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Table 1 The predicted function for unknown function annotated from MIPS
N P S M U 0 Predicted function Unknown proteins
1 220 44 23 1 20 RNA binding
R YFRO12W
309 44 28 1 15 rRNA processing
2 139 139 3 1 Nlodification by ubiquitination, YIL149W,YLR352W,YOLO087C
eubiquitination
3 13.5 44 17 1 26 RNA binding
.. YMR125C
70.0 44 43 1 0 Splicing
4 133 34 11 3 20 Protein processing (proteolytic) YMRI55W,YDR126W,YFLOO6W
13.0 49 12 8 29 Structural protein
Protein targeting, sorting and
13349 20 8 21 translocation YLLO49W,YKLO61W,YLR0O31W,YBLO31W,
15149 11 8 30 Nuclear membrane YPLO56C,YFLO68W,YBR 144C,YJR134C
19.6 49 18 8 23 RNA transport
23.8 49 20 8 21 Nuclear transport
6 148 28 11 3 14 Small GTPase mediated signal YBLOS3W,YFR044C,YIL163C
transduction
Budding, cell polarity and YBLO53W,YFR044C,YIL163C,YDL129W,
4 l6.5 40 22 > 13 filament formation YORO81C
8 148 18 11 1 6 Actin cytoskeleton YFR024C
. . YPLO95C,YJLI51C,YMR253C,YLR064W,
9 151 27 10 5 12 Vesicle fusion YHR105W
10 142 21 9 1 11 Extension/ Polymerization activity YLR416C
/1 204 4 22 4 17  DNAconformation modification YER092W,YOR141C,YMRO75W,YDR070C
(e.g. chromatin)
2 162 23 15 1 7 DNA conformation modification
(e.g. chromatin)
17.6 23 11 1 11 Transcription initiation
18.7 23 10 1 12 G1 phase of mitotic cell cycle YOR225W
213 23 15 1 7 Organization of chromosome structure
2.6 23 16 1 6 I(;/Iodiﬁcati_on by acetylation,
eacetylation
13 292 45 26 1 18 General transcription activities
L YOR225W
417 45 41 1 3 Transcriptional control
14 140 28 9 4 15 MAPKKK cascade YARO061W,YGR115C,YPRO76W,YDR239C
15 202 47 16 14 17 rRNA synthesis YARO064W,YBRO89IW,YJR162C,YBRI157C,
. YDLI183C,YDR0O67C,YDR199W,YDR286C,
232 4716 14 17 (RNAsynthesis YDR340W,YER108C,YDROS6C,YOLO003C,
244 47 24 14 9 DNA binding YERI181C,YJL182C
16 13.7 40 8 4 28 Transcription termination
. YDL218W,YHR100C,YOR227W,YPL0O09C
248 40 14 4 22 3'-end Processing
17 141 30 9 3 13 ori Recognition and priming YDR344C,YKL047W,YBR047W,YLR331C,
) complex formation YLR269C,YCR022C,YCRO50C,YFRO57W
18 264 43 24 6 13 Mitochondrion YOR205C,YGR150C,YCR072C,YHRO59W,
240 43 24 6 13 Ribosomal proteins YOR333C,YOR331C
19 13.1 10 6 1 3 Peroxisomal transport YDL139C
20 144 13 7 3 3 Regulation of glycolysis and YBLO49W,YMR157C,YNL300W
gluconeogenesis
21 344 36 28 1 7 Ribosomal proteins
. . YGRO033C
395 36 29 1 6 Mitochondrion
22 13119 1 5 3 Proteasomal degradation
’ (ubiquitin/proteasomal pathway) YDR482C,YEL075C,YGL046W,YGL069C,
138 19 10 5 4 g/Iodi_ﬁcgt.ion by ubiquitination, YNL176C
eubiquitination
. YDR482C,YEL075C,YGL046W,YGL069C,
23 18 25 177 Mitosis YNLI76C.YLR253W,YBRO63C
24 155 21 11 2 8 ER to Golgi transport YALO034C,YJR116W
25 131 7 6 1 0 ori Recognition and priming YBLO71C

complex formation

N: The No. of the modules; P : P Value of the module for the function. (-IgP ); S: The size of module; M: Proteins with main function; U:

Unknown proteins; O: Other proteins.
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Fig. 3 Robustness test of the MCM method
To investigate the extent to which false positives affected the clustering
tree, we randomly remove, add and rewire 10% ~100% of the
interactions without changing the degree distribution in the PPI network.
Each perturbation is repeated 10 times. @—@® : removed;, A—A :
added; l—M: rewired.
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Predicting Protein Function Based on
Modularized Protein Interaction Network®

LU Hong-Chao'*®, SHI Qiu-Yan?, SHI Bao-Chen'¥, ZHANG Zhi-Hua'?¥,
ZHAO Yi?, TANG Su-Qin®, XIONG Lei®, WANG Qiang””, CHEN Run-Sheng"?™
(Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China;

Mustitute of Computing Technology, The Chinese Academy of Sciences, Beijing 100080, China;

ICollege of Physics and Information Engineering, Guangxi Normal University, Guilin 541004, China;
YGraduate University of The Chinese Academy of Sciences, Beijing 100049, China)

Abstract In the post-genomics era in which gene sequences have been decoded, large-scale protein-protein
interaction data are generated with the rapid development of system biology experiments. It is important in
functional genomics to search for function modules and predict protein functions from the data. A new method
called modularized clustering method (MCM), which are based on the direct and second-order interactions of
modules, is applied to the latest high-throughput protein-protein network of yeast to predict the function of
unknown proteins in the modules. P value of hypergeometric cumulative distribution of modules and the
disturbance analysis on the data, including adding, removing and rewiring interactions, are employed to evaluate
the prediction quality and robustness of the method. The results show that MCM has high prediction precise rate
and coverage, and it is robust to high false-positive data and missing data. The predicted results of unknown
proteins with high prediction precise rate can be instructive in biological analysis and the algorithm can be
generalized to other networks with the similar structures.
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