 8 
6.92E

-12 

1.87

E-10 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

trans

cripti

on 

initiat

ion 

from 

RNA 

poly

mera

se I 

prom

oter 

29 8 
1.21E

-11 

3.04

E-10 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 



4 

trans

cripti

on 

from 

RNA 

poly

mera

se I 

prom

oter 

31 8 
2.05E

-11 

4.92

E-10 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

positi

ve 

regul

ation 

of 

viral 

trans

cripti

on 

37 8 
8.21E

-11 

1.81

E-09 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

nucle

otide-

excisi

on 

repair

, 

DNA 

23 7 
1.26E

-10 

2.64

E-09 
CETN2,PARP1,RAD23B,DDB2,DDB1,XPC,UBB 



dama

ge 

recog

nition 

4 

telom

ere 

maint

enanc

e 

42 8 
2.21E

-10 

4.42

E-09 
PARP1,PRIM2,RPA2,POLA2,ERCC4,RPA3,POLE2,ATM 

4 

trans

cripti

on 

initiat

ion 

from 

RNA 

poly

mera

se II 

prom

oter 

198 12 
2.50E

-09 

4.50

E-08 
RNF111,PARP1,UBB,E2F2,GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

negat

ive 

regul

ation 

of 

62 8 
4.53E

-09 

8.16

E-08 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 



gene 

expre

ssion, 

epige

netic 

4 

trans

cripti

on 

elong

ation 

from 

RNA 

poly

mera

se II 

prom

oter 

65 8 
6.52E

-09 

1.11

E-07 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

regul

ation 

of 

gene 

expre

ssion, 

epige

netic 

72 8 
1.43E

-08 

2.29

E-07 
GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 



4 

telom

ere 

maint

enanc

e via 

semi-

conse

rvativ

e 

replic

ation 

13 5 
1.97E

-08 

2.95

E-07 
PRIM2,RPA2,POLA2,RPA3,POLE2 

4 

doubl

e-stra

nd 

break 

repair 

via 

homo

logou

s 

reco

mbin

ation 

110 9 
2.31E

-08 

3.47

E-07 
MCM8,SUMO1,SUMO2,PARP1,UBB,RPA2,ERCC4,RPA3,ATM 

4 

protei

n 

sumo

84 8 
4.64E

-08 

6.49

E-07 
CETN2,SUMO1,SUMO3,SUMO2,PIAS3,PARP1,XPC,UBE2I 



ylatio

n 

4 

telom

ere 

maint

enanc

e via 

reco

mbin

ation 

17 5 
7.38E

-08 

9.59

E-07 
PRIM2,RPA2,POLA2,RPA3,POLE2 

4 

DNA 

duple

x 

unwi

nding 

38 6 
1.32E

-07 

1.71

E-06 
CHD1L,MCM5,MCM2,CDC45,GTF2H4,ERCC2 

4 

DNA 

dama

ge 

respo

nse, 

detec

tion 

of 

DNA 

dama

ge 

28 5 
8.50E

-07 

1.02

E-05 
PARP1,DDB1,UBB,RPA2,RPA3 



4 

respo

nse to 

UV 

31 5 
1.39E

-06 

1.67

E-05 
DDB2,XPA,GTF2H2,ERCC3,ERCC4 

4 

viral 

repro

ducti

on 

431 13 
1.61E

-06 

1.93

E-05 
RB1,SUMO1,DDB1,CCNA2,UBB,GTF2H1,GTF2H2,GTF2H3,GTF2H4,GTF2H5,ERCC3,ERCC2,MNAT1 

4 

cellul

ar 

respo

nse to 

xeno

biotic 

stimu

lus 

4 3 
2.17E

-06 

2.39

E-05 
RB1,MCM7,E2F1 

4 

error-

prone 

transl

esion 

synth

esis 

15 4 
2.35E

-06 

2.58

E-05 
UBB,RPA2,RPA3,POLE2 

4 

doubl

e-stra

nd 

break 

repair 

114 7 
6.00E

-06 

6.00

E-05 
SUMO1,SUMO2,PARP1,UBB,RPA2,ERCC4,RPA3 



4 

UV-d

amag

e 

excisi

on 

repair 

7 3 
1.15E

-05 

1.15

E-04 
DDB2,DDB1,XPC 

4 

UV 

prote

ction 

7 3 
1.15E

-05 

1.15

E-04 
ERCC3,ERCC4,ERCC2 

4 

G2/

M 

transi

tion 

of 

mitot

ic 

cell 

cycle 

112 6 
6.10E

-05 

6.10

E-04 
CETN2,CCNA2,CCNA1,BIRC5,UBB,MNAT1 

4 

error-

free 

transl

esion 

synth

esis 

14 3 
8.92E

-05 

8.03

E-04 
UBB,RPA2,RPA3 

4 
transl

esion 
39 4 

9.63E

-05 

8.66

E-04 
DDB1,UBB,RPA2,RPA3 



synth

esis 

4 

phos

phory

lation 

of 

RNA 

poly

mera

se II 

C-ter

minal 

doma

in 

3 2 
1.58E

-04 

1.42

E-03 
GTF2H3,GTF2H4 

4 

negat

ive 

regul

ation 

of 

trans

cripti

on 

invol

ved 

in 

G1/S 

3 2 
1.58E

-04 

1.42

E-03 
RB1,E2F1 



phase 

of 

mitot

ic 

cell 

cycle 

4 

nucle

otide-

excisi

on 

repair

, 

DNA 

gap 

fillin

g 

18 3 
1.86E

-04 

1.49

E-03 
UBB,RPA2,RPA3 

4 

regul

ation 

of 

trans

cripti

on 

invol

ved 

in 

G1/S 

19 3 
2.18E

-04 

1.75

E-03 
RB1,CCNA1,CDT1 



phase 

of 

mitot

ic 

cell 

cycle 

4 

mism

atch 

repair 

20 3 
2.53E

-04 

2.01

E-03 
XPC,RPA2,RPA3 

4 

hair 

cell 

differ

entiat

ion 

4 2 
2.80E

-04 

2.01

E-03 
ERCC3,ERCC2 

4 

DNA 

replic

ation, 

synth

esis 

of 

RNA 

prime

r 

4 2 
2.80E

-04 

2.01

E-03 
PRIM2,PRIM1 

4 

nucle

ic 

acid 

52 4 
2.87E

-04 

2.01

E-03 
POLE,POLA1,ERCC1,ERCC5 



phos

phodi

ester 

bond 

hydro

lysis 

4 

DNA 

dama

ge 

check

point 

24 3 
4.30E

-04 

3.01

E-03 
E2F1,RPA4,ATM 

4 

DNA 

biosy

ntheti

c 

proce

ss 

24 3 
4.30E

-04 

3.01

E-03 
POLE,POLA1,POLA2 

4 

dopa

mine 

catab

olic 

proce

ss 

5 2 
4.35E

-04 

3.05

E-03 
MAOB,MAOA 

4 

DNA 

unwi

nding 

8 2 
1.10E

-03 

7.59

E-03 
MCM7,MCM6 



invol

ved 

in 

replic

ation 

4 

regul

ation 

of 

cycli

n-dep

ende

nt 

protei

n 

kinas

e 

activi

ty 

34 3 
1.17E

-03 

7.59

E-03 
CCNA2,GTF2H1,MNAT1 

4 

prote

asom

al 

ubiqu

itin-d

epen

dent 

protei

133 5 
1.26E

-03 

7.59

E-03 
RNF111,USP45,RAD23A,RAD23B,DDB1 



n 

catab

olic 

proce

ss 

4 

base-

excisi

on 

repair 

35 3 
1.27E

-03 

7.64

E-03 
PARP1,RPA2,RPA3 

4 

protei

n 

phos

phory

lation 

358 8 
1.37E

-03 

8.24

E-03 
BIRC5,GTF2H1,GTF2H2,CDK7,ERCC3,CDK4,ERCC2,MNAT1 

5 

renal 

water 

home

ostasi

s 

24 15 
1.11E

-16 

2.66

E-15 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,AVPR2,ADCY9,PRKAR1B,PRKAR1A,AVP 

5 

cellul

ar 

respo

nse to 

gluca

gon 

stimu

32 25 
1.11E

-16 

2.66

E-15 

ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,GNG10,GNG3,GNG2,GNG5,PRKAR2B,GNG4,PRKACG,PRKAR2A,GNG7,GNG8,GN

G12,GNG11,GNG13,ADCY9,PRKAR1B,PRKAR1A,GNB1,GNB4 



lus 

5 

activ

ation 

of 

protei

n 

kinas

e A 

activi

ty 

14 13 
1.11E

-16 

2.66

E-15 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,ADCY9,PRKAR1B,PRKAR1A 

5 

activ

ation 

of 

phos

pholi

pase 

C 

activi

ty 

51 17 
1.11E

-16 

2.66

E-15 

ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,ADCY9,PRKAR1B,PRKAR1A,C

ALM1 



5 

cAM

P 

biosy

ntheti

c 

proce

ss 

15 9 
1.11E

-16 

2.66

E-15 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,ADCY5,ADCY9 

5 

nerve 

growt

h 

factor 

recep

tor 

signa

ling 

path

way 

312 19 
1.11E

-16 

2.66

E-15 

GSK3A,ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,BAD,ADCY9,PRKAR1B

,PRKAR1A,CALM1 

5 

water 

trans

port 

27 15 
1.11E

-16 

2.66

E-15 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,AVPR2,ADCY9,PRKAR1B,PRKAR1A,AVP 

5 

fibro

blast 

growt

h 

factor 

234 19 
1.11E

-16 

2.66

E-15 

GSK3A,ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,BAD,ADCY9,PRKAR1B

,PRKAR1A,CALM1 



recep

tor 

signa

ling 

path

way 

5 

energ

y 

reser

ve 

meta

bolic 

proce

ss 

86 29 
1.11E

-16 

2.66

E-15 

ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,GNG10,GNG3,GNG2,GNG5,PRKAR2B,GNG4,PRKACG,PRKAR

2A,GNG7,GNG8,GNG12,GNG11,GNG13,ADCY9,PRKAR1B,PRKAR1A,GNB1,GNB4,GNAS 

5 

synap

tic 

trans

missi

on 

353 20 
1.11E

-16 

2.66

E-15 

ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,GNGT1,GNG10,GNG3,GNGT2,GNG2,GNG5,GNG4,GNG7,GNG8,GNG12,ADCY9,GN

B1,CALM1 

5 

signa

l 

trans

ducti

on 

858 29 
1.11E

-16 

2.66

E-15 

ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,GNGT1,GNG10,GNG5,PRKAR2B,PRKACG,PRKAR2A,GNG12,G

NG11,POMC,ADCY9,PRKAR1B,PRKAR1A,GNB2,GNB1,GNB4,GNB3,AVP,GNB5,CALM1  



5 

small 

mole

cule 

meta

bolic 

proce

ss 

1229 30 
1.11E

-16 

2.66

E-15 

ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,CYP17A1,GNG10,GNG3,GNG2,GNG5,PRKAR2B,GNG4,PRKAC

G,PRKAR2A,GNG7,GNG8,GNG12,GNG11,GNG13,ADCY9,PRKAR1B,PRKAR1A,GNB1,GNB4,CALM1  

5 

epide

rmal 

growt

h 

factor 

recep

tor 

signa

ling 

path

way 

250 19 
1.11E

-16 

2.66

E-15 

GSK3A,ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,BAD,ADCY9,PRKAR1B

,PRKAR1A,CALM1 

5 

aden

ylate 

cycla

se-act

ivatin

g 

G-pr

otein 

35 9 
1.53E

-14 

3.37

E-13 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,ADCY9,GNAS 



coupl

ed 

recep

tor 

signa

ling 

path

way 

5 

cAM

P-me

diate

d 

signa

ling 

27 8 
1.59E

-13 

3.34

E-12 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,ADCY9 

5 

aden

ylate 

cycla

se-in

hibiti

ng 

G-pr

otein 

coupl

ed 

recep

tor 

43 8 
6.29E

-12 

1.19

E-10 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,ADCY9 



signa

ling 

path

way 

5 

innat

e 

immu

ne 

respo

nse 

800 19 
3.22E

-11 

5.80

E-10 

GSK3A,ADCY4,ITPR1,ADCY3,ITPR2,ADCY2,ITPR3,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,BAD,ADCY9,PRKAR1B

,PRKAR1A,CALM1 

5 

trans

mem

brane 

trans

port 

436 15 
4.45E

-11 

7.57

E-10 
ADCY4,ADCY3,ADCY2,ADCY1,ADCY8,ADCY7,ADCY6,PRKAR2B,PRKACG,PRKAR2A,AVPR2,ADCY9,PRKAR1B,PRKAR1A,AVP 

5 

regul

ation 

of 

insuli

n 

secret

ion 

76 8 
5.46E

-10 

8.73

E-09 
ITPR1,ITPR2,ITPR3,PRKAR2B,PRKACG,PRKAR2A,PRKAR1B,PRKAR1A 



5 

negat

ive 

regul

ation 

of 

cAM

P-dep

ende

nt 

protei

n 

kinas

e 

activi

ty 

7 4 
1.85E

-08 

2.78

E-07 
PRKAR2B,PRKAR2A,PRKAR1B,PRKAR1A 

5 

blood 

coag

ulatio

n 

377 11 
1.42E

-07 

2.13

E-06 
ITPR1,ITPR2,ITPR3,GNG2,PRKAR2B,PRKACG,PRKAR2A,PRKAR1B,PRKAR1A,GNB1,CALM1 

5 

cellul

ar 

respo

nse to 

catec

hola

mine 

6 3 
1.87E

-06 

2.61

E-05 
ADCY6,GNG2,GNB1 



stimu

lus 

5 

regul

ation 

of 

rhodo

psin 

medi

ated 

signa

ling 

path

way 

31 4 
6.67E

-06 

8.67

E-05 
GNGT1,GNB1,GNB5,CALM1 

5 

rhodo

psin 

medi

ated 

signa

ling 

path

way 

33 4 
8.51E

-06 

1.03

E-04 
GNGT1,GNB1,GNB5,CALM1 

5 

inosit

ol 

phos

phate

10 3 
8.55E

-06 

1.03

E-04 
ITPR1,ITPR2,ITPR3 



-medi

ated 

signa

ling 

5 

aden

ylate 

cycla

se-act

ivatin

g 

dopa

mine 

recep

tor 

signa

ling 

path

way 

10 3 
8.55E

-06 

1.03

E-04 
GNG2,GNB1,GNAS 

5 

cellul

ar 

respo

nse to 

prost

aglan

din E 

stimu

12 3 
1.47E

-05 

1.62

E-04 
ADCY6,GNG2,GNB1 



lus 

5 

stimu

latory 

C-typ

e 

lectin 

recep

tor 

signa

ling 

path

way 

86 5 
2.03E

-05 

2.23

E-04 
ITPR1,ITPR2,ITPR3,PRKACG,CALM1 

5 

respo

nse to 

calci

um 

ion 

48 4 
3.65E

-05 

3.82

E-04 
AHCYL1,ITPR3,BAD,CALM1 

5 

platel

et 

activ

ation 

164 6 
3.82E

-05 

3.82

E-04 
ITPR1,ITPR2,ITPR3,GNG2,GNB1,CALM1 

5 

G-pr

otein 

coupl

735 11 
8.17E

-05 

8.17

E-04 
ITPR3,GNG10,GNG3,GNGT2,GNG5,GNG4,GNG7,GNG8,GNG12,GNG11,CALM1 



ed 

recep

tor 

signa

ling 

path

way 

5 

cardi

ac 

musc

le 

cell 

apopt

otic 

proce

ss 

4 2 
1.14E

-04 

1.03

E-03 
GNGT1,GNB1 

5 

positi

ve 

regul

ation 

of 

syste

mic 

arteri

al 

blood 

4 2 
1.14E

-04 

1.03

E-03 
AVPR2,AVP 



press

ure 

5 

epith

elial 

fluid 

trans

port 

5 2 
1.78E

-04 

1.60

E-03 
AHCYL1,ITPR1 

5 

negat

ive 

regul

ation 

of 

urine 

volu

me 

6 2 
2.55E

-04 

2.30

E-03 
ADCY6,AVPR2 

5 

photo

trans

ducti

on, 

visibl

e 

light 

85 4 
3.24E

-04 

2.59

E-03 
GNGT1,GNB1,GNB5,CALM1 



5 

aden

ylate 

cycla

se-m

odula

ting 

G-pr

otein 

coupl

ed 

recep

tor 

signa

ling 

path

way 

35 3 
3.43E

-04 

2.74

E-03 
ADCY4,ADCY2,AVPR2 

5 

cellul

ar 

respo

nse to 

ethan

ol 

7 2 
3.46E

-04 

2.77

E-03 
ITPR2,ADCY7 

5 

femal

e 

meio

sis 

7 2 
3.46E

-04 

2.77

E-03 
ADCY3,PRKAR1A 



5 

positi

ve 

regul

ation 

of 

cAM

P 

biosy

ntheti

c 

proce

ss 

38 3 
4.35E

-04 

3.05

E-03 
GSK3A,ADCY7,AVP 

5 

eleva

tion 

of 

cytos

olic 

calci

um 

ion 

conce

ntrati

on 

108 4 
7.92E
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Supplementary figure 1A. Manhattan plot of the SNP-level analysis of insomnia complaints 
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Supplementary figure 1B. Manhattan plot of the SNP-level analysis of insomnia symptoms 
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Supplementary figure 1C. Manhattan plot of the SNP-level analysis of sleep duration 
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Supplementary figure 1D. Manhattan plot of the gene-based analysis of insomnia complaints  
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Supplementary figure 1E. Manhattan plot of the gene-based analysis of insomnia symptoms 
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Supplementary figure 1F. Manhattan plot of the gene-based analysis of sleep duration  
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Supplementary figure 2. 10 of 21 core biological processes. 
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Supplementary figure 3. The larger molecular network by using the Reactome FI program. 

 

 

 

 



 

 

Supplementary figure 4A. Co-expression networks of genes in Cluster 4 in the amygdala (|R|)>0.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary figure 4B. Co-expression networks of genes in Cluster 4 in the DFC (|R|)>0.8). 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary figure 4C. Co-expression networks of genes in Cluster 4 in the ITC (|R|)>0.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary figure 4D. Co-expression networks of genes in Cluster 4 in the MFC (|R|)>0.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary figure 5. A) The average expression level of genes in Cluster 4 with the AMY in different temporal steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

B) The average expression level of genes in Cluster 4 with the DFC in different temporal steps. 

 

 

 

 

 



C) The average expression level of genes in Cluster 4 with the ITC in different temporal steps. 

 

 

 

 

 

 



D) The average expression level of genes in Cluster 4 with the MFC in different temporal steps. 

 

 

 



Supplementary figure 6. protein protein interaction for 72 genes in cluster 4 across DAPPLE program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 



 

Supplementary Figure 7. Enrichment analysis for insomnia using the 52 functional categories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


