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Data mining based on protein-protein interaction network
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[Abstract]:

Protein-Protein Interactions(PPIs) are at the core of the entire interactomics
system of all living cells, and PPI networks and the information they contain provide
an insight into the causes of diseases. Thus, mining PPl networks could facilitate
understanding biological mechanism within living cells. In this work, we select three
representative PPl databases (HPRD, HIR, and BioGRID) as data source of PPI
networks. To identify 3-node network motifs of these PPI networks, CyClus3D
software is used. To further understand the underlying biological meaning of
sub-network consisting of 3-node network motifs, the online tool DAVID is used to
conduct GO (Gene Ontology) biological process and KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathways at significant level. The results show that network
motif could reduce analysis of PPl networks, and could focus on analyzing key
proteins.

[Key Words]: Protein; Protein-protein interaction; Network motif; Enrichment
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ARk, ARV FANR B YR A G 3 46K 2 RO R =2 VP 2 2 14
W03 5 AERE 8 S A S SRR ELAE FE B SR B, 45 Bl 70788 ELAE F BT 0 G 2 4 A
25, X S R e A MRl R 1 2 R R REAT BRI AT, e TR B AR AR AR
B ARV BEA AR, SR i 2 My T A S SR E RN, XLy T
AHEEAM, DNA LSRN, Bans, AMIFH e AR T
B, g skl tHRETTIESAS TV 2 A ST A AR R, AR T R
AN 2%, iR 42 (Metabolic Pathway, &R MP), JE K42 M 4% (Gene
Regulatory Network, f&#r GRN), & H FiAH I H M 2% (Protein-Protein Interaction
Network, faj#x PPIN)FI{E 514 5/ 4% (Signaling Network, f&##x SN)Z2, H A7,
A7 TR e A W A 23 0 0805 e 2 1 B SR e, 808 A IEAE AN I B8 A 58
3, Fod HE TR AT FH X 248 2 T A A 47 D 24 004 R AR L B — 2R3 .

® F 5 (Protein) & 2E A (U BT REA, AR 9 AR WA A i TG Bl ) B AT 8 A
IR EREEIE, 25 7 Eaf)LFradfsE, mgft, K5, seEAs.
PRl R — L T S E T RE I R LA UL (B U R, H
e K ER 7 W B A S HoAh B B BUR R Sk AR, B 2 A B A 3L AR
F e B —hRk. B EAFAE/ERAM (Protein-Protein Interaction, f&iifx PPI) £
AR A s PR AZ O ER, B DNA &, #E%. B, YR, 5
A% T DU A A SR o S D A PR R A [ B S B A R
FHEEREM. B, X PPI BB SR A F T JATE L1 1 A ik i B9

W& RS AEY) SRR kR, AC&m 3 7 REREFA K LK PPI
B, JF BREREICAERFEE K . XL A PPIN R A AL 2 i BE 73 AT I
FE BRI AR X LR B PR PP S, BRATTAT LLE— 25 WX E B4 T
FI DA 2% ) AR S A SRATT 9T £ A B IR 2R E PPI B2 b, I —>719 5 (Node)
KFR—ANEE, MERE AT R (Edge) Ron 8 H R R PEH G & .

PPIN [FHABA Yk 2 P 2 — e i T KRB R P4, 2% IR 2% ) L A ey ad £
TCIE M B AR . 28 RAAT] (Network Motif) & — S5 7F 52 W 2% 55 45 HH B L
A7 R E P D SR RFAE ) AN 2 BTG, B A L SEE P 5% o LR B PR AR 7 vy T
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ML £ (Random Network)[®, 3§ H7E /4% 1) & B it #2 oy 5 s 2 A . TR,
P 28 BRI Z A TR 2 % B SE Z A0 2 E AT, 42308 W 2R 1) T
HUREE: 34 CyClus3DU1, NetMatch!®, Mfinder!®l, MAVisto (Motif Analysis and
Visualization tool)[*%VF1 NeMoFinder™4% , b F AR SZ I8 J5 (1) T R 48 AT IR N[
Ak #8 (Biological Process, BP) {5 518 (Signal Pathway, SP) .35 144317,
WA BT IR NS AE AR 0 A FEAE IR .

RE— BT TE A TR B KT T 4% (Sub-network) & 5 £ 5 S,
AN % T 23T E 404 (Enrichment analysis). & #7087 323 GO

(Gene Ontology) MfifE & 2 44> 7 1 KEGG (Kyoto Encyclopedia of Genes and

Genomes) MU= Sl B E M0 M. GO A& M3k K A4 EL & 2 (Gene Ontology
Consortium) Fr i@ 2 ) — N 22, B R EAFEEY L (Biological Process, &
X BP ). 4> T-IhEe (Molecular Function, fajFx MF) R4 ffl 25 s% (Cellular Component,
fa#% CC) =73 GO Bha&ILRAE | REfMiA T HIZ VKR, S
[Tz T 2 MR EERE, T IhRE L AR A B AE Y E R 47T TH . KEGG
/N RTHRALE B BEF IR T A AR . IR R A S ARV 54 o
IFELBAE . BT, DAVID (http://david.abee.nciferf.gov/) #4525 S0 M i)
— MR HEACTEZR R AT

PPI W28 FIER 42 98/ F B R A E R RN B 2 —, IEERZ Bk
WFFEN R RVE « F i S0 870 A AR 72 0 T Bo B2 1) 2 1 o A 28 b 4
HNER R, SRR E A BT Ae AR BAE R R AWM EE N L. W
0.1, AREIHHMN=AE VO E B B AR M AT HAR 200 . &%, WM
T HLEE A AR P AE, AHE HPRDIEA, HIRMS, BioGRIDM! =A% 4f3 %
HIR, EAEYERFEA 4G Cytoscape (2.8.2) T4k (A5 AH B AF F 4% 4T
AL, I HAFA CyClus3D X HikAT M Zsfifidz 48 . fJfe, FIH DAVID #E4;
B XS P A8 AR P TR ) T X 48 AT 5 S 0 BT o
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1 EAREEERYE

1.1 HEARMAEEAMR

—MNEAFAHEEH PPN R RAZTE - NMEARS S —E A B A S
Ry CERYHIRAEAE R R ARG . B AU IEH AR R i DNA &
wlL s, B WA 5 S0 5 DUR AN M s ) A, T B B I
FErpEe A A 8, AT AU, AR LT ETA R AR R e 2
J5 8] PR AH EL AR FH RS it b AT 1 o

EARG T A EAER T AU RERR ZF RN, AEAR—HEAR
MEAEH. EAR—DNA M EAER . HA—RNA M IEHS . MHEAEHE
BT 51 7T DA B e b (RO BEAR AR ), B mT DR ANl i, AR I
Thie LGB (R EAH TAE ). Thae EICERRIEMA RN EAS HF—R
WAL B AR T 17— AN A AR, BRI IR I ) — L8 8 1 o7 BAT AR A
B [F] (R AP T e

1.2 BHEFMHEAERSEEE

U VAR, NATTE A o 36 i S0 7 VR O a2k v B3 7 VR TI0I DA B STHRIZ 98 55 07 1%,
130 7 KER PP, et A 2 TR 2 253 5 JF H H 25 3T 10 PP &I /2,
XS H R B BRATTE— IR T PP WSS SR T 8i S04, R L1 G T —&
TR PPI 4 K AR OCME B IX S R PPI 2504 R SR 22 A i i 6 )
PRAE T T A BCE R U [R] I A T 26— 25 Bk, 491 R FE A A RE R 57
VEZACIE L P2 AT A RCR X e . DR, ] MO S8 R R
I H A U AP JE RO AR e 2 U — R T A R

F—J7H, BA PPIEE AT B O RRE, I B A 2 (R i) PP1
E G, WTIEREAE R PP EUE AR ES A5 . T 7EES: PPI #0577
T Gt — WA HE, AR SCHRAE PP K e £ At SOk o A58 FH A AR 2, 9% T
HPRD, HIR 1 BioGRID =/ FefE A Ea i« 3X =M e 2 7] i) PPI L&
ol 1.1 phos, AWEIRRT 1, =ANdEE A ) PPI 540 A f 7631,
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* 1.1 —eE A PPIHdE

i HER  pp B R
B EEAFR PPIs #i& s HIER
HPRD 36,852 9,444  szIGAEY http://hprd.org/
. ) http://www.cls.zju.edu.cn/hir/fa
HIR 69,586 11,366 sz A £
ces/download.xhtml
. . ) http://thebiogrid.org/download.
BioGRID 168,054 16,522 s AN Y A
pnp
. http://dip.doe-mbi.ucla.edu/dip/
DIP 1,067 804 Sz g A
Main.cgi
http://www:.ebi.ac.uk/intact/
IntAct 10,244 4,614  spigAd
http://mint.bio.uniroma2.it/min
MINT 11,367 4975  spigAd
t/Welcome.do
REACTOME 5,960 970 S ady AT FY http://lwww.reactome.org/
) http://cbg.garvan.unsw.edu.au/
PINA2 166,776 5211 SIS A
pina/home.do
ConsensusPathDB 221,328 154,537  Szu F i) 74 http://consensuspathdb.org/
HitPredict 239,584 49,071 sZIGANTRIM 7R http://hintdb.hgc.jp/htp/

165054

84027

1z

BioGRID

FAPPIEUR A A

HIR

BioGRD

1.1 HPRD. HIR F1 BioGRID =#f PPI % £ 2 8] 1] PP1 B &4k
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1.3 /N

it 2R TR ELAE FH G R (PPI) B A SRR 5 m) DA B BATT S8 4 R IR Al g A=
A I R, Has A A 0 A BT BRI 5 R PP i e B k1) == e Bl U
A LA S BE R R AR ar R (RIS B, it e rh 2655 1) 2 1 BT R AN () AR A 2
Tike.

REENMTOEAR 7T RKEFE 1 PPIEE, @57 TIRZ AN EdEPE, |
Fe X SR BLATE FH R 98— L AR DB X 26 RO B L 3, T B 1 R DR )
S BT | USSR A DT AR 2Pk, 3 AL EE W R FH A 1 S5
FORIKFFOTRIN 7 5 R AF 3 1o o & 2 1 BOAH ELAE B, o L& 7 A 1) el 22
A R B 1 JBURH LA RS B B AT, R T AR FH I L A B A8 A A A ) 2
FHOGENIR IR G FRAE B 1 nI {5 B2, DA ] ANV 1) PP 258 vh R I SE 22 A
B A B SRS BRIk, W5 & 1 PP &R R VR N Fi R GO AR B 1)
HRT, &80 PPI & PR & R A A R, HAEL AL kB AT 7T PP 4%
Bl ATk T HPRD, HIR 1 BioGRID =AMRE M IEE /R 7T
X R
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2 MEIRFIZ IR

2.1 Mgk E X

[PY 288 A5 A & — B 7E L ST 4% v EE 5T EH AL L R T P A 45 R REAE 1 /N B
B T, AR E S 2% R H B A 2R 2 i T B AL 4% (Randomized
Network) . ‘&A1& HATRE E P 5T /ANISE 5~ B, 02 ) S R A 0 D 2% ) R AR
TG XN B 2 ORI T AN AR 2% A R AL, BRI B
MIEE QA EAE MG SERAEMLGE . T4 AR R4S Fh R 4
[P 2%t 0 AT AR 31 26 22 Y e IR A /N R 1 B S A o X 8 AR TR R Bk R
FHELAE FH 2% 2R 2 R I AR ) Rt R X 2% R T 8RR 78 B AR L EH . Ik
2.1 s, AT MR R SR

[P 28 RLAA 2 B 1 0T M 4 JE IR A A R B BN — 3, S PP 2% ) E 220 A
43 Jfe] v AT AE R PR NS 24 1) PP I 45 Hh il il i 8 Jy SR AIE , o) 43 T it T A
[P0 285 LA R Al HE ) R 5 1 ZH A G5 R A AR B ) R S0, BB T — RAUFZ IR
ZERAR IR L, T KRB 2% AR PR 31

R 217 P REAA SR e Hos ]

BRAARA ko=

Bi-fan

Protein clique CEC_]?

Interacting transcription factors that co-regulate a
third gene

Ty T

Coherent type 1 Coherent type 2
Feed-forward loop (FFL)
Coherent type 3 Coherent type 4




8 SO LA M 28 O B 12 40

TR E

Incoherent type 1 Incoherent type 2

i e

Incoherenttype 3 Incoherent type 4

Co-regulated interacting Proteins

Mixed-feedback loop between transcription
factors that co-regulate a gene

Biparallel

2.2 MBI E

Milo &5 ALTER Hy P 28 AR BRI & LUK, AT FE TV 22 4 o T I 8 AL A 1
S5, SR R A2 IR A W R S N T KRB R IRV, Jf Hixds
FA O R] TR s RIATA R, X 28 A th B e BeHEsl 1 8 s B
Ve IR 2% DL R HoAt AR M 25 AT ST ERE . sk 2.2, B8 1 7> BA ARG MERI AR
IZIRSA L, ABAHH CyClus3D ZEAT M2t A2 3 .

% 2.2 10 M HEA RN B P A RAR T2 3 5%

Bk BAEEAAN REERTE  MibEEE

CyClus3D 3 Cytoscape http://bioinformatics.psh.ugent.be/softw
are/details/CyClus3D

NetMatch 5 Cytoscape http://baderlab.org/Software/NetMatch
mfinder 7 Windows2000, https://www.encodeproject.org/software
. /mfinder/
WindowsXP,
Linux OS
MAVisto 8 All platforms http://mavisto.ipk-gatersleben.de/
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NeMoFinder 12 N/A http://dl.acm.org/citation.cfm?id=11504
18
FANMOD 8 Windows32-bit,  http://dl.acm.org/citation.cfm?id=11822
Mac,Linux 62
Grochow-Kellis 15 N/A http://link.springer.com/chapter/10.100

7/978-3-540-71681-5_7

Kavosh >8 Windows32-bit,  http://www.biomedcentral.com/1471-21
. 05/10/318
Linux
MODA >8 N/A http://omictools.com/moda-s5727.html
NetMODE 6 Windows32-bit http://www.netmode.ntua.gr/main/index
.php

2.3 CyClus3D %4

TERGEA )08, AR AR AR — A el 22 A TLAE R R BRI AR 2%, 451
MEAR—EBR, HEER—DNA, HEAR—WY), s e aEM. £
R, REHERET RN TR, Y2 BRI A T PSSR U
MAF R EEZEREKR, FIFK T CyClus3D 2R R H kA T AR 1R,
CyClus3D 2 Cytoscape #fi-F & B)—Mdfh:, FIH] 3D 1 SR FIE LI =7 milA
AR TZYE . B A T ORI AR 45 T X SRR ) SR B

HEEHI R AR E LT — MER M BEE SRR Z AR — R R, 51
MAFFHE BB M DR R . (R, CyClus3D HiR BB H 2 t 2 B AH BLAE
R P H B, a5 5 Seab 2 AR L) LA ASE SR A B & W) iR ).
CyClus3D ReFZHH [ M g R R AR 2.3 fon, BT EEAFMHEAERKXRNT
KR, DRIHCR R 7 (1) 3 R AR A S 28 AR 2 48

% 2.3 CyClus3D BifRAL J Hor g K

3 RUIEARRA B R E

ik 1 &

-10-
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fok 2

TN

ik 4

fifA 5

1ok 6

Pl [p fr g b

ik 7

2.4 T MEBRARHEHEIZE

N7 &R CyClus3D AT F2 R IK W % 44, FRATIRF Cytoscape X [ 45 54k
BEATE R G, AR AR R AN [ X 2 AR 2H S T I 4% . Cytoscapel & — /NI
VR H T4 s A3 BT A5 B 2 AP 6 2 — D AT AE 1S B0
PrERAE, AR LR o R T — SRR TR, AR RO R EifE.
Cytoscape Chttp://www.cytoscape.org/) fitid F F HAth 77 ¥ - FAH BLAE F i 04T
BB K DY REIE 2 T R B A i— S A B BLAE A . 22 ii—DNA A
WHAEAZE HAE 547 o

YLK 5 R F HPRD. HIR. BioGRID =A> PPI Hi 22 1 ARk T2 4 1)
HAEVR, SRJ5HET CyClus3D X =i [ BT HL A F 2504 EAT X 28 A2 4

2.4.1 BT HPRD HHfa U ) 28 14K 42 41
i 2.1 Frow, 5T HPRD HUHE 52 A2 98 (10 I 265 4501 - 4 S R A R LU
(REFH=0619), EAMEEARZAKBRAEKE LS RHEREKE
=1.790), JFH 7 MLIRME (M4 % F=0.174).,

-11 -
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OGRSty

P, 2l
I AH (Clustering coefficient) 0.619 FHIE% 42 K )% (Characteristic pathlength) 1.790
M2 B 1% (Network diameter) 4 AHABE T 3{E (Avg. number of neighbors)  15.467
M %542 (Network radius) 2 A7 5% (Number of nodes) 90
Mz (Network centralization) 0.213 W% % (Network density) 0.174
HoR#AE (Shortest paths) 4058(50%) 42T (Network heterogeneity) 0.437

K 2.1 3T HPRD AR M 4%+ &

2.4.2 FT HIR il 5 1) WY 28 A5 AR 42 4

i 2.2 Fits, T HIR B G2 A2 90 1) 09 28 50 190 28 8 I RIUR LR i 3R
FKEH=0.744), E AR SE AT Z 0 E$AKE B RIS EKE=1.330),
I BT AR S (4% % i =0.667) .

KIKAH (Clusteringcoefficient) 0.744 FHE /2 K ¥ (Characteristic path length) 1.333
M2 B 4% (Network diameter) 2 AHAR R V- #315 (Avg. number of neighbors) ~ 16.0

-12-
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M 2&4%2 (Network radius) 2 i 5% (Number of nodes) 25
W 2% 4 1 (Network centralization) 0.317 K285 FE (Network density) 0.667
I FEM4% (Shortest paths) 600(100%) W 4% 551 (Network heterogeneity) 0.257

K 2.2 3T HIR B4R 281 18]

2.4.3 £ T BioGRID 45t i) 4 45 A 4447 3

2.3 i, T BioGRID Hd £ B2 i ) o £ A4 7 0 28 SRR L
i (BRI FH=0526), HASEARZAMBEKEREN RHEREK
[E=1.677), FtHFME LML (4% =0.323).

{ =
> 3‘“#»«;&;%
SEIbgp 2A¥
) PRPFIG oy o U2AF
4

AMI4
ARPD, § R
Al
.

(RO NRNPUL | E 6 Pl P2
ez i vl
hx).\f-l,\H » EiF4 \ : ; \
INRNPFT THIBR K e ) L MORPA 1PA2 B & R
’ A 5

TUFMERPSTS
ILF

RPSS Xpegin

R A % (Clusteringcoefficient) 0.526 FHIER% RS (Characteristic path length) 1.677
M2 B 4% (Network diameter) 2 ISR 418 (Avg. number of neighbors)  69.107
M4 44% (Network radius) 2 5 % (Number of nodes) 215

W 2% £+ (Network centralization) 0.679 WA 2% 2 % (Network density) 0.323
JH 4% (Shortest paths) 46010(100%) M%7 )5tk (Network heterogeneity) 0.448

& 2.3 3£ F BioGRID #4441
2.5 /NG5
AR A T BB MR . MG BATZE L, DLEEET CyClus3D
43 51%F HPRD. HIR 1 BioGIRD —=Fi' PPI %4 & i AT W4 ASARIZ I . 28 AL
RAEVM R G SR ThBER L, 16T W& st R AN R I ThRE G &R, Al FH 2R3
G AT VR X SRR A T B, TR 15 D 8% 11 T AR 5 4 SRR A T g

-13-
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ffi. CyClus3D Hikidi & T K BLAERE M 2% th W 2 LR B 3R 2K i, T A DhRe
M. HAT, MR Q2B T RKe A RIFER] 7T 2N, W
NRESMLE T, MERAZIE DA T — L B R, sl . ™
XA DY PR LB AR L DR P2 (O D RE At i 1 SE A UARRE, 53 A1k m]
FHF PP 2% b 8 5 — 3 3 o AR LA P A 3300

-14 -
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3 EHRMEEERANEAMEEE S

3.1 GO AR B &

GO(Gene Ontology) Rl 4 PR A 44, &2 H 2 R A 44 Ik & 2% (Gene  Ontology
Consortium) AT g 32 11— M Ele i, H B R S —ANME R T 2R, X 5 A
B AR R AT R e AR 1Y), R REBE A W SO ANWTER N T SE B (8 SO AR
GO & Z A AARIE 51—, —E 3 AN, TR 5 A
FEP UL BRI R . AL T AR RS R, i KRN B (R 40 M 28 R iy
A TR RN . WA R 2 FIRe . A0 ZH X =S J7 TG X3 PR g
75398, 58 SUREERE .

i3S DAVIDROYE 2 xof 8 1 AH LA F AORLAA W 2% 54T GO A=A I 72 W35 14
0. In3R 3.1-3.3, AT HT 34 PPI H¥E FE AT 10 /N2 GO A9id
T2, VEAUI GO AWl 72 5 35 M A s SR LB 1o

% 3.1 ET HPRD BRI 10 MR &M GO it s

RiE EHEH RKEMpE  Benjamini KRIE p A

G0:0010604~positive regulation of

) 48 2.43E-33 4.29E-30
macromolecule metabolic process
GO0:0007167~enzyme linked receptor
o 34 1.94E-30 1.72E-27
protein signaling pathway
G0:0031328~positive regulation of
. ) 42 5.12E-30 3.02E-27
cellular biosynthetic process
G0:0009891~positive regulation of
. . 42 9.11E-30 4.02E-27
biosynthetic process
GO:0007242~intracellular signaling
51 3.28E-29 1.16E-26
cascade
G0:0010557~positive regulation of
. . 40 2.46E-28 7.25E-26
macromolecule biosynthetic process
G0:0051173~positive regulation of
) ] 38 3.58E-26 9.04E-24
nitrogen compound metabolic process
G0:0010628~positive regulation of gene
] 35 3.74E-24 8.26E-22
expression
G0:0010033~response to organic
37 2.56E-23 5.02E-21

substance

-15-
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G0:0045935~positive regulation of
nucleobase, nucleoside, nucleotide and 35 3.79E-23 6.71E-21

nucleic acid metabolic process

# 3.2 2T HIR 1IAT 10 PR #E M GO AWt 2

RiE BEORH BEMpMA  Benjamini KRIE p &
G0:0007169~transmembrane receptor
protein tyrosine kinase signaling 17 1.21E-23 1.04E-20
pathway
G0:0007167~enzyme linked receptor
o 18 1.39E-22 5.98E-20
protein signaling pathway
G0:0018108~peptidyl-tyrosine
) 10 3.31E-17 9.54E-15
phosphorylation
G0:0018212~peptidyl-tyrosine
o 10 5.03E-17 1.09E-14
modification
GO0:0007166~cell surface receptor
) ] ] 21 3.12E-14 5.38E-12
linked signal transduction
G0:0006793~phosphorus metabolic
16 4.54E-12 6.53E-10
process
G0:0006796~phosphate metabolic
16 4.54E-12 6.53E-10
process
G0:0016310~phosphorylation 15 6.45E-12 7.95E-10
GO:0007242~intracellular signaling
17 9.98E-12 1.08E-09
cascade
G0:0007243~protein kinase cascade 12 1.00E-11 9.62E-10
# 3.3 2T BioGRID (17T 10 MEE M GO Al %
RiE JOFR%H EFEMEpff  Benjamini BRIE p &
GO0:0006414~translational elongation 68 2.09E-101 2.47E-98
GO0:0006412~translation 72 7.25E-64 4.29E-61
G0:0006396~RNA processing 69 1.99E-44 7.84E-42
G0:0008380~RNA splicing 49 3.23E-37 9.56E-35
G0:0016071~mRNA metabolic
53 3.36E-36 7.96E-34
process
GO0:0006397~mRNA processing 50 8.24E-36 1.63E-33
G0:0000375~RNA splicing, via 35 1.48E-30 2.50E-28
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transesterification reactions

GO0:0000377~RNA splicing, via

transesterification reactions with 35 1.48E-30 2.50E-28
bulged adenosine as nucleophile

G0:0000398~nuclear MRNA

splicing, via spliceosome

G0:0022613~ribonucleoprotein

complex biogenesis

35 1.48E-30 2.50E-28

28 1.18E-19 1.74E-17

3.2 KEGG 5 S EIERE T

KEGG(Kyoto Encyclopedia of Genes and Genomes), &% 4 5{ #53E P 5 3L A
HEFEY, 2 ADRTERAAGE . ERDRES M. e, Bfe SN L&
AWK, S IR IR AE 28 3088 JEE (http://www.genome.ad.jp/kegg/), T Ef14E GENES
database. PATHWAY database 1 LIGAND database.

EANBIEPAE T RERHEE. KEGG [IPATHWAY ¥ 44 41l
FEIr T HBM e (HLUiliE, Bam KaRMmRDIReE R, B 7Y
AR, A (S5 %i. YIRS IR T . AR AR AR B B R A
EALHE R R AR I IR 55 R KEGGIGENESHE FEHR L 06 T-HE B 45 B
FORAE R AR AR KEGGH 75— ME FELIGAND, B8 1 lgn 1. i
SSE AR A A2 S5 A5 7 T B R

iH3d DAVID FELER B U LA F HIARAR N 25 25 4T KEGG {5 51816 & 2 1
SMT. WK 3.4-3.6, HE% T Benjamini & 1E p {E/NF 0.05 FIHET 10 8k 4 N8
Y KEGG {5 5 1liE, T4 KEGG {5 5B 18 & & ML 45 R WM 2.

7 3.4 Benjamini 2 IE p {6/ T 0.05 FHT 10 ™ M KEGG {5 5 iiE, PPI £#54°8 HPRD

A EHRE BEM¥pf  Benjamini KRIE p
hsa05200:Pathways in cancer 42 1.04E-30 7.83E-29
hsa05220:Chronic myeloid

) 26 2.74E-29 1.03E-27
leukemia
hsa04012:ErbB signaling pathway 19 6.33E-17 2.78E-15
hsa05215:Prostate cancer 18 2.26E-15 4.16E-14
hsa05212:Pancreatic cancer 16 3.09E-14 4.63E-13

hsa04722:Neurotrophin signaling 19 4.78E-14 5.97E-13
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pathway
hsa04520: Adherens junction 15
hsa05210:Colorectal cancer 15
hsa04660:T cell receptor signaling 16
pathway
hsa05221:Acute myeloid leukemia 13

1.79E-12
6.25E-12

1.58E-11

1.59E-11

1.92E-11
5.86E-11

1.31E-10

1.19E-10

# 3.5 Benjamini B2 1E p {5/ 0.05 FI#T 10 /MEE M KEGG {55818, PPl EHESEN HIR

RiE EARH BE# ol Benjamini RIE p A
hsa04012:ErbB signaling
13 3.30E-16 1.87E-14
pathway
hsa04510:Focal adhesion 13 9.70E-12 2.72E-10
hsa04650:Natural killer cell
) o 11 9.15E-11 1.71E-09
mediated cytotoxicity
hsa04660:T cell receptor
o 9 1.20E-08 1.68E-07
signaling pathway
hsa05220:Chronic myeloid
) 8 2.32E-08 2.60E-07
leukemia
hsa05200:Pathways in cancer 12 4.58E-08 4.27E-07
hsa04062:Chemokine signaling
10 5.32E-08 4.25E-07
pathway
hsa05214:Glioma 7 2.43E-07 1.70E-06
hsa04722:Neurotrophin signaling
8 7.67E-07 4.77E-06
pathway
hsa04664:Fc epsilon RI signaling
7 8.80E-07 4.93E-06

pathway

2 3.6 Benjamini £ 1E p B/ T 0.05 (7T 4 N2 KEGG {55181, PP #1154 A BioGRID

RiE EARK BEHpMH Benjamini £ 1E p {&
hsa03010:Ribosome 65 1.79E-86 1.33E-84
hsa03040:Spliceosome 28 2.38E-17 8.80E-16
hsa04120:Ubiquitin mediated

) 12 0.001506 0.036482749
proteolysis
hsa04110:Cell cycle 11 0.00253 0.045791482
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3.3 /N

KRS T GO M KEGG ##i %, 737X HPRD. HIR #1 BioGIRD =
it PPI 33 FE#EAT GO AEWd T M KEGG 15 5l i . B eflm s
EVEpH, p i (RRIEJTEN Benjamini 325 Fon— MR AFRES IR T —
A~ GO AW B KEGG {5 S liE M3 . p (El/), 8 & Rk ET, Hbkae
IEBHIXAS GO A 2 KEGG {5 5@ AR I, MifAh T et —
REE AP T REBl KEGG {5 5 BB L, A R E Mgt 5= s

%:F HPRD.HIR f1 BioGIRD =™ PPI #f F 1) & 3 1 GO A= ¥ FE il KEGG
55 IBEHE AN —FE, (R RES 20— AT R EMD GO AWl f2A1 KEGG

fB5518IE, H2n] U2 A RGEYERE. A MEYE R KEGG F5
I AEAN R ) PP 24 e b 220 DAVID #2408 H R 1 8 A BUEENAN ], il %

T HPRD 1 HIR P~ PPI %4 % #5 BE W% ¥2 i th g Bk 52 76 iR B 15 5 8 %

(G0:0007167~enzyme linked receptor protein signaling pathway), #£ £#& % HPRD
2 5 R 8 A i GRB2. STAT5A. ERBB2. STAT5B. PML. KIT,
SRC %5 34 M(LFHF 1), WfEREE HIR #, S5 FRYHIE A KA EGFR.
GRB2. ERBB2. CBL. ABILl, KIT. PXN % 18 ML 1). X, HEF
HPRD F1 HIR W1~ PPl ¥ PEASRE 1248t KEGG JiiEfs S, fE¥ e
HPRD £ 5 KEGG /{5 5l & 1 iiA GRB2, STAT5A, ERBB2, STATSB,
PML, NFKBL, KIT %5 74 AW 2), MifEZdEE HIR h, S5 R &E
5 f EGFR, PTK2, PLCG1, GRB2, ERBB2, SOS1, CBL 4§ 24 /(WL FH 2). A
LL, ATIZEZ AAREMR GO AV KEGG 15 5idiE, &HEEM4E
THI FA) PP 38 2 — > G 75 Al ) i)
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4 ERE

D TE RS A AE S SEIAEY DR R EEA RN S, XEAEYIThREN
SCELER Y S B A B ELAE R, I H AR B PO ELAE H 2 A A= I 255 ) il
FITLAXE PPI [ %558 LA 43 o 2 ok bR 3 222

G 5 81 v o AR S 78 3 R P X e A 4 AT PP I 4% (1) B 77 1], T
R PP ARt IEAE AT 5835 . ASCEHU T HPRD. HIR. BioGRID = PPI
Bl AT B s, {E Cytoscape BA-~F& 1, T = H M4k CyClus3D
BLARTZ A8 575X HPRD HIR. BioGRID & [ )5fi AH F A F £t e 347 £ s 42 4,
k25 H DAVID 7548 T Bt WX 4554 20 il 1) 7 I 2 1EAT GO A= id 21 KEGG
BT EIEEE T, R B RAARENER GO AV KEGG 15 5
T8 P p A AT UG H R A i R BRI E R, JF
HAE DAVID F3ikm UIEF S 5 iR AV SRR . PP MZ)E Tk
RIS F M 2%, WK PPI &t 448 o 2 BB UEE, BFT
SR (1 T AR D 0 A i i 2 P B B R AR LR DG &R, B AA K ST E 2R AR
SELLT A AL, R IAN R AR AR, 3 RO — L8 2 5 AT R K AE A )

ou
He o

-20-



RKEREEBE 2015 Jam EW)BR o TREA R L EA R ST

SE

[1] Yamada T, Bork P. Evolution of biomolecular networks—Ilessons from metabolic
and protein interactions[J]. Nature Reviews Molecular Cell Biology, 2009, 10(11):
791-803.

[2] Yeger-Lotem E, Sattath S, Kashtan N, et al. Network motifs in integrated cellular
networks of transcription—regulation and protein—protein interaction[J]. Proceedings
of the National Academy of Sciences of the United States of America, 2004, 101(16):
5934-5939.

[3] Lodish H, Berk A, Matsudaira P, et al. Molecular Cell Biology (5th ed.)[M]. New
York, New York: WH Freeman and Company, 2004.

[4] Waugh DF. Protein-protein interactions[J]. Advances in protein chemistry, 1954,
9:325-437.

[5] Shen-Orr SS, Milo R, Mangan S, et al. Network motifs in the transcriptional
regulation network of Escherichia coli[J]. Nature genetics, 2002, 31(1): 64-68.

[6] Milo R, Shen-Orr SS, Itzkovitz S, et al. Network motifs: simple building blocks of
complex networks[J].Science, 2002, 298(5594):824-827.

[7] Audenaert P, Van Parys T, Brondel F, et al. CyClus3D: a Cytoscape plugin for
clustering network motifs in integrated networks[J]. Bioinformatics, 2011, 27(11):
1587-1588.

[8] Ferro A, Giugno R, Pigola G, et al. NetMatch: a Cytoscape plugin for searching
biological networks[J]. Bioinformatics, 2007, 23(7): 910-912.

[9] Kashtan N, Itzkovitz S, Milo R, et al. Efficient sampling algorithm for estimating
subgraph concentrations and detecting network motifs[J]. Bioinformatics, 2004,
20(11): 1746-1758.

[10] Schreiber F, Schwdhbermeyer H. MAVisto: a tool for the exploration of network
motifs[J]. Bioinformatics, 2005, 21(17): 3572-3574.

[11] Chen J, Hsu W, Lee ML, et al. NeMoFinder: Dissecting genome-wide
protein-protein interactions with meso-scale network motifs[C]//Proceedings of the
12th ACM SIGKDD international conference on Knowledge discovery and data
mining. ACM, 2006: 106-115.

[12] Ashburner M, Ball CA, Blake JA, et al. Gene Ontology: tool for the unification
of biology[J]. Nature genetics, 2000, 25(1): 25-29.

[13] Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes|[J].

-21-



KEEERE 2015 Ji B BE 2 TREARH Ll Sk e

Nucleic acids research, 2000, 28(1): 27-30.

[14] Prasad T S K, Goel R, Kandasamy K, et al. Human protein reference
database—2009 update[J]. Nucleic acids research, 2009, 37(suppl 1): D767-D772.
[15] Zhou X, Chen P, Wei Q, et al. Human interactome resource and gene set linkage
analysis for the functional interpretation of biologically meaningful gene sets[J].
Bioinformatics, 2013, 29(16): 2024-2031.

[16] Stark C, Breitkreutz B J, Reguly T, et al. BioGRID: a general repository for
interaction datasets[J]. Nucleic acids research, 2006, 34(suppl 1): D535-D539.

[17] Del Sol A, O'Meara P. Small - world network approach to identify key residues
in protein - protein interaction[J]. Proteins: Structure, Function, and Bioinformatics,
2005, 58(3): 672-682.

[18] Del Sol A, Fujihashi H, O'Meara P. Topology of small-world networks of
protein—protein complex structures[J]. Bioinformatics, 2005, 21(8): 1311-1315.

[19] Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software environment for
integrated models ofbiomolecular interaction networks[J]. Genome research, 2003,
13(11): 2498-2504.

[20] Huang D W, Sherman B T, Lempicki R A. Systematic and integrative analysis of
large gene lists using DAVID bioinformatics resources[J]. Nature Protocols, 2009,
4(1):44-57.

-22-



8 SO LA M 28 O B 12 40

Bt

G A, IR RS BRI Y . (E IR e B, 1A FRAT T 3 gk
A2 NG 2 T3 2 7 Bt VAl 2 PO AL A B 2o PR AT | AR SO W B 2 T 51 (R R 7
[, ESKEIR O S TN, ERSCEERSRES, B2 TRZ N,
ERAESR Z TR O fe 5, 10 15 DUREF . TER B FBE E It 2 R 2K
B A0, AT IE S, ARSI S S T2 B T H R SRR,
A SCA A3 DGR 58 e SRAE IR IR, MR R o FE A EIRATT B A 2
BT R TV HTRRIR 28 78 1 7 v, B B 22 1) 2 20 A B ERD RS A R0 P ) R
R, IXLEHOR AL IRA 152 25 444

PR AT <0« SCHRPAIFS B A TR 2 AN [R] 22A4TT, AT AR A TR 2]
WICHIRR TERL, —HABE AL, [F% . FRARAIRSE W, 1E1X 1ig
B2 AT MR . BRI BATRKE S, AAERNWE SRR, Bk
BRIy, AR IR BRI RN A, AATT IR DR 52 A SR ko 2 3K
ATRTRER R BN 7, FEARATINA, Al AT T 25 3 FRA T R s B AN SCHE, FRATT A
fbArT

5 1A H B FRA TV SORI 2 N2 3 (1) 22 AT R 7R 2O (R B, RS ARAT T e L
F IR S INRA TG SO RSy, BRI T A B AR I = 5 W
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