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Abstract: Dynamic protein network construction and complex mining problem is a hot topic. In view of the short-
comings of existing algorithms in solving the above problems, a protein network construction algorithm based on dynamic
graph is firstly proposed by considering the active period and the connection strength of proteins in this paper. Then, a pro-
tein complex mining algorithm(PCMA) on dynamic protein network is designed based on the density clustering. The whole
mining process consists of three steps: the generation of protein complex based on DBSCAN(density-based spatial cluster-
ing of applications with noise) algorithm; the combination of protein complex based on the combination gain and the adjust-
ment of protein complex based on the degree of membership. Experiments are carried out on several open biological datas-
ets. The experimental results show that the performance of the proposed algorithm is better than that of the existing algo-
rithms in terms of recall, precision and F-measure, and it is not sensitive to the input parameters. On the premise of ensuring
the accuracy of protein complex mining, the time complexity of the proposed algorithm is in a reasonable range.

Key words: dynamic protein network; protein complex; dynamic graph; density clustering; recall; precision; time
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B BT MR Povalue {HAV/IN, W2 W2 45 (4 £ H
Jot 525 W E AL LA 33 D BE 4 HE BTG, B 2 1
HEYEHAEY 2.

DL NI PHR = {2 6 SR R NEIKERES Pk
&SR A W) BT RE B (4 8] 36 IR ] 3Rk s AT

(17)

5.3 ZWERSHH
5.3.1 BE 43T PCMA EERMERER N

T S B RN T E AR E AWz
B RZm . L CYC2008 %448 A5 4E il i x4, it 1 A%
SCEERPERE A5 R AR 1 BT . IR LB F] d7E
[0.4,0. 7] 2 [6] B [EME I, AR SCHE 3238 19 2 (A iU
S F-measure [HTE[0. 82, 0. 86 Z [A]I% 51 , 2% k. &
BE/NT0. 04, W s A REALYE . 24 d IBUEES 0. 7 )5,
F-measure (HIFEARNEE . H I, A SCAN d BUEXT TR
SRR IR A A A IORS B T B R L AT
Ay M CIE PR AT, SO 7R SR R R R R SOR A 4
B A Y 0L RE AT R A LT s B 2
ANEATRE AW bW T 350 8 R A S H: d-40
3ok PR %) SEL b P Y R R T AR R T
VT d BB AR T ISR R AN AR SGA
R T A IR M E AR E YA It R A 5L
FEAIC DBSCAN B3 A bR T A5 40 e TR 4 1) M s
T E A RE A YRR, S TS E R E
EYHIER R

0.88 . . : .
_ S
0.86 | //'
° I
K] ra
[%] ] 1
3
£ osar / |
w /.
b - 1
0.82 /
1 1 1 5 1 1 1 1 1 1

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
d

1 dBURTRMER AR SCH 289 F-measure {H.

5.3.2 BHh T PCMA B X B BN
TR S 0h X T EATE S Wiz I8 45 51
o . 25 R 2 s, WEI 2 AT LB 3, B th 193
KA SCE B F-measure {H 5638 KIG W/ . Y th 1
[2,6 | NBUANIEMERY, F-measure (HAE[0. 82, 0. 862 [8]
Wl AR /N T 0. 04, W s HA BEALME . X F N
4 oh BUE AL/, SR DBSCAN 8k b 4T 2 (1 R 42 A
YIE AR E W s S B R 2 AR R A
AW Z . AR H R G946 T8 Ak 2125 3R
L AR A S A RN E A WERE D BRILE A
YIAZ R RS BE . 2 oh BUE SR B, W75 58 22 A% 0
A AR R B LR ARG D R RE 2 i A
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[ AR Vil ENaR e S U NIITES = O RE Yk vk AL 1 -3
TR RS BUEE 75, F-measure {HFEAR A
A5 TR, AR SCIN S th BB T AR SCRRL AR 1
B2 T 3 R

T
Il F-measure

F-measure

2 4 6 8 10
th

B2 th BN [RME R A SO V1 F-measure (&

5.3.3 PCMAEZEHEMEENLLE

J T HERG A BT PCMA B3k 78 SCP A e i sh A 2R
FBT R 26 B 424 2 6 9 B M RE o PCMA 551k 5 TC-
PINS'?' \MCL-TP'"*' . DPC-NADPIN'"' I IFPA ""*/7£ DIP
BT A MIPS 506 4 L EAT Tt . Sk A — s
IRESAE TR R B S A T W B T 2 A Wi X
T ERAIZIE B0 5 AR T SCER 18 1/ J5 b 3 )y
K T, BEHEEN A EEA RS T2ME
EBY. NHEAER VR 20 550 T AR DIP AL
P AR TN MIPS 954 I i S0 45

MR 2 (85 -] LG 3], PCMA B35 76 P Ff
Bt A b A A R A R AR ELAR T 5 A Y DU

F1 ENEEEDIPEIEE FHIEELLER

Rk Precision Recall F-measure
TC-PINS 0.5417 0. 4702 0.5034
MCL-TP 0.6818 0. 5683 0. 5889
DPC-NADPIN 0.7919 0.5122 0. 6221
IFPA 0. 8051 0. 6322 0. 7081
PCMA 0. 8605 0. 8456 0. 8530

R2 BANEEEMIPSHIBE FRYMRELLER

Ak Precision Recall F-measure
TC-PINS 0. 4998 0.5115 0. 5056
MCL-TP 0. 6639 0.5714 0.6142
DPC-NADPIN 0.7781 0. 5236 0. 6260
IFPA 0. 7967 0. 6880 0. 7384
PCMA 0. 8513 0. 7451 0.7947

. 7E DIP 5 4 |, PCMA B ¥ 1Y F-measure {H 5 .
TC-PINS .MCL-TP .DPC-NADPIN F1 IFPA 43 %l 55 41% .

31% .27% Fl 17%. 7¢ MIPS 3 H 45 b, PCMA 3% i)
F-measure {H % [, TC-PINS , MCL-TP . DPC-NADPIN #I
IFPA 43591 5 36% . 23% . 21% 1 7%. F= 5 JF K HE . (1)
AR S 3k 2 PR P T4 e e D R R ke b
% 2 25 25 BT 4%, 5 A A b TUI Y 2 1 BT 2 ()
YRR ELAE T 5 (2) PCMA B33 30 i 3153 40 e 3y il R AR 7R
14 2 15T 1Y) 340 A8 Ak R T E AR SR A E s A
R ARG AUS AT RE MR S BNER I B S
FER A VAR & A AR AR B Ry S8 e i AT
TREAWVAJEFIWT A AR /N TR ) 2 e
T T M 2% v A A B A 52 VA T Y
Wi, AR T S5 000 3 1 B2 08 2 R I 245 Bl 25 8 Ak e
A EZNE . PRI T B HA SR 2 B A 0 45
5.3.4 PCMAEZMINBEEES

h 10 BT PCMA B AZ 8 R H B B )
Fir B 1 AR 3 S AT R A A AR B
KT 20 B Pvalue 8 . L Pvalue (6
/NT0. 005 AW T IR R T, AT X —
W F B A BA BRI A Y S, AT LLTE P
ANTT A A R TAE R B AR Sy

(1) TN AN 2R 1 BT g . DL MIPS $i4i 4
il , DI RE AN Y 2R 5 CSNK2B A 75 76— SRR 6 11
BEEWH 2 E AN HA 5 A~ 5 (NOLCT, NOS2,
HDAC4, HDAC3, RBBP4) #$ .47 transposition Ll B .
R, FAT0T AT CSNK2B B A transposition TIHE .

(2) At 2 4 B Ry BT D AE . AT AT L
SrRTEE F IR A W B /N P-value (B FITXT I Y )
RESRTEREC M BRI DIRE . R34 T PCMA B3
R — DR T B R A b iy AR
H BT B Z I REAS 2, 1% 8 1 B A A W X
I BE M Acts as component of the MCM2-7 complex I,
H Pvalue /)y . BARIHTZE YT LI, Hh AT 5
E AR B A Acts as component of the MCM2-7 com-
plex g , HoAth 2 4~ 1 i (CDC6 protein, DBF4-related
protein) TEIAT I DN BEVE BT B rh A AW Acts as com-
ponent of the MCM2-7 complex JJfig , {Hix 21~ [ Bkl 2
5T mRNAprocessing. B, FATTAT LIt i13% 2482 1 BT
HA Acts as component of the MCM2-7 complex ke,
5.3.5 PCMA &iEBIBES

A 5T O 2% 2 — b LAY B 52 A I 2% RV R s AT I
PSS PN e R s U Rk ot i e A B N B
HEZ — . ;B4 T O [R5 AR DIP U 4R A
MIPS H4ls £ b A7 55 W42 43 ) I 1] T 45 LU 4%, 45 2R
MR 4 iR .

MR AT LUE B, PCMA S A PR R 42 111z
T A 3T 10s, fIliF MCL-TP . DPC-NADPIN Hl IFPA
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(1) stabilizes ORC3;

Origin recognition complex subunit 2

(3) Stabilizes LRWD1;

(2) Binds histone H3 and H4 trimethylation marks H3K9me3, H3K20me3 and H4K27me3;

(4) Acts as component of the MCM2-7 complex.

DNA replication licensing factor MCM2

apoptosis.

(1) Acts as component of the MCM2-7 complex;

(2) Plays a role in terminally differentiated hair cells development of the cochlea and induces cells

CDC6 protein

tiated.

(1) Involved in the initiation of DNA replication ;

(2) participates in checkpoint controls that ensure DNA replication is completed before mitosis is ini-

Replication protein A3, 14kDa homo-log
RPA14

(1) Acts as component of the MCM2-7 complex;

(2) it plays an essential role both in DNA replication and the cellular response to DNA damage.

DNA replication licensing factor MCM5

(1) Acts as component of the MCM2-7 complex;
(2) Interacts with MCMBP.

DNA replication licensing factor MCM7

(1) Acts as component of the MCM2-7 complex;
(2) Once loaded onto DNA, double hexamers can slide on dsDNA in the absence of ATPase activity.

DBF4-related protein

(1) Regulatory subunit for CDC7;

(2) involved in regulating the initiation of DNA replication during cell cycle.

®4 BANEENBITEEILLE (B :s)

AR DIP £ fi 4k MIPS ¥4
TC-PINS 8.5 7.75
MCL-TP 9.7 9.33

DPC-NADPIN 11.2 10.28

TFPA 12.8 10. 93

PCMA 9.1 8.2

Bk, M R T TC-PINS Bk B8 fT i) . i S ol
PCMA BVE 15 % F DBSCAN 35 s A7 B2 I, 1 hn 1
BEWAA T JE A B AR 3 2 1N — i A s ] R
Ak AR E A R E AW 8 T B, PCMA 32 AT
BEXF AR IR A AR B L T AT B A R i
o BN LR B AT AR G I . SR
MEREST B A R AT ERIEE AR E &
Y2 S B R A R AR T A SR R A R e A
A DAREAZ 10 . R RS, AR SCHE HH 1) PCMA B398 34 2 L
A AEE BT RCR, 52 4T LR 3 R HUASE B8 1 I )
s

6 Z5RIE

T 30 25 25 5T 0 2% v e o A EL s 0B 2 4 R
R E &9 HATEY R B A R iz — .
SO e Y — i R T gl A TR A B 2 R 5 25 A
IR ARJE e LR R A R A& WA IF
Wt KR SAE S YA R N £ R R e BT
TR T EREN T ERIZEEARESY .

B o 16 2 A A W B A BRI T AR SRR B A B
P AETT — 28 TAR R FRATTR X R A H R A D) e
Ty WU BT FE , 25 1 3] 151 4 BB S A b B 151 K4l 1
B0 B, AU Y — ol 3 T P A AR B 1 R e T
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