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Suppl. Figure 2

Clinical Attribute Attribute Type Statistical Test p-Value q-Value

MSI Status Sample Chi-squared Test < 10-10 < 10-10

Mutation Count Sample Wilcoxon Test < 10-10 < 10-10

Fraction Genome Altered Sample Wilcoxon Test 3.77E-8 1.033E-06

Diagnosis Age Patient Wilcoxon Test 9.910E-4 0.0106

Race Category Patient Chi-squared Test < 10-10 < 10-10
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Suppl. Figure 3 
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Suppl Figure 5 
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N-lttt)igluco�Jrrinc Ocgr;:. ,
:..ly<can r,ogly:an.p,c,te n. 
As:01b11te Rec-,dinQ IC'ltos ... 
l-1•JSignll ing 

?:1!l.i·1)i.1fl'! • 51�11dl i11g 
Heme Bo!�r.thes,s from Ur , 
s-a<1enon·1-L�tth1on nt 3 ,, 
Tight .unction Sig1Jling 

;Ju\l;i(f .11nr1 Pnly'lrl?ny1;i,-. 
JOP11111nno;c Oos)r1tt,cs:s
I :UII.XRJ..rt/\lat1cn
l typusine Oos-,rthesis 

;?•ine 8 ios1nthesi; 
Mc11i11: 01 1d Ac.Jc11<.)i11: Sc1 ... 
�lu ::ocorticci :I R.ue,:tor Si, ..
;;np-1 .11 ('0� .. Rln.;/nfhf'<;I( L
Nwdeoti::le 8tc ,sion nep.iir .. , 
�OIP Of Murn(lh.111JP<. 1'1nr ... 
Rctin�de Oiosynthesis II
:.?h1ngos1r,t lln:I �ph1r,90L 
Jlu!c:U1iu11: 6i+J>ft1l1 1t)h 
:hro1i < M'},eloia .euken1ia ...
Jly(<.\ICII Efo�)II Ult:')!) II (h.
iphingom)cl in 11.ctlooli:iT 

la?!frncy,;u1n.- RIO�/mh,• I. 
iperminc .ino Sperm dine ... 

!Ja<osaheY.HOOI{ A:10 ;uH. 
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Pancreas-Liver 

lJ CD :0 -<-.t:: u :.JOU"-/",
] �����Ir�i • 
- -�«<«<�W���W 
,iii U.. 0:: ,., (''I l't (''I ): Q 0:: Q: LL n 
u oc�����i���ro�

-----,---------,.­
(}!I :I ;it 111;, Phn•(lhM')l.11tlon
UCJ'Vlt(l. Artiv.it on 
t-;rtfy �r1rt �.n1rl .'lt1nn I 
Fu l mcn,,rv fib ·osis ld •cp11t .. , 
t:r!ast Lanter W.!gu1at1on b. 
CRE6 5 Olldlina ill Ncu1<.m 
G R'o:ein Couohd Recepto, .. 
Fl 1dJ,:U!Ut

l: f1.1111eUu11
C�r:li.ic Hypertrophy Sign.ii ... 
FIFJ <;19n.1111n,J 
DUA Me':hyl.i: ior .1nd Tran,,. 
<.tll qcle <.ontrol ot <.h1cn .. 
Si:liccosorn11I c,·cle 
NER (l�.J:lect de E:<cis •cn R. . .
EER !Eo): b<.l)i•Jll Rc1Jd i1 )  P ... 
M1smatcn Repair in Eukary .. 
Ctll C/(le Reoulatlc,n by 6T •••
Mitotic nolc:i of role -like i:: ... 
l".}i( 11.; ;ir1d n•II (.}•(IP RP{:11. 
Csticgcn-mediot::d S13hos .. 
Mtao� �c9enem ::i1gnL. 
CSOC- 5 Q1H1 l ina Fathwo
KiMtocl-01e MehpnaH Sig ... 
FYI i(loc1I 5 '  •l,JI <mA1dlc Sd lV, .. 
Sal\'age ?1,hway; of Pyrimi, .. 
F.:rfh!ll)Pn lr,r'll(fO .-,v;ntln . . .
Coror;:-. ;1us r.ithcgend; .. , 
XPnl'IUOtlt' Mf't.1lh,1!i-n1 AH .. 
Gu:Ultior, ?1thwtr1 
1.,tanzy•n e ).. ::i1g1a11ng 
Sc/lC)l:m c Pc1lhNOV 
t:.ioonLdtotide RtdUdaS! ... 
HOT.� R Rc1,JLl:1.u1y PdU1wo· ■ 
Sirtuin SignJling r;:.thw.iy 
M' P-P.nN 'illJOI r,9 In MM . .• 
Unfcl:led prctci n rcspon;c 
Mu tlple �cl:rom ::i,gnalln. 
M!1C1Cph11ae Clossic11I Acti, .. .. 
Pyrop:o!i> SigM'ing Pethv, .. . 
Glol.i Siu11c11ini_, 
lmrnunogenic :ell Dutt-.; ... 
LPS.' ll - Mtalated lnnlbltlc ... 
r:.c�ul.it ior, o' Adin-0.i;cd ... 
J;Hl1A 'illJMllrg
F.ol: of ORCA1 i, ONA 01,-.,. ,
UVf..l1duced MAI-K !. 1gn11 ... 
Ci:, i1hclitl Adhcrms .lunctio ...
Outh Re�eptcr SignalinQ 
A)):·1 lll1 or RNA Puly111cr:1). ,, 
1\utoi::hag}' 
ATM ",lrJMllnlJ ■ 

■ 

rur ne Nvclcoti:lc; De �cv .. , 
l-f{:Ul;ir1or,; 1t I hf rrirthPII... ■ 
Cr,coct.r,n11binci::I Ncu1on11 .. ,
1.,tanzy'l'le ti ::.1gnllllng
liU'h:l:. :t1c111..1 111.1
t:/1tl SigMling 
3 -U:IO)IJI IOiilU) ,Lid c flU!-)11 ,,. . 
Sui: crp.ith·N.iy of lr10: i1ol r .  , 
n -rn}'n.1no,1to -�-phn,;rn;it . .
3 -01osphcino:i.tide Ocgra .. 
u.rnyo.1no;rt:o ;1,J.,�,l:IJ-1 et .. 
0-rnvo-ino;ito ::•, •t�.G1-1etr, .. 
CO2? Signaling in l},Tllpho: .. 
4-166 Sig11:1li11i,1 ir I T 1 . Jn1µ! ,,. , 
Melatonin Signll'ing 
cort1Cotrop1n R!!eas1no Ho ...
ll-1 Sign.ilir,9 
FFKfM <;.1on;i11ni:, P�ft'IW'I/ 
F.ol: of MAPI< Si�r,d n9 in I .. ,
p;J:! MAl'k. ::019na11ng 
ll-15 P1oourt on
Type II O iabehs Melli tLS Si ...
E•Ccll Atlivc1li11\,1 f11ll<.•1 Siu .. 
1\pril Mediated; 9nal ing 
IOI ".lr:Jn;i11n9 P.11tt·,w'I:, 

r.m:_t�.Kr Si9rd ng 
.c.ntt;, l'l" 1HP W,><pnn,,. "gn .. 
Th1 P11ti-.w1·1 ■ 
fJncostat1r, 'M:. gnaling 
Hu11tbulu11') Oi!co)c Siu11 ...
J.!\K ,'SlAT Signaling 
Th2 Pdll<W:1/ 
ll-9 Sign.ilir,9 
<;r,J-lnlJO(lnP-1-flhO<;ph;it;,. 
STAB r.itt-.w.1r 
I umo• 1\11croenv1ronrr ert I' . .
F.ol: of PIJl<i'AKT 5iqn1lin"' ,, 
Leptir ;ignal ng in Obesity
T<.11- i«.: F.t(clJli.11 Sig11d!i111,1
i:.tmoi:leling of :p,thel ial A ...
P.ctlr, �uc:1eat1on b� AR.� -w ... 
Chcrnok1nc S 9n.1l ing 
r: -At"lr !"M rg Ir ",I r:in;illn!J 
rev Receptor-n:::I dcd Ph11, .. 
A9nn lnttract1ons at r.Jtu 'o . .
Neu,ccL•I n 5 c,n11l inq 
J.rtir :yto!keleton Signaling 
FEOf 5 1,JUdl iug 
Gl ion1a lnvuivene;s Signali. .. 
FAK ;1�r,;11n9 
f-.ixl in Sign.il ing 
I -fr ;j till; ;if(l'10nU .,_ gn.11 .. 
Non-�.n11U Ccll lunq C.t.nce .. , 
kt�ulat1or, 01 lellular Wtc . . .
F.ul: ur tt11APK Sic.ind 111.1 in ... 
Melar,ornJ Sig1aling 
A11Us,1u1 1rc1dli,c Role vr Su,, 
Ov;:ri.in C.:arcer SignJling 
Tr,�o d .-;inur <;19n.11un,:i 
Angio,:cic, in Sign.ilir,9 
t:kt:l-:.-l.:I� ::i1g1a11ng 
Fro crt n iic,n11linq 
IGF.· Signaling 
M:1U<.1JillOl)l'lCJ!h Sig11d!i111,1
i:.t�ulat ior, oi elf.I llnd p 70., , 
ll-2 s1ona11no 
Fcy:l.118 Signol ing ir, 3 lyTp,, 
Fnt;, n1 r,JO.l\t")r. In M;irnn1;iL
SFUHI Gencrol Cor1cer Fot .. 
t:r1come:11a1 f.an:er >1gn11 ... 
GM- C ir Sian:a i ,,a 
t:/1C Signaling 
f)ll<.Ucll Rc<.::..t•JI 5 1Ufldl i11g
Ei::•t-rin Receptor S19naling 
lnTFglln <iliJn.'1 lnlJ 
HEn-2 Sigr,;:,lir9 in &c.i:t C .. , 
I l" 1rnnih1n \11Jr 11 r,9 
Fulmcn,,rv I lulinq Sian1 i .. 
kt�ulat1or, :Jr lhf t ?1thel1... 
F.ul: 01 �)l:udo)b 11 �le ... 
Hepatic F1brosi! ;ignal ng .. ,
ll-8Siu11c11ini_1 
t1tu1cinil.imrriJ: ion Sigrd •, .. 
Aryl Hyt1rnr.11mrn �n;,n·nr .. 
ccnJ Si9n.iling in Eo:inop, .. 
1.,«·11u �1gna11r9 
Lv ,11i: hotc •)in O R:ceptcr Si .. 
Small Cell lung (ar,cer Sig. 
Gt4R-t Siu1 1di1 g
1'.l:los:eror,t Signal ing in e .. .

F.Am: s1on:111n;i In os1to<1:1 .. . 
MGF SigMling 
rl.11tl Ir� (Ull"r Cfll �IIJnll ng 
Ct.ri:li11c I lypc:trophy Signol .. , 
t-aco1s 1'1arno:1ng Lllr<11og ... 
cAMP-ncd 1d:d �iqnoliiQ
i:.ol! Oi :hcrd1ccyte!- Ir �. 
CulLJl(lldl Cc111<.c1 Mdo)ld� . .
i:.ole of Pattem Recogni1 io .. 
liaq <iliJO'lllnrJ
HIF1 :x Sign.il in9 
<,l'h, 9n.1111ng 1-M"h'A'lY
Nihic 0)id: Sia. ,olinQ in th,, 
ll-/ � ,gnahr,i; JJ:h\vay 
Fm: SiQt1dli11� b 6 trn1: ,l1<. .. , 
fMlt: �igr,alirg in Ntutrop .. 
Aptl II fmJ<.1l11dic1! 5 1Ufldli11, .. 
mion Sigr,;:,lir9 
1n-i1Un FH,.,pt!lr <;IIJO'lllnr:J
Tclomcr.1sc S 9n.1l ing 
t:r1cour,nab1nc1:I Llevtlop1 ..
Opici::I � .i.;i11ol ino P11thw1·1
EMP signaling pathv1ay
Nclti1 Si�lldl ug 
i:.ole of PKR in ln:ufercn In ... 
HM�61 Slonc:I no 
r.zv ru, igcn c Rcccptcr Sig .. 
Fr,r r1n R 'il9n;i11r,9 
Acut: M:,cldd leukemio Si .. 
kole 01 IL-·,.,. n Allergic Int .. 
m: i c,n11l ina 
Synapt c long Term Pohnti ... 
F.tld.:.i11 Siu1 1oli1 U
T G F fl S i gnalinQ
F;incn.11t1r An,,,r.numnrn'I .. 
Growth "'lcm·onc Sign.1!ing 
VH, I' 1-;i rr,1 iy 1 1 o;int'l .l(P r .. r·. 
'ivnopt c tonq Term Ocores,, 
\it.r.,I' ::i19nallng 
fl fp!i l'II RI SiQUdlilltJ 
Neu,ctrophin;Ti:.K Sigral n9 
G 6:!d Gal!Ullcl Siu11c11i11i_1
GONF F�rn1ly l 9.ind-O.ccq: . . .
I P'<;.•.t111ltl l.11f PC1 W'.C.Plt' lal�n.11. 
Cho lccJ�toki n ir /G.i�tli n-m ,, 
UVl:¢.ln:l!J(!tf MAW. �1gna11... 
F.eelin iicm11I na in tleu1cns 
Signll ing by �c • Family G L
FOGf Sig1uli11u
ln;ulin Seaetion Signal inQ ... 
Nf-l<BACtlnt on 1JY V1ru;es 
e>:cn-4 S19n.il ing 
I Plll<Otylf i''t'f('l'/.11Vt1nn <:il+J 
CGT i 9n11l in9 
MO.JH t:mb�Cnl ( ::iurn Le L 
Cdcium 5iqnolin"' 
Neu,cpathic ;>1 n ;:gnal ing ... 
0:.)lli.ll l1 5!Ufldl inu Follm·c:y 
i:.ole of 14FAT in Ca1ci llc 1--'y ... 
Flif :; 9n.1111ng 
ll-6 Sign.ilir,9 
AdrPnrmPrl!I I n  ,;112n.111 ng. 
ll-17A Si0r,dirQ in Airway .. 
uuo ::i19na11ng 
Wou1 cJ Hi:c11im.1 5il111dl IIQ .. . 
Gl ioblas!oma ML 1 1iio1me Si .. . 
Syr101JlUi,1cllt:) ) Siu11di1 U. ,
Mcl.ir.ocytc Oc,vdoprrcrt ;,, , 
Frjll"ropr,1n1n 'i19n;i11no � .... 
Ef:.l</\IAPK Sign.1ling 
Ape1 n r.ard 1an1ocyte ::,,gn . . .
OMoc n n 0 ·11 in Siqr,olirQ,,
HGF Sign1ling
EF.Ef. Siu11d 11 u 
EHS �igr,al 1r g 
F.tr11-Ano1oter,s1n s1an:1 1no 
Er,cott-clir,-1 Sign.il ing 
M' P-P.nN 'il!JOI r,9 In (Ar, ... 
UVA-I iduccd MAFI< Sign I ... 
14-J.;.41',tdi a:ed ::i1gM11n;i 
rLn Sianol inQ ir , I lcrndoi: . . .
t:•70S6K Sigr,alirg 
Gl iun10 Si1,111c1l i11c
CNTF Signaling 
11., 'i19n;i11r,0 

E�t,c9en-Oepend.:n! 8tN$. ,, 
t-1-1-1·4 \19r11llr9
Thronibopoietin 5iqn1lin"' 
1-1-Ak: . 9nalll'lg 
F.HOCOI Siu11c1li1 u 
i:i:1't:.«iA)►.o: .'\C!ivat i on 
f11<.U(c:l 1lldl.li11<.i:J (dll(tl I. , 
Fl'EN; 9n.il ing 
F0-1. P n -1 1 n1or 1rnrn1 nn . .
lnh bitior, of Af..E-Medi.itcd . .. 
1-ro:luct1or, o· 1\1:n < :.:')'.ldi . 
Crosstt.lk between Dcncrit i .. , 
lkEMI Signa hg
O;koo1th1 il i\ Pc1lhw41
NAO Signal ing Patl"Wll)' 
xencblotlc Metab011rn1 Ge .. 
AM"<Sign.iling
<:ipf'rT Mntlll ty 
White Ad ,po:e r SS!JC Orov, ... 
Al'ld1c9En ::.19na11ng 
Cw:li11c 0-tdrencra c Siqrd ...
i:ro:ein Kinas! A S19naling
Cell C1d: J1/S Cl ,t(kJJ<.bl ... 
CEIi C/de �.2/M :>NA Dama.,. 
lill 1t.11ryl-l�CIA n!gr;i(f;itlrn
TrJptoph.in Oeg1.iC;:tion Ill .. , 
..,..,.,7nntr, !lPIJr'l:lmon 
>tencbiotic Mchbothn1 CA .. 
.)tencb1ot1c Metab.i!i.n1 1'.:C.R . .. 
FXR/�Adirc:Uuu
Sui: Etpathway of lv\Ellltoni ... 
Ni<.u.i11c 0:1,1·dddl iu11 I 
\,'�lire DcgrJdJ: ion I 
M?IM"nnln n,9,;it"l;itinn 1 
tl ico: inc Oegr.id.1tion 1 1
::iemaphon n Mauronlll W.!p .. 
Apoptosis 5iQn11linq 
Ctrll'rii:le Signal ing 
Fl'lrdn1 i11c RcuLl:1tiu11 i11 C .. 
ln:IJcion oi .!\,pq:tosis b/ ... 
rturoptoils s1ona11no Path,. 
As:i:rrbl/ cf O.UA rolyrncrJ;. ,, 
TNFP. <;•9n.11Hn,J 
SNAR( 5ign)!ing Pt.tlWYII}' 
l.,.A.Ll.14� �1gna11r9 
ClCAF. iic;.11111 llQ Poth·,vov 
i:.ol! O' :•steoblast; In He . .
F.ul: ur p14,.L 1�ARf in Turn ...
J.pEI n Adipocyte Sigr,alirg. ,
TCA .f'rlP II (F11t.11rynr1r;1 
Gluhthionc Redo:< r:.c.idic ... 
1NC :,, -. 12n.111 1ng 
lnh bitior, of Arc,ioaencsi: ... 
NRl':!-mtd1ated fJXldatlVE' � .
EEX2 Siu11c11i11u �:1thwo1 
Go:!-; 9nal ing 
Sv1111nlc1lio11 ?:1.hwoy 
J:�·3 Sigr,d n9 
WNT/;\.(;it;,n n <;19n.11un,:i 
O ikted C.1rdiomycp.ithy Si .. 
kole 01 <.HK l'roterr,s 1n L! L 
Ass: rrbl·1 c,f RHA Polv ,11er1; .. ,
kole of RIG· -l ike RtCEptor. . .
Cc:1t.liu111yuqlc OiITc1c:1 Lidti . .. 
Eladder :anc er Signaling
Ferrootc,sls s onaHno Fatn .. 
r:.ct no.1tc 8io:iy1thcsi:; I
rl n I ;ir;r.-MllnP ,1j n d t.d rpn;iL 
Cth1nol Degrodotic,n II 
::iL•r:upath'A'ay 01 LOOlt!ter . .. 
The '/ suol Cvc e 
T)T'o�ine O!g 'adation I
>:ct+J;JCIIC)')
holeucine Oe;radaticr 

Inn hltlor, nt l\hfr ()( Mff'I I. 
H1rr:• ; igr,;:,lir9
<.nn,11,rn;,nt -..ya.-m
Cot.Qulotic•n ;.,stern 
::iL•r:upath'A'ay OI Mtth1on1 ...
l11!1irnit F11.1U11un1i.li11 Atliv ..
Estle gen SiO$)rthes1s 
#.(d+JllC Ocu1c:cJdUU11 I (lu ,. 
EL1i::ro,:ion Ocgr.id.ition 
Fllf' Arlrt RIO(/n"hf'<I,. l•J?llt . .
M1focnonCri;:I l-mr, i! ine S,, 
fJx1ttat1V! tthancl ueg,ace.. 
Urco Cycle 
Glydne Setaine Ot91adat on 
Su�t:IJJolhA·curuf Crllulli, t ... 
Pyr imidin� Oto>:yril::onude ..
i=yr 1rn1e11ne FJbOnuaeotldei ...
Pyr imidine f:.ibonudeotid:; .. , 
l�O.:<; <;19n.1111n9 
OX)toc n n 5pin11I U:u ·ons .. ,
u.rnyo.1no;rt:o ;1,>,AJ-tn sp ..
M r R:aul11tion of lnr,ot: I ..
EJ'.G.? Signaling Pathway 
D·lll}'U • ifl+J)il•J '.1,4,5)-Ti ,)L ...
Notch Sigr,alirg
t.(lfl n P'IO('ff;,<; � 19r,Allr9.
M F-ndil:ed Clu:o:orti<o,, 
H}'(M'l.'I ",liJn.'I lnlJ 1n fl"f;
TNTR2 5 Qn.:1 l ina 
Meth1on1ne ueg1acet1on I( . .. 
CY).c i11c 6iv)·111.tmb Ill (n1 ..
10 myo ino;itol Yei<ll:Cispl-... 
S<.'I it Htdgch+J.J Si1,111ol i111."
E i<o:�noid Sigr,dir,9 
Amylolrl Frn<P<•IO:'.J
0-rnyo-ino;ito :1,.i,SJ-tri:;p ..
1.,1uc,neogtrtsH
Chond·oitir, Su fo!c Deen:, ..
r1tlOS Signal ing r, Neurons 
Culni( Ado 6u l:J 111g flud.,.
i:i- 1erylalanine Oe91adat.on ... 
suaoie Dtorae1at1c,n v (Ma, .. 
Fcl.itc T1�n:forn1.iticns I 
Hl<;flMln, f:<fl)171rt;itlr,n I
Glycolysis I 
1-L-trewne Ut91adat1on Ill 
M1tu1 i1Y Ons:: Oi11b::es of, , 
F>tR;;:ocR Acti,•ation
F.ul: ur IL-· 7A i11 Al!tuilb 
T1.1mo:idul FLnction of He .. .
F)d'rln>lt' Proth•ntnhln Art \! .. . 
r:.ole of JA�: kn It kiM:cs i .. . 
<,lyr,irl- • ,;ihr.;r,J-,;tp \1'1111.. 
Cumtlonin Oiosrnti-1esi:. 
1.,emi r.ell-�ert,11 f.ell Jun:11.. 
lcut uc Dc1.11:1;Jc1U o11 
Ot4,\ Double Sl:far,d &uk .. 
HUUldll fn1lJ1yu11 l Slcrn Cd ...
r:;.n AdiVl! ion
HUl? Rlo,ynll"f<;I'. I 
Thymine Oegr.id.1tion
r1rlfJ::. �1gna11n2 •r, :.t!let�' .. 

■ 

■ 

I 

■ 

■ 

■ 

I 

I 

■ 

■ 

■ 
■ 

-■

Scrtol i  Ccll-Seitoli Cell Jum ... .._ ____________ _, 
i:ro;tw oid 8 iosy1!hesi; 
Tclu111c1c Exlcmio11 ll1 Tclu ... 
Thio;;u'h!e Oisp1cport ona ... 
Vlru! Emry ,· 1a ErCIO()itlC Pa. ,
4-Jminobut'Jr.iti: Oegr.ic;:t i. , 
Ol•J� 0011ni, .<;t1;.r,'1 Frul:. 
UOP-N-occtyl-0-glucos ,:i , · i  •. 
kole 01 fJs.eoblasH, fJstec .. 
lltredi1or1Cre11st C11nce1 Si .. . 
Carcer OrL'g �es,shnce s,, .. .

F1..1.c i11 UUiuuil 11eUu11 Fol .. 
i:.ole of l is;ue Fad or ir :a .. 
M?IM"nnln n,g,;it"l;itinn II 
Herne Oeg1;:.c'dion
r:-l'n.-nrhnnl 1>;,r,r.11d.11t1on
I lci,11t ic f1brosi: .' I lei;ot c S ...
1., 1-'rotiln ::,,goal ing W-ecu: . .
ONA ddl!l,Uc • illLL'tt:U 14 ,!•,. , 
Enn:hed <hain 0: keb Hid ... 
Chu11J·uili1 1 dll:J Ocll!ldlc:11., 
5-Jmin 01rntd;:.zcl: f..ibonLcl .. ,
Fnl;, nf MAPK 'ilrr11I ng I n f  ..
Tcb;:hycrol:iootc1 in Sio;yn, ..
Keto }!SIS
Scrn11i,horin SiQrolir,a n N ... 
ILA Signalir,9
Zyr1 U!l1:1ul 6iu)y·1!hc;b 
M tocnoncricl Oysfuncior 

F.ole Of JP.KI an:I JAK3 In V( ., I•
Adi:iogcrcsi:- o.ith"-.JY 
(lrur.l'ln P.t'l�'fhm <;19n.1111no 
FhOfO�C•rn: M:i:u,ot on

-

Mo tcLl ar Mtcl",ar,i;ms ot L. ; ,11,, ·  ___________ _, 
Abn nc O,o: vnthc;is II 
i:ro;tcte Canur SignalinQ
0-ululUIUrldlc �l,lld+.ldlii.111 I
i:.o le of OCT'1 in Marnn1al ia .. 
Tptr;hyr,rolilO[ltP1ln Rlo,yn ..
10111yo-ino;itol Yei<J:Ci:;pb,. ,
M?fh}'l1 1AIM/I 1'.111r,w'ly 
M:chonisrn� o' V i101 C:x t fr .. 
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'-thand I >nr.ir;;chtin'-i IV 
:u-r.iud Oi.oyr<.1d;ilirn ll 

V;ilir.n U!:,]f,'J,1atiM I 
UC-.. N-.ii.f:! yl-C-g ;ii ;i<.lcr:.irn .. . 
1i::-:!.:-mine-1Jer9r;id:nfan 
Tr;ptophlln C•ef!rlldntion Ill... 
(-ilu!;,1)•1 C::!\ l:(·91o1:l,1! i:ori 
;.pelin Musde Siqnu!i1-.9 P.i .. 
Mil:.:d 1t:re:.lril1J L t.i:111tiliu,;; S ... 
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A B Neither A Not B B Not A Both Log2 Odds Ratio p-Value q-Value Tendency

PRPF40B TCERG1 1481 41 100 16 2.531 <0.001 <0.001 Co-occurrence
SF1 TCERG1 1488 34 103 13 2.466 <0.001 <0.001 Co-occurrence

U2AF2 TCERG1 1493 29 104 12 2.571 <0.001 <0.001 Co-occurrence
SF1 PRPF40B 1543 38 48 9 2.929 <0.001 <0.001 Co-occurrence

PRPF40A TCERG1 1494 28 107 9 2.166 <0.001 0.002 Co-occurrence
U2AF2 PRPF40B 1546 35 51 6 2.378 0.002 0.006 Co-occurrence
SF1 PRPF40A 1559 42 32 5 2.536 0.003 0.007 Co-occurrence
SF1 U2AF2 1555 42 36 5 2.362 0.005 0.01 Co-occurrence

U2AF2 PRPF40A 1564 37 33 4 2.357 0.012 0.02 Co-occurrence

Supplementary Table 1



Supplementary Table 2

Organ/System TCGA PanCancer Atlas study No. of patients Genetic alteration frequency of CC
Genetic + expression level alteration 

frequency of CC
Adrenal Gland Adrenocortical Carcinoma 89 9% 46%
Biliary Tract Cholangiocarcinoma 36 6% 36%

Bladder/Urinary Tract Bladder Urothelial Carcinoma 406 15% 39%
Bowel Colorectal Adenocarcinoma 526 13% 38%
Breast Breast Invasive Carcinoma 996 7% 34%

CNS/Brain Brain Lower Grade Glioma 511 7% 39%
Glioblastoma Multiforme 378 5% 15%

Cervix Cervical Squamous Cell Carcinoma 278 10% 38%

Esophagus/Stomach Esophageal Adenocarcinoma 182 9% 32%
Stomach Adenocarcinoma 434 15% 37%

Eye Uveal Melanoma 80 3% 36%

Head and Neck Head and Neck Squamous Cell Carcinoma 496 10% 34%

Kidney
Renal Clear Cell Carcinoma 354 10% 29%
Kidney Chromophobe 65 2% 31%
Renal Papillary Cell Carcinoma 274 4% 23%

Liver Hepatocellular Carcinoma 353 5% 30%

Lung Lung Adenocarcinoma 507 15% 37%
Lung Squamous Cell Carcinoma 469 11% 34%

Lymphoid Diffuse Large B-Cell Lymphoma 37 16% 32%
Myeloid Acute Myeloid Leukemia 190 7% 25%

Ovary/Fallopian Tube Ovarian Serous Cystadenocarcinoma 398 10% 23%
Pancreas Pancreatic Adenocarcinoma 175 6% 34%
Pleura Mesothelioma 82 2% 29%
Prostate Prostate Adenocarcinoma 489 7% 27%
Skin Cutaneous Melanoma 363 21% 38%

Soft Tissue Pheochromocytoma and Paraganglioma 161 2% 31%
Sarcoma 253 9% 32%

Testis Testicular Germ Cell Tumors 144 1% 38%
Thymus Thymoma 123 2% 19%
Thyroid Thyroid Carcinoma 482 <1% 16%

Uterus Uterine Corpus Endometrial Carcinoma 509 23% 46%
Uterine Carcinosarcoma 56 14% 59%



Driver 

Gene
A B Neither A Not B B Not A Both

Log2 

Odds 

Ratio

p-Value q-Value Tendency

APC 

U2AF2 TCERG1 998 14 49 10 >3 <0.001 <0.001 Co-occurrence

SF1 TCERG1 998 14 50 9 >3 <0.001 <0.001 Co-occurrence

SF1 PRPF40B 1022 16 26 7 >3 <0.001 <0.001 Co-occurrence

PRPF40A TCERG1 993 19 51 8 >3 <0.001 <0.001 Co-occurrence

PRPF40B TCERG1 987 25 51 8 2.631 <0.001 <0.001 Co-occurrence

SF1 U2AF2 1028 19 20 4 >3 0.001 0.003 Co-occurrence

SF1 PRPF40A 1025 19 23 4 >3 0.002 0.004 Co-occurrence

U2AF2 PRPF40B 1018 20 29 4 2.812 0.005 0.01 Co-occurrence

PRPF40A PRPF40B 1015 23 29 4 2.606 0.008 0.013 Co-occurrence

U2AF2 PRPF40A 1023 21 24 3 2.606 0.02 0.03 Co-occurrence

KRAS

SF1 TCERG1 541 11 20 6 >3 <0.001 <0.001 Co-occurrence

PRPF40A TCERG1 544 8 21 5 >3 <0.001 <0.001 Co-occurrence

SF1 PRPF40B 554 13 7 4 >3 <0.001 <0.001 Co-occurrence

U2AF2 TCERG1 542 10 22 4 >3 0.002 0.008 Co-occurrence

U2AF2 PRPF40A 554 11 10 3 >3 0.003 0.008 Co-occurrence

PRPF40B TCERG1 544 8 23 3 >3 0.011 0.026 Co-occurrence

TP53

PRPF40A TCERG1 822 11 31 3 2.854 0.015 0.148 Co-occurrence
U2AF2 PRPF40A 841 12 12 2 >3 0.02 0.148 Co-occurrence

SF1 TCERG1 818 15 31 3 2.4 0.03 0.15 Co-occurrence

BRAF PRPF40B TCERG1 195 15 57 11 1.327 0.033 0.268 Co-occurrence

Supplementary Table 3
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Supplementary Figure Legends & Table Legends 1 

Supplementary Fig 1. Comparing equal number of unaltered (randomized samples) with 2 

altered patient samples. Overall survival (left) (q is between 1.79e-05 and 0.0187 for all except 3 

D, q = 0.0963) and progression free survival (right) (q is in between 1.38e-09 and 2.95e-04 for 4 

all) of patients with or without genetic alterations in E-complex genes. For each panel, data was 5 

obtained from a total of 132 patients with at least one alteration in the 6 queried E-complex 6 

genes (Altered group, indicated by the red curve), and a randomized cohort of 132 patients 7 

derived from 1219 patients without any alterations in any E-complex factors (Unaltered group, 8 

indicated by the blue curve). 9 

 10 

Supplementary Fig 2. Selected clinical attributes significantly associated with SF1 mutations. 11 

Altered group (patients with SF1 mutations) and Unaltered group (patients with no mutations in 12 

any E-complex factor) are compared for MSI (microsatellite instability) profile (A and B), 13 

Mutation Count (A and C), Fraction Genome Altered (A and D), Diagnosis Age (A and E) and 14 

Race Category or demographic profile (A and F). Patients with SF1 mutations (Altered group) 15 

had lower mean levels of genome alterations, higher mutation count and diagnosis age and 16 

different MSI (microsatellite instability) and demographic profile.  17 

 18 

Supplementary Fig 3. Location and frequency of genetic mutations in SF1, U2AF1, U2AF2, 19 

PRPF40A, PRPF40B and TCERG1. The horizontal bars represent the amino acid length of 20 

each protein while red and green boxes indicate specific functional motifs such as KH-1, zf-21 

CCCH or RRM domains. The height of each lollipop indicates the frequency of mutations in 22 

patients. Green lollipops indicate missense mutations, gray indicates truncating mutations, 23 

brown indicates in-frame mutations, orange indicates splice mutations and purple indicates 24 

fusion mutations. 25 

 26 
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Supplementary Fig 4. Oncoprint showing incidence of genetic alterations of U2AF1, U2AF2, 27 

SF1, PRPF40A, PRPF40B and TCERG1 in (A) BRAF cohorts from all bowel cancer studies and 28 

(B) BRAF cohort from TCGA PanCancer Atlas database. 29 

 30 

Supplementary Fig 5. Heat map derived from QIAGEN Ingenuity Pathway Analysis (IPA) using 31 

gene list of co-expressed mRNAs associated with U2AF1, U2AF2, SF1, PRPF40A, PRPF40B 32 

and TCERG1 in cancers of the esophagus, stomach and bowel (left) and pancreas and liver 33 

(right). Compare pathways with Fig 5C and Supplementary Fig 6. 34 

 35 

Supplementary Fig 6. IPA analysis using protein and mRNA co-expression data associated 36 

with U2AF1, U2AF2, SF1, PRPF40A, PRPF40B and TCERG1 in bowel cancers. The full length 37 

of the heat map (same heat map as in Fig 5C) is shown. Lower portion of IPA heat map 38 

(marked with *) indicates upregulated pathways with lower z-scores. Left 5 lanes are derived 39 

from gene lists of proteins co-expressed with SF1, U2AF2, U2AF1, PRPF40A and TCERG1.  40 

Right 6 lanes are derived from mRNA gene lists co-expressed with SF1, PRPF40A, TCERG1, 41 

PRPF40B, U2AF1 and U2AF2. 42 

 43 

Supplementary Table 1. Co-occurrence tendency of two Commitment Factor (CC) gene 44 

mutations in tumors. A q value of < 0.05 indicates significant co-occurrence in tumor tissue of 45 

mutated genes listed under column A and B. 46 

 47 

Supplementary Table 2. Incidence of U2AF1, U2AF2, SF1, PRPF40A, PRPF40B and 48 

TCERG1 alterations in different cancers listed in cBioPortal. Genetic alterations are from all 49 

non-redundant studies of each type of cancer. Genetic plus expression level alteration 50 

frequency is derived from TCGA, PanCancer Atlas study of each type of cancer. 51 

 52 
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Supplementary Table 3. Co-occurrence tendency of two Commitment Factor (CC) gene 53 

mutations in tumors from patients in the APC, KRAS, TP53 or BRAF cohorts. A q value of < 54 

0.05 indicates significant co-occurrence (in bold) in tumor tissue of mutated genes listed under 55 

column A and B. 56 

 57 
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Supplementary Methods  79 

(1) Survival curves with equal number of patients in altered and unaltered groups. 80 

Survival data was downloaded from cBioPortal by clicking the download icon and Data tab on 81 

the right side of the survival curves, and lists of case ID for both the altered (132 cases) and 82 

unaltered group (1219 cases) were obtained. Sample ID was downloaded separately from the 83 

Download tab of the query. Subsequently, ten sub-lists from the sample ID list of the unaltered 84 

group were generated using the randomize function in Excel, each containing 132 sample IDs. 85 

The 6 E-complex genes were then queried specifically in patient sets defined by these 132 86 

altered and 132 randomly generated unaltered sample IDs, generating overall and progression 87 

free survivals of patients with or without any genetic alterations in E-complex genes. P and q-88 

values were computed for each of these survival curves. 89 

  90 

(2) TCGA PanCancer Atlas Study; Bowel Cancer 91 

cBioPortal also reports changes in mRNA and protein levels in human cancer tissues in specific 92 

TCGA PanCancer Atlas studies. Thus, for each type of GI cancer, we separately examined their 93 

cognate TCGA PanCancer Atlas study. Each TCGA PanCancer Atlas study was queried for CC 94 

factor alteration in genetic (mutation/structural variant/putative copy-number alterations from 95 

GISTIC), expression level (mRNA expression z-scores relative to diploid samples (RNA Seq V2 96 

RSEM)) and protein/phosphoprotein level (Protein expression z-scores (mass spectrometry by 97 

CPTAC)) changes.  98 

 99 

(3) Generation of driver gene APC, TRP53, KRAS or BRAF cohorts. 100 

cBioPortal database was used to investigate how genetic changes in CC factors associate with 101 

specific driver genes in colorectal cancer patients. Four different cohorts of bowel cancer 102 

patients, each having genetic alterations in the driver genes APC, TRP53, KRAS or BRAF were 103 

isolated and examined for CC alterations. 104 



 v 

To generate the APC cohort, all non-redundant bowel cancer studies were selected from 105 

cBioPortal [leaving out the 2 overlapping studies on Colorectal Adenocarcinoma (TCGA, 106 

Firehose Legacy and TCGA, Nature 2012 studies)] and queried for genetic alterations in APC. 107 

68% of bowel cancer patients (or 4422 patients) had genetic changes in their APC gene (Table 108 

2). Of these, a cohort of 4393 patients were selected that only carried APC gene mutations 109 

(excluding gene amplifications or deletions). The 4393 patient samples were queried for genetic 110 

alterations in the six CC factors. CC factors were altered in 4% (177) of the patients carrying 111 

APC mutations.  112 

Similarly, we selected for a cohort of patients with KRAS mutations. 43% (2796 patients) 113 

of bowel cancer patients had KRAS mutation (Table 1B). Of this, a KRAS cohort of 2737 114 

patients, 4% (106 patients) had mutations in CC factors. 66% (4302 patients) with bowel 115 

cancers had TP53 mutations. Of these 3% (123 patients) also had CC factor mutations (Table 116 

1B).  117 

BRAF gene was altered in a lower proportion, 10% (670 patients), of bowel cancer 118 

patients but of these, a higher fraction, 19% (127 patients), carried CC mutations (Table 1B).  119 

We also queried the TCGA PanCancer Atlas dataset (colorectal adenocarcinoma) for BRAF 120 

alterations (Table 1B and Figure 4E). In this study of 594 patients, BRAF was altered (with 121 

mutated BRAF plus expression level changes) in 19% (112 patients) of the patients. Of these 122 

112 patients, 62 patients carried only BRAF gene mutations and constituted the BRAF/TCGA 123 

cohort (Table 1B). 61% (38 patients) of the BRAF/TCGA cohort, also had alterations in CC 124 

factors, with MACR patients having the highest alteration rates in CC genes (Figure 4E).  125 

 126 

(4) Genes co-expressed with CC factors and IPA.   127 

The bowel TCGA PanCancer Atlas database in cBioPortal was queried for RNAs and proteins 128 

whose expression levels correlate with each CC factor. For example, to identify genes in bowel 129 

cancers that are significantly co-expressed with SF1, the TCGA PanCancer Atlas dataset 130 



 vi 

(Colorectal adenocarcinoma) was queried for SF1 followed by co-expression data. The RNA co-131 

expression data in cBioPortal is derived from RNA sequencing from 592 patient samples. A list 132 

of 19880 genes whose RNA levels positively or negatively correlated with SF1 was obtained, 133 

out of which the expression correlation of 9576 genes were significant (q-value < 0.05). This list 134 

of 9576 genes was designated co-expressed with SF1. Similar co-expression gene lists (q-value 135 

< 0.05) were obtained for each CC factor: U2AF2, U2AF1, PRPF40A, PRPF40B and TCERG1.  136 

 137 

The Colorectal adenocarcinoma (TCGA PanCancer Atlas) dataset also allowed for the query for 138 

proteins that are co-expressed with individual CC factors (example of NUDT21 co-expression 139 

with SF1, q = 6.53e-21, Figure 5B). The protein co-expression data is derived from CPTAC 140 

(NCI’s Clinical Proteomic Tumor Analysis Consortium) mass spectrometry of 84 samples. Mass 141 

spectroscopy CPTAC sample data is available for SF1, U2AF1, U2AF2, PRPF40A and 142 

TCERG1 but not for PRPF40B. We generated a list of 5520 proteins that co-expressed with 143 

SF1, of which 3413 proteins were significantly co-expressed (q-value < 0.05). Similar queries 144 

generated gene lists for protein co-expression for each of the other CC factors.  145 

 146 

We utilized the 5 lists of proteins co-expressed with each of the CC factors (SF1, U2AF1, 147 

U2AF2, PRPF40A and TCERG1) together with the 6 lists of mRNAs co-expressed with each of 148 

the CC factors (SF1, U2AF1, U2AF2, PRPF40A, PRPF40B and TCERG1) to simultaneously 149 

perform QIAGEN Ingenuity Pathway Analysis (IPA).  150 

 151 
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