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Identification System of Cancer Driver Genes Based on Graph Autoencoder and LightGBM

XIE Bing, SU Bo
(School of Computer Science and Technology, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: Cancer driver genes play a crucial role in the formation and progression of cancer. Accurate identification of
cancer driver genes contributes to a deeper understanding of the mechanisms underlying cancer development and
advances precision medicine. To address the heterogeneity and complexity challenges in the current field of cancer driver
gene identification, this study presents the design and implementation of a cancer driver gene identification system,
ACGALI, based on graph autoencoder and LightGBM. The system initially employs unsupervised learning with a graph
autoencoder to grasp the complex topological structure of the biomolecular network. Subsequently, the generated
embedding representations are concatenated with original gene features, forming gene-enhanced features input into
LightGBM. After training, the system outputs predictive scores for each gene on the biomolecular network, achieving
accurate identification of cancer driver genes. Finally, the system utilizes Web technology to create a user-friendly and
highly interactive visualization interface, enabling cancer driver gene identification in the context of gene set analysis and
providing biological interpretation for the identification results. Through rigorous testing, the system exhibits superior
identification performance compared to other methods, demonstrating its effectiveness in identifying cancer driver genes.

Key words: graph autoencoder; LightGBM; deep learning; cancer driver gene identification; precision medicine
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25 DL BRI RS, ACGAL & 48 Thfe REdns /2 H 7
2R, M AT A FH 1) DG B A 12 4% Tk 1 BT,

F1 B R DS BRER 5 R

Wk 4R WS
posLiEa Intel Core i3-12100F
BF NVIDIA GeForce RTX 3060 12 GB
NI 16 GB

3.2 GAELGBM #ZE eI
32,1 MREHEE

REGAE R IEHUE (AR EERRESYE . A
2R AR ZE B . Aoy T M 45 H ) W B AT
B g, FARI 5, JEDIRFEROE 5 O A i 5L R AR 25 2
ok EMOGI!", Hor, JERURHESOE 62 16 Bl e
IR AATARFAE . IR AE . 5 R ZRIE R AN 5 DL
KO SRR, TR 2 DR AR 25 B L3 i 0 B B ]
Fr%E (IEFRZE) AR AR IR B B bR AE (FbR2E). A
43T 48 Btk [ STRING(v11.5) > & (4 5 AH HAE
FH M2 F1 starBase(v2.0) [ RNA-RNA %7 H 45120, A
B 705 T IX SO HH 2F AT AL 3 JF AL 2 T PRNet 24 48,
BARTE, 7 ORI 8 B BoA & vl 5 A A4
SR, ANHIE AT S IR DR R AR B4R Hh SR IR IR A1) 3%, AR
Je AR L R 51 e A8 £ 3 A LA FH D0 2% o S BRI 45 2
1375 KT 800 [i; BB AR K 513, /£ RNA-RNA
AL HL 9 2% v S SR R R U5 g 5 1) R R 5T A,
B UG L FE PR T & RNA-RNA #H B AE F 25 ~F (B 1
5 a8 DR R SR R R T R T DL AR A
FREEHAEIL A T PRNet i 4E. 2R £ 05 12907
ANFERTT R 64 EFERIRFAE. 1010294 2530, 796
IEFRZER 2187 AN b2,
322 MEREVHNFEAR

T AR B & T AP 8, bR R4
KT XA i B = AT 55 S HER R VAN 5 R,
AFEZIRE TAER M dh 28 N #Y (area under receiver
operating characteristic, AUROC) F Precision-Recall H
28 N AR (area under the precision-recall curve,
AUPRC), W& H{E 4T 1 AR Re Bk 4, Bk ein
0.5 EEVERE I ZE. HARTT &, 4 1 b R 8ol 73 A
AN B34 T 51 A VAN S5 SR AN RS E 1, A ST AR
I THRL T RRAE 10 DXL A2 URHIE T 9125 AUROC
MF-1] AUPRC. Z3 T FIBAR 2 500

TP
Recall=TPR = —— (6)
TP+FN
FP

FPR= —— @)

FP+TN

TP

Precision =
recision = ———5 (®)
1
AUROC = f TPR(FPR)A(FPR) Q)
0
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1
AUPRC = f Precision(Recall)d(Recall) (10)
0

10 5
191
AAUROC = — 3" | = Y AUROC, 11
UROC 102(52 UOC,A,] (11)

j=1 i=

| —

5
ZAUPRC,», j] (12)

1 10

AAUPRC = ;( )
Hrf, TP, FN. FP. TN AR EHME. B
BATE . EEATE; TPRER AR, [N HAE 5 H =
Recall 11 %5 ; FPR 3R 7~ i FH 2% ; Precision 3% 7~ K % ;
TPR(FPR) 3 7~ 1A FH 4 28 0 5N R 5 RN () L P 285
Precision(Recall) R 7~ 1E A [ Z A FANRE A I ARG FE
AUROC; ; AU PRC; ; 43 5l 3 7 5 j IR 5 4T JAUROC
{8 F1 AUPRC {8, AAUROC FIAAUPRC 4} 7 % 7~ ¥ 34
AUROC F1*F-¥5AUPRC .
323 Mgtk

N T BAE GAELGBM WAL PERE, AHF 7K H 5
H AT A 1Y) SOTA H5 B4 Rl A& G AL 25 2 5] 1 24 7
PRNet ¥4l 45 E3EAT 70 bhszie, xfth g JRan#k 2 fr
7~, GAELGBM 7EF34 AUROC FAMLLTHEZ S 2 1)
MTGCN #&F+ 7 0.019 (£ 2.22%), £ V¥ AUPRC I
AT HE4A 28 2 /) HGDC #8271 0.033 7 (%) 4.53%),
KR K 2 MTGCN A RE 58 4 4§ 38 PRNet [ 7 it % 2%
Va5 1, T B0 e E UK Bl B R I R 0 T B T
HGDC HAR A2 ) 57 0 4 24 46 K e 1 1), H L2
SIS R B A BORBEALYE, 145 PRNet 2 2 IR 1)
— U 8 A AR FH R Be b 78 A 3R, AT 5 SO A A
RE T B, 2T EMOGI, 3 3= B0 F B Ry vkt 47
230, e CUI SR AE W 43 1 N 45 1) S o EL B 2% 4R 41 4
¥, SRR G T LR BRI, I TR GebL A8 2
SR IBEHLARAR (RF) S A B HL (SVM)PY T
T, TR 0T 2% 548 1) 2T RE ), o E Sk B ik R
AU RE B AN SR FE 2 IR M2 T, AR
1) GAELGBM A 78 4yl & 1 B H g i 2% 75 2 > 5+
JiE 52 2% 0 I 445 225 1) 7 T DA 4 LA & LightGBM 7E AR
AR AP RE 5 T A AL, 43 FL R R A T A Y. X
WEB 7 GAELGBM 7E Ji i 3K 3y 25 PA 1R 531 77 Tl A5 28
PE, NFEAEAR R G (1 R 3R AE TG J1 SRR
3.2.4  JHRARSZLS

N T BAE GAELGBM /M H I A B T $2 7

94 R4 ¥ System Construction

R 1k RE, BT 70K GAELGBM #E47 7 WAl sz, A
IS, R RAERFEE S HUATMELT, &
GAELGBM & AMEEHGEE AT 8 fik, #4938 H LR A8 F At
A1, JETE PRNet 20454 LiEAT T 10 IRELPTAE XIGAIE.

GAESVM: ¥ #5 R tf i) Light GBM H e 5 36y
SVM Ja 345 AL,

GAERF: B R i) LightGBM 5 £ 5§ # Ay
RF JE R (A5 7.

LGBM: # Bz Bl H gm0 5 Bk 15 e L.

* 2 BIRVEREX HLER

44 FH¥JAUROC F¥JAUPRC
GAELGBM 0.8750 0.7780
HGDC! 0.8494 0.7443
MTGCN!™! 0.8560 0.7408
EMOGI™! 0.7906 0.6232
RF™ 0.6297 0.6038
SVMEH 0.5669 0.5612

VE: DMK R A A

WL 3 fow, AER T HARAE R AL, GAELGBM f£
PERE 7 T R I, HOF Y AUROC LHEA 5 2 1
LGBM 7 0.1094 (2] 14.29%), 1fi %) AUPRC HLHE
%5 2 If) GAERF & H! 0.0599 (4] 8.34%). iX—45 %
] GAELGBM 7 J i O 20 25 R R AT 55 o, L5 AN
PH 25 T %) BA TR RT, - BiEs T
GAELGBM (1) A AT SE 1.

R3HELSER SR

A4 “FH4UROC “F354UPRC
GAELGBM 0.8750 0.7780
LGBM 0.7656 0.6185
GAERF 0.7426 0.718 1
GAESVM 0.7107 0.7032

T IR AR R A RE

4 diwE5RE

X 214 T 0K 51 e DRI AR ) 44k T T P S 0 12
MU 2 ) R, AR ST RS2 il 1 — M 1 & B g b
#5155 LightGBM ik SR 5h £ K ) R 48 ACGAL %
ARG GAELGBM H5 2 R % #E 1 iRl AE P 73 1
W2 b RE IR BN R R, HZ R G0N R G0 H 5L i 4E
7 B ) UT Fhim, whae 7 AEOE B BRI,
e BN B R, BRI AR R AT R, B
Xf FH P R UF R AL BR AN, ACGAT RGEE T T 1 7]
Jee i SR 3 K PR RIE 7 N B3 A0 A8 BT A0 S L, (AR AT
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VR, Beda, 220 R G0 e R RY F) 1R EIA,
ACGAI Z 5t e % i A 8 AE X 3 3k LR 7 ok B R A
T HABTHERIRBITERE, (A FEER R, IEREA
AT BR ) ACGAT RGEHI R TERE. P, fEAR K
WIwtFe R, FATREFE 70+ SR THR AL ) IE SURE A AP 1
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