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Abstract: In order to improve the extraction accuracy of the existing, well-known Gibbs sampling method
for extracting similar subsequences from amino acid sequence databases, we propose a new extraction method
based on multiple sequence alignment in the sequence dataset. The extraction accuracy of the existing Gibbs
sampling method is highly dependent on the initial solution selected randomly. In focusing on this point,
the proposed method performs multiple sequence alignment for the sequence dataset to calculate the best
possible initial solution. After that, we slide the aligned sequences on a window of a certain width and select
the window region including the set of subsequences, where p-value is minimized, as the initial solution. In
order to confirm the effectiveness of the proposed method, we carried out comparative experiments with ran-
dom distribution and equal distribution. Moreover, we improve the accuracy of the existing Gibbs sampling
method by using an amino acid substitution matrix as the knowledge of molecular evolution for pseudocount.
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FrvT
<YCPDPW> ’&}%A <YC--P-DPW->

[ <YCRNPDGPWC>

/=5 | <YCRNPGGPW>
%}bPG>
<YCRNPDG>

4 ZEEFLOF]
Fig. 4 Example of multiple alignment.

<YC--P-G--->

<YCRNPDG--->

YT EY, BHIETF—T7I2TE L2 K-SR
SEAEMELE ) ELTWA.

RETIE, £7, ZEEILOTEICO VW THERE,
L EEEN DO LE LI 2 R T 5 H 0w RN
B, RIS, T 77 A MTHIOFMEROFRRICT I/
FEEAATH & B A B HEIC OV TS, &&IZ, BLG
EF—7 L LTO K-FUMSERIESZMB T2 70T
A LIIZDWTIRR S,

4.1 ZEEIEDOAHE

N ARDORINT =% (BERFIT =5 R T FA T =54 L)
2R 2 L EEGL T, MWENME RE L § 28095
FEBIYAFHENTNS (N >3). ZOLEEGLIL, JE
BOEZ a7 (FREHN) ORBEIRNERL LI, R
7 — % ORB RIS F v v TERIFAL, R¥F— 5[
DXFORIMFITEIT) ZLICLD), TRTORNT—%
DRI ZHZ TS,

N RKOFRHF =% %2&07 IV BEYTF—5 vy M
5L EETL T, FEEUER I T ORI RN E %
LHHEZMAET, BUMEAS T 2REL T 2EIRFHH
FE BRI ENTWS, TS ) BREEUER 275
WRIZHED LIS, RYNTF =5 D@L B E Y v %
AL, ATy ORI ZHiz TW5b [40], [41]. Z&B
HME R 37 ORI, AL TIHAET S LTE
E)LOBERDO LR T I RTERATHIZFAHL TV 5.
F 72, MELICEFEORY T — 4 &) L 2L L2 A
WM EICO R D720, 5T H#ILREE 2 ZHNAET 5
L EELEZIT> T 5 [20], [21].

N KOS T — 4 2L EEGLT A2 L2k, By
ENLIChozbe LX), DUTFTIE, ZEELL K
Bx Nx LITHERAL, THE N x L OEFITH] &I
A B 4 L EEFLIC L DS N EEFTHOF] %R
T, Fyy TEEINLERT () 1F, ZEEFIZBY
T, XFOHASCHIBROBIEIZ L > TEMEN L35 TH
B, ZHUCXKD, REMIC—FHHUT S L9 27T — %
DES%—HIETw5, MTIE, ZEEFLICLD T3
JEEEEN T =5ty s DS OES —HEEHLT LI2LD
BHNLEGFTHZ DS &£ LTWwAh., HHELFEOEM
Fix, TOEHITH] DS’ % FwC, BAIE T — 7 HEE %
BROGICERZR L T2 5 [30].

ZEBEILICE DR T -5 LA ST Y v 7
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25475DS” FERDS”
k—7=10 —

W <YCRNPDGPWC>

FruTIZHLT
FI/BBEXE) [ -
| esshonry ESUFLICEYAF | YCRETYDIRSS
<YCRNPGGPWP>

<YCRNPDGPWC>

<YC——P-DPW->

N=5 |<YCRNPGGPW->
<YC—-P-G-———>
<YCRNPDG-—->

M5 Fvv LTIy AILTFEEY KR Tpl

Fig. 5 Example assign a character at random for a gap.

<YCPCPYGNNR>

<YCRNPDGNWP

BES K ORYETF—7#EEEICOIFASNE. 207
B, BHITH LICHEAET 2T T — 7HEBOE S K 1X
—MCK P EIZR->TLED. Thbb, BEE K ORI
EF—THBIIBWT, TI/BOBKIVLFyy 70K
D% HET DHNOKE Ky L3568, K=K+ K, DM
YN AYAC I

4.2 EH{TH % B -1 ERE OB IR %

BHTH O d B GEfiT 5 K @oF)) 12
EF—TIDELEINE I ENFRBIZASNTWE, &
N&E5FE 2z, ZEEFLICL VRSN EFTH] DS 55
Bl EE R T 572008 LW HEZIRET 5. L
TTIE, v v IPEITNLEIATHINS 7807 7 4 VT
W& FHES 2058, WEE RO 7200AT5 171
YIIA YR, ATGAT 4 A v Ry kORI
FICEZE L % 5 IEEFNE T — 7 HIBOHE IO VTR
5.

(1) 71 7 7 4 VATHIOEHRE

SZEBILICL > THRASNZE v v 7L, BEHOES
EWAALOIHHAINIZATHL., DD, BhfT
FHZBWT, Fx v THRET BHNAHAET 5 LT
AEZTC, XTOMBBHELFHAETL L, HOoFv vy T
DR GHNIIART, ZOMEPIRKELEY, HlhbET—
THBO—E R ENTLE). TRz L7202,
N x L5475 (ZEEY]) EICHETS5H5 N x K/ B
FISHIR D M x K' 707 7 A Ml EER T 251213, &
LLOF v v TR EBELIEIEFEEEDLLEND S
(K'<L).

EELIE, Fryv 72ZBELEEFELELT2DO0)
BeiRE s 5. £F, BVATH DS WICHFET 55T v v
T LT, 20 HOT I VL FE T T AICEID Y
THHETHD. B 5 3&EFyy TIILFERXT VT A
EHY B TBTHL. EMEFE Yy TE2EL 5 x 10 %5
15 DS TH Y, AKX Y v 7% T FLI2EH )Y
TAERELTIHRONEITHI DS THAH. TD LX) AT
HIDS" #HWwBE M =200 M x K' 707 7 A )VITH
PMAT = (pi;) ®B5ISRHHET L2 Ta 5. Dkt
D, Y IhPELEFTNTWEHNZT v ¥ L EEFE/-8
T, 7R77AMTHIZETRE L TWwA. RIZ, $XTOX
FACF Y v TLFOMBUHE 2 ¥EI250T 5 0¥ EE
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I Chs. M5 OLEMD 6 LFHEZFIZHHT L. MR
BEEWE, D A2, XFECG AL, ZLTE Y v 73N
2THA. Fx v 7 XTOLBHE2 % 20 FHOT I /|
IZEINIED &, CFE D21, XFEGH 1L, Fofor
FA01L LB, ZOEHIZ, HBHEEEZYEIZSTLS
ET, FUYFTAZEHYDYTREEIRY DB HENEHIIZLT
W5,

(2) AFGATA Y TIA Y Rk

ATATA T4 Y Fokeld, BYATHIO N E 20
LAMHINH P> TIA Y R E AT REEHLILICL
0, BEHEF—T7I3EWT A v RY#EEE RSB L, #
DFEBOLEHEMBEZ A P> TIOMPMEE T 5HET
H5b.

IAYFYORS K 3ZDMEICL > TRER Y, 1T
Ho. Thbb, 94 FTHNICHFETLIEF Y v THIO
BKAEYA Y Ry OMBIKEETREEZD, ¥ v 75
DS Ky 137 A > B OfLEICHFT 5 (K = K+K,y).

A Y RTRRAT A FEE, BHET — 7 I13E W EE
FROUHTREL LT, 438 THhR2 plzFMHLT
W5,

(3) FEBLHIE T — 7 FHIH O % P

PROSITE 2 EDEF — 77— & RXR—= X ZEFHFIN TV
HEHEF — 7 Oiclivm F 723 A, F v v SIEFEE
L, 207z, 74 v Ry okkmil 7213w 40m5
ZF Yy TUHFEEL TR R5E1E, £07 4 ¥ FYICEY
EF—TIHELEEND MDD 508 DGR %4
EH 5.

A Y Ny ORI E 72 3RS, T &
L&, 20U A Y N 2 IERHIET — 7 IR L5,

Ng > N xn (3)

72720, N, 3HFNHFAET 5 F v v 78, n (Bl % Bk
B, nHMEEZ VL OPELSETHALET A, 0.1 D —FR
WHERE R o72D T, ERTIIZOMEERMAT 5.
ATATA T4y RodETIE, FERSIET — 7 LH
Wrehs oAy Foid, wEOBEE,LHA SN,

4.3 EEWEHBEZA L BUEROSEE
WREFECBIT 2 HBHHECH Y b ¥ —DFHHE T
Aoz 7a7 7 4 VTHITIE, (koY A 275
IE e VLI 2 HEE R AT 5. BRmMIZE, e 77y
ANTHIOEZRICHH SN TV LERPERICT I/ BE
BOLRTSE2HEL LT I BBEEATH GE(LB 2
W) REATL. Zozoil, K1) oTa T 7 A IVATH
PMAT = (p;;) #RD X ) IZEHFT 5 [42).

pij = (cij +bij)/(N; + Bj) (4)

7272, by WU CR#ESNBIUEL, N; =3 o[l <
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i< M) ZEERT 5.

bij = Bj x Y (cx;i/N X gi/Gi)[1 <k < M] (5)

B Bj=mxR; LEHRENTEY, Rj %127 TAFIC
BIT5 jHHOXFOREERE T 5. m TN s
BRICE DIREINBIEOHTHY), m=5~ 62 dHR
ThHLEWEShTWD., ¥, g BT I/ BEDOT
VB ~OEWE T, KNTREIND.

Gri = g X gi x 250 (6)

s(kyi) X7 I VB ENST I B i NOEHRO LT E%
b L7z A a7 ThHY, ZoFP AT, BLO-
SUM62 EIFIEN 5 7 3/ FREHRATHI 2 SHIE L TV 5.
g: 13 DS" N i OWIRFERT, G; 1% g DLFIT L DK
MTHY, Gi=Ygu[l <k<20 LBHHNTWVD,
HEALRY 72 Ak 2 Z 1 L 723K (4) 1%, 3% (2) TRRA L 724t
IV O E—OFEICLEIIRS. L, ZOMyTy
FEY =TI, EF— 7HEIBARYIHYUL TV 2 220555
DI T, BRI IZ T ot D < p il [43]
THWTWES,

p —value < (N + 1)K(M—1)2—N><H M)

722L, HILUTDEBYTHA.

k. M

Pij
DPij5 (8)
Z J b

14i=1

H =
J

4.4 TILIYZXL

BETHETRENTF—5 £y N2 S EEFMLL, Fhic
XS N EHITH] DS IS LTATA T4 ¥ 7oA
YRUEEREATA. CNICL VBRSNSV T A Y
AN TITOMMMEE T4, KIZ, A MY TTIRE
fT¥azeicky, ByF—%ty b ORELIH5EHE
F—7I2TEDLZTE K-HMES R 2t 5. 12
KFEOTVT) XKL TOEBYTHA.

[AH] BHIF—% 1> b DS, BHIEF—7DES K
T X BRECH R KB A XTEE Q, BfEn, T I BRE
BA750 s(k, i), ke, i€Q

[HH] BEFF—% £y FOREGIAOME SN2 K3
W53 ELF
(1) LR 2 RNAR L LRI 22 E&yL%

Fiy)7— %ty MI#EH L, 5475 DS %KD 5.
(2) 428D (1) THRR72 X512, DS OEFIFIH ENT
WALLFOEED O L FEE T V7 LIRDY, Thrik
HI4E5) DS NDF ¥ v 7128 ) 4T DS” %155,
(3) 4280 (2) Tili72 L 912, DS" I LTAF AL 71
YITIA Y RUEREATA. vhbL, NxK' O
7 IR (BEE K OFSRHIES) £ 1 XTT DA
T4 F&E, ED7 T AT DN HEDLLFT, L
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TOMILE D KT

<42 {0 (3) TIRARZIERSE T — 7 HEBOHE L%
HWT, "% 7 A5 DIERHIET — 7 s L i &
N7-L &1L, 207 T A8 #EGHETES D S/
43 FH O (4) THRRZBEUEREZEEL, 20K
WEHWT, UFrIAZIIHNTEHTTT 7 4 IVETF]
PMAT %57 5.

B ENTO T 7 A NVATH PMAT VT, 4
B TAYD plEE A3 E TR SETHET 5.

(4) pfEFEHENTZ2 T A5 DEEDS p EOMEDI KD
INEWT T AY (KSR BEAES) DBRMGIE % A
MY T T ORMMEE L CGEIRT 5.

(5) MEZ VT, 34HOYA MY TT% (3) 25
FEATTH. 2L, ZOVA MNP TITUEELRD
707 7 A VT PMAT OFETIE, 4.3 803 (4)
TIRAR7HFE 2 V5.

5. FHMEEER

WETEOAMEZ MRS 572912, PROSITE & IS

NEEF—TI477Y) (EF—T7F—FN—2R) [44] %

Lz, EF =794 7702 &ENET I/ BBEY

Tty bOFNFNIZIE, WETTIIROP>TwD

BHEF — 7 L ZNEEOEG T — 5 2595 % CES T

W5, FHEERTIE, EF—T7 475 OF,S 5

DT I EEEHIT— % £ v b [45), [46], [47], [48], [49], [50]

BB, INHOTF—F Ly FOEEICELTE, F—

YHBEDE VL DXL VL DFIE LD E LT, EHED

FIEFALDDONLRELELRLZLONEEND L) ICHIE

L7.

R1LIWCSHEEOT I VR T— 4%y bOMELIR

T, EFDrIAYOES K, ARORVEF—T7E

K2, 2EEHLIZL > TIHEASNZEBSEF— 7RO

FrvTRK, *Mx72b0%EHRT 5. &b, FHER

ELT, Bfin 2w <{onZ L3 THhIZETA, 0.1 D°

—HFRWEERS 20T, FHIERTIX, ZOMEEZHRMAL

TWwh,

5.1 EEBRAE
ZEBEIULEAT) 70T T L E LT, 5 H#ERTE

F1 ERCERALLET—2 Ly b

Table 1 Dataset of experience.

FH | EF—T7% Bk 7 I7AYORES (G
(K'= K+ K,)

1 Kringle PS00021  14=14+0 95

2 Homeobox PS00027 115=24+491 1321

3 PTS_EITA PS00372  22=17+5 51

4 HTH_ASNC  PS00519 37=27+10 43

5 HTH.-DEOR PS00894 35=35+0 82
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FENAL LCHHT % CLUSTAL X [22], [23] i L
Tw 5. CLUSTAL X (&, Ft&E&H CECHM O & BAR
BHFESNTLE ) -0, BEICLEEIL S R
BHEDERZVE VbR TWS, TRAUHET L0,
CLUSTAL X % &2 & 9 &HE T S 7% A2

LT, BYRBFTICE Y v 7% E 51BN 5 KEYE
F R0 FEIN TS, LaL, FESDOFMHMERTI,
CLUSTAL X O S AEUHEE L ) b SHEGIRICF v v
TRPD 7%, BF2ESHEONTHE, 20720
L EIEGLD 7175 4k LT CLUSTAL X ZFIH L T
W5, CLUSTALX D7 94 Y A Y bORFTX—=%13, %
G Tld BLOSUM series #fiHH L TWw5b., §4bb,
CLUSTALW TIEZENAEZEE ) — F oM/ — I8
LIS EEEIDPTONTEY), ENADK / — FICHH
5 2 DDEHBH B \IIELH 7V — T OBROGE S 1S
L C, BLOSUMS0~BLOSUMS30 A3 ST 5 [20].
B & LC, BLOSUM IZHIFMEMZE L b T 5.

DT, REFECHFHELHEIDL720OITEA LT
REE LT, fHEBEICOWTHIT .

PERTFH: ERETFTEOETIIBVT, WMIEOHHR L A%
X, 10,000 @& L7z, &5 ICMTHEORTOEKIEFNRZE
niome L, ZREME LEROFY LR L LT
Wh . GERTHERRETE TR S N2 FY € F — 7 fHi%
(kS 7z K-HOBCHIES) Ok (BEE) 1I2onT
X, UWTOX)IEHHET 5.

W (%) =

oo X 100 (9)

72721, Bli3®HFETTFHESNES — 758 (FllHE
B) IC& EFNDLIEREBROTHEER S 5. C 13Tl
BICEHEINLIFEMRERDOLTH, §4bb, K-B*%
ERT A B 6 &2BlE LTHIFR L, Hih L7 K-35
WEGOEXTFHAE L L, ZOHR Ty F LIZEHIE
F— THEBOELTRE ST LT HI LT, HEFEIRD
s, T/, i Eh Ao 2fHlEF— 7HlE A &
$hL, K=A+B=B+ChHZDTA=Ct%Y), HH
e —HT 5L, LoTHX(9) oA E N ITE, S

f=d

=

K

[ i Eh K- BB ERFIE A (B+C)

[ ] ESh KBS B CERISTYFLE
B3 EF—T5EE(B)

[T B3| EF— 4B (IEfR)

N SR K- B BRSO IEEF—T4EE(C)
B 6 K-HomslEamcHliT 25 EF — 7 i

Fig. 6 Sequence motif area to be determined in the K-

subsequences set.
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[EERUIBF S

A=A EE
BT

N7z K-EREEHIE & IR € F — 73 —H L Tw 2
WraLd, Rwizy, ByEF— 788,55 TwS
EIERTE 5.

5.2 REER

= 2127 vy AT omME, & 3 12 BLOSUM O
PERFIELRRFETH S T ¥ ¥ LEFIT EHEEFITO
WA & ACIRTEORE %, | 4 \TRFATRH T 2hehn
NG

F2MS, TUFLENITIZL o THEIMEAZL L 2w
LG HA. 3 ELDRY TEIREHFADNERTIE L
DHENTNDE L, T8 L8 L) IHEETIT 0K
BRRWZ EDRg0ns. LI2L, 4aFEOT—F+1y MIB
WTIE, o7 —% X ) EHIE T — 7 DRIV, K 4
THEMERE ORERNIL, ERTFEPRETHRI VRV L

=2 75 LETOHE

Table 2 Initial value of the random assignment.

HEEFILEGA Vol9 No.3 32-43 (Dec. 2016)

Donh. 72, A MU T T AERICEIZRS
nehroie.

5.3 E=R
WREFEIREZ HF-HEE LT, RERFEICEE
EEIN T WL 2%, SEEILR p HOFE
WKCHWTWAE D THAE., Tz, WIMEZIFEERL/-I0E
MT B4 N 7B L CTHEILM Rz EA L
TOT77ANEFELTWADT, MEHENI VM EL
Tl EZIOLNS.

Kringle 77— % #ffifl L CTH A b2 7T 247\ AR
$510,000 B £ T loga(p ) DZALZE 7 \IRT. Zh
#WARY, KARREAT 1,000 M2 @2 TH, pEFITE A

EELTHS T, Mk

72, A RIOEERTIZL,

EHCTOAERUENR SN0

PHMED P E T RE 20 G5 7z

BEIE, A M T T THEEINI L THILER & 4T
)z

LT, BmEMERDAI LN TELLEZOND,

F47 F5 -200000
|54 1 2 3 4 5 205000
1| 4087 3113 889 756 337 10000
2 | 4087 3113 889 756 337 215000
3 | 4087 3113 889 756 337 0000 k
4 | 4087 3113 889 756 337
5| 4087 3113 889 756 337 200 l
6 | 4087 3113 889 756 337 -230000
7 | 4087 3113 889 756 337 -235000 -
8 | 4087 3113 889 756 337 240000
o | 1087 3113 sse 756 337 I 1001 2001 3001 4001 5001 6001 7001 8001 9001
10 | 4087 3113 889 756 337 7T FA T LT IO loga(p ) DEAL
Fig. 7 Value of logs(p-value) of the site sampler.
x 3 MHERERILE
Table 3 Accuracy results comparison.
EF—T7% TERTHE (%) 7 ¥ ¥ LEFT (%) GEEIRT (%)
WEAE IRACIRRE | wiE RACIREE | HME RROIRTE
Kringle 1.19 64.44 56.34 88.38 56.34 88.38
Homeobox 0.64 87.75 76.69 99.84 76.69 99.84
PTS_EITA 3.43 49.18 75.91 97.98 75.91 98.86
HTH_ASNC 2.12 41.76 51.88 53.84 53.75 59.88
HTH_DEOR 3.96 17.06 82.86 90.46 82.86 90.52
x4 WRIATREIE ()
Table 4 Total execution time comparison (s).
ERT 52y LHIG SR
EF—-T% ZE ol A ZE  EME FA b LE W A b
By ER T =y R 77 Hwy) IR T
Kringle - 0.027 75.599 7.8 0.76 75.755 7.8 0.758 76.068
Homeobox - 0.423 728.448 | 450.3 46.93 730.451 | 450.3  46.932 731.469
PTS_EITA - 0.016 39.232 12.4 0.27 38.109 12.4 0.269 38.798
HTH_ASNC - 0.012 51.461 0.7 0.23 51.591 0.7 0.231 51.731
HTH_DEOR - 0.023 24.132 1.7 0.19 24.917 1.7 0.194 24.565
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F72, TV LERT &) EERIMT OSSR VIR
ELT, WEICHBHEEZITAZETE Yy A O
FORBHEDIEMAZIL L 2w b2 EZ 5N,

WHMETE OFH R PIRRTE TS o 728l &
LT, plOFERNEPRELZLZENEZOND. [ERTF
FCIE 50 ) OMAEEILE L T 525, IREFHTIE
ATATA T4 Y FIhETY, §XRTCDITAY %
FARTVE DT, [ERFHEL VPP 2o TV,

T2, FA MY TITIEIDOTHETT AV TY XLR
Ml LS U7 T, FHRERRICES RO N h o7z
tEZLNA.

6. F&&b

AEfFECIX, 73 7B T— 5 £y b SEGIETF—
TAIAY T B B BLY & BB R L IIL T A i R RS
L7z, OMBEERECELT 2 0HMEL TE 57200 BRI
HBOYDICT L2012, Ty LIOEZBRINT L %
1k, AR 2 HREASEA SN2 L ERYLE 7 3/ BREC
7= R=2Z @M L, Zhic L) S 554755020
SEVEE R RO MEME 2 B L 72, WHMEORIRTIE,
BHATHICH LT, YA Y R %2254 FEEEATA
TA YT REEEAL TS, AT T4
AV Ry ECTHIMELZRIRT 2 L &, 74 ¥ FYHEEBOM
WO—J, Mg 2BALX Yy TEND LS, O
TA Y RS IMEOEIRDN SR L7z, =B, Wl
fEE LT A ¥ RYHEBEZERT 272012, v v 7
T T ¥ AENITEHERNSTO 2 00 kR, p
EOREZFHPLTWE. T2, 20X ZA0HMEDER
DIEPIZ, PERDO CGS TA T ALIZEFTN TS (1) &b
I OB R (2) BEHTECHIE A O p HOEHEIZEAL
W 7 ek & B A L 7.

WREHEOFMEREZ 5 207 —% £y b EHWTERG
L7253, RO FTHICIERTEBE LR EF -7 & L
T OFLERGFFNEA O AT REIC 2 - 72,

LHOFEE LT, BIEEEIRY RO EOKE
WHITons, 2L 21E, TNEFNOXFITHT 554
FEORIEICn KO~V 7BREZEANT L HiEREDH
L., COEDPOEL LTI, A MY TINHiIHRE L
TVWAENET—T7OEE K Z#EEHNT VI ALRE
ETFTNEEICL) BEIRET 2 HEOBER R EDSH L. F
72, BYEF— 72T 27 TRL, TFAMT—%
2B BN 7 3l 5 OB, Web LEDIEIE R
DB IEIE D 5T OF T REMEIC DWW T OMEEIZFE S T
W5, EHI1T, EBRZ ECREMBESS L 2 EOHEES
R T—5 2y MIHLT, BEELREF—-TF 7T
AT EETH 5.

© 2016 Information Processing Society of Japan

SEH

[1] Lawrence, C.E., Altscul, S.F., Boguski, M.S., Liu, J.S.,
Neuwald, A.F. and Wootton, J.C.: Detecting Subtle Se-
quence Signals: A Gibbs Sampling Strategy for Multiple
Alignment, Science, Vol.262, No.513, pp.208-214 (1993).

[2] Liu, L.-f. and Jiao, L.-c.: A Greedy Two-stage Gibbs
Sampling Method for Motif Discovery in Biological Se-
quences, Journal of Information Science and Engineer-
ing, Vol.26, pp.2309-2318 (2010).

[3] Thompson, W., Rouchka, E.C. and Lawrence, C.E.:
Gibbs Recursive Sampler: Finding transcription factor
binding sites, Nucleic Acids Research, Vol.31, Issue 13,
pp-3580-3585 (2003).

[4]  The Gibbs Motif Sampler Homepage, available from
(http://ccmbweb.cev.brown.edu/gibbs/gibbs.html)

[5]  Laskowski, R.A.: SURFNET: A program for visualizing
molecular surfaces, cavities and intermolecular interac-
tions, Journal of Molecular Graphics, Vol.13, Issue 5,
pp-323-330 (Oct. 1995).

6] WRINNA F A>T 7T 4 2 AFSERF . SURFNET, AT
56 (http://www.ebi.ac.uk/thornton-srv/software/
SURFNET/)

[7]  Lee, D., Redfern, O. and Orengo, C.: Predicting protein
function from sequence and structure, Nature Reviews
Molecular Cell Biology, Vol.8, pp.995-1005 (Dec. 2007).

[8] Geman, S. and Geman, D.: Stochastic Relaxation, Gibbs
Distributions, and the Bayesian Restoration of Images,
IEEE Trans. Pattern Analysis and Machine Intelli-
gence, Vol.6, No.6, pp.721-741 (1984).

[9] Rouchka, E.C.: A Brief Overview of Gibbs Sampling,
Bioinformatics Technical Report Series, No.TR-ULBL-
2008-02, University of Louisville, p.9 (Mar. 24, 2008).

[10] Liu, L.-f., Jiao, L.-c. and Huo, H.-w.: A Greedy Two-
stage Gibbs Sampling Method for Motif Discovery in
Biological Sequences, 2008 International Conference
on BioMedical Engineering and Informatics, pp.13-17
(2008).

[11] Hastings, W.K.: Monte Carlo Sampling Methods Us-
ing Markov Chains and their Applications, Biometrika,
Vol.57, pp.97-109 (1970).

(12] EREA, WA 46 ), ALHTREER, Frifes () © 21
Rl MR R, 58 1L & B - SHE ORI RS, 5810
w3 7HE Y T AV EEAM, HEREERE
(2008).

[13] Neuwald, A.F., Liu, J.S. and Lawrence, C.E.: Gibbs
motif sampling: Detection of bacterial outer membrane
protein repeats, Protein Science, Vol.4, pp.1618-1632,
Cambridge University Press (1995).

(14] TEHEA, IERZ, HNE—, bk MR T -5
N—= A 5 BRI 2 fhiH § % 7200 D GS Fad LT
BB 5 5%, EFHHEEyRE 19 07— L5
7 — 2 ¥ a v 7 (DEWS2008), Online Proceedings
(2008).

[15] Komno, N., Kitakami, H., Tamura, K. and Mori, Y.: Ex-
tracting Similar Subsequences by Gibbs Sampling with
Distributed MGG, Proc. 2009 International Conference
on Parallel & Distributed Processing Techniques € Ap-
plications (PDPTA 09), Las Vegas in USA, July 13-16,
pp-669-675 (2009).

[16] Liu, J.S.: The Collapsed Gibbs Sampler in Bayesian
Computations with Applications to a Gene Regulation
Problem, Journal of the American Statistical Associa-
tion, Vol.89, No.427, pp.958-966 (1994).

[17] Liu, L.-f. and Jiao, L.-c.: Moitf GibbsGA: Sampling
Transcription Factor Binding Sites Coupled with PSFM

41



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Optimization by Genetic Algorithm, Journal of Conver-
gence Information Technology, Vol.5, No10, pp.141-148
(2010).

Thompson, W.A., Newberg, L.A., Conlan, S., McCue,
L.A. and Lawrence, C.E.: The Gibbs Centroid Sampler,
Nucleic Acids Res., Vol.35, Issue suppl 2, pp.W232—
W237 (2007).

Styczynski, M.P., Jensen, K.L., Rigoutsos, I. and
Stephanopoulos, G.: BLOSUMG62 miscalculations im-
prove search performance, Nature Biotechology, Vol.26,
No.3, pp.274-275 (2008).

Thompson, J.D., Gibson, T.J.,
Jeanmougin, F. and Higgins, D.G.:
Improving the sensitivity of progressive multiple
sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice,
Nucleic Acids Research, Vol.22, No.22, pp.4673-4680,
Oxford University Press (1994).

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna,
R., McGettigan, P.A., McWilliam, H., Valentin, F.,
Wallace, .M., Wilm, A., Lopez, R., Thompson, J.D.,
Gibson, T.J. and Higgins, D.G.: Clustal W and Clustal
X version 2.0, Bioinformatics, Vol.23, Issue 21, pp.2947—
2948 (2007).

Henikoff, S. and Henikoff, J.G.: Amino Acid Substitution
Matrices from Protein Blocks, Proc. Natural Academy
of Science of the United States of America, Vol.89,
pp-10915-10919 (Nov. 1992).

Henikoff, J.G. and Henikoff, S.: Using substitution prob-
abilities to improve position-specific scoring matrices,
Computer Applications in the Biosciences, Vol.12, No.2,
pp.135-143 (Apr. 1996).

Saitou, N. and Ne, M.: The Neighbor-joining Method:
A New Method for Reconstructing Phylogenetic Trees,
Molecular Biology and Evolution, Vol.4, Issue 4, pp.406—
425 (1987).

WA, b M OB SEEHICIES (T —
7 OfEtRIAtE:, B EHEE AR 13 DR
7+ — 7 A (FIT2014) 34, D-008, pp.91-93 (2014).
Henikoff, S. and Henikoff, J.G.: Amino Acid Substitution
Matrices from Protein Blocks, Proc. National Academy
of Sciences of the United States of America (PNAS),
Vol.89, No.22, pp.10915-10919 (1992).

Pei, J., Han, J., Mortazavi-Asl, B., Wang, J., Pinto, H.,
Chen, Q., Dayal, U. and Hsu, M.-C.: Mining Sequen-
tial Patterns by Pattern-Growth: The Prefix Span Ap-
proach, IEEE Trans. Knowledge and Data Engineering,
Vol.16, No.11, pp.1424-1440 (2004).

gz, ek fa, FORE, ERNE—, TR MW
INPOIETURBTER T AV R — NI E RO TN
Y — O, EBFHEHEEFSMGHGED [7—%
T4 |, Vol.J90-D, No.2, pp.281-291 (2007).
gz, & ORE, Bk, ek gn L TRRESS
¥ — VIS BIT 2 FT A T v TR G AR
5=y OBEHFR, BRT =& N— 2545 (DBS]
Letters), Vol.6, No.1, pp.65-68 (2007).

Durbin, R., Eddy, S.R., Krogh, A. and Mitchison, G.:
Chapterb Profile HMMs for sequence families, Biolog-
ical sequence analysis — Probabilistic models of pro-
teins and nucleic acids, pp.100-133, Cambridge Univer-
sity Press (1998).

Newberg, L.A. et al.: A phylogenetic Gibbs sampler that
yields centroid solutions for cis-regulatory site predic-
tion, Bioinformatics, Vol.23, No.14, pp.1718-1727 (July
2007).

Plewniak, F.,
CLUSTAL W:

© 2016 Information Processing Society of Japan

[49]

Thompson, W.A. et al.: Using the Gibbs Motif Sam-
pler for phylogenetic footprinting, Methods Mol. Biol.,
Vol.395, pp.403-424 (2007).

et ah, AEEM, KRHEIESE ¥y 77— Rosr
/37 AFHLE, ot (2014).

Krogh, A., Brown, M., Mian, L.S., Sjolander, K. and
Hausder, D.: Hidden Markov Models in Computational
Biology Applications to Protein Modeling, Journal of
Molecular Biology, Vol.235, pp.1501-1531 (1994).

Eddy, S.R.: Multiple alignment using hidden Markov
models, Proc. International Conference on Intelligent
Systems for Molecular Biology (ISMB-95), pp.114-120,
AAAI/MIT Press (1995).

Hughey, R. and Krogh, A.: Hidden Markov models for
sequence analysis: Extension and analysis of the ba-
sic method, Computer Applications in the Biosciences
(CABIOS), Vol.12, No.2, pp.95-107 (1996).
Kirkpatrick, S., Gelatt, C.D. and Vecchi, M.P.: Op-
timization by simulated annealing, Science, Vol.220,
pp.671-680 (1983).

Goldberg, D.E.: Genetic Algorithms in Search, Opti-
mization and Machine Learning, Addison-Wesley Long-
man Publishing Co., Inc. Boston, MA, USA (1989).
Bellman, R.: Dynamic Programming, Princeton Univer-
sity Press (1957).

Gusfield, D.: Algorithms on Strings, Tree, and Se-
quences: Computer Science and Computational Biol-
ogy, Cambridge University Press (1977).

Saul, N.B. and Christian, W.D.: A general method ap-
plicable to the search for similarities in the amino acid
sequence of two proteins, Journal of Molecular Biology,
Vol.48, Issue.3, pp.443-453 (1970).

BAHE, bk fa, & HEE 774 A PERR
FEED S EF — 7 2 il 3 2 )7, EHFHulETR%
57— THEERYF VAL MIET L 74— T 4
(DEIM2013) &34, E5-2, Online Proceedings (2013).
Zia, A. and Moses, A.M.: Towards a theoretical under-
standing of false positives in DNA motif finding, BMC
Bioinformatics, Vol.13, No.151, p.9 (2012).

PROSITE, available from (http://prosite.expasy.org/)
Ikeo, K., Takahashi, K. and Gojobori, T.: Evolution-
ary origin of numerous kringles in human and simian
apolipoprotein(a), Federadon of European Biochemical
Societies, Vol.287, No.1-2, pp.146-148 (1991).

Gehring, W.J. and Hiromi, Y.: Homeotic genes and
the homeobox, Annu. Rev. Genet., Vol.20, pp.147-173
(1986).

Postma, P.W., Lengeler, J.W. and Jacobson, G.R.:
Phosphoenolpyruvate: ~ Carbohydrate phosphotrans-
ferase systems of bacteria, Microbiology and Molecular
Biolopy Reviews, Vol.57, No.3, pp.543-594 (1993).
Willins, D.A., Ryan, C.W., Platko, J.V. and Calvo, J.M.:
Characterization of Lrp, and Escherichia coli regulatory
protein that mediates a global response to leucine, Jour-
nal of Biological Chemistry, Vol.266, No.17, pp.10768—
10774 (1991).

von Bodman, S.B., Hayman, G.T. and Farrand, S.K.:
Opine catabolism and conjugal transfer of the nopaline
Ti plasmid pTiC58 are coordinately regulated by a sin-
gle repressor, Proc. National Academy of Sciences of the
United States of America, Vol.89, pp.643-647 (1992).
Katoh, K. and Standley, D.M.: MAFFT Multiple Se-
quence Alignment Software Version 7: Improvements in
Performance and Usability, Molecular Biology and Evo-
lution, Vol.30, Issue 4, pp.772-780 (2013).

42



BIRNIBR ARG FEEEFEESE Vol.9 No.3 32-43 (Dec. 2016)

=iE EX

IREWILREW IR, it (1
HLA) . 2010 IR BT V. RFRT:
Be 1 BB ZE B L AT RS T,
2015 A [AE-LEREIERARE T, F4E X
DB HAFT— ¥ R—2FARH.

(IE%R)

Jtt 4

TN TRV NE S St E R
+ (T5). 1976 F AL KSR b T
FIFEAHE LIRS T, FEE L
wk A, Dk, & liurgenr, o
fGa v ¥ — & HaliBigsiEE (1COT)
FALIZE R, E AL BB
PZ 2 KT, 1994 4FIL BV KRR Hd%, 2007 4F
XOHIR. SHEEE [F— Iy N—ALHHKER], ey s
T=y RO T ) I 7 AERILE]. 1985 E G LY 2
25 R RL&nm SCE, 2003 4F H A LFEEE & L - i
BlID, HETF—=FN—2%% GGEHELRR), B11F
HlfFFa, NLHRESS, BRNA A 743747
A%4y, IEEE, ACM, #&E. A&Y=T72A.

(IE&R)

BA ¥

2013 4T B T LR EHE A2
2015 4F- A KRB H A = se
HLATIIREE T, REgRSTE T %
LVET - a3alr—3 3 X%
L, BIfEIZE5.

& RE

1994 4240 56 i Bt A BT K27 B R 2
TR AT RS LTS 7. 3
£, TR TR R BElE AR A 7E
FHEDEL. RIS BB DR FE IS HET.
IEEE CS, ACM, ®FHEHEESES

K=H.

(IE%H)

© 2016 Information Processing Society of Japan

H B—

TN NES R YR 2T SRl i e
it (FEEEE) . 1998 4E LIRS
FEE R LR, 2000 4R [FRAE
KEFBE T AT LA TR R RE &
AT LFHBUE RS T, 2003 4
FRFRE S AT LAERICERFAIRE > A
7 LS E AR A S O 9 2R TR ET
SERFAIERAAR BT, LR RFERFEAEHRE 78
BHBh#, G ZFEC, 2011 SE L DBk, T—F~A =
7L ZOHLHIZE T 2078 It S, IEEE, & T1ER
WEFR, HRT -y RX—2%%, NTHRESYS, HAH
RelB3 7 7 V1 ¥R K 2H.

(IE%H)

43



