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An efficient algorithm for finding motif in multiple sequences
using the ant colony optimization

Ai Mikami and Jianming Shi*
Muroran Institute of Technology
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Abstract

The motif finding problem is important to predict the protein functions. In this
study, we suggest an algorithm to find the motif with help of the ant colony opti-
mization. To investigate the efficiency of the algorithm, we compare its behavior
with the other existing algorithms used in this problem. The results show that the
proposed algorithm achieves better in accuracy of the solutions and is much faster in
computational time. We believe that the suggested algorithm is promising in motif

finding research.

* Email: shi@mmm.muroran-it.ac.jp (J. Shi)
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LS b > THEZRYD 5 DIXERI T2, 7
DW, HHRERRE TR 1T 2 5 LR
BERAOCLRTWS, RKFETIEAZE 2—U 2
TATATNIY ZAD 1 >TH5 Any Colony
Optimization(ACO) & WV CTEF— 7H#iH % 1T

ITNTY RBEREL, FOHEE LR =R
21To7-.

ACO ZBRRTT U NEEZHERTHL X, 7=
HEERERC L CEE CORERBEY R
DEVI A= X NTREHEBETAITY X AT
HL). TYVRETHROE 25 # AizipsR
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BEDORET P HTREMNEL RS, S+ 72
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2.1 Ant Colony System; ACS

ACS I Dorigo bIZ k> T, KB —A 2w
F9R8 (Traveling Salesperson Problem; TSP) %
HBELTRESNET ATY XATHS [2, 3],

TSP & i, AR OBEEER d THB L5 7% n
BOF T & —EF OB L TR T 3 KEE
BED 5 5 TRL BBIEE G VR % RS
TH5. ACS X7 = mE I L BREBIN. 8D

AR LR, 7 m TV OEH LS IR L
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SNCETH A REE B TRER, 2% VAT
3. 7xuE® R 2 BTEOBRRIIHIN S D
OTHA i, jAOT7 xuE T ;1) LEABR
. Fb a—) AT (7 AERITETHHEERE d
DL LTERINSD:

1
i = — 1
n J dU ( )

BHAEBESORBIRERNIT 2 OFEL, NT A4
g0 &, B g€ (0,1) LOEBTREENS. 1
SR T=rEEEa— Y AT 47 AMERITES
WCRESRHICR B 2 RIRT 2 HFETH Y, RAT
EFmIN5:

PPN 71 0)I U
P = 5
7272 L Ng HEBIEV B8 LB B AR BT O
EE BRE2— AT A7 ADBEELTRY D
NRIGA—ETHB. bH 1 o20FAE, ®KAD X
31z Pfj BERERD LD REH j ~BEIT5D
DTHB:

JE Nk (2)

arg max(ri (1))’ O

BEILRRIC 7 e 2R S5 ZOFH
FHROTYRRACRBICET LTELOERHE,
BEBOBEL ETF 5 Bl TThh, KD LS
CLTERESND (B—INT v TTF— 1)

mi;(t) = (1 — pL)7i; (@) + prAT0.  (4)

PL 7o ORERT pL € (0,1),A7‘0 e
7z OEPERVERDDH/NTA—FT,
BB R B T B S OBEEM OV R L &
5. Zho® {Ny} = ¢ ER2DETRVETZ
& TREBETRT D, TTOT Y RKE EHE
2Tz, BEOEPERZ BN TENE TOR
BRBOLT 2TV EEMSED (Fa—
Ty 77— )

rij{t+ 1) = (1 — pe)7i; (1) + paA7i;(t).  (5)

pac € (0,1),Ar;(t) 17 = m & ORINTEED S
NI 2A—EThHDH. UL
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FILIT) XL 1 ACS
Stepl MERNATA—IDRE. t=1&T 5.
Step2 k=1&¢7%.

(a) Mg BEML, 90 < g BHX(2), 0S¢ %
B (3) IR0 T {Ni} = ¢ LR BECEE
BIRE AT 5.

(b) R (4) K-> TR—ANT v 77— &1TS.
(c) MOFMEITS.
(@) k=k+1. E<m &b (a) KRS,

Step3 EHRBMIH LT (5) KRNI a— LT v 77— |
2175,
Stepd t=t+1. t < tmax 25 Step2 IZED.

2.2 EF—7HHEEE~DER
BOTH

EF—7HHEEE ACO TATY XA THEL
iy, BELTOLIIEETS.

NAOEF S, (1=1,...,N)BFETD L X,
BEFINFNHREM OEF—72HHLEDD
FEF—T[FHLTS. BHS OEF-TD1
DHODONEE i, BERE Sty LT3, BORS
& ISI] T IDBINAT R 4 1 4 < \SII—M-FI
Thb. 15056 N ETO i 2BELTHEFN
TVDIE TR, FVEERD.

Siiy o Sti4M-1

o . Sais 0 SoipM-1
Motif(iy,...,in) = ] .
SNin 7 SNin+M-1

=7 L, TVIE Su, »nhH SH’LiH—x ICEEBET
BOTIERL, S O EOEFRD L THI@EO T
HEEBST G PERIBHTHHDLT 5.
I HIZETD 1 izt L Sl,i, G PRk E T
ORBEFERELRICbDLEZSZETS. Zh
IZ & - TREBZED S8, MEOBKILERS.

A
ERENTRIZTOWTEME (T, TF—7
OFMEETELER R, BRATHE LTHE

POBREZRZOTIRRL, TI /B LTO



Rete 2 BE L2 T 2 bev. AREFFE TIHL
EREMNR 37175 (Position Specific Scoring
Matrix(PSSM)) Z 5.

HiH L= F—7475ic 20T, EFITHOT
JBOBEIEOHREEHX L. MBI (| =
1,...,M) TOT I /B A DHBE%E n(A4,i) &
Y. NE TOTI B AOHBBEELRT
HELUTH Freq(A,i) i, v INEOD IR S5
5 7= DBRUER ¢,y ZAVTROKXTHEAS
nw5s:

L n(A) 4z
A1) = —————.
Freq(A,1) N1y (6)
MEICBTHTI VB AOMNEBERENAZT
BERORIZ L > TRDOBNS:
.. Freq(A,d)
PSSM(A,i)=In ——————P(A) . (7

T Z T, P(A) X SWISS-PROT OF — & & iz
Lz, 72 /B A OFERIRHEBRRERETHD.
Motif(iy,...,in) PAAT E(iy,...,iy) XK
DORTEZLNS:

|M§

E(ll,,lN) =

> n(A,i) x PSSM(i, j).
i=1 all
! ®)

Ea—YRXF1H RIER

ta2—Y AT 47 AERIZHOWTIREFERETTO
WEMD Freq Z AWVWT, IHSh B EF—T7 3
HEHREEN LA TENETH TLLINERT
Ty AL o CHEENS. Si4 »nb Sl+1,i1+1
~ORBEDE 22—V AT 47 R, BRD 1+ 1
FBOFHYIAEDD Sy D iy BREOER~D
Ea—URT 4 JRERBRTENTE S:

77(51,271751+1,i1+1) = 77(1 + 1!i1+1)7 (9)

M 3
i= F A i1413
nl+1,641) = H’-lM req(Ait1,iig., %)
ILZ P(Aiyig)
Ay &Sy, OT L BOBEERL TG,
T2 aENZOWVWTHEEICEZ S

. (10)

T(Sl,iz’sl+1,‘iz+1) = T(l+ 1=i1+1)' (11)

2.3 ACS-Motif

ACS 27— 7 HHEICES ¥ 7T
U XL ACS-Motif TH 5 [4, 5]. REERIRIZ—
HEERHY, X (2)-B) Tz BV OEEE
BRDDHNGA—=FLLTa ZEALTNS:

e s 1] |
B = o ™
(12)
arg;rel%f[ﬂj(t)]“[mh]ﬁ- (13)

7xa e BHFICONTIRZ 0 — VT v T
F— Rl B—ANT v T F— DT = uE I
FEEICELVHOL LTHBEOEHp Thbb
T AR () KOWTHRWREIZEZ D7 =
UEVRED L DIT B, BEROAIT %
HTH.

FNTY XL 2: ACS-Motif

Stepl MERNRTA—ZIDRE. t=1%LT5.
Step2 k=1 ¢%5.
(a) I=0&,F3.

(I) &% q 2ERL, g < g BB (12),
g0 < g 2B (13) Wi TROBEH
g BRE

(IT) FRATHNC 4pyy FIBA
(III) 1=141.1<N-17%5 (1) ICRE3.
(b) AR LTI OBRRBEITONT, (4) - T
Q—INT v TTF— b E{T5.
(€) (8) ko THDA=T &5HE.
d) k=k+1. k<m 2b (a) TES.

Step3 BEBMIII LT (5) KRN\ 2—rV7T v 75— b
#2175,
Stepd t=1t+ 1. ¢t < tmax &5 Step2 TR 5.

2.4 ACS-Motif D®E
IR DmE L

H(4)-(5) & W BAEERD T = EY 7004151 (1)
L ENPADORBED 7 = 0BT OVTRO LS
IZEZ2%:

Hm e gn(iz) (B) = A (1), (14)
Jim 75 (t) = Ar. (15)
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IR &Y ACS-Motif BIKTBEHED 1 DX
Ary € Arij(t) B2 B, EL (14) ik =
1,.... m OREZETHIAMOERE 7 20 £ Th
5. Arg K Ay (t) W= L, t — co DRFRATH
WREE K(< m) Bl T5L, ZORLET
DOEET7 =0T IROE S ICEE T 5

These(ig) (1) ® (1= p) K Am; (1) (16)

ORIV m & pBREVFZEHELT LW
LRDPD. ZDLIDODRT A—Z (IEEE R
RTHHERICLVEETIETHY, ZOENETE
BT30S BERE M & p BLELE
725, P ELVBOBELHEF LN LIS
Fl-¥2L97emé p 2l TORRETHD
L.

FITOR—HAT v 7T — FOEHK (4) B LL
TOLITEET S

7ij(8) = (1= py*)7i; (1) + py¥ Aro. . (17)

2Ly € (0,1), w iEkEA t CRIERBESERS
NP oTEHTHD. v EEJIIRETHI &
Tm & p DEIZE bRV—EEERO A TOIL
A Eh, T REROMMEE CIHERC K
EEREBROFEFAREINEOBOBEICEZD
BB FRIENS.

FILTY XL 3: BB ACS-Motif
Stepl LBRNRFGA—LORE. t=1w=1&T5.
Step2 k=1 &¢75.

(2a) 1=0&75.

(1) BHq BERL, g0 < g BBK (12),
g0 < g R HX (13) 2> TROBEHL
iy BRE.

(1Y) BUTENC 4,4, ZIBM.
AI) I=1+1. I<KN-1%b5 () iCE3.

(2b) AR LAEBTHIORRKIZONT, R (17) &
FoTa—ANT v 75— %175,
(2c) K@) ICL>THOR2T LFHE.
(2d) k=k+1. k<m 25 (2a) ITE5.
Step3 (3a) HJBMITHLTH (5) KEWT a— LT >
7T EATH.
(3b) BEMIEFINZTAE w=w+1
Step4 t=t+ 1. t < tmax 725 Step2 WRD.

3 ACS-Motif DHE# EFTOE
%L ek

RELETNTY XABELELTEOBMERRE
AL, BEEOROMOT NI Y XA HEBERE
1Fofe. HEXRIL Genetic Algorithm(GA) &
Gibbs Sampling #ETh 5.

3.1 NNSA—HDEE

ACS-Motif D/8F 2 — % OFEMIILLT O &
BYVThD: a=18,8=05~v=0.95 p=05,
go = 0.9. Ay TV F LT 10 BlE - foEF—
TOEHRaTE LT, R NE Y7 =0
EELCERBICEZ . An() i An LD
FREVWEBEX TEERDIHFLE Lz

3.2 HBERROZILITYXLIZDONT

HBSESRE LT TY XAE2D, ba—Y R
T4 7 AEEEFAVWeWERER: GA & Metropo-
lis I & > T#EE S 7= Monte Carlo sampling &
b E PN S Gibbs Sampling D—ETH 5 [6, 7].

BFO7ATY ALTqy,q2,q3 € (0,1) 1335
A—=ZThHY, R LR WEE, ELEERiE &
BLbDEEKEKTS.

FILTYXL4: GA

Stepl LERNATA-ZORE. t =1 &72. FHAOE
a2 a7 ZRIEC Y — b,

Step2 k=2 +1 ¢33,

(2a) 1=1¢F5.

(2b) q3 DERTEL
inew € {1,2,...,|S1| - M + 1} &%,

(2¢) I=1+1. 1< N 25 (b) KR5.

(2d) k BHORRIZOVT, £TO [ IZDNT 4 &
inew EANBZRBEDATEHE. bl
DRAAT7EVBRITNE 5 = finew & T 5.

(2¢) k=k+1. k<m %5 (2a) TES.

Step3 i=1 ¢T3,

(3a) k=1,..., 2 DFHS, Py = %E_ iz
j=1 7

o Tk BB, kpy =k T35,
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,m DFRPE,
- T k B8R

= -7-;— +1,...
Py = =t
Zj=%+1 B
kpp =k L5,
(3b) I=1%,%5.
(3c) g2 PREETHMLIT I &Nz 5.
3d) I=I+1. IS NZLB)ITES. I=NRZ
L5 LITN #Mz3.
(3e) j=1.
(][) # kpl b kpg DEF—T{TFID LJ Nk
Ljy1 SCOEREMT S,
AI) L5 L; #WE. j=j+1. {L}# ¢
2h (1) IKR5.
(8f) i=1+1.i<m &b (3a) ILED.
Step4 {ERLIEFHREZR27ORMEIZY —h 1935 2
FECERBEROB L LTET.
Step5 t =1+ 1. t < tmax &5 Step2 IZEB.

7T XL 5: Gibbs Sampling

Stepl LERNRFA—FDORE. t=1¢T5.
Step2 7 ¥ AICEHR Ipos € [1, N] i8S,
(2a) ZU ¥ ACE inew € {1,2,...,
M+1) BRE.
(2b) REDEF—TITID Ipos BROEHZ
 inew WKANBXABEADR AT, % Enew
ELCHREDEF—TDRAT LDE
dE = Epew — E ®§HH.

(2¢c) min[l,e%;'] DFERT fipos = inew ET5A,
Step3 [ =1 &7T5.
(3a) ¢z PEETITF LI &#ME 5.
(3b) I=I+1. 1< N#AB (3a) KRS, =N #%
HBLIKN % mM%3.
Step4 j=1%L75.
(4a) T ¥ AITER ishift €
{1,2,...,minl€Lj:Lj+1 ]Sll - M+ 1} iz
B EELL RL OBRETHA.
(4b) Ipos = argminjey; LJ+1 Si|l-M+1 &7
5. &TOI=Lj, .., Lip1 EHLTEF—
7 ORBALEY (Zpos —igmft) B Y7 AL
Te®F—TNDAAT % Fnew & LTELOE
F—TDARAAT E & DEJIE = FEnew - F
EEE.
(4c) mm[l eF | DEEETETD
I=1Lj,...,Liys HLT
it = 4 — (ipos — ignite) ET5.
(4d) LH5 L, &M% j=j+1. {L} # ¢ &5
(42) KE 3.
Steps T=gsT,t=1t4+1& LTt < tmax 725 Step2 I
B’5.

|Slpos| -

BE ” ] avg max time

m = 10 || SKEBI | 246 266 8.8
p=0.5 || KRB | 248 260 6.0
m =10 || &BAT | 247 268 9.5
p=0.8 | KB | 253 259 7.1
m =20 || SKERI | 247 266  21.4
p=05 [ KE®% | 255 266 11.2
m =20 || KEAI | 255 269  18.8
p=08 |[KE®% | 255 269 135

#£ 1. EREMEIZBT 5HBEHE D ACS-Motif
D datal {253 HEMER 2.

3.3 =R

ERRIZHWZESNIX 47 BES B B R VA VR
127 BLF C BUFFR 7 A VA, 64 BEFI b M SIER
VA NA 188 BFIHRE - T R 160 EF
-5 Y TEAO 20 BET I ) BEFITH
% [8]. LAIZZ N 5 ZJEIC datal 25 datab &
FES. ZOESIEND 9BREOET—T7 ML
fe. Aa 7 OBHET (6)-(8) 1299 . R (6) ©
Freq 3% O R TOEEROTF — 775 CEF
BL, AT A—LOREX (z,y) = (1,20) & LT
L EBRITENEN 10 BT IT o7, $, R
BROBBEMIINTH .

£ER 1 BRI & R D ACS-Motif DENMELLEL

% L7z ACS-Motif OURMEAE L LTV 3
TEEHPDLTD, ABAIZOT VI Y XA
{22V datal ZXIRIZEMELERZFTo7. &
DERIZT p & m OEEZEE LT 4 DOHEITS
FTRY, EDMEIR (m,p) = (10,0.5),(10,0.8),
(20,0.5),(20,0.8) & L7z, X 200 @TH
L. BRER LVITRT. avg 1 10 BIORET CH
JIENT-BOBEDOEETH Y |, max IFFRITFOF
mOMHE, time IXEEEICRET 2 T TORETH
. AaTMRUTFEADTHS. R 1ix%
REMED Ay ZRLTOS. WEHID 4, DFE
HIEIL0.67, WERIZ083 THD. FEH 2T
ENTNHBHEBOT 57 THD. MORER
WIZOWTHEULEERO 7 7Bl ShE.
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ast B 2
as
o}

a6

04
03
02+

arp

Quo5 a00® Qa5 2008)

(m. 0D EEE

1. #REMECBT HHBE O ACS-Motif
@ datal 1239 B Apoe DIE.

S GRS TUNIUMS USS S N WU S W S—
200  400. 600 80D 000 1200 1490 7600 1800 2000
EREAVAROMEY

200 400 600 8O0 1000 1200 7400 1600 1800 2000
ERRENERZOR

X2 m=10,p=05D&EDHEEHED ACS-
Motif @ datal iZ%4 5 2 a7 DR, EXKE
7, TOHB%.
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Fstrok

3: datal 25 datab I T BETNATY X A
0) ATOC'

REE 2 s BEORAMEY MIHTETFTATUX
LOENELEES

5 DOEFE » Mkt L THE L7z ACS-Motif,
GA, Gibbs-Sampling ZB)fFs 7. ZDOFERT
D ACS-Motif DFREIEm = 10,p =05 & LT
W5, GA OEEET 100, g, = 0.7,¢o = 0.3
Th%. Gibbs Sampling D T I T = 1 236130
¥, ERERIZ 0.999 20 TED S%, £/
g3idgs =01 & L7 ERTRERETLIY XL
THEE 5000 AERT 5 TREE KT .

BRIIR20L3 ok, FETAITYX
LAWEEE 1 OEET % 0I5 5 BRI O T
ACS-Motif 25 0.017, GA 2 0.015, Gibbs Sam-
pling T0.008 72572, B3 X A0 ZRLTEHEY,
41X datab KT HETATY XADAIATD
WBER LSO 7 TS, B, R40I557
th—& 25 ACS-Motif, 543 Gibbs Sampling,
TR GA THD. Ay, DFEHEIX ACS 2 0.89,
GA 73 0.45, Gibbs 28 0.74 k72 o7z,

4 ACS-Motif DfREIZ DT D
ER

X 1,2 X9 ®E®RD ACS-Motif DULH I
ELTWB I ERLMND. FEEHRaTRE



I datal l data2 | data3 I datad datab

[ ave max time | avg max time | avg max time | avg ax time | avg max _time
ACS 249 265 10.1 561 573 65.3 334 344 15.0 557 578 93.7 757 774 102.2
GA 232 248 26.3 447 478 78.6 314 332 37.9 451 477 107.0 | 595 621 124
Gibbs 242 248 10.3 537 574 38.4 324 © 331 40.0 520 555 49.8 720 752 56.1

7= 2: datal 2°5 datab IZHTHETATY XAOBERR.

1] 600 1000 1500 2000 2500 3000 3500 4000 4500 5000
RSNV ONEER

X 4: datab T BHETNITY X LDORIT
W

BAIAT NG, FOBREZBNT b LERE TF
DEEIZIZ L AEENRRNI L RTELS.
B ERM A CTEPHICRREERTo /o /oD, iR
CHASNAREZEIET 5 ETORMITEL 2o
TW5, Py, WECHHE LRI SR
ERRBTBHILNTER. BR2R2RIZEES
o lBRINRTA—F a ODFEELEZZ LN
3. IREMEEEO K& BT Y P TR Y KE
<725

RIHDT LT Y R A & DHBIZOWTIE, data?

ZR A TORNBREFNOWVWTEH R 2T K&
AaT7EBIELBEVERFHL WA, T
data2 IZB U Tl Gibbs ORE R I 7R T
REB-TWES, BECHB LWL HBEDE
Thb, MEL 25 OREEBE~DOBEFET,
ZHTERFFRAE D K E V> data?, 4, 5 TiX Gibbs
KAKELAKZDITBENTWS., LELE4 "G,
BB ~BET b TS ERMEOERER
IX ACS 28 1000 BREE TH 5 D1zt LT Gibbs
T 4000 BICH 2> TWB. ZTHIZ—DODEE

YERR T 5 D2 R & i huiE ACS 11 17
Gibbs T32 L7220, #EH ACS DIT 5 M EMWERFRS
Xt 5 BOBFHEIXEWZ LB 5.
INHORRIY ACORZEINT FA4 AV
FETFITATY RAE LTRICEEM &R
DEEDATENTWE Z ERETESNE. KHE
INHRMEIZ BT, 13 A CRRERIURBEISGT
% 5 Gibbs Sampling & lbRZ EREETHB &
EbEHEER. LOPLIOMESEEE L
ETY, ACO REF—T7HHRBEBOMEL LT
REEOHDBEFRTNIYVALTHEEEL
LS.
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