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Key gene identification algorithm based on multi-layer network
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Abstract ; Critical genes of diseases can be used to diagnose diseases, predict and evaluate the effectiveness of new
drugs or new therapies, so it is very important to identify critical genes closely related to diseases. However, the
samples of some diseases are limited. It is difficult to apply the traditional methods based on large sample data to
mine critical genes for these diseases. In this paper, for diseases with small amount of samples, we first construct
sample-specific network for each sample with the single-sample network constructing methods , and construct a multi-
layer gene network by estabishing inter-layer connections between genes. A tensor-based multi-layer network
centrality approach is then used to assess the interactions between genes in each layer of the network and the inter-
layer effects to score the genes for importance and identify disease key genes. Finally, the method is used to two
asthma datasets and compared with the classical algorithm. The results show that compared with other methods, the
approved drug target genes rank higher in the gene rankings obtained by this method. And function and pathway
enrichment analysis of the new potential critical genes TP53, PUS10, MAP3K1 ,etc. indicat that they were closely
related to asthma.

Keywords ;: Multilayer gene interaction network ; Random walk; Node centrality; Critical genes

PG ) S B R R AR NI R S8 b 5 Aop
WG — 3R [N, A A 2E B A M K
Az AR HAT AN AT Z AR R IR A T, T i O B Ak I
TEBI B DI RERE T, 3RS 42 07 30 2
ZIE I IR MBS S5 B B SRR AT

T2 BB BB 71 P00 AR T 24 sl
FOLBIA RS . 296 A G RE 25 W e
SEPEAE I TP AR S L IR A, OR 5 5 500 B
HARASCHESE N - BB (H el T2 I e,

S i A S 7 1 E B T D REAS A SRR R

Y5 B H5.2022-04-03 ; f& 8 B H#A:2022-11-09; M4 E % HEH:2022-12-26.

[ 48 B & Hidlk . hitps ; //kns.enki.net/kems/ detail23.1513.Q.2022.1223.1552.003. html

ESWA . 8K E ST H (No.2021YFE0102100) ; Z 84 H AR 34 4RI H (No.2108085QF267, No. 2008085QF294) .
* BISEE  RERR , 20, 202, 0h 58 )y . A ){5 2%, E-mail : suyansen@ ahu.edu.cn.

SRS BUA T, X i KB, 55 T 2 2 L R 2% 1 DG B R PR R Bk [ )]

SRS B 2023,21(4) 1 277-285.

WEI Pijing, LIU Jingjing, ZHAO Yongmin,et al.Prediction of critical genes based on multi-layer network[ J].Chinese Journal of Bioinformat-

ics,2023,21(4) :277-285.



278 4 #H

%21 4

AR ] AR TN T AT . PRIt 1 3 B R R )
PR RS PR U S0k A T . H TR AR 200
FEBU T R IRPE DR A i 7 T 90 A B TR
RN 2P i A8 & s LR 0T 58 0 40 L A7
T JIT s 1) e /N R DR R S 6P 0 1R 7 O 2 R
SR

WFFERI  BE PRI AR ST 1 2 A Ve B T
Z [B] A AH B A PR sk A7, O30 it AH B A FH A [ 24
R A= ) R AR PR B3 RS e PR O T SR A
AR 2% 1) ik DY R R BORAS 2 Tz BN
Wang 5542 T 758 F - 3 F 5O BAE T 2% 1
BT GRS PR O ik IO R R
AR P Y R S A R R ) AR LA T R i
GRBGRERBZAMPE, Fan AR TG
B BT RO 2 2O R A AR R S AR
ik %Eﬁﬁ%/ﬁ\,ﬂ:iﬁm1§ﬂ/{f§% PageRank ERCSIN
PR IR 1 5T~ 1 SR B 46 SEaa 2 R i
HATHE L R (USRI RE ™ . BT AR
K 2R EME BN W 25 R A5 & AT T Bk K]
PRt TARGF ISR . AR, EBAR BETA ZFECOR AT LA
FRPUIBR ALY (EJE R 3 7 A E AR it i B
B MR AR I FRIA M2 g9k T RmEA S
IEWHEARZ B 225305 5, 20 1T BRIRFEA AR
Sk, AN AMARR SR 2 A AR E AR AR B 1Y
AMAFFAE 7 T O 245 B FUWRIES

AR SC L PRI (1] 2 38 AR Ay 66 it 4 s 6 R )
28 IF RIS A N R A= P S P OCHERE Y 4R
FRIEHMPFZ A I K FR , HMRBL, & M H
TE AR A 1 PR 3 TR 5000 ) A 2 2 B PR 3R 3k 0
2% SR MUK B> B 8 R A 1) B DR SR s il 5 1
WAL G A EPRREA IR B 25 AR S A 5l
RS H MG 1G4 — D BIAEA B AR e
W2 SR P AR S 1 X 4 4 R B2 I 285, I8
PR 0 45 22 [ 14 Bk R BB 2R L R | AT 445 3] 22 J2 ik [A
P X FERE DR BA T N AR AS IR S 1 S 2
IRFEARIRRIE— . IRJ5, FIUH Wu 5517 42 H iy 3%
Tk Z)Z M ORI R 22 M 4%
LAY i PO PEFEAT AT 23, DA TS 3] 5C B A [A]
£ 5 HA S ML B X L A3 A 2R W AR T
PR AR Y BAT — s R DRI B
SIATIE I OCHESE R AR 5 PRIk R %

1 Bas5Irik

1.1 #E&E
FHE PR 22 78 B AR R IR T L DR 3R Ak 28 A B s

GEO ( https : //www.ncbi.nlm.nih.gov/geo/) , A3 F
B RS i D OB , N GEO i i v
AR IO Mg 1595 1 5 [A 3% 08 B0 s 48 GSE31773 Al
GSE43696., £ I Mg B Jog # A 16 HUAY 5 42 o, fl T
mRNA 7 CD8+T i i YR IA 227 MR T7E CD4+
T 20 PRI R RERYBORAE A CD8+2R BRIt
A AR A ) 72 e ) S0 R A 1 AR S
PEAS I A AE 0 5 2 AR A P 1) A5 DR R — B
I, 7E GSE31773 Rt U T 8 AN IEHREAFI 6 ¥
TRE A, RS RE AR AL 8 789 A B M, [ HE, 7E
GSE43696 HIEH 20 A~ IEH FEA N 6 A HEA
BAFEAALE9 194 ML

PRI Y 5 R R R T DisGeNet (https :// www.
disgenet.org/ ) Fll Phenopedia ( https://phgkb. cdec. gov/
PHGKB/ startPagePhenoPedia.action ) £(4& %2, M4
Kot P v R B e e A DG 2 TI2 A RN O
GSE31773 1 GSE43696 Kfii e h AU A T8 5, 70
BIFFHI2 522 ANFEFEFIR 478 IR IR EHE

AN, A TTD (http :// db.idrblab.net/ttd/ ) %54 2
AR AME I AR HE R 25 P E R
12 Fik
121 ZJRIENMZ

22 SR BE TR P 2L A 3220 R DU AE B i e
LS WP

S 2D RO AR DG R B Rk B s . Bk
M GEO B AR BUE B REAS TP AEAS i [H e ik
Bl , NP HE DR RH DK PRI A 5 B T8 Y
PRI AEAHSCHYIE IR IR H A TR FEA 21K
B i B A O JE A ) 2R Bl

S SRR T T R R AR 2 2 B )
&, WSHEMEN G, (V.EW) e vidih
SRR IE D ITAE i, i HE E FoRFEDI R 2 a] Y
AR, W SRR AL, RV PR X [] 1Y) Bz 2R b AH 5C R4
Hat5orXm= (1) ,

w(ij) =

| nZ Gy Gy — Z CM-Z G|

nY € - (X C) Y - (Y’
(1)
Hop, €, FRIEH A5 kAN IE B REA P A 1,
n FHED A BB
88 A R XA BT RE AR H A P 5
IS ASRERSAEIR 4 A S Lin 2205 3
Ik, BRI , 8 JETE I E 3 REAR (22 R A
T e B A (1 A M MRS — B 1 2 2t
(1), SRR DR 22 1 g A AR 2R




5 4 1]

B, 55 T 20 JR AR IR 00 2% 114 S PR U3 B 279

IR — BT A RE R RO 2% IR BRI AR B R

TR BLE B{ED 28 T B A T I BR — LA 1 3%

ARIGHIEEH ML RIGIRIES % MMM A, XFOTE%S R T R MEAR B MRS R
FIEEAARRE S M 4 AU ARSI NG S BT S5 MG Z BN TR B, A 3 T
R BB R 25 A X E ) BRSSO SERIRAH AR DS R 5B ARG RERE
#— #ok B EAIZ
EERA B Eek ﬁi e BB A%ﬁ?ﬁﬁﬁﬁfr L EEFME
, {ER %
MJU.UH““ LI 1Em o
L H~~% zEM% | | i
;QME:HL” "
HH i n
ﬁ HMER [Pmeek .
F QFI"]["]FF] nooo "
¢ » I!;%
%ﬁ%l? CEEE A
CHIEE 2. 2 g

1727374

E1 SEEEMKZHETIEE

Fig.1 Schematic diagram of multilayer network construction
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Fig.2 Analysis diagram of inflection point
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Table 1 Information of multilayer network
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Fig.3 GSE43696: Diagram of 6-layers gene network
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Table 2 Ranking of asthma targets in different layers of networks

A 6 ZHE4 5 EH4 1 5 EHE4 2 4 EH# 1 4 FHE4 2 3EHEA L 3 EHE4 2
5-LOX 1123 1391 1168 1225 1226 1633 1633
JAK-2 1155 154 204 191 183 135 135
HIR 1296 1098 1379 1426 1463 1222 1222
ILAR 1 604 2037 1 649 1288 1288 1256 1256
IL17 818 1 060 981 921 948 1269 1269
L5 1753 1071 1 854 1963 1 968 1257 1257
JAK-1 2364 2 445 2 349 2 444 2 444 2437 2437
CCR4 1738 2131 1 850 1967 1 963 2437 2437
CAMP 1791 2 160 1 487 1420 1425 2 055 2 055
IL5RA 804 1072 975 913 956 1258 1258
ROS 1995 2 356 2108 2127 2121 2411 2411

23 HEiExtkEa

R 1 ity 35 PR30 4, AR AR S o 1 vk, T
DI AR DG A FE R, Ry T i — 25 R Al B A 9%
o S A kR PR A E O A OGBS Y | B
B R e g, A WF 5T R GSEA #R 1 1Y
GSEAPreranked T EXJ45 R 47041, GSEA &H 57
BT ZLRF R TAS — AN 5 S 3k A 5 e Al
FHIC LRI HE P51 26 b () o A #a 3 BN T B A T 0
PRI i A B A R R ), — R R TS
AUSER AR, —Fh 2 45 2 RO SE IR HEF 51 36, A SO, T
S5 SUIFE A 2 KEGG 18 5003 7 v Ay 12 i 4
PR PRI | 35 R HE 7 471 3 AR SO 11 i A 56
HEF 25 5, it GSEA & /48 /R AT A Al
SESUR KEGG 3 [ B0 122 Hh 1 W 5 5 A A O 1) 3 A
B2 [0 EE , LA GSE31773 Ba 4 ) AR 4 HL Ty
SLRHER AN KEGG 3 3% 5000 12 Hh 2 i e 5 4 56 11
FEHAE VAT INAL K-S K513 3 p {5, 25 KL WK 4 B
TR, SESL U At T O B 3 IR A HE O Tk
MI'® | -Test™ |, PCCH'™, ScC, FC', NetRank'',
MarkRank' " #H It , ASHIFGE 1 B A X 5 o S B
SRS O S HE s HAT S (AL

0.875 () 859

0.796

K-S Test p_value

0.004 0,006 _0.01 0008
t-Test PCC SCC FC NetRank MarkRank

MY MI
B4 FEREE R EREREE ST

Fig.4 Enrichment analysis of asthma pathways with

different comparison algorithms
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Table 3 Top 10 critical gene sets
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Table 4 GSE31773: Pathways enrichment analysis

of critical genes
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hsa04060 Cytokine-cytoking receptor interaction 2.2 x 107°

hsa05202 Transcriptional misregulation in cancer 4.7 x 1073
hsa05219 Bladder cancer 6.6 x 1073
hsa04062 Chemokine signaling pathway 7.9 x 1073
hsa04350 TGF-beta signaling pathway 7.9 x 1073
16004550 Signaling pathway regulating 1.0 x 10-2
pluripotency of stem cells
hsa05161 Hepatitis B 1.1 x 1072
hsa05213 Endometrial cancer 1.2 x 1072
hsa04660 T cell receptor signaling pathway 1.4 x 1072
hsa05223 Non-small cell lung cancer 1.5 x 1072
hsa04668 TNF signaling pathway 1.8 x 1072
hsa05145 Toxoplasmosis 1.9 x 1072
hsa05210 Colorectal cancer 2.0 x 1072
hsa05214 Glioma 2.3 x 1072
hsa05212 Pancreatic cancer 2.3 x 1072
hsa04722 Neurotrophin signaling pathway 2.6 x 1072
hsa04071 Sphingolipid signaling pathway 2.6 x 1072
| hsa04917 Prolactin signaling pathway 2.9 x 1072
hsa05218 Melanoma 2.9 x 1072
hsa05520 Chronic myeloid leukemia 3.0 x 1072
hsa05216 Thyroid cancer 2.9 x 1072
hsa05166 HTLV-I infection 3.2 x 1072
hsa04380 Osteoclast differentiation 3.5% 1072
The 4-1BB-dependent immune
h\_41BBPathway 3.7 x 1072
response
hsa05205 Proteoglycans in cancer 4.0 x 1072
hsa04510 Focal adhesion 4.4 x 1072
h\_th1th2Pathway Th1/Th2 Differentiation 4.5 x 1072
hsa05222 Small cell lung cancer 4.6 x 1072
hsa05330 Allograft rejection 4.7 x 1072
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Table 5 GSE43696: Pathways enrichment

analysis of critical genes

ID 3 % P_value
Cytokine-cytokine receptor
hsa04060 3.0x 107
interaction

hsa04520 Adherens junction 1.9 x 1072
hsa04068 FoxO0 signaling pathway 2.1 x 1072
hsa05340 Primary immunodeficiency 3.0 x 1072
h\_cytokinePathway Cytokine Network 4.0 x 1072
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