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Cluster 1D Description GeneRatio
Common RHSA-2262752 Cellular responses to stress 114/510
Common R-HSA-8953897 Cellular responses to external stimuli 114/510
Common RHSA422475  Axon guidance, 100/510
Common RHSA114608  Platelet degranulation 50/510
Common RHSA76005  Responseto elevated platelet cytosolic Caz+ 50/510
Common RHSA9675108 Nervoussystem development 100/510
Comm RUNXL 46/510
Common RHSA'S663205 Infectious disease 120/510
Common RHSA'S625740 RHO GTPases activate PKNs 40/510
Common RHSA109582 Hemostasis 98/510
Common RHSA852276 The role of GTSE1 in G2/M progression after G2 checkpoint 36/510
Common RHSA-1643685 Disease 171/510
Common RHSA-977225  Amyloid fiber formation 40/510
Comm 2/510
Common RHSA-392499  Metabolism of proteins. 193/510
Common RHSA-9609690 HCMV Early Events 43/510
Comm T/t 21/510
Common RHSA195258 RHO GTPase Effectors 65/510
Common RHSA6798695 Neutrophil degranulation 79/510
Common RHSA-168249  Innatelmmune System 125/510
Common RHSA76002  Platelet activation, signaling and agaregation 57/510
Common RHSA1266738 Developmental Biology 128/510
Common c Tric/cet 22/510
Common RHSA-9609646 HCMVInfection 4/510
Comm 32/510
Common RHSA8957275 Post-translational protein phosphorylation 36/510
Common RHSA-68886  MPhase 70/510
Common RHSA168256  Immune Syst 182/510
Common RHSA1474244 Extracellular matrix organization 58/510
Common RHSA-201681 TCF dependent signalingin response to WNT 50/510
Common RHSA171306  Packaging Of Telomere Ends 25/510
Common RifSka229971 Condenaion ofProphase Chramosaes 29/510
Common RHSA157118  Signaling by NOTCH 50/510
Common RHSA73728 RNAPoIvmerass\Promatef(lvemnﬂ 27/510
Common RHSAG9481  G2/M Checkpoints. 2/510
Common RHSAS334118 DNAmethylation 27/510
Comm 27/510
Common RHSA-110330 25/510
Common RHSA110331  Cleavage of the damaged purine 25/510
Common RHSA73927  Depurination 25/510
Common SIRTL 27/510
Common RHSA-9646399 Aggreph: 22/510
Common RHSAS689603 UCH proteinases 32/510
Common RHSA110328 25/510
Common RHSA-110329  Cleavageof the damaged pyrimidine 25/510
Common RHSA73928  Depyrimidinati 25/510
Common RHSA212300  PRC2 methylates histones and DNA 27/510
Common RHSA9710421 Defective pyroptosis 27/510
Common 15/510
Common RHSA-389957  Prefoldin mediated transfer of substrate to CCT/TriC 18/510
Common RHSAS626467 RHO GTPases activate IQGAPs 19/510
Common Inhibition 26/510
Common RHSA73929  Base Excision Repair, AP Site Formation 25/510
Common RHSA9645723 Diseases of programmed cell death 31/510
Common RHSA8878171 Transcriptional regulation by RUNX1 a7/510
Common RHSA-S689880 Ub-specific processing proteases 45/510
Common R-HSA-3000178 ECMproteoglycans 27/510
Common ERCCS (C58) and EHMT2 27/510
Common RHSA190872  Transport of connexons to the plasma membrane 15/510
Common RHSA201722 29/510
Comm 26/510
Common RHSA912446  Meiotic recombination 28/510
Common RHSA-376176  Signaling by ROBO receptors 44/510
Common 26/510
Common RHSA774815  Nucleosome assembly 26/510
Common AUFL 23/510
Common 31/510
Common RHSA437239  Recycling pathway of L1 21/510
Comma BWIC 28/510
Common RHSA1221632 Meiotic synapsis 26/510
Common RHSA3371497 22/510
Common RHSA71387  Metabolism of carbohydrates 50/510
Common RHSA§9275  G2/MTransition 40/510
Common RHSA195721  Signaling by WNT 53/510
Common RHSA453274  Mitotic 62-G2/M phases 40/510
Common 17 and ROBO: 37/510
Common RUNXL 28/510
Common 27/510
Common RHSAS610787 Hedgehog off state 30/510
Common RHSA73772  RNAPolymerasel Promoter Escape 27/510
Common RHSA597592  Post-translational protein modification 131/510
Common R-HSA-3000171 Non-ntegrin membrane ECM interactions 22/510
Common RHSA1912408 PreNOTCH Transcription and Translation 27/510
Common RHSA69278  Cell Cycle, Mitotic 71/510
Common RHSA-2559580 Oxidative Stress Induced Senescence 31/510
Common RHSA3214815 HDACs deacetylate histones 27/510
Common RHSA2559583 Cellular Senescence 39/510
Common RHSA450531 26/510
Common RHSA373760 L1CAMinteractions 30/510
Common RHSA9619483 Activation of AMPK downstream of NMDARS 16/510
Common RHSA194315  Signaling by Rho GTPases 81/510
Common 28/510
Common RHSA'5578749 Transcriptional regulation by small RNAS 28/510
Common RHA389977  Post-chaperonin tubulin folding pathway 14/510
Common RHSA-216083  Integrin cell surface interactions 25/510
Common R-HSA-9716542 Signaling by Rho GTPases, Miro GTPases and RHOBT83 81/510
Common RHSA156842 Eukaryotic Translation Elongation 26/510
Common RHSA1640170 Cell Cycl 79/510
Common RHSA1912422 Pre-NOTCH Expression and Processing 28/510
Common R-HSA-190828  Gap junction trafficking 19/510
Common RHSA1500620 Meiosis 29/510
Common RHSA'S688426 Deubiquitination a7/510
Common RHSA9663891 Selective autophagy 24/510
Common RHSA157858 Gap junction trafficking and regulation 19/510
Common RHsA'5358351 Signaling by Hedgeh 32/510
Common RHSA'5362768 Hh mutantsare degraded by ERAD 20/510
Common RHSA211733 19/510
Common RHSA427413  NoRCnegatively regulates rRNA expression 27/510
Common RHSAS610379 HCMVLate Events 28/510
Common RHSA73884  BaseExcision Repair 25/510
Common RHSA-109581 Apoptosis 35/510
Common RHSA70263  Gluconeogenesis 16/510
Common RHSA1474165 Reproduction 31/510
Common 27/510
Common RHSA73854  RNAPolymerase| Promoter Clearance 27/510
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qualue geneld Count
1.24592€:32 TUBAL: 0AL/C) 8/EIF251/RPLP1/RPLP2/H2BC11/GPX1/PAHB/HSPIOA 114
4.62754E32 TUBAL 0AL/C/ EIF251/RPLP1/RPLP2/H2BC11/GPX1/PAHB/HSPIOA 114
2.80523E31 TUBALS, /PSMAT/MYLL 0L2A1/COL /RPLP2/I 100
2.8253E31 QSOX1/ACTNA/WDRI1/F13A1/CY DOWAF 50
1.972536:30 QSOX1/ACTNA/WOR1/F13A1/CF DOWAF 50
6.7081E30 TUBALS, /PSMAT/MYLL 0L2A1/COL: RPLP2/I 100
7.36081E27 PSMA7/H2BCL MB1/H2ACT/H2BC1 6
8.428627 TUBAL K1/C3/LTF/TUBBAA/HL P2/TGE: 120
8428627 MYLL a0
4.034956:26 TUBAL3/QSOX1/5LC16A3/ACTNA/WDR1/F13A1/F2/F10/CFD/PLG/PLAU/PLAT/SERPINC1 /SERPINAS/AZM/TIMPL/K 98
4.034956-26 TUBAL 36
819737626 TUBAL H2BC12/IDH1/CP/PGK1/F2/F10/C: N1/REPA/TIRATEKL 171
7.41269624 1 TR/LTF/H2AC 1 D40
.79932624 1/C3/vP: a2
979932624 TUBAL H28C1 1/c3 193

2,65894-23 TUBAL3/H2BC12/TUB: 8/1TGB1/H2BC11/H2AC13) H2BCS /HaC

UBALe/TUBAY 43

2.65894E-23 TUBAL3/TUBBAA/TCPL/CCTEA/CCTS/CCT8/CCY g

1.37783E.22 TUBAL3/MYLL ITGB1/H2BC11 NA/H2BCL7/CFL 65
4.17401€22 QSOX1/5DC FO/PL ST3/AHSG/TTR/LTF/FTH1/CAT/ALDOAMM 79
476671822 QSOX1/5DC F2/CFO/PL 3/c [TRAL 125
LO130SE21 GSOK1/ACTNA/WORLFL3AL/2/C /coL 57
3.44276E21 TUBS /PSMAT/MYLL /COL2AL/COL 128
3.47288621 msALa/runm/rm/ccrsA/ccrs/ccrx/cm /AC C 2
42162621 TUBALS, 13/H; 28 9/TUBA 44
6.47383E21 Locioz 32
219576620

(QSOX1/ADAM10/PRSS23/CP/SERPINC1/C3/TIMP1/CST3/KNG1/APOAL /APOE/FN1 /AHSG/AFP/TF/APOB/APP/SERPI 36
H28C1 1/U88/UBC H28

4.80377620 TUBAL

7.14386-20 TUBAL3/QSOX1/SD AMAS/

1.438836-15 AGRN/ADAVI10/LAMAS /PLOD3/PLG/A2M/TIMP1/COL1AL/COL2AT/COL3AL FGB/FN1/TTR/KLKB1/VTN/APP/SERPI 58
H28C1

616517619 P\

820032619 H2BC12/H2ACB/H2BC11/H2AZL 0 JHACO/H34/H2AC20MH2 25
9.39769E-19 H2B 1 H28C3/L0C: /HACO/H3CL/HISASET/ 29
1.00915£.18 H2AZL BN PSMAL/PSI 50
1.03329E-18 H2BC12/H2ACE/H2BC11/H2AZL L JHACO/HICI/HIINH2A 27
1.429926-18 PSMA7/H2BC12/H2BC11/UBB/UBK 1 a2
264413618 17/H28C3/ 5/HACO/M3CI/HI3AM2A 27
622038618 H2AZL H2BC3/LOK HACO/M3CI/HI3AH2A 27
6.22038E-18 H28C12/H2AC/H2BC11/H2AZL " JHACO/H34/H2AC20MH2 25
622038618 H28 1 n 5/HACO/H3-4/H2AC20H2 25
6.22038E-18 H2BC12/H2AC8/H28C1 H28C3) /HACO/H3-4/H2AC20MH2 25
9.564896-18 H2AZL HACO/H3CI/HIIAHIA 27
1.91059€-17 TUBAL: e 2
1.99544E-17 PSMAT/H2AC8/H2AC13/UBB/UBC/PSMB1/H2AC 32
6.84879E17 H2AZL H28C3) /HACS/H3-4/H2AC20M2 25
6.84879E-17 H28C12/H2ACB/H2BC11/H2AZ1 " JHACO/H34/H2AC20M2 25
6.84879E17 H28 1 " JHACO/H3-4/H2AC20/H2 25
7.07059E17 H2BC3/ 5/HACOM3CL/HI3AMM2A 27
7.07059€-17 H2AZL H2BC3/LOX HACO/H3CI/HIIAHIA 27
7.07059€-17 TUBAL: 15
7.74887E-17 TUBB4A/TCP1/CCTA/CCTS /CCTB/CCTA/ACY TeB/TUBALC/TL 18
7.99717E-17 TUBAL3/TUBBAA/CALML 19
103712616 HIAZL L HaC: 26
1.51213E-16 H2BC12/H2ACE/H2BCL n JHACO/H3-4/H2AC20H2 25
154442616 H2BC! H2BCL 3/L0C S/WHAE/HAC 31

1.96799E-16 PSM

1.96799€-16 stAv/stm/Hms/nmcu/HzAm/ues/usc/stm/HzAcv/vnm/uzsm/stA:/PsMAz/PsMAs/rs» 5
B1/COL

L9B791E:16 AGRN/LANASCOLIAL/COL2AL/COLIAL/FNAVTW/APP/SERPINEL/TGB1/COLS A2 A
18879116

/mcs/um/u; w»m 27

2.66992€-16 TUBAL: 15
3.68698E-16 H2BC12/H2ACE/H2BC11/H2AZL 0 JHACO/H3CI/HI3AMHIL 29
4.67365E-16 TUBALS/TUBBAA/CAL 2
663774616 H2BC3/ JHACS/HICI/HIIAMI4 28
6.85171E16 RPL 4
9.61699E-16 H2BC12/H2ACS/NPM1/H2BC1 Loc 5/HACO/H2AC20M 26
9.61699E16 H28C1 /H2BC17/H2BC3/LOC S/HACS/H2AC20M 26
9.71874E-16 PSMAT/HSPBL 23
2.41655E-15 H2BC12/H2ACE/H2BC11/H2AZL S/HACO/RPS27A 31
2.50366E-15 TUBAL L7C) 21
3.16666E15 H2BC3/ WCS/MICIM3 3 28
5.62729E15 HaAZ1 H2BC3/HSPA2/LOC102724334, 26
823833615 TUBAL JCAPZAL, 2
828718615 BAGATL PGK1/AL JGPI/PGK2/ 50
1.062326-14 TUBAL: /PSMB1/PSMAL, a0
1.460326-14 PSMA7/H2BC12/H2ACS/H2BC11/PFNI 53
14897414 TUBAL: PSMB1/PSMAL a0
L70563E.14 PSMA7/RPLPY, RPL 37
17962614 H2BC3/L /HACO/MICI/H3 28
1.92938E-14 H2BC12/H2ACE/H2BC11/H2AZL 0 /HACO/MICI/HIINM2A 27
21723814 ;30
2.559536-14 H2BC12/H2AC8/H28C1 H2BC3/ JHACS/HICI/HIIAM2A 27
3.96797€-14 TUBAL H2BC: 1/C3MMPI/CSTI/K 131
41217614 AGRN/LAMAS/COL1AL/COL2A1/COL oL /COL1A2/COLAA2/LAICL/A 22
4.50544E-14 H2B 1 17/H28C3/L0C JHACS/H3CI/HIIAH2A 27

4.891876-14 TUBAL

8/H28C1
5.46727E-14 H28C12/H2AC/H2BC11/H2AZ1
5.83775E:14 H2BC 11/H2AC13/H: H2HCS HACOMICA/H:

5/HACO/RPS27A 31
0/H2BC21/H28C1

5.90538E-14 H2BCL

848127614 PSMAT/HSPBL

8.8431E-14 TUBAL3/SDCBP/NRP, AMB1/LAMC1/HSPAS/N

9.429626-14 TUBAL3/TUBBAA/CAL

/TuBAIB
/Tusss/TuE 16

.81913E-14 TUBAL3/MY 8//TGB1/H2BC11 HNRNPY

1.80188£.13 HaAz1 L TB/HACH/HICI/HE3) 28
1.80188E-13 H2BC12/H2ACE/H2BCL n [HACO/RANHICI/H33A 28
2.5395E13 TU 12
285899613 AGRM/CDIlAi/CouAl/Col!Ai/FsE/FN)/VlN/Imm/Cctsnzmmsl/COUAZ/CDLAAI/COLEA)/CDLSAI/COLEA 25
3.26884E-13 TUBAL3/MYLL 8/11GB1/H2BCLY 81
3.32213613 RPLPY, 2
3.35519E-13 TUBAL 1 8/NPM1/H2BC1. 2P 79
3.64954E-13 H2AZL/BAGALTL H2BC3/L /HACOMMICIH 28
4.233596-13 TUBAL3/TUBBAA/CLTCLI/ACTB) L1¢/ 19
4.40936E13 H2B 1 H2BC3 /HSPAZ/LOC: 5/HACO/H3CL/H3: 29
63172613 P MB1/H /H28CT a7
7.08157€-13 TUBAL: DACLNC] 2
1.00789E-12 TUBAL3/TUBBAA/CLTCLL/ACTS 19
123833612 /PSMB1/PSMAL, 32
14326612 /PSMBY, P/PS 20
1.50726£12 19
1.50726E12 H2B 1 0 /HACO/M3CI/HI3AM2A 27
178878E.12 H2BCL HIAC20/H2BC21/H2BC 28
182731612 HaAZ1 H2BC3/LOX HACO/H3-4/H2AC20MH2 25
1.97379€12 BB/UB 35
1.97696E12 DOB/ENOY Do/ 16
210051612 T H2BC3/HSPAZ/LOC SM 31
2.91335E12 H2BC12/H2ACE/H2BC11/H2AZL L JHACO/HBCI/HIBNH2A 27
2.913356-12 H2B( 1 0 /HACO/H3CI/HIIAH2A 27

Ruivo CF, et al. Gut 2022; 71:2043-2068. doi: 10.1136/gutjnl-2021-324994
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Common
Common
Common

RHSA180534
RHSA349425
RHSA69601
RHSAG9610
RHSA69613
RHSA75815
RHSA5358346
RHSA5387390

Vpu mediated degradation of CD4.
Autodegradation of the €3 ubiquitin ligase COP1

p53-Independent DNA Damage Response:
p53-Independent G1/5 DNAdamage checkpoint
Ubiquitin-dependent degradation of Cyclin D
Hedgehog ligand biogenesis

Hh mutants abrogate ligand secretion

RHSA73864
RHSA169911
RHSAT1291

RHSA162909
RHSA157579

RNAPolymerase| Transcription
Regulation of Apopt

Metabolism of amino acids and derivatives
Host Interactions of HIV factors

Telomere Maintenance

RTIN

RHSA1474228
RHSA180585

Degradation of the extracellular matrix
Vifmediated degradation of APOBEC3G
FBXL7

RHSA9604323
RHSA1236974
RHSA5678895
RHSA5357801
RHSA68875
RHSA174113
RHSA4641257
RHSA2467813
RHSA4641258
RHSA69541
RHSA8932339
RHSA156827
RHSA211000
RHSA72706
RHSAS617472

Negative regulation of NOTCHS signaling

ER-Phagosome pathway

Defective CFTR causes cystic fibrosis

Programmed Cell Death

Mitotic Prophase

SCF-betaTrCP mediated degradation of Emil

Degradation of AXIN

Separation of Sister Chromatids

Degradation of DVL

Stabilization of ps3

ROS sensing by NFE2L2
1

slencing of C
Genesilencing by RNA
‘GTP hydrolysis and joining of the 605 ribosomal subunit

&
Activation of

RHSA5676590
RHSA68827

RHSA1236975
RHSAS018519
RHSA3214847

Nik->noncanonical NF-k8 signaling

CDT1 association with the CDC6:ORC:origin complex
Antigen processing Cross presentation
Estrogen-dependent gene expression

HATs acetylate histones

RHSASE07761
RHSAS610780
RHSA5610783

Dectin-1 mediated noncanonical NF-48 signaling
Degradation of GLI1 by the proteasome.
Degradation of GLIZ by the proteasome

RHSA1474290

RHSA390466
RHSA190861
RHSA69620

ous
Collagen formation

MET promotes cell motility

MET activates PTK2 signaling.
Chaperonin-mediated protein folding
Gap junction assembly

Cell Cycle Checkpoints

RHSAS619084
RHSA72613
RHSA72737
RHSAS689901
RHSA69473
RHSA6806834
RHSA1442490
RHSA4G08E70
RHSA73886

ABC transporter disorders
Eukaryotic Translation Initiation
Cap-dependent Translation Initiation
Metalloprotease DUB:

G2/MDNA damage checkpoint
Signaling by MET

Collagen degradation

Asymmetric localization of PCP proteins
Chromosome Maintenance

RHSA166658
RHSA391251
RHSA6E882
RHSA156902
RHSA2555396
RHSA1234176
RHSA69563
RHSA69580
RHSA9013694
RH5A3000480
RHSA1169091

HSA 72689
RHSAB948751

Complement cascade
Protein folding

Mitotic Anaphase

Peptide chain elongation

Mitotic Metaphase and Anaphase

Alpha
p53-Dependent G1 DNA Damage Response
p53-Dependent G1/5 DNA damage checkpoint
Signaling by NOTCH4
Scavenging by Class A Receptors
Activation of NF-kappa8 in 8 cells
signaling by Interleukins.
SCF{skp2)-mediated degradation of p27/p21
Downstream signaling events of 8 Cell Receptor (BCR)
APC/C:Cdc20 mediated degradation of Securin
Regulation of RAS by GAP:
Assembly of the pre-replicative complex
G1/5 DNA Damage Checkpoints
Regulation of Complement cascade

Formation of apaol of free 405 subunits
Regulation of PTEN stability and activity.

RHSA212165

RHSA3000157
RHSAD711123
RHSA5693606
RHSA2173782

\Th-mediated
Epigenetic regulation of gene expression

Laminin interactions

Cellular response to chemical stress
DNADoubleStrand Break Response.

Binding and Uptake of Ligands by Scavenger Receptors
o

RHSA9612973

RHSA1236978 C

RHSAGB949
RHSA174084
RHSAS687128
RHSAL74184
RHSAB9017

Autophagy

Ore1 removal from chromatin
Autodetradtionof a1 by Cah1 Apc/c

Ka signaling
Chnos Phospho-APC/C mediated degradation of Cyclin A
CDK-mediated phosphorylation and removal of Cdc6:

n
RHSAB948216

RHSAT2649
RHSA72702
RHSA350562
RHSAGB11436
RHSA168255

Collagen chain trimerization
Translation initiation complex formation
Ribosomal scanning and start codon recognition
Regulation of ornithine decarboxylase (ODC)
COPI-independent Golgi-to R retrograde raffic
Influenza nfection

RHSA174178
RHSA179419
RHSA72662
RHSA390450
RHSA9613829

ignaling 12 stimulation

APC/C:Cdh APC/C.Cdh1 targeted

Activatio

Folding of actin by CCT/TriC
Chaperone Mediated Autophagy

RHSA1234174
RHSA4086400
RHSA176409
RHSA72764

Cellular respun;em hypoxia
PCP/CE

apc/c. o0 it degradation of mitotic proteins
Eukaryotic Translation Termination

RHSA176814

/Cand APC/C:C:

19/510
19/510

52/10856  7.55407E13 6.50975E12 3.05711E12
52/10856  7.55407€13 6.50975E12 30571112
52/10856  7.55407613 6.50975612 3.05711E12
52/10856  7.55407613 6.50975E12 30571112
52/10856  7.55407€13 6.50975E12 305711E12
52/10856  7.55407€13 6.50975E12 30571112
65/10856  7.57002613 650975612 30571112
59/10856  9.60962613 8.19552612 38487812
41/10856 108139612 9.09947E12  4.2733E12
112/10856 10843612 9.09947612 42733612
53/10856 112692612 9.38203612 440599612
374/10856  1.19678E12 9.88518612 46422812
130/10856 12886612 10SG0SE11  4.95941E-12
113/10856 136333612 110863611 520634612

31/10856 146741612 118409E11 55607112 TUBAL

140/10856 159131612 127427611 598421612
54/10856 166392612 130258611 611716612
54/10856 166392612 130258611 611716612
54/10856 166392612 130258E11 611716612
90/10856 190047612 1.47674E11  6.93506E12
61/10856 196401612 151488611 71142612
210/10856  2.18898E12 167609611 787125612
142/10856  234684E12 178394611 837773612
55/10856  2.43281612 182287611 856057612
55/10856 243281612 182287611 856057612
191/10856 271938612 202314811 95011612
57/10856  5.05848£12 3.68496E11 17305311
57/10856  5.05848€:12 3.68496E-11 173053611
57/10856  5.058486:12 3.684966-11 173053611
111/10856 584032612 422517611 198422611
138/10856  6.3269E12 4.54583611 2.13481E11
112/10856  7.27818612 519375611 243909611
121/10856  7.74668E12 545387611 256125611
121/10856  7.74668E12 545387611 256125611
59/10856 101628611 7.03617E11 330433611
59/10856 101628611 7.03617611 330433611
105/10856  1.01954E11 703617611 330433611
150/10856  1.03241611 7.07839E11 332415611
142/10856 133758611 9.11117611 427879611
67/10856  1.40204E:11 9.390296-11 4.40987E11
60/10856 142331611 9.39029611 4.40987E11
60/10856  1.42331611 9.39029E11 4.40987E-11
60/10856 142331611 9.39029611 44098761
60/10856 142331611 9.39029611 4.40987E11

90/10856 950067611 4.46171611
41/10856 1.00696E-10  4.728886-11
30/10856 100696610 4.72888E-11
91/10856 119425E10  5.60843E11
36/10856 139778610 6.56428E-11

294/10856  2.25051E11 143078610 6.71921E11
5510856  2.63836E11 166725610 782975611
77/10856 293863611 184588610 8.66863E11
119/10856  3.16152611 196239610 921576611
119/10856  3.16152611 196239610 921576611
37/10856  3.51826E11 217097E10 1.01953E10
95/10856  4.81497E11 2.95375E10 1.38714E10
79/10856 501502611 305913610 14366310
64/10856  5.09154611 3.06956E10 1.44153610
64/10856  5.09154E11 3.06956E10 1.44153E10
141/10856 611947611 366818610 1.72265€10
65/10856  6.88541€-11 410386610 1.92726E10
58/10856  7.22355€11 428108510 2.01048E10

97/10856  7.60038611  4.4791E10 2.10348E-10 TUBAL

236/10856  7.77382611 455572610  2.13946E-10
89/10856  8.22646E11 47942610 225145610
237/10856 881592611 5.10934E10 239945E10
66/10856 925341611 527545610 2.47746E10
66/10856  9.25341€11 527545610 2.47746E10
66/10856  9.25341611 527545610 2.47746E10
82/10856 108166610 613332610 288033610
19/10856  1.18786E10 669925610 3.14611E-10
67/10856 123612610 693419610  3.25644E-10
462/10856 130359810 727376E10  3.41598-10
60/10856  136024E10 7.54971E10  3.5455E10
83/10856 138572610 765061610 3.592886-10
68/10856 164173610 887721810 4.16891E10
68/10856 164173610 887721E10 4.16891E10
68/10856 164173610 8.87721E10 4.16891E10
68/10856 164173610 8.87721E10 4.16891E10
47/10856 173575610 933743810  4.385056-10

P/PS
TUBAL /Tuss!
H28C12/H2AC8/H2BC11/H2AZL n /HACO/H3CI/H3-3A/H2A

PSMA7/PHGDH/GOT2/ASS1/RPLP1/RPLP2/SLC3A2/RPSA/CKB/NQD1/RPL7 /PSMB1/AHCY/PSMAL/PSMA2/PSMA3/
LC25A/5LC:

H28C12/H2AC8/H2BC1 " JHac

ADAM10/LAMAS/PLG/A2M/TIMP1/COL1AL/COL2A1/COL3AL /N1 /KLKB1/COLSA2/CTSD/CTSB/LAMB1/COL1A2/NV

PIPS
oC
3 HACO/H3CL/H
TUBAL
/PSMBY, )
EIF251/RPLP1/RPLP2/RPSA/RPL
H28C3 /L 5/HACO/RAN/H
EIF2S1/RPLP1/RPLP2/RPSA/RPL
B¢ 1 17/H28C3/L0C /HACS/H3CL/H3-3A/H2A
BC3 /HACI/H3CT/3-3AH2A
H2BCIL
H28C12/H2ACB/H2BC11/H2ACI3/H: H2BCS /ACTB/HACO/H3CL 1/H28C18/

PLOD3/COL1A1/COL2AL/COL3A1/COLSA/P4HB/COL1A2/COLAAZ/COL6AL/COL6AZ/COL6A3 /COLSAL/PPIB/COLL

PLOD3/COL1A1/COL2AL/COL3AL/COLSA2/PAHB/CTSB/COLLAZ/COL4A2/COLGAL/COLGA2/COLEA3 /COLSAL/PPIB
LAMAS/COL1AL/COL2AL/COL LAB1/COL1A2/LAMC1/COL
LAMAS/COLLAL/COL2AL/COL L142/LAMC1/COL
TUBAL3/GAPDHS, TUBBAA/TCP1/CTA/CCTS /CCT8/CCT/ACTB TUBALS/TUBA4A/TUBBAB/CCT2 /TUBB3/ TUSB2A/
TUBAL
PSMA/H2BC12/H2BC11/UBB/UBC/ 1

PSMA7/APOAL
EIF251/RPLP1/RPLP2/RPSA/RPL
EIF2S1/RPLP1/RPLP2/RPSA/RPL
H2ACS/H2ACL3/UBB/UBC/H;

BC1 Lo
LAMAS/COL1AL/COL2AL/COL LAMB1/COL1A2/UBB/UBC/LAMCL
ADAM10/COL1A1/COL2A1/COL3AL/COLSA2/CTSD/CTSB/COL1A2/MMP2/COL4A/MMP10/COLGAL/COL6A2/COLE

6/H2AC12/H2ACL/H2.
9/

H2BC1 H2BC3/L0C 5/HACO/H3-3AMM3-

F2/CFD/C3/C5/C3/CABPA/VTN/SERPING1/CFH/C4A/CAB/CT [CLU/CS/CPN1/MASP1/CD81/CPB2
P1/CCTS/ =

TUBAL
RPLPY, TA/RPS26/RE
TUBAL
/PSMBI, )
/PSMB1/PSMAL,
coL1AL/COL /APOB/COL1A2/CC LR/MASP1
PSMAT/L oL
/PSMBI, )

F2/C3/CS/CO/CABPA/VTN/SERPING1/CFH/CAA/CAB/C7/CLU/CE/CPN1/CD81/CPB2.

101/10856  1.82418E10  9.7631E10 4.58495E10 RPLPL 3/RPL7AIRPS26/R
69/10856  2.16825E10 115457609  5.42209E10

77/10856  2.29474£10 121575609  5.70939E-10 H2BC12/H2BC11/UBB/UBC/H oc 5 /HaC: 21,
149/10856 237942610 12542809 5.89035E10 H2B 1 17/H28C3/L0C \CTB/HACO/HIC1/H3 31
30/10856  2.68187€10 14066409 66058710 MB1/COLAA2/LAIC: oL

160/10856 278851610 14553609  6.83436E-10 PSMAT/CA

78/10856  2.95333£10 15326609 7.19741E-10 H2BC12/H2BC11/UBB/UBC/H oc 5 /Hac: 21,
42/10856 298046610  15326E09 7.19741E-10 COLIAL/COL 1 LR/MASP: -
42/10856 298046610  15326E09 7.19741€-10 TUBAL

151/10856  3.28855€10 168278£09 7.90266E10 TUBAL 1N /TUBAL
49/10856 180381609 847104610

71/10856 188607603  8.85739E-10 /PSMBL, 2
64/10856 224122609 105252609 )
89/10856 28361609 133189609 PSMAT/HSPBL/UBB/UBC/

73/10856 3.09773£08  145476E09 2
73/10856 309773609 1.45476£09 /PSMBY, 3
73/10856 309773609 145476E09 )
44/10856 3.13439609 147197609 COLIAL/COL2A1/COL3AL/COLSA2/COL1A2/COL4A2 /COLGAL/COL6AZ /COLGA3/COLSAL/COL18AL/COLTAL/COL!
58/10856 3.26465E08  153315E09 EIF2SL

58/10856 10 326465609 1.53315€09 EIF2S1,

51/10856  6.95511610 3.36217609 157894609

51/1085  6.95511610 3.36217E09 157894E09 TUBALS/TUBBAA/C /TUBBS/TU
156/10856  7.19652610 346291609 162625E09 ISG15/RPLP1, \6/RPLT[CALI

38/10856  7.29942610 3.49639E09 164198E09
74/10856  8.06134£10  3.8264£09 179695609
74/1085  8.06134E10 38264509 17969509

P1/MIF/TC Pl APZAL/COC

59/10856 425118609 19964409 EIF2S1,

10/10856 438096609 20573909 TCP1/CCTOA/CCTS/CCT/CCT4/ACTB/CCT2/CCTER

22/10856 4.56354E09  2.14313E09 HSPI0AAL,

83/10856 4.5657E09  2.14415E08 /PSMB1;

75/10856 479604609 2.252326:09 )
92/10856 50282609 2.36134E09 PSMAT/PFNL/UBB/UBC/

76/10856 6.0664E09  2.8489£:09

93/10856 616107609 2.89336£.09 R RPLIARPS26/R

1.34498E0¢
61/10856  1.50448£09 7.27222609 341518609
77/1085 167529609 7.54872609 35450309

i
COuAl/COLzAl/COlSAl/COLSAZ/CYSB/COL]AZ/COLAM/COLSAI/COLGM/COLSAS/COLSA]/COLIBAI/COUA]/

Ruivo CF, et al. Gut 2022; 71:2043-2068. doi: 10.1136/gutjnl-2021-324994
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Gut

Common
Common
Common
Common
Common
Common

RHSA382556
RH5A9020702
RHSA9020591
RHSA70171
RHSA192823
RHSA8939211
RHSA176408

RHSA9633012
RHSA2995410
RHSA351202

ABC-family prteins mediated transport
Interleukin-1 signali

Interleukin-12 signaling

Glycolysis

Viral mRNA Translation

ESR-mediated signaling

FCERI mediated NF-&B activation
Glucose metabolism

Response of EIF2AK4 (GCN2) to amino acid deficiency
Nuclear Envelope (NE) Reassembly
Metabolism of polyamines

RHSA2408557
RHSA5632684
RHSA69002

selenocysteine: S‘(nzhem
Hedgehog ‘on'
ONARepcaton’ brnitistion

RHSA2132295

MHC class ll antigen presentation

n
RHSA5693571

RHSA3000170
RHSA1632852
RHSA983231
RHSA3214858
RHSA174143
RHSA453276
RHSA9006931

Nonhomologous End-Joining (NHE))
Syndecan interactions
Macroautophagy

2/510
22/510

Complex (E1C) 20/510

RMTs methylate histone arginines
APC/C-mediated degradation of cell cycle proteins
Regulation of mitotic cellcycle
Signaling by Nuclear Receptors

RHSA438064

RHSA2408522
RHSA69052
RHSA446353
RHSA1280218
RHSA447115
RHSA8982491
RHSASE07764
RHSA69202
RHSA5668541
RHSA983705
RHSA9B3189
RHSA69656
RHSA927802
RHSA975957
RHSA1430728
RHSAS673001
RHSABE52135
RHSA202424
RHSA5684996
RHSA5653656
RHSA1799339

Post NMDAreceptor activation events
Selenoamino acid metabolism
Switching o originsto a post-replicative state
Cell-extracellular matrix interactions
Adaptive ImmuneSyst
Interleukin-12 family signaling
Glycogen metabolism
CLECTA (Dectin 1) signaling
Cyelin Eassociated events during G1/5 transition
TNFR2 non-canonical NF-k8 pathway.
Signaling by the B Cell Receptor (8CF)
Kinesins
Cyelin A:Cak2-associated events at S phase entry
Nonsense Mediated Decay (NMD)
by the Exon Juncti

Wetabolism
RAF/MAP kinase cascade
Protein ubiguitination
Downstream TCRsignaling
MAPKL/MAPK3 signang
Vesicle-mediated transport

Activation of

RHSA9707564
RHSA162582
RHSA186797
RHSA1280215
RHSABB78159
RHSA5683057
RHSA162906
RHSA3247509
RHSA4839726
RHSA446652
RHSA140342
RHSA75035
RHSA202403
RHSAS627123
RHSABB78166
RHSA72766
RHSA6B07878
RHSA140877
RHSA3858494

Cytoprotection by HMOX1
Signal Transduction

Signaling by PDGF

Cytokine ignaling in Immunesystem

Transcriptional regulation by RUNX3

MAPK family signaling cascades.

HIVInfection

Chromatin modifying enzymes

Chromatin organization

Interleukin-1 family signaling

Apoptosis induced DNA fragmentation

(ChK1/Chik2(Cds1) mediated inactivation of Cyclin B:Cdk1 complex
TCRsignaling

RHO GTPases activate PAKs

Transcriptional regulation by RUNX2

Transiation

COP-mediated anterograde transport

Formation of Fibrin Clot (Cloting Cascade)

Beta-catenin independent WNT signaling

RHSA6802949

Sanalng by s mutans

RHSA9649948

RHSA168273
RHSA373755
RHSA445355
RHSA8953854
RHSAS663220
RHSA111447

wana\mgdawr\slrsam of RAS mutants
Influenza Viral RNA Transcription and Replication
Semaphorin interactions
Smooth Muscle Contraction

Metabolism of RNA

RHO GTPases Activate Formins

Activation of BAD and translocation to mitachondria
Infection with

RHSA9006934
RHSA199977
RHSA69239
RHSA6811434

Signaling by Receptor Tyrosine Kinases
ERto Golgi Anterograde Transport
Synthesis of DNA

COPI-dependent Golgi-to-£R retrograde traffic

RHSA3322077

Glycogen synthesis

RHSA2454202
RHSA975634
RHSA2682334
RHSA948021
RHSA140837
RHSA9637690
RHSA5693538
RHSAS619115
RHSAG9306
RHSAS617833
RHSA5621481
RHSAGBO6E67
RHSA69206
RHSAG674135
RHSA9711097
RHSA75205
RHSA9637687

Fc epsilon receptor (FCERI)signaling.
Retinoid metabolism and transport
EPH-Ephrin signaling

Transport to the Golgi and subsequent modification
Intrinsic Pathway o Fibrin Clot Formation
Response of Mt to phagocytosis
Homology Directed Repair

Disorders of transmembrane transporters
DNAReplication

Cilium Assembiy

Cetypelectin receptors (CLRs)

Metabolism of fat-solublevitamins
G1/sTransition

MAP2K and MAPK activation

Cellular responseto starvation
Dissolution of Fibrin Clot

Suppression of phagosomal maturation

RHSA446203
RHSA419037
RHSA73894
RHSAS627117
RHSA9656223
RHSA3371568
RHSA6807070
RHSA5620924

Asparagine Nlinked glycosylation
NCAMI interactions

DNARepair

RHO GTPases Activate ROCKs.
Signaling by RAF1 mutants
Attenuation phase

PTEN Regulation

Intraflagellar transport

103/10856
103/10856
47/10856
71/10856
89/10856
223/10856
81/10856
82/10856
91/10856
51/10856
101/10856
75/10856
59/10856
59/10856
93/10856
85/10856
85/10856
94/10856
123/10856
95/10856
69/10856
27/10856
136/10856
168/10856
79/10856
88/10856
88/10856
299/10856
98/10856
80/10856
118/10856
91/10856
18/10856
763/10856
57/10856
29/10856
101/10856
83/10856
102/10856
112/10856
59/10856
85/10856
115/10856
115/10856
2119/10856
280/10856
79/10856
98/10856
286/10856
673/10856
112/10856
93/10856
124/10856
2558/10856
58/10856
715/10856
96/10856
325/10856
234/10856
274/10856
274/10856
141/10856
13/10856
13/10856
120/10856
24/10856
121/10856
291/10856
101/10856
39/10856
146/10856
47/10856
47/10856
47/10856
47/10856
135/10856
65/10856
40/10856
673/10856
140/10856
15/10856
27/10856
506/10856
154/10856
120/10856
99/10856
132/10856
16/10856
16/10856
36/10856
134/10856
44/10856
92/10856
185/10856
23/10856
23/10856
138/10856
175/10856
128/10856
201/10856
142/10856
48/10856
131/10856
40/10856
156/10856
13/10856
13/10856
41/10856
304/10856
42/10856
335/10856
20/10856
43/10856
14/10856
140/10856
54/10856

1.67663£08
1,67669£09
1.82545£09
2.82082E09
364713609
3.84537€09
4.19201£09
5.22202£08
5.5046£.09
6.50512€09
6.59647E09
7.284808
7.49829€09
7.49829£09
8.20714£08
988129609
9.88129£09
9.97735€09
1.08295E08
1.2095€08
1.24833608
1.45293£08
170173808
174613608
1.76004£.08
1.81438E08
1.81438£.08
1.89406£.08
2.11966£08
2.17368E08
2.39688£.08
32402608
3.45799E08
3.46364£.08
3.464896.08
353833608
362927608
4.009376.08
432057608
4.51075€08
574417608
5.9309£08
7.2827€08
7.2827€08
80983608
1.06451€07
1.08023£07
1.13772E07
1.80178€.07
1.99322607
2.18652£07
252243E07
277311607
3.10833607
3.21171E07
3.52084£07
415483607
5.01568£07
5.10322£07
5.89889£.07
5.89889£07
6.28657£07
6.50054£07
6.50054£.07
6.95141£07
7.21604£07
7.97069£07
809123607
910857607
1.11673E06
1.15634€06
117689606
1.17689E06
1.17689£06
117689606
1.19003£06
1.42588E.06
147581606
2.08605£06
2.18173£06
2.24467E06
2.27907€06
234647606
2.88233E06
2.92385€06
3.11574£06
324611606
3.82943E06
382943606
4.03482606
41142406
4.12636E06
5.11345€06
5.7765£06
5.89014E06
5.89014£06
6.50827€.06
7.25234£06
7.75479E06
7.89077€06
1.00971605
1.02481£05
1.08267E05
113547605
1.24402€05
13504605
1.35046€05
143941605
155441605
1.81084E05
183329605
2.20116£05
22617605
2.26975€05.
28587605
336161605

7.54872E08
7.54872609
818334609
1.25917€08
162112608
170202608
18476508
2.29201E08
24059708
283148608
2.85938E08
3.14441E08
321049608
3.21049£08
3.49971£08
417962608
417962608
4.20331E08
4.54405E08
5.0548408
5.19642608
60241908
7.028608
7.18311608
7.21204£08
7.37707€08
7.37707€08
767131608
8552608
573638608
959667608
1.29238£07
1.36642£07
136642607
136642607
1.39015£07
1.42056E07
1.5635€07
167862607
1.74604£07
221531607
2.27894£07
2.77802£07
2.77802£07
3.07794£07
2.03129607
40761307
4.27768E07
675025607
7.4409£07
81335507
9.35014E07
1.02429€06
11440806
117806
1.28688€.06
151334606
182057606
18453606
2.11915€06
2.11915606
2.25072606
231155606
231155606
2.46352606
2.54869E.06
2.80579€.06.
28387606
3.18496E06
3.89186E.06
4.01656606
4.03451606
4.03451E06
4.03451606
4.03451606
4.06626E06
4.85631E06
5010106
7.05893606
7.35896E06
7.547606
7.63818£.06
7.839606
959862606
970607606
1.03104£05
107081605
1.25533£05
1.25533605
1.31855£05
1.34011£05
1.34011E05
1.65556£05
1.86448£05
1.88953£05
1.88953605
2.08146£05
231237605
2.46508E05
2.50073€05
3.19031605
3.22832605
3.43177805
3.55555€05
3.88386£05
4.19123E05
419123605
2.45412605
479582605
5.57058E05
5.62316£05
6.73184£05
6.89687E05
6.90134E05
8.66698£.05
0.000101623
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EIF3F/EEF1EL/SRPT2/RPN1/RPN2/RPLPO/EPRST/RPS17/SRP19/PABPC1/DARS1/RPS2/RPL17/RPSAY1/RPS3/RPL1Z
RPLPO/RPS17/RPS2/RPLLT/RPSAY1/RPS3/RPL13/RPLIO/RPL12 /RPL22/RPLA/RPL3/RPLISA/RPS27/RPL2TA/RPLS,
RPLPO/RPS17/RPS2/RPLLT/RPSAY1/RPS3/RPL13/RPLIO/RPL12/RPL22/RPLA/RPL3/RPLISA/RPS27/RPL2TA/RPLS,
RPLPO/RPS17/RPS2/RPLL7/RPSAY1/RPS3/RPL13/RPLIO/RPL12/RPL22/RPL/RPL3/RPLISAIRPS27/RPL2TA/RPLS,
RPLPO/RPS17/PABPCL/RPS2/RPLL7/RPSAY1/RPS3/RPLI3/RPLLO/RPL12/RPL22/RPLA/EIFAA3/RPLY/RPLI3AVRPSE
RPLPO/RPS17/PABPCL/RPS2/RPLL7/RPSAY1/RPS3/RPLI3/RPLLO/RPL12/RPL22/RPLA/EIFAA3/RPLY/RPLI3A/RPSZ

1 e s

PC1/S|
1PO5/XPO1/NUP155/RPLPO/RPS17/RPS2/RPL17/RPS4Y1/RPS3/RPLI3/RPLIO/CANX/RPL12/RPL22/RPLA/RPL3/RI
13/RPL10/RPLL2/RPL22/RPLA/RPL3/RPLIIA/RPS27

RPCLB/ARPC3 /P
PSMD12/ARPC18/ARPC3/PSMD3/LYPL
PSMD12/ARPC18/ARPC3/PSMD3 /LYP!

PO/
PO/FYN/YES1/LYN/RPS17/RRAS/FGFR1/PAS
PO/FYN/YES1/LYN/RPS1.

Ruivo CF, et al. Gut 2022; 71:2043-2068. doi:

10.1136/gutjnl-2021-324994
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CSC RHSAS711097 Cellular responseto starvation 45/435  156/10856  B.97306E27  368SGE25  2.4243E25 RPLPO/ASNS/RPSI7/RPS2/RPL7/RPSAYI/RPS3/RPLL3/RPLIO/RPLIZ/RPL22/RPLA/RPLI/RPLIBAIEIF2SI/RPS27/I 45
CSC RHSAG791226 Mo 48/435  180/10856 240935626 95427625  6.277E:25 NOPSG/RPLPO/RPS17/RPS2/RPL7/FBL/RPSAY1/RPS3/RPLI3/RPLIO/RPLI2/RPL2/RPLA/RPLI/RPLIBA/RPS27/R 48
CSC RHSAB868773 rRNAprocessingin the nucleus and cytosol 49/435  194/10856 348786626  1333E24  8.77344E25 NOPSG/RPLPO/RPS17/RPS2/RPLL7/FBL/RPSAYL/RPS3/RPLI3/RPLIO/RPLI2/RPL22/RPLE/RPLI/RPLIS/RPS2T/N 49
CC RHSA72312  rRNAprocessing 49/435  204/1085  4.07806E25 150752623 9.91613E:24 NOPSG/RPLPO/RPSL7/RPS2/RPLLY/FBL/RPSAY1/RPS3/RPLL3/RPLLO/RPLI2/RPL22/RPL/RPLI/RPLIIA/RPS2T/N 49
CSC RHSA2262752 Cellulr responses tostress 86/435  676/10856 111144622  3.9761E21 2.61538E21 c 517 coi 86
CSC RHSABI53897 Cellulr responsesto externalstimuli 86/435  690/10856 451572622 156498620 102941E20 Jc oKe/cO. 86
CSC RHSA1643685 Disease 140435 1615/10856 117205620 3.93878E19 25008419 /ARPC1B/ARPC3/PSMD3, 140
CSC RHSA72649  Translation initiation complex formation 24435 SE/108S6 573093619 LB1SBOE17  11944SE17 EIFSF/RPSL7/PABPCL 1/Resax, 24
€S RHSA72702  Ribosomal scanningand start codon recogition 24435 58/10856 573093619 181589E17  1.19445E17 EIFSF/RPSL 1/RPSAX/RPS 20
CSC RHSA72662  Activation 24435 59/10856 93085619 2.86754E17  18862EL7 mrmsmmm 1/RPSAX) 24
CC RHSA1430728 Metabolism 161/435 2119/10856  2.9877E18 B.95503E17  5.8904E17 PSMD1/FEP: /IDH38/CS/NUP1535/SLC25A12/ATPSMG/F UDL/CYBSR3/C 161
CSC RHSAT2695 20435 51/10856 578329618 L687B1E16  L1102E16 EIFSF/RPSL 1 2
CSC RHSA392499  Metabolism of proteins 153/435  2036/10856  9.98826E17 2.84025E15  1.86825E15 DKI/POLB/EF 153
CSC RHSA72163  mANASplicing-Mejor Pathway 33435 183/10856  228779E13  63429E12 4.17221E12 33
CSC RHSA1266738 Developmental Biology 96/435  1127/10856 270398613 7.33016E12  4.8216E12 PSVDI2/ARPCI/ARPCS/PSMD3/LYPLAZ/CI 7/RRAS/FGRR 96
CSC RHSA72172  mRNASplcing 33/435  191/10856  B.00823E13 211455E11  13909E11 3
CSC RHSA72203  Processingof Capped Intron-Containing Pre-mRNA 35435 244/10856  3.99726E11 103092609 6.78115E10 /DOX5/PTBP1, 35
CSC RHSA379716  Cytosolic tRNAaminoacylation 11/435  24/1086  S87897E10 L48177EQ8 9.74672£09 1
CSC RHSA72165  mANASplicing- Minor Pathway 14/435 5210856  9.79176E09 24131307  LSBT3E07 SRSFL 1
CSC RHSA162909  HostInteractions of IV factors 21/435 13010856 435173608 104914E06  6.90102E07 PSMD12/XPO1/PSMD3/BANFI/NUP1SS/LCK/FYN/HCK/PSMC3/RCC1/PSMCA/PSMDB/CDKS/PSMD7/NUPLOT/PS 21
CSC RHSA9707564 Cytoprotection by HMOX1 20435 124/10856 939645608 221716606  14SB4EQS PSMD12/P FABP1/COXS8/COXAIL/PSI PRC/PSMCA sc 20
asc 14/435  G5/10856 209379607 48375606  3.1B2E06 PSMD12/PSMD3/PSMIC3/PSMCA/PSMDS/PSMDT/PSMES /PSMICS/CSNK2B/CSNK2AL/PSMD2/HML3/PSMDL/PSMI 14
asc AUFL 13435 S6/10856 224885607 5.08975£06 3.34791E06 PSMDL 1/PSMC3 /PSMIC: 13
CSC RHSAB932339 RS sensing by NFE2L2 13435 57/10856 280858607 622942606  4.09756E06 3/pShC 13
€S RHSA3858494 Betacatenin independent WNT signaling 21/435  146/10856 33484807 7.2811E06  4.7893SE06 PSMD12/PSMD3/KRAS/GNAOL/RAC2/PSMC3/GNAT2/CTNNB1/PSMICA/PSMDB/PSMDT [RAC3/PSMIES/PSNICS[GNE 21
CSC RHSAS658442 Regulation of RAS by GAPs 14435 GE/108S6  3.78925E07 B.0I31EQ6 5.31569E06 PSMDL 1
CSC RHSA9711123 Cellular responseto chemical stress 22/435  160/10856  3.91385E07 8.18955E06  5.38689E06 PSMD12/P /PSMC3/BLVRS/LRPPRC/PSNIC 2
CSC RHSA983705  Signaling by the B Cell Receptor (BCR) 18/435  112/10856 437692607 8.98891E06 5.91269E06 YN/PSMC3/PSMC 18
CSC RHSA453279  Mitotic G1 phaseand G1/S transition 21435 149/10856 474104607 9.55966E06 6.28812E06 PSMD12/PSMD3/COKI/LYN/COK4/CCNB1/PSMC3/COK2/MCM/PPP2RLB/MICM /PSMCA/PSMDS/PSMD7/PSME: 21
CSC RHSA379724  tRNAAminoacylation 11435 42/10856 524108607 103331E0S 6.79687E06 1
CSC RHSA187577  SCFskp2)-mediated degradation of p27/p21 13435 60/10856 531097607 103331E05 6.79687E06 PSMD12/PSMD3/COKA/PSMIC3/CDK2/PSMIC 13
CSC RHSAS678895 Defective CFTR causes cystic fibrosis 13435 61/10856 650693607 122506£05 8.06078E06 INL/ERLINZ/PSMC: 13
oC RHSA1428517 leand o 23/435  178/10856 658677607 1.22546E05 8.06078E06 IDH3B/C YC1/COXSB/COXAI1L/U RC1/BSG/DI 23
CSC RHSAG8949  Orcl removal from chromatin 1a/435  71/10856  6.63008E07 1.22546E05  8.06078E06 PSMDL 1
CSC RHSA7SBLS  Ubiquitindependent degradation of Cyclin D 12/435 5210856  7.07184£07 128568E05 8.45692£06 DKA/PSMC3/PSMCH 1
CSC RHSA1168372 Downstream signaling events of 8 Cell Receptor (BCR) 15435 B3/1086  B62779E07 154326E05 LOIS12E05 3/PSMIC 15
CSC RHSAG9206  G1/STransition 19/435  131/10856 107117606  L8SSGEQS  1.2403E05 PSMD12/PSMD3/COK1/CDKA/CCNB/PSMIC/COK2/MC! M7/PSMC 19
CSC RHSA6798695 Neutrophildegranulation 42/435  480/10856 142365606 246691E05 162267E05 2
CSC RHSA9009391 Extranuclear estrogen signaling 14/a35  77/108%6 185655606 314617605 2.06947E05 GNAT3/XPOL 1/CAVL/PRNT1/GNB4 14
GC RHSA450531 15635 GG ETIEEOS 1MGITEOS  206547ECS PSMDI s S/erG PSS 13
CSC RHSAGES67  Assemblyofthepre-eplicative complex 13435 GE/108S6 24067606 3.98363E05  2.62034E05 PSMI 13
CSC RHSAG8882  MitoticAnaphase loss  Sabfioes  27aGist0s 44e303L08  25aEaIEOS PAMDIIMSONPMDSTIAENOPISE MANCORL/CLNBL P CS AN PP DICRPSITS 36
CSC o RHSA1236978 11/435  49/10856 276798606 4.448B3E05 292633605 3/pSMC /pPSMD13 1
CSC RHSABIBT51 Regulation of PTEN tability and activity 13/435  69/10856 285902606 4.51651E05  2.9708SE05 PSMDL 5/CSNK28/CSNK2AL, /pPsMD13 13
G RiSA255996 Mot Metaphaend sphe 26435 237/10856 296115606 4.51651E05  2.87085E05 PSMD12/XPO1/PSMD3/BANFI/NUPLSS/LMNA/COK1/CCNB1/PSMC3/RCC1/LMNG1/PPP2RLB/PPPICC/RPS27/PS 26
CSC RHSA109581  Apopto: 22/a35  180/10856  2.96304£06 4.51651E05  2.97085E05 PSMD12/DNMIL/PSMD3/LMNA/H1-0/DSP/PSMC3/LMNB1 (CTNNB1 /PSMICA/PSMDS/BCAP31/PSMIDT /PSMER/PSh 22
G AHSA31202 Measbalimefpolyemines 12/435  59/10856 297299606 4.51651E05 2.97085E05 PSMDL 12
oC o RHSA211733 11435 S0/10856  3.42249E06 5.12911E05 3.37381E05 PSMDL P /PSMD13 1
oSc RHSA176408 c 14/435  81/10856 348035606 5.14627E05 3.38509E05 PSMD12/PSMD3/COK1/CCNBI/PSMC3/COK2 /PSM 3w
CSC RHSA210991  Basigininteractions GA3S ZSA0ESS  2GGE00 SIIGE0S 354ESIE0S MMPMGAYESC/LCIN ATPLES/CAVLSLCTAG LETAT s
CSC RHSA350562  Regulation of ornithin decarboxylase (0DC) 11/435  51/10856  4.20853E06 6.06137E05 3.98703E05 PSMI /psw 1
CSC RHSAG9202  CyclinE associated events during G1/S transition L 1006 AGS1IOL08 GO70rE0S  4a8/3AE03 PeMDIpeNOR/CDXAPCS/COKSIPMCA MDA PN VIS NS REAPATPMDE PSNOT/PSDS 16
CSC RHSA180534  Vpumediated degradation of CDA 11/435 5210856 514791606 6.87836E05 4.52042605 3/pSc 1
CSC RHSA349425  Autodegradation of theE3 ubiquitin ligase COP1 11/435 521086 514791606 6.87836E05 452042605 3/phC /pPSMD13 1
CSC RHSAGI60L 11435 52/10856 514791606 6.87836EQ5 4.52442£05 PSMDL /PSMD13 1
CSC RHSAG9610  ps3-independent DNADamage Response 11/435 5210856 514791606 6.87836E05 4.52042605 P /PSMD13 1
€S RHSAG9613  p53-Independent G1/5 DNAdamage checkpoint 11/435 521086 514791606 6.87836E05 4.52042£05 3/pShic 1
CSC RHSAG9002  DNAReplication Prenitiation 14435 B5/10856 626421606 B.00238EQ5 5.26377E05 PSMDL K2 /MCM3 /M 1
GC RS OuinACz s st sph sty 14/435  85/10856 626421606 B.00238E05 5.26377E05 PSMD12/PSMD3/CDK4/PSMC3/CDK2/PSMICA/PSMDB/PSMD7/PSMIES/PSVICS RBBPA/PSMD2/PSMDL/PSMD13 14
€S RHSA169911  Regulation of Apoptor 11/435  53/10856 626532606 8.00238E05 5.26377E05 3/pSC 11
G RHN2654202 Feepslonrecepor (FCER)snaing 18/435  130/10856  6.27779E06 8.00238E05 5.26377£05 Y/PSMC3/PSMC 5/RAC 18
CC RHSA162906 HVInfection 25435 234/10856 737016606  9.248E05 6.08311E05 PSMD12/XPO1/PSMD3/BANFI/NUP1SS/LCK/FYN/HCK/XRCCS/PSMIC3/RCCL/PSMCA /PSIDB/CDKS/PSMIDT/POLR 25,
CSC RHSA180585  Vifmediated degradation of APOBECIG 11435 54/10856  7.58853606  9.248£05 6.08311E05 PSMDL P /PSMD13 11
csc FBXL7 11/435  54/10856  7.58853606  9.208£05 6.08311E05 3/pSc 11
CSC RHSA9604323 Negative regulation of NOTCH signaling 11435 54/10856 758853606 9.208£05 6.08311£05 3/phC /pSMD13 1
CSC RHSA9669938 Signaling by KITin disease. 7435  20/10856  7.78378E06 9.28195E05  6.1054SE05 NRAS/HRAS/KRAS/LCK/FYN/YESL/LYN 7
csc extracellular mutants 7/435  20/10856  7.78378606 9.28195E05 6.1054SE05 NRAS/HRAS/KRAS/LCK/FYN/YESL/LIN 7
CSC RHSAB873719 RAB geranylgeranylation 12/435  65/10856 859982606 0.00010146 6.67377E05 RABSA/RABSC/RABL bt
CSC RHSA176409  APC/CCAc20 mediated degradation of mitotic proteins 13435  76/10856 57495606 0.000102139 6.71845E05 PSMD12/PSMD3/COKL/CCNBL/PSMC3/PSMC 13
CSC RHSA174113  SCFbetaTrCP mediated degradation of Emi1 11/435  55/10856  9.14873E06 0.00010353 6.80995E05 PSMDL P /PSMD13 1
CSC RHSA4641257 Degradation of AXIN 11/435  55/10856  9.14873606 0.00010353 6.80995E05 3/pSic 1
csc a 11/435  55/108%6  9.14873606 0.00010353 6.80995£05 3/pShC 1
CSC RHSA174143  APC/Crmediated degradation of cellcycle proteins 14/435  88/1085  9.50124£06 0.000105369  6.9309E05 PSMD12/PSMD3/CDKI/CCNBL/PSMIC3/COK2/PSMCA/PSMDS/PSMDT /PSVIES/PSNICS /PSVD2 /PSNDL/PSMDL3 14
CSC RHSA453276  Regulation of mitotic cellcycle 14/435  88/10856  9.50124E06 0000105369 6.9309E05 PSMD12/PSMD3/CDK1/CCNB/PSMC3/CDK2/PSM pswD13 14
CSC RHSAG9563  p53-Dependent G1 DNADamage Response 12/435  66/10856 101358605 0.000107199 7.05132£05 3/COK2/PSMCH 2
CSC RHSABI5B0  p53-Dependent G1/S DNA damagecheckpoint 12/435  66/10856  L01358£05 0.000107199 7.05132£05 3/ 12
GC RHSA176814 /Cand APC/C:C s TGS 10M56E0S DOOUITIS  7USIIEDS ESMDIA/TSMIS/CO O RS PC 13
CSC RHSAS619084 ABCtransporter disorders 13435 77/10856  101496E05 0.000107199 7.05132€05 PSMD12/P IN/ERLIN2/PSMC3/PSMIC 13
csc G2 checkpoint 13435 77/108%6 ~ 101496£05 0.000107199 7.05132E05 PSMD12/PSMD3/COKI/CCNBL/PSMC3/PSMC 13
CSC RHSAS6E7128 MAPKG/MAPK signaling 14435 BO/10856  10B6SGEQS 0.000113721 7.48028E05 PSMDL DK1/PSMC3 /PSMIC: 5/RACL /pPSMD13 1
CSC RHSAS5362768 Hhmutantsare degraded by ERAD 11/435  S6/10856  10980BEQS 0.00011381 7.48616E05 PSMDL P /PSMD13 11
CSC RHSAS357801 Programmed Cell Death 23/435  210/10856 113802605 0.000116858 7.68665E05 PSMD12/DNML/PSMD3/LMNA/H1-0/DSP/PSMC3/LMNB1 CTNNB1/PSMCA/PSMDE/BCAP31/PSMDT /PSVEB/PSh 23
CSC RHSA4641258 Degradation of DVL 11435 57/108%6 131235605 0.000132309 8.70298£05 3/phC 1
CSC RHSAG9541  Stabilization ofps3 11435 57/108% 131235605 0.000132309 8.70298E05 PSMDL /pPSMD13 1
CSC RHSAG9615  G1/SDNADamage Checkpaints 12/435  68/10856  139425£05 0000139299 9.16276E05 1
CSC RHSAG9052  Switchingoforigins toa postreplicativestate 14/435  91/10856 141338605 0.000139999  9.2088E05 3/COK2/MEM: 14
CSC RHSA392170  ADP signallingthrough P2Y purinoceptor 12 7/435  22/108%6  159703£05 0.000156403 0.000102878 GNAT3/GNAIZ/GNAI3/GNEL/GNE2/GNAIL/GNBA 7
S RHSA4086400 PCP/CEpathway 1a/435  92/10856  160775£05 0.000156403 0.000102878 PSMD12/PSMD3/RAC2/PSMC s Rac 1
CSC RHSAS387390 Hhmutantsabrogate igand secretion 11/435  59/10856 185185605 0.00017553 0.000115459 3/pSC /PSMD13 11
CSC RHSAS676590 NiK->noncanonical NF-kB signaling 11/435  59/108%6 185185605 0.00017553 0.000115459 3/phC 1
CSC RHSAG8827  CDTLassociation with the CDC6:ORC:origin complex 11/435  59/108%6 185185605 0.00017553 0.000115459 PSMDL /pPSMD13 1
CSC RHSA2871837 FCERImediated NFB activation 13435 B2/10856 20535605 0.000152994 0.000126347 PSMDL 3/pSMC SMD1/PSMD13 13
csc messengers 34435 395/10856  2.10704£05 0.000196362 0.000129162 MNA/LCK/FYN/YES1/LYN/FGFR1/RAC2/PSMC3/FGFR2/FGFRA/E 34
CSC RHSAS607761 Dectin-1 mediated noncanonical NF-48 signaling 11/435  60/10856 218713605 0.000196994 0.000129578 3/pShC /PSMD13 1
CSC RHSAS610780 Degradation of GLIL by the proteasome 11/435  60/108S6  2.18713E05 0.000196994 0.000129578 PSMDL /PSMD13 1
CSC RHSAS5610783 Degradation of GLI2 by the proteasome 11/435  60/10856  2.18713E05 0.000196994 0.000129578 P /PSMD13 1
csc G 11/435  60/10856 218713605 0.000196994 0.000129578 arrave 1
CSC RHSABES6688 Golg-to-£R retrogradetransport 17435 133/10856  2.20264£05 0.000196994 0.000129578 op: 1HI/DYNLL2/RACGAPL/RA 17
CSC RHSAS619115 Disorders of transmembrane transporters 20/435  175/10856  2.28035£05 0.000202313 0.000133076 psmmz/psmm/mmn/uumss/mwzmczu/psmz/m/ess/vsmca/psMns/psmm/smm/Numm 20
csc 13435 83/10856 234773605 0.000206638 0.000135921 pSMD13 13
CSC RHSA194315  Signalingby Rho GTPases SUASS  J0VI085 239133605 0.000208818 0000137356 XPOL/ARKCIARPCHTHRCAC s 51
S RHSAB87B166 Transcriptional regulation by RUNX2 16/435  121/10856 250163605 0000216748 0.000142572 PSMD12/PSMD3/COK1/VESL/CDK4/CNBI/PSNICS/PSMCA/PSMIDS/PSMDT/PSMIES/PSHCS PSMID2/RBML4/PSMI 16
CSC RHSA174184  Cde20:Phospho-APC/C mediated degradation of Cyclin A 12/435  73/10856 233592605 0.000250457 0.000164745 PSMD12/PSMD3/COKI/PSM 12
CSC RHSAGI017  COK-mediated phosphorylation and removal of Cdcé 12/435  73/10856  2.93592€05 0.000250457 0.000164745 3/CDK2/PSMCH 2
CC RHSA179419 AP 12/435  74/10856 337933605 0.000286083 0.000188178 DK1/PSMC 12
CSC RHSA392518  Signal amplification /435 33/1085  357475£05 0000300333 0.000197552 GNATS/GNAIZ/GNAI3/GNB1/GNE2/GNAIL/GNALS/GNEA s
CSC RHSAG9275  G2/MTransition 21/435 19610856 379838605 0.000316722 0.000208332 DKI1/CCNB1/PSMIC3, e 21
CSC RHSA174084  Autodegradation of Cah1 by CAh1APC/C 11/435  64/10856 41076605 0.000337432 0.000221955 3/pShC 1
CSC RHSA4608870 Asymmetric ocalization of PCP proteins 11435  64/10856  4.1076£05 0.000337432 0.000221955 PSMDL /pPSMD13 1
S RHSA9716542 Signaling by Rho GTPases, Miro GTPases and RHOBTE3 51/435  719/10856  4.34273E05 0.000354124 0.000232934 XPO1/ARPCLE/ARPC3/TFRC/LCI /ose 1 , st
CSC RHSA4S3274 Mitotic G2-62/M phases 21/435  198/10856  4.41663£05 0.000357522 0.000235169 DK1/CCNB1/PSMC: e 21
csc 16/435  127/10856  4.58165£05 0.000368192 0.000242183 1 RC1/LRPP! 16
CSC RHSAS358346 Hedgehogligand biogenasis 11/435  65/10856  4.76916E05 0.000380503 0.000250286 PSMDL /pPSMD13 1
CSC RHSAS621481 Cypelectin receptors (CLAs) 17/435  142/10856  5.16543605 0.000409176 0.000269146 PSMDL YN/PSMC3/PSMC 17
CSC o RHSA1234176 Alpha 11/435  66/10856 552027605 0.000434183 0.000285595 3/pSc 1
CSC RHSA382556  ABCfamily proteins mediated transport 14/435  103/10856 587412605 0.00045876 0.000301762 INL/ERLINZ/PSMIC: /pswDL 14

Ruivo CF, et al. Gut 2022; 71:2043-2068. doi: 10.1136/gutjnl-2021-324994
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0.041990404
0045219219
0.047327885
0.047327885
0.047327885
0.047604707
0.048873641
0.049220366
0.049483117
0.049611847
0.000303956
0.000303956
0.000303956
0.001934194
0.005214031
0.045046073
0.049047121

0.013899836 NRAS/HRAS/KRAS/FGFR1/FGFR2 FGFRA/FGFR3
0013899836 NRAS/NRAS/KRAS/FGFR
0.013899836 EGFR/NRAS/HRAS/KR
0014998919 TDMWD/(SNKZE/(SNKZAI/PGAMS/TDMMZZ
0014998919 RPN1/RPN2/PRKCSH/CANX/DDOST
0.015121505 NRAS/HRAS/KRAS/FGFR1/FGFR2/FGFRA/FGFR3
0.015121505 NRAS/HRAS/KRAS/FGFR1/FGFR2/FGFR4/FGFRS
0.016357305 IDH3B/CS/FH/PDHAL/BSG/DLST/SLC16AL
0.016357305 EGFR/NRAS/HRAS/KRAS
0016357305 GNB1/GNB2/GNAS/GNBA
0.016357305 EGFR/NRAS/HRAS/KRAS
0016357305 PRKAR1A/IQGAP1/GNB1/GNB2/GNAS/GNBA
0016357305 LMNB1/CAPZB/BASP1/CAV/ESYT1/RHOF
0.016357305 DSP/EPHAZ/CAV1/CKAPA/TMIOD3/NISCH
0.016357305 TFRC/DSP/EPHA2/STIP1/RRAS2/CAVL
0.016357305 CTNND1/NRAS/HRAS/KRAS/FYN/)UP/CTNNAL/CTNNB1 /RAC/CAV1
0016357305 SNRPB/SNRPE/SNRPD3
0016357305 CDK1/CCNB1/PPP2R1B
0016357305 NELL2/ROBO2/ROBO1
0.016478489 FYN/YESL/LYN/MYLO/EPHA
001648872

0.017504122 GNAT3/GNAIZ/GNAI3/PRKARLA/GNAL/KPNA2/GNAIL
0017698433 PSMDI. 3/PSMC
0.018947263 ARPC18/ARPC3/FYN/YES1/LYN/HCK/FGR/ARPCA/RACL
0.018947263 NRAS/HRAS/KRAS/FGFR3

0.018947263 NRAS/HRAS/KRAS/FGFR4

0.018947263 ATP2A1/ATP2A2/SRI/ATP12A/ATP1B3/ATP1A4/ATP2A3

/PSMD13

0019375353

5/CSNK2B/CSNK2AL/COKG/PSMD2/PSI 1

002018578 L

002018578

0020415442 EIF4A3/SRSF3/SRSF1/SRSF4/SRSFO/SRSF6/SRSFT
0020415442 ITGAG/PLEC/COLI7AL
0020415442 SNRPB/SNRPE/SNRPD3

0.020415442 NRAS/HRAS/KRAS

0020415442 CSNK2B/CSNK2A1/PGAMS.

0020415442 NRAS/HRAS/KRAS

0020415442 NRAS/HRAS/KRAS

0.020415442 NRAS/HRAS/KRAS/LYN/RACL

0020415442 GNB1/GNB2/GNAL2/GNAL3/GNB4

0.020574956 NRAS/HRASIKRAS/FGFR2/PTOP 1 HNENPWPOLRZHHNRNPE
0.021055569 NRAS/HRAS/KRAS) /RAC

0021055569 DDXS/SUM03/SUMOE/TRIMZB/DDX17/PARK7
0.021440348 NRAS/HRAS/KRAS/FGFR1

0021527567 ARF4/COPB2/CAPZB/TMED10/COPB1/RABLA/DYNLL1/ARFS/DYNC1H1 /DYNLL2/RAB18/COPG2/COPGL

0022676956 PRKARLA/GNB1/GNB2/GNAS/GNB4
0022676956 LCK/FYN/YES1/LYN/RACL

0022676956 CINNDLJUR/CTNNAL/CTWNBA (k12

0022958238 RABSAS B8A/RABSB/RAB35/RABS

0023571061 sw/xck/;w/ssm/rmcz/rsrnz/:sm/;ewa/pppzm/wm
0023773019 BANF1/NUP155/LMNA/COK1/CCNB1/RCC1/LMNB1/NUP107
0024263179 EGFR/NRAS/HRAS/KRAS

0.024263179 NRAS/HRAS/KRAS/FGFRA

0024263179 NRAS/HRAS/KRAS/FGFR3

0024263179 IDH3B/CS/FH/DLST

0.024263179 NRAS/HRAS/KRAS/FGFR3

0024263179 FYN/YES1/LYN/HCK

0024263179 EGFR/NRAS/HRAS/KRAS

0024278914 CTNND1/JUP/ITGAS/CTNNAL/CTNNB1/CDH12/PLEC/PARVB/COL17AL
SH/ARF4/CAN) OP!

0024378592
0024378592 LCK/FYN/RACT
0024378592 SLC25A12/ASNS/SLC25A13
0024378592 NRAS/HRAS/KRAS
0024378592 NRAS/HRAS/KRAS
0024998996

L PTL/M

3/PSMC:
0.025387543 CTNND1/NRAS/HRAS/KRAS/FYN/)UP/CTNNAL/CTNNB1/RAC1 /CAVL

0.02607111 GNAT3/PSMD12/XPO1/ATP2A1/ARPC1B/ARPC3/PSMD3/CTNND1/CER1 /EGFR/NRAS/HRAS/KRAS/TFRC/GNAIZ/LCK 123
0.02607111 KRAS/GNAO1/GNAT2/CTNNB1/GNB1/GNB2/GNBA 7
002716747 LCK/FYN/LYN/RAC2/RACL 5
0.02716747 NRAS/HRAS/KRAS/FGFR1 a
0.02716747 NRAS/HRAS/KRAS/FGFR2 a
002716747 VDAC2/PHB2/STOML2/VDAC3 a
002716747 TRA2B/DBN1/CCT7/TMOD3 4

0027620284 PSMDI: 3/PPP2RI, 7

0.029744121 NRAS/HRAS/KRAS 3

0031131151 FABP1/PPPICC/PPPICB/CAVL a

0031131151 GNB1/GNB2/GNAL3/GNBA a

0.031131151 EGFR/NRAS/HRAS/KRAS/FYN/VESL 6

0031313238 € /CDH12/PLEC/PS 1 1

0032147912 FYN/RRAS/MYL9/RACL/CDKS/CRMP1/DPYSL2 7
003237598 H 12

0.032548811 EGFR/LCK/FYN/FGFR1/RAC2/FGFR/FGFRA/FGFR3/PPP2RIB/RACL 10

0032633487 3/PsC: 1

0000285241 CTSL/MMP3/COLISAL/LAMC2/PCOLCE/LAMA3 6

0.000285241 CTSL/MMP3/CDH1/CD44/COL15AL/MMP12/LAMC2/DAG1 /PCOLCE/LAMA3/LTBPA. 1

0.000285241 CTSL/MMP3/CDH1/CDA4/COL1SAL/MMP12/LAMC2/LAMA3 8

0001815108 CYSL/MMVS/COL]SA]/[AMCZ/PcOlCE/LAMB i

0.004893008 HP/HPR/HP) 3

0042272631 CTSL/MMPZ/(DUSM/MMPH a

0046027338 MET/LAMC2/LAMAZ 3
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