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Abstract Proteins are the essential molecules to accomplish important biological activities. It will greatly promote the
advance of life science research and application to accurately grasp their functions. A tremendous amount of protein se-
quences has been generated with the development of high-throughput techniques. Thus, prediction of large-scale protein
functions with computation technology has become one of the key tasks in bioinformatics today. Currently, the predic-
tion method based on protein-protein interaction network, which is a research hotspot of protein function prediction, still
has shortcomings at such aspects as reducing the impact of data noise,making full use of network topology characteris-
tics,integrating multi-source data,and so on. In this paper, the Bi-Weighted Vote (BIWV) algorithm was proposed to
predict protein functions,which combines the global topological similarity produced by Random Walk with Resistance
(RWS) and the semantic similarity between terms. In addition, the Bi-Weighted Vote algorithm with pathway (BiWV-
P) was presented by integrating the information of biological pathway. By using the data sets of saccharomyces cerevi-
siae and homo sapiens,experiments were performed to compare TMC, UBIRW,ProHG,BiWV and BiWV-P. The experi-
mental results indicate that BIWV algorithm and BiWV-P algorithm can predict protein functions effectively,and achieve
higher micro-accuracy and micro-F1 than other algorithms in many data sets.

Keywords Protein-protein interaction network, Function prediction. Random walk,Semantic similarity. Biological pathway
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Fig.1 Example of constructing a direct weighted network
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s 12 0 S TR R AN 26 ARG A W38 B GO B T IR
EREARE R HIE XK R, LR, w48 DIP 088 1% T 2
PPI M 45 (2017 4 & 7T {5 R A<) s Fi UniProtKB/Swiss-Prot'**!
95 %t HoP AR R IEAT 1D B SRR BRI 4 b A A AR
M EEMEAER R kR &E AR &5 M A R G

biomaRt"*™ 3k 5>/ M i 1Y UniProtKB/Swiss-Prot 4w 5 , 3%
Bxt R B GO RiBE w5 .

S VA i BE T 5 vk 0 A RO L R N I AR R BE AT 15
AR 1) B BR AR BT B IEA (Inferred from Electronic An-
notation) , NR(Not Recorded) , ND(No biological Data Availa-
ble) il IC (Inferred by Curator) [ 3l B8 i B, IR IE 2 RE 1 #¢
AT A 2 BIBRER AT 5 AEABRE GO Aif . LU
FB B GO AR T HAR 3 25 GO B 3 A T Ak
MF,BP il CC | iR E 1T B PPT I 2% , 3 DA 100 25 oy I I3 oA B
TERE 018 2R P JB . DA T 0 TR 9P e B RN 26 43 S A i 3 AR ]
i PPT M 4% , AR SCFR i MF, BP 1 CC I’ 2% 5 4) Bt PP1 ¥ 2%
B AR R 3 3 1 TR S B A R B A 5
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Table 1 Data sets of saccharomyces cerevisiae and homo sapiens
GO O B A%
VI El w vl IE| w

MF 749 1140 108 2229 3919 402
BP 1297 2798 368 2190 3853 1325
CC 1277 2738 167 2253 3944 344

sz e L ] R 42 KEGGRESET™ 2 4it 19 KEGG % 4
PERE VR #8116 - TR P B A= 58 R 321 A N8R i i
B L 43 AN 33k 26 A 458 I A I, A5 B0 AT X G A ol A 2
FEE G (Ve E, it 5 PPI M4 G 4,5 24 1[4 B
PPI W45 G (V! E* W), A M 1 B H I3 2 frdil,

2 PRINEERE S ANEEUEE DA WL EY RIRH

Table 2 Number of directed edges E¢ of saccharomyces cerevisiae

and homo sapiens data sets

GO R B A A%

MF 3053 14652
BP 6169 14485
cC 6025 14764

3.2 iRFMriEHR

B AR RE BN A LLE B — A 245 % oy 2K R L A
BB REAS AT RE bR 2 . A SCR A2 T 28 51 9 EAN 4
i BV IE B0 B F1OR0 3% HE 5 14 DF A 48 b HE P 15 0% ok 25
B VAL Z AR S I g R,

VR I T REAS A B S F6 4b h —H IR BE Yo, BD AT
sio (=1,2, ) P EBF IR I m i K AARIBEREA
v BTIEE. A3 K A E ORI E. 4t Y.
ARG v (G=1,2,,w) B EIE B (True Positive, TP) ,{&
IEf (False Positive, FP) , EL I ffi] (True Negative, TN) (& JZ
5l (False Negative, FN),435id TP, ,FP;, TN, ,FN, , 13 %] w
SIS TP . FP. TN FN, 5 BOE# % 53 F1.
TP+TN

HIER R = e ——— (12)
! o TP+TN+FP+FN
B MR X B A
B = e s o (13)

o, i ME R (Micro-precision) Fl i & 42 (Micro-recall) )
XA (14) — K A6) fiiR
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JEF fTEF.(f  f)EF, XF, B h(v,, ) FEFEHR
v, FERREE £ LTI REAS .

3.3 MEBEEM

K 10 47 28 S8 Uk R WX B 2 BIWV & BiWV-P 1 1
M A SO TMC, UBIRW, ProHG 3 F3iE 4F £ H 1 B L
Ui 7 TN B v FOAS SC4R B9 BIWV & BIWV-P #E4T LA, A
LEEMSEE ST a=5,8=8,7y=5.e=0. 1; X lLE £
IS E SISO AR . % 3— 3 5 2RI T3 5 Fh T
5T 3ok 7 TR Y R R B ) S IR 4 R ML R R TR B s 4R
R AR PR HE AR .

3 R J7 kI OE B R LR

(16)
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Table 3 Micro-accuracy comparison of different methods
X B9 B A%
VRS - -
MF BP cC MF BP CcC
T™MC 0.9752  0.9887 0.9841 0.9847 0.9897 0.9805
UBiRW 0.9759  0.9891 0.9854 0.9616 0.9786 0.9740
ProHG 0.9769 0.9889 0.9839 0.9865 0.9903 0.9827
Biwv 0.9758 0.9890 0.9855 0.9868 0.9902 0.9832
BiWV-P  0.9764 0.9893 0.9859 0.9872 0.9905 0.9836

e 3 T UE B F A8 AR 0k Ik HEAT L, ISR T B T
PIE B BIWV 5 ProHG F1 UBIRW 4 f# 7R R 1T,
T+ TMC. BiWV-P 7E K 28U s 2 1 10 0 e 0 % 5 +
H A vk L T 7E R B2 £F MF M4 AR T ProHG.

F4 RRIFEIGHFL R

Table 4 Micro-F1 comparison of different methods
b B 7 B R NS
MF BP cC MF BP cC

TMC 0.2473 0.3210 0.3756 0.2543 0.1686 0.1356
UBIRW 0.2669 0.3440 0.4303 0.2553 0.2327 0.4031
ProHG 0.2997 0.3344 0.3679 0.3426 0.2168 0.4125
Biwv 0.2713 0.3384 0.4311 0.3591 0.2064 0.4272
BiWV-P  0.2848 0.3548 0.4487 0.3767 0.2328 0.4427

FABE T HE WM FL, TUEH, B BWV A
BiWV-P 7£ K Z 85 ¥s 48 LA F1 & HoAth Jr % . ProHG
TSR AE TR 2 RF ME 2% | ELA 34,

F 5 AR HE R Bk

Table 5 Ranking loss comparison of different methods

- B B A%
MF BP cC MF BP cC
T™C 0.1487 0.1091 0.0544 0.0906 0.1371 0.0550
UBIRW  0.1802 0.1324 0.0715 0.1803 0.1309 0.0704
ProHG 0.1292 0.0997 0.0528 0.0821 0.1283 0.0504
BiWV 0.1540 0.1202 0.0600 0.0998 0.1678 0.0660
BiWV-P  0.1514 0.1139 0.0550 0.0909 0.1469 0.0587

& 5 hXR R ik B HE R BR EAT T RO, M3 b B diE
A LAE H B BIWV M BIWV-P 78k £ 8080 4 L he kg
B UBIRW BE /N HE 7 502, (FAH X F AL B A
g,

F b R S G &% BT, TMC 4% 19 30T 7 28 5 30 FL 4%
PR3 45 F AR SCHE T (0 HE T B 26 AR F AR SCHE L UBIRW 53k
B SE R R MM F1 5 BIWV S M. H 4 F BIWV-P &
2, B HHEF R ¥ 4 T A SCE B ProHG 37k B 76 TR 5%
MEF [ 46 1 A5 T B0 AR 3030k B g 1) SR i R AN B F1 22
Ab 7 HABBOE A L RO SRR F1 345 T AR U s
Sh . ProHG 8 v6 76 It A 088 45 1 09 HE P 40 28 35 0 T H A
k.

M (1) — R ) A OE# R L E Rk T TPAITN
WMOFLEEERRT TP, T Y, fl Y. 38 % kR B M
CHPIE 9 8 /0 S 40 726 10 5 e B 22 5 %0 TP A S i K T
YN FEW . T2 RE % 22 (R IE B 48 22) 1Y 2R 1 % TP Y 3%
MR A, PG BE B R R F1 85 Rtk S Ik F R R £
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