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Algorithm for Detecting Driver Pathways in Cancer Based on
Mutated Gene Networks

WU Hao
(College of Information Engineering . Northwest A&F University, Yangling . Shaanxi 712100)

Abstract  Recent genome sequencing studies have shown that somatic mutations drive cancer
development across a large number of genes. One of the key issues of current basic research on
cancer is to study the pathogenesis of cancer by detecting mutated driver pathways. This study
utilizes the widely existing property of mutual exclusivity in cancer genomic spectrum, examines
somatic mutation data provided by the Human Genome Projects, and proposes a novel algorithm
(Megnet) for detecting mutated driver pathways on the basis of mutually exclusive gene networks.
This study first constructs mutated gene networks based on mutual exclusivity between each pair
of genes utilizing somatic mutation data from many cancer patients and then detects the largest
complete subgraphs with high coverage. The genes in the largest complete subgraph are recurrently
altered across a majority of tumor samples; they are known to or are likely to take part in the
same biological process; and mutations of genes within one largest complete subgraph are mutually
exclusive. To evaluate the efficiency and robustness of Megnet method, we apply it to simulated

data with 300 samples and 1000 genes in which 15 mutually exclusive gene sets with different
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coverage degree are embedded into, and the results indicate that Megnet algorithm finishes the
process of detecting driver pathways in 15 seconds in all simulations and has shorter runtime and
higher accuracy than those of Dendrix and Multi-Dendrix. To further verify the efficacy of our
algorithm, we apply it to somatic mutation data from the mutation profiles of lung carcinoma and
glioblastoma tumor samples from the Cancer Genome Atlas (TCGA), and results show that
Megnet can not only detect more biologically relevant and higher statistically significant gene sets
than those of Dendrix and Multi-Dendrix, but also identify some new candidate gene sets for
biological verification, which have a high degree of overlap with the known signaling pathways
(like P53, RB, RAS and PI3K), cell cycle and cell apoptosis pathway. Since somatic mutations
are hypothesized to target a small number of cellular signaling and regulatory pathways, a common
method is to appraise whether the known pathways are enriched for the mutated gene sets. In
glioblastoma multiforme cancer, we make the novel observation that TP53 alteration, copy-number
amplification of MDM2 and MDM4 are mutually exclusive, and RB1 deletion, loss of CDK4 and
CDKNZ2B are also mutually exclusive, suggesting distinct alternative causes of genomic instability
in the cancer type. Overall, we develop a simple, fast and sensitive method for automatically
detecting driver pathways in tumors based on mutually exclusive mutational patterns. Megnet
algorithm does not need to assign the number of genes in a driver pathway neither requires any
prior knowledge, thus providing insights into the research on the pathogenesis of cancer. Based on
constructing mutated gene networks, the algorithm simplifies the mutual relationship between
genes, reduces the algorithm complexity, and improves the efficiency and accuracy of detecting
mutated driver pathways; therefore, it has high theoretical and practical value to research on the
pathogenesis of cancer.

Keywords cancer genome; pathogenesis; mutated driver pathways; somatic mutation; mutual

exclusivity; gene networks; bioinformatics
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1. Initialization: x<-m; y<—n; i<1;

2. DO WHILE

3. FOR j<i+1 to y DO

4. exclusive_degree=FED(i,j);

5. rate_degree=RD(i,j);

6. IF Cexclusive_degree >= 0. 95 and
rate_degree —>= 0. 85)

7. THEN genenetwork[i][j1=1;

8. END IF

9. END FOR

10. i=i+1;

11. END WHILE (i>=y);
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1. Initialization: x=n, t=0;

2. V,={i,j.k};

3. DO WHILE

4. FOR i<-1 to = DO

5. IF (V, and {i} all connection and having max

coverage)

6 THENV,., =V, U{i};

7 END IF

8. t=t+1;

9. END WHILE (no new node added)

10. FOR i<1 to \V, \ DO

11. IF (WD(V,)<=WD(V,—{i})) THEN

12. V,=V,—{i}; //delete node i

13.  END IF

14. END FOR

15. IF (CD(V,)>>0.3 and |V, | >3) THEN

16. V,is a MDP;

17. END IF
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A AVEAE — Rl ol 2 5 A8 BT X 20 £ 28 AR B A £
YE T 21H.

x 1 3FEESANERMUEE PR ESITHE
P B G A% BATHE ] /s
% g Dendrix Multi-Dendrix Megnet
0. 0001 963. 42 15. 28 9. 65
0. 0005 1045. 23 19. 74 9.58
0. 001 1235. 81 21. 34 10. 25
0. 005 1345.79 25.08 11. 02
0.01 1538. 51 29. 63 12.57
0.015 1749. 58 35. 56 13.45
0.02 2135.59 40. 95 14. 38

TERLAUL (4 A 200 L 5 722 3040 v s AR B 5 Dendrix
Al Multi-Dendrix 8 76 AN [A] 1) 3fe % 28 A8 2R T X 5
032 AT B[R] RN 45 S 0 1E 6 5 7 T R AT AR X
Dendrix 556 FEAN [A] (1) 58748 28 i 2k A iz
A7 B AR — A 7 B Y R R AR5 DA
AR PR BRI LE L, FRIKGZ 4T Dendrix 5, &
R 15 AR E] 15 ARk EEA.

Bl 4 25 3 P HITEA R R E AL g T
o) 40X 2y 30 G 1 T B RS I R IREDOR B T R R R
e —Fh IR & 248 R X 20 41 28 AR B B AR 1Y T
PIA. BIERBZNTFETF 0.01 Bf, Megnet 5k
B N 3] 56 42 TE A 1 B DR B . T A TR P i A
K Sy 38 P 14 TE A R TR R QSR I Tl SR
FATHE g 15 2 2 AR (Y 9K 2l . Multi-Dendrix
Megnet 537545 21 45 H (19 1E 6 R A0 T, B 24 5848 F AN
{1 T 0. 015 I, 33 9 o 55 v R RE A 3 A AL A9 45 2R
Ifii Dendrix 83k WA 7E R & A2 AL F 0. 001 B fiE
R AR SR, el WA AR e B R AR T
Megnet 5575 76 1F 8 58 Flis 47 i 8] 7 1 8 T = © w

1.2

—e—Dendrix —— Multi-Dendrix —a—Megnet

——

1.0

0 0.0001  0.0005 0.0010_0.0050 0.0100 0.0150 0.0200
IR

Pl 4 A [l R 7 BT 25T A 00 T 5 3l B Y I ) o

MFEMER g Ky 0.001 B, A2 B m = 300 {37 5
NFEA n 43 312 1000, 2000, 3000 A4~ PR 1Y 5 A8 £k
T PR R 30 B A B B A% I A B i TR
SR S5 38 I ) B 55 RO R IE B — B0, IR AR A 20 4
RAZK . & 2 45 T Megnet, Dendrix #1 Multi-
Dendrix 3L AE 20 4 &2 %4 bz 17 i 1 4 B[]
H X L 45 R m) i, 24 5L PR B H B R F] 2000 B 3000
if, Megnet 5575 52 90 HH 4 e IR 5086

®2 IMEZERARDEERNHTHIEITHE
BATH ] /s

EERE Dendrix Multi-Dendrix Megnet
1000 1235. 81 21.34 10. 25
2000 3638. 56 158. 95 29.19
3000 8468. 45 865. 76 71.75

4.2 MEHHE (LO

I e AR il R R A5 AE T R B K AR P, X
N B R A i R T 7 A KR R S P e RS 2
—% Vandin % AV 40 #1 T ok B 188 3 il i B H
) 1013 2 {420 A 2 A8 B s . & B 356 AN AEH &
B E P RAERE. ZRAMEEALR 163 4
FEAS 356 ANHE R, T A AR AR 1) o5 R 28 728 5 TR B R
64, BEFEA B2 2 AF LB R 6. 0, T A FE Y
R RAFFEARLCR 2. 75. b KA 4 AN BN (TP53,
KRAS,STK11 fl EGFR) R A FEAR L T 20, &
TR SE AL A B 3 30l A 64,60, 34 F1 30, P I i
W4 A s 00 6 I, B DA AR Sk B MAF > 1. 5% 1y 3
PIHEATHAE - RO X 163 £ 9% A 95 4~ 3L B 43 51138 17
Megnet.,Dendrix 1 Multi-Dendrix X 3 Flt 34 1.

ST F Dendrix B DY, B8 b FR— 4K 358
B P B AL AN EL Y =2 B A5 3 A e 5%
A H A (EGFR,KRAS) #I (TP53, ATM) , 45 1
B AR G 1 R AR RE AR 90, PR e I 3 55 R R
55.200: 50 2 AL LB IR AEFEARLN 76, [ L
HAEHER N 46.6%. 24 k=3 B, 153 — 4 F LA
4 (EGFR, KRAS, STKI11) , i% 3 K 4 4 1 55 45
FEAER 109, P G H B 35 B Ok 66. 9 %6, (HAZ FL P 4R
AWESFEARL R 15, LT LA B %L A i
m—AH STKIL, A TR ZMER. 4 k=4
A Y2 A B S I R B

%7 F Multi-Dendrix 2 30, 5 2% 5 W 4D S
Bt TN e s £ R BRIE AR B TSR o 8 —
MEHNESTEEIEERMBERNEE. Y =2, ko =
3 W, 15 3 3 A A (EGFR, KRAS, STKI11) A
(TP53,ATM,PAK4) ;24 1 =23, ko = 4 B, 15 3|
B4 4 (KRAS, EGFR,NTRK3,EPHB1) . (TP53,
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ATM,PAK4, ACVRIB) f1 (STK11, LRP1B, NF1,
NTRK1D) ;24 t=4, kb, =5 i, 15 5] 5 K 4 4 (KRAS,
EGFR, ERBB4, PRKCG, NRAS), (TP53, ATM,
PAK4,ACVRIB,PAK6), (STK11,NF1,MYO3B,
NTRK1, PTEN) f1 ( LRP1B, CDKN2A, GNAS,
NTRK3,MSH6). X} F# Sl 504 . © Al A 25088
S e B R QU & i) Bl N S
#, Multi-Dendrix 53 A8 96 159 21 42 FLAE A9 25 1. (2
XoF T LS 14 28 A8 BOHE L R e 2 2l 0 T 9K 2 3 S 5
3 2 9% B3 b 5 TR B B AR E G 1 i S
Bt N R PE AR 306 B0 28 45 9K 2153

5 Dendrix #1 Multi-Dendrix 54 3 A [A] , Megnet
SR ANTE B4 2 9K 3 3 % i 5k B DL K B 415K By 3
Al R R R AR S A B i RRAE AT
REJVE A ARMMERES WL 3 P X TRH4
o 00 P 5K ) 368 2 {7 P 45 A 3 (Permutation Test)
o I 9K 3y 38 B 1) B FE R XF T AR g, Cover (g)
FOREEN g RAZEARZH X T — 4 9K 5l il B%
A, Cover(A)= U Cover (g). Megnet & I 1R ¥

gin A

| Cover(A) | J& 45 L B e 929 B S AE A KO H KL SR )
Wik 4 Ak IR 4R 5 B L PR X g A BRI R L IET
10000 ¥ &4 . f 3 BARAG I 19 P EHINFK 3 Prox.

K3 MEBEIBRER
BLENES i BRI i BB P E
TP53, STK11. LRP1B 3 0.952 0.601 0.238
STKI11. NF1, EPHA7 3 0. 964 0. 485 0.195
KRAS, LRP1B, EPHA3, MYO3B 4 0.952 0.368 0.113
EGFR. STK11, LRP1B, PRKDC., EPHAT 5 0.958 0.417 0.063

Dendrix 1 Multi-Dendrix % ¥ %6 BU A [6] 19 =
G 2=t =4 M 3=k =5 X 1F I 27 4L I
LG AT B K5 L 15 B H 4 S (EGFR, KRAS,
STK11)Hy P {8 (0. 098) £z /N, 15 1] KL K 42 & (TP53,
ATM,PAK4, ACVRIB, BAP1) f§ P { (0. 312) #%
KX 27 HHEERE A1 P {H 0. 206. 1 Megnet
BRI 4 HE U ES T, B &/ P
{H 4 0.063, 5K P{H M 0. 238,33y P {4 0. 152,
A LLE Y Megnet B3 F 0 09 6 X 4 5 HA A0
)R BE RGeS 2 v HOR 5 5 e ds o 3K gl i
P& B0 N g 2 B S P A A R A G I Ut
Megnet 557546 I 3K 3y i #% 19 P B8 I T Dendrix Al
Multi-Dendrix 3 ¥,

4.3 MERFE(GBM)
P28 JE Jo R A — D A R T PR AR iR Y T

R B 28 2R G R L 2 T P2 RO TR R L 2
o7 BT PPN R bR i — e T R R O B A i U
(1 53 1Bl A8 DA R B AR K 7 Z (R (EGEFR) [ 47 1 1
1B IR R T I 4k K R T B A0 B ORI L pS3 %
AR ok

R T kD RS A O TR R S
118 Ao 2 g o 9 A A 2 A B4 . S 6 BB A A R TR
TCGASY iy B iR A% 5+ Al DNA 5 DUEUAS 53 %
Wi %GB A AL 362 ASFEA AN 18009 S FE A L it
W MAF>2. 5% 2 G PR B 344 AL, ir 2k
P SR FEA B e 2 1 0 113 RABFEARBK T 70
IR KA TTN, PETN, MUCI16, TP53, DUX4L19
1 EGFR., 28745 B A K04 5 J& 113,101,92,85,73 Al
T1 . B VRS BN 4 PR,

R4 HERTBEHEER

e N B Jk R B FEAR - 349 58 A5 3k R 550 Jik R OF- 34 58 A8 BEAC B
A 362 18009 189. 00 3.79
BEEL MAF>1. 5% 13 H 362 1076 54. 14 18.21
FEIL MAF>2. 0% ) 5 A 362 484 29.55 22.10
B MAF>2. 5% () 3L 362 344 26. 64 28. 04
FEIL MAF>3. 0% ) 5 A 362 171 14. 94 31. 62

BT bR 28 5 KA 4R L X 362 i A
A E 344 3L A 4 58 17 Megnet, Dendrix
Multi-Dendrix X 3 fr &, Megnet B 53] 9 244
IR R &4 1 Dendrix #1 Multi-Dendrix & &
e 4 HEAUH RS R 5 4 T 3 Rk

a3 A5 B S S LA A DA B g A e I i TR 4 6 %
JO7 118 35 R A B Rk IR () B B OACEE B L R R P
fE. Megnet Fl Dendrix 53 #0 K 3 fe p0 5 15 46 &
(CDK4,CDKN2B.RB1) , H: 5. Jf B A & F0 7 o5
BEA SRR 0.956.,0. 954 F1 0. 722, 1 Multi-Dendrix
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SEVE R I A o R 5 B 4E 5 (CDK4, CDKN2B,
RB1,CDKN2A) {1 & 3 CDKN2A , i 54t 1] 1) 1.
¥ BEFIAEE B 43 I BE IR 2 0. 579 Fn 0. 318, M B 3
FEAUHE T 0. 011, 56 BH 5 Y CDKN2A il CDK4,

CDKN2B.RBI1 i 3 /™A 1y 7 5 FEARAR . I H AL
#4 (CDK4, CDKN2B, RB1) il (CDK4, CDKN2B,
RB1,CDKN2A) ) P {5 ] 3 2. 50e-04, A it , (CDK4,
CDKN2B, RBDVE N S LR 4R & 2 A BRI

LSRR RALFEHEE R e Ko R &S EES P
MDM2,CPT1B,PIK3R1,DST,MET, PIK3CA 6 0.971 0. 970 0. 367 9. 00e-06
TP53,QKI,MDM2, MDM4 4 0.932 0.912 0. 456 2.74e-05
EGFR,PDGFRA,PIK3R1,COL6A2 4 1.000 1. 000 0. 367 4. 90e-05
CYP27B1,NF1,EGFR,PIK3R1 4 0.902 0.913 0.511 5.32e-05

Megnet TP53,CDKN2A.CDK4,RB1 4 0. 824 0. 787 0. 834 6.20e-05
MDM2,TP53,PIK3R1,CPT1B 4 0. 889 0. 900 0. 445 4. 30e-04
PTEN,PIK3CA,EGFR 3 0. 867 0. 846 577 9.20e-05
PIK3CA,PTEN,PIK3R1 3 0. 980 0.979 0.533 9. 20e-05
CDK4,CDKN2B,RB1 3 0.956 0.954 0.722 2.50e-04
CDKN2B,RB1,CYP27B1 3 0.943 0. 939 0.733 3.30e-02

Dendrix CDK4,CDKN2B,RB1 3 0.956 0. 954 0.722 2.50e-04
TP53.,CDKN2ZA 2 0.901 0. 891 0.711 7.50e-03
NF1,EGFR 2 0. 968 0. 968 0.333 5.40e-02
CDK4,CDKN2B,RB1,CDKN2A 1 0.579 0.318 0.733 2.50e-04

Multi-Dendrix PTEN,PIK3CA,PIK3R1,IDH1,PDPN, PRDM2 6 0.979 0.979 0.533 1. 10e-03
TP53,MDM2,MDM4,NLRP3, AKAP6,NPAS3 6 0.974 0.973 0.411 4. 50e-04
EGFR,PDGFRA,RB1 3 0.968 0. 967 0.333 1. 60e-04

R AR FZ K EGFR (1% 3 58 i i % 5k
S B A M i S5 BE A0 9 A A i T2 R R
Megnet 55 £ I /9 3% B % & (EGFR, PDGFRA.,
PIK3R1,COL6A2) [ . J B FALE FEAR S 1, HA 58
EH R GXAFEHFE SN P{EA 4. 90e-05, H 4
J& PISK {55538 F& 1 420 B s Dendrix 553 46 0 11
FEA A (EGFR,NFI [ P i} 5. 40e-02; Multi-
Dendrix 55 3 & il /9 3 B % &5 (EGFR, PDGFRA,
RBD ) P {H K 1. 60e-04, A it Megnet 545 il 1Y
H: 4 4 (EGFR, PDGFRA, PIK3R1, COL6A2) H
A AR AR G G

Jifr R 9 ) 3 PR TP53 28 48 Ji 3 B4k & 1 K
B4R A A 1 32 22 R Y, Megnet 535 460 1
FH 4 4 (TP53, QKI, MDM2, MDM4) fi§ P {i
2.74e-05, (TP53, CDKN2A, CDK4, RB1) () P {4
k1 6. 20e-05 ; Dendrix B 1 46 0 A 3 R 45 & (TP53,
CDKN2A) [ P {Hi )y 7. 50e-03, E S H 4 4 (TP53,
CDKNZA,CDK4,RBD) f F 4 ; Multi-Dendrix 8 %
i ) 3 A 42 4 (TP53, MDM2, MDM4, NLRP3,
AKAP6,NPAS3) i) P {H N 4. 50e-04, FI R £ 4
(TP53,QKI, MDM2, MDM4) & & 3 /|~ 3 K (TP53,
MDM2.,MDM4). 7£ p53 1 5l #% 4. 1% 3 D5 AE
TE BB WA OCHC R . TPS3 #i§ MDM2, MDM?2
1 MDM4 776 40 B A/E F ¢ % . MDM2 fl MDM4
[ TP53, 3 H TP53 B 24 QKI iy 5L K %

ik. L Megnet SR 19 3L 46 A (TP53, QKI,
MDM2, MDM4) B4 5 58 (1 £ 9 #H 5C 1 F1 45 1 5
k.

Megnet 575K 19 5 B 2 00 T 98 4 (1) 5 2250
Frp, i p53 . RBLRAS/PISK {5 5 38 F% LA 2 20 Ji 41
PRFNAH A A T . BRI 2R NS R
FIal — A58 Bt s 4 415 K4 A (CYP27B1,
NF1,EGFR,PIK3R1) J& RAS/PI3K {55 il #% 1 1%

MRS 5 HEE R &4 (TP53, CDKN2A, CDK4,
RB1) J2 21 At 47 2 R0 20 At 9] T 3 3 1 A2 00 B B35 265 9

20 4 45 (CDK4, CDKN2B, RBD) & RB {5 5 i
P A0 B L 3X LA I ) IR R 1) R A LR TR AN
WAL S B E MR,

Megnet 58 3 &6 W 19 9 4 & f 3 & A 1
Dendrix Fl Multi-Dendrix 8.3 43 5 #0019 4 20 &%
A EE R P EZE/NMREZ, JiH] Megnet LK
N0 £ e G TR B B BT B R A e 1 S 3 PR A A

X9 2H R Y 5% A8 5K S i v, e 2 5 iR B
A T 1 HL R BRIV A e T S M A AR R G
(P {H<C0. 01) . B 4138 % 19 P B 4538 i DAVID 2
fEFRE T. H (https://david. nciferf. gov/tools. jsp)
3. A B AR e 21 AN ER S LA, BT A O 4t R
PR 98 708 0 e A E 20 M A T IR S TR HE D i A
6 4~ 43 9 MDM2, MET, PIK3CA,, MDM4 , EGFR,
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PDGFRA, /5 fif A JE K 4 28. 6 0. 5t 98 & DR 2 40 Jfd
PN 5 4T A G i 3 B L 20 D S TR ) 4 A 0
i X R A AR B K 7 ) 34 22 s R 3 R N o 240 i
Ao S DT T B T Ay 15 AN R 2 b
N B S R R N T S v N VA O | BB
PR] 2 — S 00 ) 200 2o 3 A K e A T A ) B 9 T
JIG I i i P 3k 4 B PR 5 A (R 3 A 6 A 1 o 2k
I 5 AN BE R T g Ak DR A, DT A BE P R G A D
JEIE R I AR A M E W S s O B S AT
Megnet B350 (9 9 21 5€ 75 5K 2y 38 [ H [A] [a] ) AH
AR E R M L3 DR AT RN S Y %
F VLA R AR UK S T B Y P A ELF B AR
IV 35 B 45 g A 2870 BR 3 6 1) T A U B AN T
5 1 49K 338 AL HF MDM2 fil MET #9354
CPE1B #1 DST 2 \PIK3R1 [y 4fi A #1 PIK3CA
R 153 » 3 S A R 36. 7 %6 (133/362) MY REA K 1
7875, Hidp MDM2, MET, PIK3CA J& J& 5 5 A, J&
PI3K 5 53 [ 9 4% 0 B 01, PISK & i 28 Ji i g8
i W 3 R WA 5 3l B o H PIKSRL (Y i 96 417 161
KL AU 37% .1 MET F1 PIK3CA ) B0 A
IYBY N 61 % A 95 % MDM2 2 41 Jifd 41 24 Al
290 080 T B P A% 0 B B T A i R A R 3 AR
(9 5 9 3L . CPT1B, PIK3R1, DST 2 # 9 3% A
PIK3R1 /2 PI3K {55 i@ #% 9 #% .0 i bt . CPT1B
J= PPARA i f% 9 () B 53 DST J2 Il /N I 3 R
R, F2 B AR b 2 R G rh i Y B35 CPTIB
F1 DST i A B 4 8 76 P2 e T v e 38 2 i 4
F. 7€ PI3K {5 53 % ', PIK3R1 il PIK3CA f£1E
FEAEFISE & I HALRNE S MDM2, MDM2 41 i
p53 {5 %5 ff . MET 845 1% PISK {55 3@ . iX
3 N4 A B A B F R (0.971) FIAL
(0.970) s P {2 9. 00e-06, FA AR 53 1 A= ) AH 5 1.
9K 2y 3 % v 35 DR () AH BLAR DG &R a8l 5 (a) TR
552 29K 3l 38 % A HF MDM2 fl MDMA4 1) 3
B QKT A M5 A1 TP53 Ak gk L ax AN E i 45. 6%
(165/362) [REAR K A 2845 . Hoh MDM2 il MDMA4
2 210 AV A 020 e O T I A O DR 2 e A
it 14 5 B0 AR 1) JR R SR L. TPS3 2 21 il 4 26 A
AR T DA K p53 A 2 A E 5 0l B A% L AL 2
N 2968 i Foc DL 1Y) 2 788 i Jge 41 o R R e R A 2 R
HEWEY T, S RGBT A 8
FEH0 TP 3 Y iR 0 ) i R 43 50 20 V6 T B0
B HOE 73% 0 X el TP53 [ ek fl %
AAEFEAE R A R JEFEAL S B R H R EE W

FERT. QKT & i 28 i 5 988 o & 30 A — A 00 1fi) ik
e fF T T AEGE RNA Z0 & 1 B RNA K
JEAZ DI B Z —. 7E p53 5 5l v, TP53 H A
P QKI By 3k B %3k, TP53 3 3% MDM2, MDM2 A
MDM4 3 [a] 441 TP53, 3 H. MDM2 fil MDM4 f§
EMEERXR XARRESBA K& EFE
(0. 932) FIAL T JiF (0. 912), P { & 2. 7T4e-05, LA
B AR R DG M N e T M IR 23 i SR
[E] AH H.AE I OC & a8l 5 (b) fr s,

o5 3 41 UK 3 B% 40 4% PIK3R1 Fl COL6A2 #y
A CEGFR By B 1 PDGFRA 1 3 58 , 3 > 8 4k
H36. 720 (133/362) M REA & A 2848, 3X 4 AN
EGFR,.PDGFRA ., PIK3R1 I COL6A2 j& PI3K {5
Sl B I A% O L B Hop EGFR I PDGFRA 2 i
SR R AT I B0 3k DR 4 B0 ) 97 Vo R 84060
i PIK3R1 F1 COL6A2 2 3 1 3£ B, PIK3R1 [ fif
Jo 100 ) 3 R 43 B 37 %61 EGFR 3% [H 3% 38 A
T 40 B 1 TR R 1 %% DDA G s PDGFRA 2 5 iR fig &
FE e o AN D OB B S R P A e o Y/ PO
PIK3R1 & B2 b A5 50 380 i 58 e A 5t =2 — » 17 3¢ 13
E 2 B 4 G AN A A A A5 D) B A% 4 COL6A2 7E A
R Bz 2 AL PR 35 2 20 e 358 L O JUL e 28 1 9
P L BAE YT FE PISK 5538 # v EGFR %
% PIK3RI. X 4 5L K AL A 2 o8 2 B % 1, B 7 M
FCE FEAE AR Ry 1, P A& 4. 90e-05, A EY
FHOCPE RN GE T 58 3 1 BIK 2y 38 % v 5 B IE) A AR
X ZE 5 .

M54 419K 5 8 iK% A 4% PIK3R1 946 A L EGFR
MR NF1 g6 il CYP27B1 i3 5, 13X A4~ 18 e
H 5110 (185/362) W #E A & A 28 45, Horp EGFR
il PIK3R1 & PI3K {5 5 i #& 09 i .0 i o1,
EGFR J2 53 3 B 08 & B 43 B0 97 % PIK3R1
JE P AL b g o 3 IR 43 O 37 %61 EGFR
M NF1 & RAS {55 30 B 19 4% 0 % B, Hob NF1 &
0 35 P g o 3 R A B0 73 %0 CYP27B1
K A 3 B A G, 7 TE R A K S BURT R
N 20 2 S rh iy R Y R L R RO B A
P2 Jgg R v RS TR B AR AR A PI3K {5 E
i1, EGFR 3% PIK3RI1. 7E RAS {5 5 i f% . NF1
M RAS,RAS #l EGFR fEEH HEAE 6 &, x4
FEDRAE G 1 BT BEFIRCEE 5 43 9 A 0. 902 F1 0. 913,
P {HJ2& 5. 32e-05, HA7 %5 1Y 2E Y AH G PE A e 11
FPE L BK B 3 % e 3 DR R A BOAE @ R Al 5 ()
JIi7R.
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(b)

(c)

()

(e)

H

(g)

(h)

(i)

PIK3R1 <«—» PIK3CA
\\>‘ ;z// P1#:9.00e-06
MDM2 G 0.367
HJFRE:0.971
5315 Bl AUEE: 0.970
MDM{: > MDM4 P{H: 2.74¢-05
\\,W%Y/ FBRGE: 0.456
¢ HFE:0.932
QKI R 0.912
EGFR P1H: 4.90e-05
i TP 0.367
HFFE:1.000
PIK3R1 AUEFE: 1.000
Wh\
h A Pf#:5.32¢-05
i 0511
EGFR*’ HJFE:0.902
AEE:0.913
PIK3R1
CDKNzA Pf}:6.20e-05
\ 6% 0.834
CDK4 TP53 HJFE:0.824
RB1 KL JE:0.787
MDM2 PAii:4.30e-04
i TG 0.445
HJF%:0.889
TP53 AEJE:0.900
PIKSCA P{f:9.20e-05
v\ 0577
. HJF/%:0.867
PTEN EGFR
AL 0.846
PTEN <€—» PIK3RI P{H: 9.20e-05
N BHFE:0.533
Y 520980
PIK3CA W E:0.979
P1H:2.50e-04
CDKN2B—| CDK4 B 0.721
HJFIE:0.956
RBI FUE R :0.954
D PssfEsms (D) REMIBR ]
s : EEEH EER
O rufEsms (DRFIA ) et |
@D rasriKEEEs  OREEE ErRNyTY
@ i i TEy (L REREKR (9 AN frafm;m
S (G R N

P 5 5878 B Sy i 1A 22 R ) A 9% R
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55 5 9K Sl 4 #5 TP53 il CDK4 1 il 2k |
RBI1 A B A1 CDKN2 A ff 38 58 L 3% A Bk 83. 4 %6
(302/362) FEA A 9848, 3% 4 P HEH TP53, CD-
KN2A .CDK4 fil RB1 & 1{% 5 % p53 il RB 4511
b L - 2 5 A G PR A0 MR T i S AN R L B
A S 2 L (R A1 ) R e g 0 o] 3 TR 4 )
g 20%,49% ,53% 1 80%*. CDKN2A F1 CDK4,
CDK6 H A 5% 1Y A HAE I OC & 2 [6] 4 4 1E % 4
i 184 B ) 10 R 4 5 TR TR 2 R AT O AT o A
FUIM R, RBL 45 I8l 2 Wl 10 25 6 1R« PR O i o ok
CDK4 #1 CDKG6 ff B2 1k > 8 775 20 Jifs 8 5 F 40 i 94
11 7 RB {55 38 #% . CDKN2A # i) CDK4 H
WiE TP53,CDKA4 ] RB1. ix 20 & F 4 & 19 5. ¢
JEE FNAL {43 3 A 0. 824 1 0. 787, HL AT B i O 7
i BE 0. 834, P {HJ2 6. 20e-05, HA & 8 1 A= W) AH 5%
PERGETT 0 25 1 3K 3y 38 % b 5 B [A) A B4R T O &R
MK 5Ce) T s,

56 410K 58 PR TP53 il CPT1B Ayl 2k |
PIK3RI1 (46 AF1 MDM2 [ 355, 3X A 44, 5%
(161/362) By #E A e A= 5 48, Horp TP53 Al MDM2
J2 240 L0 A R 240 B O T B A A% 0 R B PTIKBR1
& PI3K 5 5 i % 1% 2% .0 B . TP53 Fl PIK3R1
SE A 3 P, R B 3k PRy 04y O 20 %
37068 T MDM2 i 38 5 3 58 58 75 (19 J o S R A
p53 {5 258 % . MDM2 41 ] TP53, TP53 4 I
MDM2. j% 20 K& F 4R & () 5 B2 FAY & (8 2 3 R
0. 889 F1 0. 900, P fi 42 4. 30c-04, EFE EH W AW
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technologies, genome-wide measurements of somatic muta-
tions in large numbers of cancer patients have been generated.
Many scholars understand cancer pathogenesis by identifying
MDPs, the different combinations of driver mutations
observed in different patients with the same cancer type.

Mutual exclusivity of gene mutations has been observed in
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various cancer types and has been used as an important property
of MDPs. Maximum Weight Sub-matrix Problem was introduced
to find the MDPs with mutual exclusivity and high coverage
of gene mutations, but it is an NP-hard problem.

In order to reduce the complexity of the problem, we
present a novel method (Megnet) for detecting mutated driver
pathways on the basis of mutually exclusive gene networks.
The method simplifies the relationship among genes by
constructing gene networks based on mutual exclusivity
between each pair of genes. Therefore, gene mutations in
each complete subgraph in the gene networks are mutually
exclusive. We just need to find the maximum complete
subgraph with high coverage. Megnet can detect more
biologically relevant and higher statistically significant gene
sets.
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Comparing with the previous methods of finding mutated
driver pathways, Megnet is superior in the following three
aspects. Firstly, the algorithmic complexity is reduced by
constructing mutated gene networks from somatic mutation
data. Secondly, the algorithm does not need to assign the
number of genes in a driver pathway. Thirdly, the algorithm
does not use gene interaction data, known pathways and
other biological information. The algorithm provides a
supplement to cancer data analysis. We also anticipate that
this method will be helpful in producing hypotheses that will
drive some specific experiments and increase understanding

for cancer pathogenesis.





