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The Information Flow Clustering Model and Algorithm Based on
the Artificial Bee Colony Mechanism of PPI Network

LEI Xiu-Juan Tian Jian-Fang
(College of Computer Science , Shaanxi Normal University, Xi'an 710062)

Abstract  The clustering algorithm of Protein-Protein Interaction (PPI) networks is an impor-
tant method to fully understand the organizations and functions of molecules and identify the
functional modules of protein. There are lots of traditional clustering algorithms which do not
perform well in clustering PPI networks. Recently functional flow simulation algorithm is a novel
clustering algorithm. However, it does not take the effect of distance into account and the mer-
ging threshold is set manually which is subjective. This paper proposes a novel information flow
clustering model and algorithm based on the mechanism of Artificial Bee Colony (ABC) optimiza-
tion. This method firstly sorts the network comprehensive feature value of nodes to initialize the
cluster centers during the procedure of data pre-processing. The nectar source of ABC algorithm
is corresponding to cluster center, the income level of nectar stands for the similarity between
modules. Afterwards all the adjacent nodes of employed bee node are sorted in the descending or-
der according to the network comprehensive feature value of nodes, which are regarded as the
searching neighborhood of scouts. In the end, the algorithm adopts precision, recall and other
criteria to evaluate the cluster effect in an objective way. In addition, some significant parameters
of the algorithm is simulated, compared and analyzed. The experiment results show that the new
algorithm not only overcomes the shortcomings of original algorithm, but also the harmonic mean
value of precision and recall gets greatly improved, which can effectively identify the functional

modules of protein.
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B foal()i=1,2, -+, M, 435 N7 BE BR B /N B K AT HE
JF o BT M/2 A 3& W BE BT X 0 B AR O SR B8 employ _
popsJa M/2 A~ RN BT X R Y B AR R BRBE % onlooker_
pops

4. diter=1, FEHIF B EARE

5. BRBE AL YRR MM R BRI AT R IE XS
onlooker_pop (i, DB AT MR flowamount Con-
looker_pop (i j)) > flow_thred , W ¥ 1% IR Fifi % Fir XTIy 1) 4%
uy= WA VA O SLs i

6. 103 AT 42 R I L (E gbest_foal;

7. T 0 4 R 4 I AR AU O A R
Pt A R 6 R 0% 98 2R IS SR T L A B Y, 2 R R e
1 RARNBHRET . Bas(i,j) =Bas(i.j)+1;

8. W Bas(i,j) =maxiter i+ 5 employ_popCi.j) JiXf
NS5 H B AMMLE Sim, 45 Sim_max™>merge_thred ,
G 2K H AR RER MR- KB
0] (9 45 R VR B B B R, Bas (4, 7) =03

9. iter=1iter+ 1, W H iter<<maxiter, & M 2 5, 7 N &
LR, A R I R

10, MBS gE S AE size_node (i) <size_thred s N K &
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degree_degree_flow

com-value_degree_flow

dw_dw_{low

com-value_dw_{flow

com-value_com-value_flow

basic_degree_flow

ABC_degree_flow

basic_dw_flow

ABC_dw_flow

basic_com-value_flow

ABC_com-value_flow

3G RIANBON 20, %K P L R EIBTT
10 RS {R. 1% 36 AT LU 45 5000 52 A0
FUBE 1 7 2R 26 L B9 B AR DI RE U SR 2R B0k 1 SR 2R3
SRARZE L B R O 4 a1 B RIS B R 2
FE S5 SRR L . & A R4 S S
FHAS K5 BE AU B 72 & D B A & B, T
45 3 ) 2% 255 R AL (ELIVE S e T 45 5 B A A

M S 2 I B VR FIOR SO T 4 R
T T 1B P ) 2 1 R S L 2 SR AR R L
L P45 5 H T 248 235 R A L1 A SR 26 TP B9 AR 2
REUR SRR T IE RRACR 12 B %5 F .

R3 BAYREREEREERLE

; e e e JUAT K BT

"% Eff%E A4R FH A /s
degree_degree_flow 0.0626 0.6501 0.1142 16.5 89.2
com-value_degree_flow 0.4524 0.5489 0.4960 16.0 52.6
dw_dw_{low 0.0688 0.5740 0.1229 15.6 87.2
com-value_dw_flow 0.5137 0.6174 0.5608 14.7 60.2
com-value_com-value_flow 0.4005 0.6706 0.5015 13.4 60.8

APy R REAE
10,a=0. 5,size_thred=2 ,maxiter="70 BF M T i&
17 10 WHYFAYME. 3 4 Xf AR T BE i SR 2R 55 8
FET M RE AL B A5 2 R 2 B0 0 i A B 2 R
JEE IS, S 0 2% 25 5 e AR (ELAE O T R 2 1 B IR
B UL AN T R ) 2 SR 2R B O T B SR e 4
T PR b n] LA R 45 00 BRI AR A
TE R 25 100 B D) RE UL ) 6 A Zh RE I SR S8 B 1 SR AL
SRARAS AR, 20 5 2R B30 7 1 R 1 I e SR R AOR
A G H R R BORAR AR 22 12 R iy 1 B2
FUMALEE & A7 19 45w A5 B He 80 L 2 1 SR 2R
LA B I A IR BE R NN BOE R A —
SE B L 0 SR A5 R B2 R AR . 4l R 1 2%
L3R5 FR AL RLAT O 0 2R 1 ST B T RE U B S A T g
Ui R R BOR LB L I HLBE A R Eny 3
RRMORFF LR 2 2tk . R A BN 100 B R
KPR I R 25 i M 28 25 5 R 45 S fF B L
BEE e REPORESHIFHEAN
NBCE 8 I R AT — /Y S, (R AR B
B AR R R AT A I e — B Lol
TRREER. Sy N S R AR R 2% £ 5 AL
(EAF o TE B 2R 1 BT 46 15 50 L A0 ik T RO AL 18 R
M fE B R BT E R BRI I B iz ik
i 745 R R R R i BR 4G AR R R R/ B U
AT, I ELAE S 40 3005 19 R o e P R A e AR L EE
BT TR OF R T RR B RRBOR. N T
JE IS 1) B T e e AL 18 R i M5 R R SR 2R 0 1k
REANECN 60 I RIEBCR F b o i %k T 4G 5 W 2%
ZR 5 PR (EL 9 8 VR A 1 O A £ I Y R T e
AR R 5 B R I A HO 100 I 2K
ROR S AH T 2R 2SR 38 L 6 R T R Y
WA, HAT g A6 L AR B B2 1) 3R S0 R il S
I 1Y SR A I i S OF — S SRS LT i A

merge_thred = 0. 3, limit =
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WeREAT — IR A R 2 A M EAT 42 R 1 R N A
QLIS DR G I i) 52 2% AR AR AR

R4 TRAMNBERENIENRBREROZN

G N,
3 ; % s U WA BT

B REmmE SR L G )
Basic_degree_flow 20 0.0626 0.6501 0.1142 16.5 89. 2
ABC_degree_flow 20 0.4888 0.7221 0.5830 15.3 261.4
Basic_dw_flow 20 0.0688 0.5740 0.1229 15.6 87.2
ABC_dw_f{low 20 0.7414 0.5956 0.6604 16.0 226.2
Basic_com-value_flow 20 0.4005 0.6706 0.5015 13.4 60. 8
ABC_com-value_flow 20 0.7295 0.7745 0.7513 11.7 268.5
Basic_degree_flow 40 0.1160 0.7340 0.2003 15.7 210. 2
ABC_degree_flow 40 0.4712 0.7625 0.5825 16.7 969.5
Basic_dw_flow 40 0.1012 0.7498 0.1783 15.3  208.7
ABC_dw_{flow 40 0.6784 0.7066 0.6922 16.0 984.2
Basic_com-value_flow 40 0.4275 0.7075 0.5330 14.7 156. 8
ABC_com-value_flow 40 0.6726 0.7703 0.7181 27.0 996.8
Basic_degree_flow 60 0.2069 0.9198 0.3378 35.7 330.3
ABC_degree_flow 60 0.4594 0.7600 0.5726 18.0 1018.9
Basic_dw_flow 60 0.1285 0.8091 0.2218 45.0 332.1
ABC_dw_flow 60 0.7481 0.7333 0.7406 16.0 1036.7
Basic_com-value_flow 60 0.5153 0.7686 0.6170 15.0 275.2
ABC_com-value_flow 60 0.7191 0.8028 0.7585 19.0 2011.0
Basic_degree_flow 80 0.1703 0.8748 0.2851 66.3 465.8
ABC_degree_flow 80 0.6814 0.7133 0.6970 24.0 1302.1
Basic_dw_{low 80 0.1802 0.8426 0.2969 61.7 471.5
ABC_dw_flow 80 0.6375 0.8390 0.7245 24.0 1359.9
Basic_com-value_flow 80 0.5494 0.8249 0.6595 16.3  409.7
ABC_com-value_flow 80 0.6951 0.8352 0.7588 31.5 11390. 8
Basic_degree_flow 100 0.1886 0.8627 0.3095 73.0 623.6
ABC_degree_{flow 100 0.5726 0.6560 0.6115 31.0 1642.3
Basic_dw_flow 100 0.1982 0.8613 0.3222 63.7 627.3
ABC_dw_flow 100 0.6981 0.6925 0.6953 35.7 1603.0
Basic_com-value_flow 100 0.5919 0.8057 0.6824 21.0 536.5
ABC_com-value_flow 100 0.7270 0.8387 0.7789 36.7 14073.3
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TR T 50 B A — E R b S T 45 e [ B 1Y
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3 Z R merge_thred &5 AR %A 2
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Background

A major goal of studying the Protein-Protein Interaction
(PPD networks is to identify and analyze the interactions of
biological molecules in the cellular environment so as to pro-
foundly understand the interactions among biological mole-
cules and the mechanism of performing functions.

Although there are a large number of clustering meth-
ods, partition based method, hierarchical approach, model
based method, density based method, graph theory based
method, spectral clustering method and so on. However,
owing to the small-world and scale-free properties of PPI net-
works, proteins (nodes) contain large amount of information
and their interactions are very complicated, these traditional
methods do not perform well in solving this problem. Func-
tion flow simulation algorithm is a novel clustering method
which is proposed internationally in recent years. This meth-
od is consistent with the actual effect of interactions among
proteins in terms of principle, meanwhile easy to understand
and implement. Whereas, this method has the essential to
manually predefine the merge threshold which is a little sub-
jective. In addition. this approach doesn’t take the effect of

distance among protein nodes into account. Therefore, the
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clustering results are not satisfactory.

With regard to the former problems, the artificial bee al-
gorithm was first introduced in the clustering problem of PPI
networks, and then a novel algorithm named after informa-
tion flow clustering model and algorithm based on Artificial
Bee Colony ( ABC) optimization searching was proposed in
this paper. We took full advantage of the network compre-
hensive feature value of node which contained abundant infor-
mation of node to initialize the cluster centers, the nectar
source of ABC algorithm was corresponding to the cluster
center of PPI networks. The income degree of nectar was re-
garded as the similarity between cluster modules. And then
this algorithm sorted all the adjacent nodes of employed bee
according to the descending order of network comprehensive
feature values of nodes. In the end. the ordered neighbor
nodes were considered to be the searching neighborhood of
scouts. The experiment result showed that this algorithm
could not only improve the clustering effect, but also effec-
tively identify the functional module of protein so as to fur-
ther predict the function of unknown protein.
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Significance: The research on the novel intelligent clus-
tering algorithm with regard to the complicated PPI networks
has a wide range of applications in various fields, such as ex-
ploring the potential information containing biological signifi-
cance, annotating the biological function of unknown pro-
teins, understanding the mechanism of biological activities,
providing theoretic basis for the target spot discovery and de-
sign of new drug. This algorithm can predict functions of un-
known protein, understand the molecular mechanism of the
specific biological function, and provide important theoretic
basis for exploring the mechanism of major diseases, disease
treatment, disease prevention and the design of new drugs.
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