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Abstract:

many practical applications. To date, multiple biological data sources are available such as gene expression data and gene ontology

Detecting functional modules from protein-protein interaction networks ( PPINs) is an active research area with

(GO) . These data explain the biological roles of proteins from different views and provide additional information to alleviate false
information in PPINs. This work focuses on extracting consistent information from diverse data sources. To address this problem, this
work proposes a collective non-negative matrix factorization (CoNMF) method which efficiently integrates views of gene ontology,
gene expression data and PPINs. In our method, the integration problem is reduced to optimimum approximations of multi-view data
by the productions of their common matrix factor with basis matrices. As a result, the common matrix factor provides an intuitive in-
terpretation of soft clustering . Extensive experiments show that CoNMF outperforms most of the baseline methods listed in the paper

and is an effective method to extract functional modules in PPINs.
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AR, figk ke 1SS R 1) B ) AL
®1 HEER
Clustering models | Precision Recall F-measure | Matched modules Average size Cover proteins | Overlapping proteins
MCODE 0.738 0.278 0.404 98 4.73 465 —
Cfinder 0.657 0.310 0.421 110 8.38 920 —
RRW 0.701 0.241 0.359 85 7.59 648 —
KerSpe 0.324 0.260 0.288 92 7.2 699 —
TAP INENS 0.409 0.297 0.344 105 8.16 849 —
CLENS 0.490 0.415 0.450 147 8.34 1226 —
WeiSum 0.651 0.567 0.608 201 5.97 1199 —
HBGF 0.603 0.511 0.554 181 9.14 1654 —
CoNMF 0.647 0.548 0.593 194 13.37 1947 524
MCODE 0.474 0.203 0.284 83 6.59 545 —
Cfinder 0.541 0.289 0.377 118 7.63 901 —
RRW 0.490 0.239 0.321 97 7.85 764 —
KerSpe 0.437 0.428 0.433 175 7.39 1292 —
Biogrid INENS 0.428 0.419 0.423 171 9.24 1580 —
CLENS 0.342 0.335 0.338 137 8.79 1202 —
WeiSum 0.570 0.559 0.564 228 6.44 1468 —
HBGF 0.588 0.576 0.582 235 11.68 2745 —
CoNMF 0.618 0.605 0.611 247 14.21 2803 603

Ph P-value i 55 UE 73 BT PR A BE 1Y) GO & 5B, P-
value {EBR/INIE I 72 D) REB BB AT B8 B AT 3% GO 2 H
BRI IIRE . — B SCHR P LA P-value < 0.05 M fE. K 2 A
BEHLIE A BT S 4], o AR 1 ~ 6 19 GO & B

DL 2, A DL BRAS SO S B 4 R Eh R AR SR AE GO
AR R AR A — By e 3R 1A B I,
CoNMF REfS % B HAT SR A= W) 27 18 SR 2 1 o D) RE A

Be.

F2 BOERE GOEBREEEN(TAP)
Module
(size) GO (Biological Process) GO-ID P-value Protein members
size
proteasomal ubiquitin-independent protein catabolic process 10499 2.43E-36
proteasomal protein catabolic process 10498 3.74E-22
proteasomal ubiquitin-dependent protein catabolic process 43161 3.74E-22 YKL168C ~ YFLOO7W  YMLO092C ~ YPR103W
01(16) modification-dependent protein catabolic process 19941 4.98E-18 YGLO11C  YJLOOIW  YOR362C  YOLO38W
ubiquitin-dependent protein catabolic process 6511 4.98E-18 YILOO9C-A  YFROS0C YMR314W YGRI35W
proteolysis involved in cellular protein catabolic process 51603 1.00E-17 YER094C YERO12W YBLO41W YGR253C
modification-dependent macromolecule catabolic process 43632 1.72E-17
protein catabolic process 30163 5.93E-17
mTtochondrTal reanslflllo'n 32543 2.53E-33 YDRO36C YBR25IW YDR347W YHLOOAW
mitochondrion organization 7005 6.18E-26 YNLIS6W YDROAIW YPLOI3C YJRII3C
YGRO84C YPL118W YMRI88C YNL306W
translation 6412 2.31E-13
02(26) . YDR337W  YBR146W  YKLIS5CYGL129C
organelle organization 6996 2.09E-12
YILO93C  YKLOO3C ~ YBLO9OW  YNRO37C
YJRIOIW YGR215W YHRO59W YDLO45W-A
YGR170W YGRI50C
nuclear mRNA splicing, via spliceosome 398 2.53E-33 YER029C YDIOS7C YCROISW YDR240C
RNA splicing, via transesterification reactions with bulged adeno- 77 6. 18526 YILO61C  YKLOI2W  YDR235W  YHRO86W
03(24) sine as nucleophile S YGR0O74W YPRI82W YFLO17W-A YBRI1I19W
. . . . YMRI125W YLR298C YPLI78W YERI65W
RNA splicing, via transesterification reactions 375 2.31E-13 YIRGBAW YMIDIGW YPROMW YLRZISW
RNA splicing 8380 2.01E-32 J
YLR147C YDR432W YFLOO3C YKI214C




12 M iK% BT 2 LR RS RS 1 B RERE A I Ty % 2343
Module
(size) GO (Biological Process) GO-ID P-value Protein members
double-strand break repair via break-induced replication 727 2.64E-12
double-strand break repair via homologous recombination 724 5.93E-11 YLR274W YMRIOZW  YGL201C - YDRIGIW
04(12) | pNA-dependent DNA replication 6261 8.59E-11 | YBR202W YLR433C  YGLOOIC  YBRI09C
recombinational repair 725 2.02E-10 YELO32ZW YOLI46W YPLIS3C YDR4SOW
DNA repair 6281 2.59E-15 YCR092C YMLO32C YDLIS6W  YPRO65W
05(16) DNA replication 6260 2.61E-15 YDR097C  YJLI73C  YAR007C  YHRI164C
response to DNA damage stimulus 6974 4.80E-15 YNL312W YBRI136W YDR499W YJR144W
anatomical structure homeostasis 60249 7.94E-15 YIR002C YMRI190C YLR234W YERIO4W
YDLISOW  YNI248C  YJRO63W  YKL144C
tRNA transcription from RNA polymerase III promoter 42797 8.32E-40 YORII6C YDROOSC YPRIIOC YOR207C
06(23) tRNA transcription 9304 8.32E-40 YOR340C YNROO3C YPRI9OC YOR341W
transcription from RNA polymerase III promoter 6383 2.79E-36 YPRIS7W  YOR224C YJIOI1C YNLII3W
transcription, DNA-dependent 6351 6.95E-29 YNLISIC YKRO25W YBR154C YOR210W
YDR045C YPRO32W YGLIS6W
6 éﬁi’é ology,2003,327(5) :919 - 923.
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