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(Detecting Overlapping Protein Complexes Employing Protein
Interaction Network and Gene Expression Data)
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Abstract Detecting protein complexes is essential work for understanding biological functions and
processes. Most protein complexes detecting methods are based on clustering the protein interaction
network. However, one of the difficulties in these methods originates from the fact that protein
interactions suffer from high false positive rate. We propose a protein complex detecting algorithm
which employs gene expression data, as well as protein interaction network. The proposed algorithm
allows overlapping of the protein complexes based on the fact that some proteins can be involved in
several complexes at the same time. As a result, we could confirm that our algorithm is more accurate
than existing algorithms.

Key words : data mining, network clustering, protein complex, protein interaction network
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= AoH, olZs WA AEA8(protein-protein
interaction, ©]3} PPI)e]gtx Fc}. o]zj3h A z8-S
e F Jde dEHYd 2P PHOE yeast two-
hybrid system[2]¥} Mass Spectrometry[3]& &
Atk FHT ol WY £l

o wros ¥R el Y3
PP HolgE 9 + gglom, ddzozs e
PIN®| 5o 7bssh Ak

g BEAE A2 JEAEsE aNas 99
o7] wigel, el BIAE tpEel A WEAD

WelH M2 ke Aslel g vl Agel A,

th. &, PINoA @l B3 & 37] Yaixe HES
oA o]gd EAL 7IF FE HEHAE Fohe
LuEE o8 & don, oIt &
AHoz EYZ 928y dugdFelg

HES A S8y dusL o] &
2 ul 9ltk. MCODE[M]E dZ20] Bo] Ho
Aell 7FExE Fosta, MRt 5 AR 29F
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=
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(CPM)[111]l 719k Fo] 8BS &8ss 9l &
FAE 2 FueiZoltt CPME uld Baas A
2 7l (k=D AFS T k-cliqued g

o2 A3t CFinderd Z3be k ol 91723, k
7} 245 AL A9 we 3 UEE JAe 2R
HYEYIES e Ao Atk (1215 WA YEYJHY
e el ARom M@, 4 TR 2
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YEY IS WA HEE YENIY M AH
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slexe) oRe d¥Fos ZFHyx ke AU B
th. & PINS E& /&S H1314]. <3 2
FEE A8 HEw] A4S uhy] YEjA], B =R
£ 32 mRNA wlo]a2ojgo] A Ho|EE F7}
oz AMESt) o] HlolHe oy 24 stolA A
Ade] mRNA ZdEzS Yehlle 23 dolgeolth

a9 1-De e 22(e~c) A 578 FRAR e~
2)¢) mRNA dghe BT of AN &
A g WA AR, B ERANE oluR ¥
Azl AT wAR WEGw ReT),

= 22 7T #o

AR5 =A] : "oJepw|o] 2~ A 39 H Al 3 2(2012.6)

BAE Golry] YA &3] AMEE= WS Pearson
Correlation Coefficient(PCC)¢} 22 g3 Aot

F oAk 2 g WEE PCCrE 19 TPESRE
FoRAAE 2 Fo ARBAE 7HAE, PCCIE -1
ol 7SS F fRAE 2 S ARwAE R
o g

PCC 59 ZFWAFE Fole FHAMe e =X
stol Ao fraa ddghe aedh AT dAZ F
FAA Ze G Axdel 54 23 sfelAnt
Ze 7l Bse B9t gnh wEbd RE 23
stoll Ao} LAk JuAFE AR FHRBAS T
A 2 5 ok B AFME o9 22 9
257 SslA, ARE daaA EA TS e
th ol SN WA, a9 1-D3 22 A 2E

gloleell A ZF f-3x EdEZk WEE k-means clustering
< o] &dlA FHEYS o] W, k& 302 FoF
A, MBS gl ek 3] aFeE UE F Y

Z_ =

2 QAE olFE T A9 o, Vg gol 2 gl £% BARS 12, 0 %
gl Qe gAY el ok add, oleld A%, o &8 BARE 092, A1 we Igd &3
T @ AS WHA(translation)dHE F F3AF2] mRNA #Hs 12 Wdvlbssith 29 1-2)5 2 A9E By
dEA 3 =2 AABAE 7 IS5l o] g *tt.
£ 1 vESHZ 84 daugE Vs
715 A
exp(gi, ¢) 27 ¢ sPllA FHA g o T Zk(expression)
PC deole] A B3bA (protein complex)S o] F= @Al gt
R olu] zolxl pC o] AY, 27132 @
PCour A st Qe dd EIAE o|FE el g
Nexteyr PC.r 9 7 il AD 71X 02 A A49 dulzde] 3}
CC thre clustering coefficient(CO)3te] #Ha 384 F21& (A2 43
SCS._thre ISCSIZE] #HA 38 FA& AR JEHID)
1 ) condition
Co (9] (o] [e£3 Cy Cs Co cr
gene
YALOO3W (go) 0.9168 -0.1817 | -1.2823 | -0.9802 | -2.4850 1.4109 1.5783 -0.3303
YALOI2W (g;) 1.2462 -1.0148 | -2.2439 | -1.9135 | -1.4585 1.5536 -1.2155 | -0.4439
YALO14C (g2) 1.0714 -0.2817 | -1.4024 0.1978 -0.9318 1.7301 -0.2687 1.5962
YALOI5C (g3) -0.2791 | -0.9459 1.1808 0.4089 1.1626 0.9933 0.1190 -2.0700
YALOI6W (gy) 2.1972 0.0445 1.2325 -1.5092 1.8840 -2.3301 0.6301 -0.5301
@ K-means clustering (k=3)
2) condition
co (9] 2 c3 cy Cs [ cr
gene
YALOO3W (go) 1 0 -1 -1 -1 1 1 0
YALOI2W (g;) 1 -1 -1 -1 -1 1 -1 0
YALO14C (g2) 1 0 -1 0 -1 1 0 1
YALO15C (g3) 0 -1 1 0 1 1 0 -1
YALOIOW (gs) 1 0 1 -1 1 -1 0 0

I8 11D 5709 #F3Ak9] 870e] =7 ShellAl mRNA 2@adzh 2) 24 f3x @dgk WEE k-means clustering
(k=3) oz FY2HHY3 A7
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(exp(g;» ¢)=1and exp(g;, ¢) =—1)

(exp(g;» ¢)=1and exp(g;, ¢)=—1)}
F AR o 2 ogiol wEiA 219 JF SCST

(Similar Condition Set for Two genes)< T2 2

(3)3 o] AXtdT
SCsT({g, 9,)) = {if\P(g,;7gj)\2 IMg;, g;)1, Py, g;)

else Ng;, g_,-)

A5 B0, 18 1-2)9 FHA g &L g2 SCST
({go, gH)® 7% P = A{c, ez 3 c1, 530l N = {cs)
olm=z, A (3ol A AIE {e ¢z 3 ¢ cs}olth
2l (3)& F3lA PINe =& 7144 dlsiA, 1Hds +
Aste 7 dAFAEAD Atold] SCSTE 8 F 3
ok ojuf, defo] A e = (g, g =Fole ISCST
(go, gDIZ BT F Utk

2.3 HES|T| E4

2286l M} o] PIN9| BE 7o
o] d8H F EE HES 2FE
Al SRR MES]T g8 ARFeRE gty F, v
EQzo gae Hy UEYZY Mol FurE o]F
oz &, ARl He A (g, g)7F FARES o,
g 2 g7t R & 3k o4

(2)

(3

AFHo] He A (g, g)ol didt UES A g
AlZ Aell, PCuwrs g B g 27131813, Nextors
g 2 gst AR AZ" dAER x7]F3 o]EA)
Z271848 PCar 2 Nexte,dl tld|A UESZS &)
2 05y F 7MA gAE FgEoh

A 1. Nexte,d 2 @92 pE PC.uol F7181A
PCy'E TETE oW, & Dol dsiM COPC.')E
T3}

N 2Xe
CC(PCZ”“" )= nx(n—1)

,where e= PC,, "9 73] &= n=PC,,, "9 B

A @ PR YEYAY A9 55 HE HES

27k b 4 gl e Ao £ e goA, ¥

T o] 8T T A& Id EFA g U 205
R yEYae) e WEr} ¥24E AAE AL
ol o)

T, PCor® 9] ©H1A g9} Frletee ©ild
pel Fagte]l Al 1o]AY -191 =4 J&F P= ¢
= 2 (5)¢F o] Aok
P(g;,p) = {cl (exp(g;, c)=1and exp(p, c) = 1)
or (exp(g;, ¢)=—1 and exp(p, c) =—1)}
PCor® 999 ©@WA g9} FrleteE d@d pe
BEgko] Sy 103 g s -1 24 JAF N
= 2 (6)F Zo] Fojdrh
N(g;, p) = {cl (exp(g;, ¢)=1and exp(p, c) =—1)
or (exp(g; ¢)=1and exp(p, c)=—1)}
o] W, PCor' &= Al 7] oo dildz o]0zl 3
golH, PCu'® SCSM (Similar Condition Set for
Multiple genes) B2 2 (7)o 2J3lA T}
if|P'|= [N'|, P’
else N’

(5)
(6)

SCSM(PC,,") = {

cur

(7)

SCSM(PC. ) NP,if|lPC |>2

SCST(PC,,) NP iflPC,

SCSM(PC., ) NN, if|PC. | >2

SCSJTPC::,.’ )NN, ifIPCZZ:\ =2

& EolM, 28 1-2)9 F3x g0 B g9 SCST
(go, @) 2 3l JalA {cy, ¢ c3 ¢ cstolTth {g,
gyl g5 F7VNA PCui' = (g0, g1, 2237V B AS, P’
={co, ¢ ¢4, 5)°]2L N' = @O|BZ SCSM(PCut') =
{co, 2, ¢4, cstolth VIRMAZ, {go, g1, g2t g5& 7}
A PCos’ = {go, g1, g2, g3}°1 B % SCSM(PCe')
TS A (NeZ ALt 753, Ade {c, clolth

CC(PCa' )} SCSM(PCey')E TYTHH, [SCS| ¥
CCol FA&S 47t 2 (8) 2 2] (92 Yepd F 3
om PCool 3718 po 2239 score(p)e 2 (10)7
o] Aojgtt.

|SCS 9] FrA £ =
{lSCYS’M(PC N/NSCSM(PC,

, where P'= {

,andN':{

cur mu‘)‘ lf‘PCc"ml> 2 (8)
\scsm(pe,,")l/1IscsT(pe,, )l iflPC,,|= 2

coo i A&=cAra,,’) caAra,,) 9)
score(p) = 15CS| & F A& x CC H A& (10)
DA 2. Nextarol DA F ISCSIS fFAE0] SCS_
threXth 2 dildo|l} CCY FAE&0] CC_threX
o 22 G AL Nexto, oA AHAETh 123 2HA) =
e gl Z 2 (1009 93 score7t HUl &
42 PCuorll F7tE™, o] ©@ldz 7hdoz AH
A" @A Eo] Nexte, o F719Ach =3 score’t
el el do] F71E PCL, ol teid 4 (DE o)g8)A
COPC)E AXtela, 2 ()& o83llA SCSM(PCuu)
< At

&)

>

2o

pd

o 12
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de) F AR AR F, ANE PCu 2D Nexto,ol  E@9e e 38 4+ o %, R 7 wu
deld B 19 27h v YEdas] gae ga  BEAE AR el 2 H89th wd, JEQa
@ o] 6 o EANA B WA, F Newto, B4 AR POl FAHE DL Neator
Zh A HE A% A wEEc o8 Bolzl PC, WA F A9 score® 7HAE A, olZle F7)
& Rol #7keh. HE o] SCSME ol HASRA, A0 Ri

dEAZY B4 BN, BAZA e wude  MEQIE N2 e e AZES ot AL
AR PCo,dl Theol F7h8 o) (ae omjst  omath o4 4RE WENZL 9 FuFe 1y
£ Nextoy® olnl 9% B B39 4% Rl 29 2 FE ZER B 4 vk

as

e

%t CC_thre, SCS._thre

Procedure FindProteinComplexes(£) /] ADO{RE 2tHo XS E
E£E AIO00 CHoll LHEXI=22 BE;
R« @;
Examined_proteins < &
for each e = (g; g) in £
if(gr @ Examined_proteins and g; 2 Examined_proteins)

PCour — {85 g} /1 =215
Nexte, < {2 g2 2622 AFY AZE SUEo T}

PCeur.CC < COPCeur); /] =1, A (4)
PCeur.SCS < SCSTUPCeur) ; /1A (3)

PC.ur < traverseNetwork(PCeur, Nexteu);
Examined_proteins < Examined proteins U PCeurs
A0l PCwS FOHE:
end
end
return A

Procedure traverseNetwork(PCeur, Nexteur)
i f(Nexter is empty)
return;
else
best_score <— 0;
for each protein p in Nextcu

PCouw' < PCow U p: /] S A
PCeu' .CC — CAPCout'); /] A (4)
PCeu' .SCS < SCSKPCu'); /] & (7)
8CS_ratio < |PCeu'.SCSI /| PCeur. SCS |
CC.ratio « CCeu'.SCS | CCour. SCS
p.score < SCS_ratio X CC_ratio;
i1(SCS_ratio < SCS_thre and CC_ratio < CC_thre) /] SH 2
remove p from Next.r
else
if(best_score < p.score)
best_score < p.score;
best_p < p;
end
end
end
PCour < PCeuwr U best_p;
Nextew < Nexte, U {best_p2t 2HHO2 MNE HAE CHMIIol FEHY
PCeur.CC — CUAPCeur): /] & (4)
PCrur.SCS < SCSMPCeur) /] & (T7)

traverseNextork(PCeur, Nextew):
end

a9 2 EYa g ¢ugs
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B Agode= 4A PIN 2 #3424y dolge
ol-g3lA wld EAE @Ay, gy gud &
A JEs ol 8six 2 7b—-
Al 71EE WYY $AAS BYE

3.1 Al A

B AgA AMshs PIN dlolg 2 $34 mRNA
4y dolEle AESH AFol Hlad FHEA ]
F0JZ Saccharomyces cerevisiae(yeast)ol] t3t ©] o]
Elo|t}. PIN Hlo|H+= 2714 F/EMA, DIP[16]¢} Bio-
GRID[17] ©le]gHlo]l2~2RE F33ct DIP ©o]EAl
S HZol ¢4EHE HolEE, 1 AT} HluE w&
Al Do) Z=ofl HI|A PPIS 7F AUiFoE F
o F, UEYZY 7Hd dmrt duidez Ao v
BioGRID ®H|o]E}4l& DIP ®H|o]EjAlel] s HES Z9
2 A=r) 108 hEF =3, 58 dlolEyt Bel 2
gtxlo] 9l7] wiiol, DIP dHlolgAle] Hls] =& AAl

T L F S (false-positive rate)S AT <+ Aok F

i

0

25 F3F MEYA HolHY WA A5 HolFn
Sli=3
¥ 2 PIN o84l Hx
dlolE o] (7)) gmAel A | PPIo AS
DIP (20071007) 4,823 16,914
BioGRID (3.1.69) 5,920 162,378

T3, §42 mRNA 23z dolHE [1812%H 4
At} o] dHloEE 2994719 FHAFe] mRNA 3 zk
< 173709 =7A¢ disiA SAHI riRe g YE
Az 2 duEe Ay AHE AFE] A A
43 28R duld BaA(FHA2) dolEAl 3 2
ZHFEM, MIPS[19] = CYC2008[20] tl| o] el o]0l A

FRE 4 AT ® 3 HFHHA2 dHolgAlY FRE
HoFEoh
¥ 3 @A dojEAle] AR
g 23 whage] | chily EghA|e
dlo] e mo] 2 - 2 <) )\-4 - ‘]jzﬂ/l
T N R ke I
MIPS 81 885 12.35
CYC2008 105 967 10.84

3.2 ¥&zo| =X 9 Hlu A

2 Me MEAI FY daeFY JIEE 5
Aata, dEFH VEYT g guegEQ MCODE[4]
MCLI[5], Ahn et al. [12]3}9] ¥lw AFS

ol #siA dA 71EF F JHe] PIN HolHAMT} F=

dz
ol
o
Ay

z
iy
dz
o
i_l‘l
ot
=
oZ
g
Do
S
3Q

o

M) FHA2 dolgAs =AM 4 dags T =
3 4Avie] v AFEES FYsih BHEs dolEA
o] ofd #lsds guld B3Av b daEES ol
|34 e EgdAel dAseEAY] oARe
affinity scoreZ ©|&3lA ZAsIAY. dHx gz
Ef{]—xﬂ,} E}-Hﬂ%] Xf}]——% A %1—_116‘]— E}Hﬂ?ﬂ E?{j—xﬂ_/] \a-
Wiz Reks pEtal & u), A9 B7He affinity scorel
aflA, B 2 (113} Zo] AXtdch od dHAL &
W Babxlo] tis| A, affinity scoreZ} 0.2 o4+ [21121
chilg E3A o Ao 4FYs AT o HHHs o
0d BAAE & Zoldlltka Aok

lANB
of {4, B)= T4 15T (n
GuEES o|&dA Fohd Tuld EitA S
C, @2 dolEAe] guid B3tkx JES Rolgt
st o), ¢3gE9 AT recall, precision, F1 score®
7Kg 4 qlem, 2] (12)9F 2ol A 4 vk 7

@3] A2)shd, recalle HAHHL HoHAS drh B
o] ZS=AE, precision 22 Ayt drpy g H
2 golgAlg dAF=AE YElH, Fl1 scorees A
AHA HAE Ane JY}EE on|di)

7|

Recall=
|R]

(12)

‘C;Iitl

e

2 X Recall X Precision
Recall + Precision

Precision=

Flscore=

,where G, =¢,€ C’\osz(ci7 rj) >02, Ir,ER

and R,;, =r,€ Rlaff(r;,
E 4= A5 AHE BoFa itk 4749 gaes
o wstde TEtEE wHre] 7N HHe AnE
E&she HA9 wetEE 7Y & =AY ¢
a

cj) > 0.2, HCjEC

Dze) A%, & 49 AH selHE CC thregkeh
sJplstel, veiA) AgA 1k SCS_three BE 4
B4 A9 H5e mlE g9l 0602 gk
® 4% BN B RN Aldsi dneFol

Kl
AHo 2 =L Fl scoreE Hole AL g 4 9l
7

H

t}. 53], PPI9 47} 22 BioGRID HoJEAl 2&
L e gugEdd HEA 953 & Fl scores
Holx lth BioGRID HIO|EAML Aiyez o7&
o] =& Ao dAFEEE BioGRID HolEAld] 3|
A B =R dugFel arFelghe AozREH 4
E FIHHoE AMES Ao
aFFo|ghs AMdS

o g

AR
AAHoE FHS A PP B =R &

k



208 JRAEE=F A Hlolepwo]l= A 39 A A 3 5(2012.6)
£ 4 8w AF A
H]S]IS A :}jg; dagE 22 g2 E %Sj}_:ﬁi - Recall Precision F1 score
Ours CC_thre = 0.65 188 0.6173 0.2660 0.3717
MIPS Ahn et al Partition_density = 0.27 299 0.7901 0.2140 0.3368
MCL Granularity = 2.00 253 0.5161 0.1304 0.2082
DIP MCODE Node_score = 0.10 39 0.1774 0.2820 0.2178
Ours CC_thre = 0.65 188 0.6250 0.3191 0.4225
Ahn et al Partition_density = 0.27 299 0.9479 0.3043 0.4608
CYC2008 .
MCL Granularity = 2.40 200 0.5063 0.2050 0.2918
MCODE Node_score = 0.10 39 0.2278 0.4871 0.3104
Ours CC_thre = 0.70 632 1.0000 0.1554 0.2690
MIPS Ahn et al. Partition_density = 0.20 2581 1.0000 0.0593 0.1119
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