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Search Method for Consensus Pattern of Transcription Factor
Binding Sites in Promoter Region
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Abstract Located on the upstream of a gene, the promoter region that plays a very important role in the
control of gene expression as a signal part has various binding sites for transcription factors. These binding sites
are present in various parts of the promoter region and assume an aspect of highly conserved consensus
sequence pattern. This paper deals with the introductions of search methods for consensus pattern, including
Wataru method, EM algorithm, MEME algorithm, Genetic algorithm and Phylogenetic Footprinting method, and

intends to give future prospects of research on this field.
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F7IAg 2R chi Yo 7]5E ASgcthe AL, 12
9 7z df] olu] B 7jE BHAES YHos

oI7t SA EZE2HE(Human Genome Project)®) ALE 7ke] AHEAd AM(homology search)S F3f a3
Z87} 2003 49 TAHoZ AMAEY:, uokst  AEY 724 75E 9o FEstnA sk Aol
Aoz E(species)Eol| it (A =Z=2AHEV} wabd Azl DNA  E7iMES Zun o
HAurHem 9aEPAY AW Ho]| Lo uwat XA BYske A7t s 2FE o] g, 0]9k
HER RS Hofe sjEyoz Af fAxe] Uz @ HHA t}4=9] g &t X2 E0]
75BAo] 2FE FI1 9lon, AR thd] AE 7L E A 1,2).
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SAze] 7)Boit AW wuiAe 53 TRE A7 HEET] Y AR AR
Fsied w2z om A Yo Bxk vEYaE  DNAE FFoR fAUdS A" uizfAd mRNAE
2AHo We)=y 3L H21 Yt A8k AL (transcription)? mRNAZ F3 2

oy REE W] F auHom fHxel  HUARE dmde] AHITUIA DS AE=
7% @ B4 goo] 24L& T2 Qlck &, fAgRe WS (translation) 59 YA GAE A HAks
Adel] s dxed DNA @71ME del #dA @Il 3 wAClR HA deEdE
ozste el y)sn FRE dEstuA st AloBhe FR3 AT k. AAE AofEh Sofshs
Nzt HBEREst Hope] s ARlo|gch DNA ol Jieh HARE QIS0 AR, 2 FellA
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RNA #3ta 47 43l I8 Jdsich &, RNA
Z3ta 47} TR RE(promoter)Bt E2{X|+= EX DNA

NG 9EE Qs ARTORH WAV}
AAE oleig Aol olold DNA olFuAel

UFHo] sfjE]il, RNA FEaELE ARAR] G714
A& F3A mRNAS  @As7] AjRRiTh
ZRREY J7INE F9e WAL AR HAE
A%, AAb Ao 24E FAXHIAL Shte]
A7 Hoh AAIZ RNA $as 9= @
AARIAE] RNA FEALS} Zame g9
Zrgate] @S AT SATT vlad dedt
T2E v gUgEY 2REd i A+ B2
Ao ATy, dgEe] ZrRE gigh d+=
A By 2 B4 dgo)] dridez st
HoltH1,2,3] AT A7t WeAgol A
FEA 22 FUeh A7 AYED ok ZRRE
FHof= RNA FEaL ol9fol H AARIARES]

A Be7h EAskedl Bsl AA AFHEHCAM
AR g LR 250 bp 7R

AaAol FEHor Akt AAPESL] HARIA
ZHIHE Fof tEZ Q! 3 o] TATA box, BRE, MTE,
DPE, DCE % Initiator S0] it} o]8]3t AR ES
B Rz 3B dEkA cheRst o] oherst
ZRo AFEAEC] EEFe] e LR ¥HA
QH3L. &, od 7leg P AAEATY
z2oEls]  F2 o|  EF 2F(tssue)ofA
Bolxoz WiHEE: §HAe TR el whebA
ZAEte AR YEC] 2o Aotk mebA
Z(species)o]it 2R T2 WE 2 2o H-E FA|Sh=
AL {Hx HE O W AYEE olsfsl=s Fa% DA E
AFE = ok

AEAES oA ZawE A7 F84
EA RA, B4 Z2RH9 Ao g 9l &
FAHA7} olw whid 2 e ZQIA Y gk ThAE
AEsick £4, T2RE EHE AFFgoaH 37
o] ojgA zd=ElE=x HAAHQ] 24 JEYIAE
THHE 5 e TAE & £ ok AR, FAH Ex
Azdoz Zgshe 2 HE/JINAN EFT
2AA | g &3he 1A MEYAE ¥ 5 e
SAE 48 o Yok zarE g9 dvt %)
a2 ¢l+o] g HEYU $£= AU fofA] AF3 vteh
7L FaXor st SApEd  dATEoFEA
Agujzisla oot Z2 e Fodg 2A457] YA E
HAARIAES] ZEEHE A&xoz HEue Ao
Fastc ozt AYRAEL 7+ F(species) ¥ £F

i ofl o

4

SARZER Aolghe wi AT, HAHez Z
HARIAL Bolx oz J4atn A + e 54
ANHBER F HEmo] ot HARIAL AR
AEFEE Bgste ZaERE 99& S8
BHSRE A7RoRe 27 3714 B2 e 4 stk
A, HAF FNAIELQ(TSS : Transcription Start Site)@}
Gt Eo] HARIA AFRAES BT RN TR
zang J99L dE3ta ke Bopojth o] FH

TFD[4], TRANSFAC|5], RegulonDB[6] 3} Z-&
A" AARIAEE  blojguo]AES 8k

Agrlel damds Age, ddd 4% BUe
HARIAL AR 22w J9L A5 A,
zeoE A FAdo] FoIRE A% AT AE
AgEe] #1 UL U EE WIH
AFEAES gk Hofoloth &, 3 A WellA
yEsiEoz ool g e BaskE Aol B -
Ak AlA, ZRRE AIES UFE EW2EHF
ot11a]& (clustering algorithm)& o]&3to] 7@z
Hee Felanise AMSL 2 2HAEYE $H4
7289 BAEE W3le dEopelch o] A7iA] fF=
AT dmAe] Zlo] Amzhel f7lFHoln WUEA
oEA7E gt B =RdAe F o' 3
el WA AR Consensus HH T
7leol sl aAfjstnzt gt

2. 2M e

z2re g9 o et JARIA AeEAg
Z20E]E Consensus HE B 740 H4A]7]7]
g 2A BAE HEw chew Pk Zemes
4379 FEHUHLEER o|RoAH 1, F7I0lEY
A& we]Zx}el A (adenine), C (cytosine), G (guanine),
T (thymine) G022 Z}Zte] R EH L E|=E w7|ith &,
Z2oEl= A, C, G, TY %30 o|Fojx 1, 1
ol 250 bp Aol oj2igt G7]1Adol] 20~307H7t
vk &kxt oldE HrIAEES Zol7} 6~10 bpl
AARIZL AFHES, & BETHC R o] Y= HHES
ZFstn ot ejil 7t gEEd RE ZEWE
@7IAE FEHeR vieA] xEE das i, &
n2uE @rixge] diE] olgdt mjEEe] =
EA8H2] & £= UL, sht ol EAE £
z2we] HGVIMEEY AdedA FostA vERbe
HEHEE 27 Fojof &b, F-osfof & -2 Hur
HY&Eo] ConsensusFERE A=the Folth & AEs|
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UA|BIA= L oFHY R FEjol ANk Fhte] dH S
Vel 49, o]59 tfEAQ Consensus HEL
Zbotok Ftee Aojth ConsensusE: ohR= o]g:=

3hLte] ZAHQIRFEO] ThA Aroldt o QQAIRES
QXBlm A7) wBolth (&, degeneracy EAIS
Zra 91y, goje] 7kA3kE Al o|Flof|A] o1 FBl=
HEl& ConsensusE 2Jn|3ict.

2.1 Wataru 4iH

Wataru®} Kanehisa Eo] A3+ #jgl =AM
781024 gty EAE ] ¢l A
A HRES ARgstn Sich Zolzt 200 bpgl
AEEA 2 mEEE FU|HEE9 HHoREH
Y32l Zolg 70 HYES 27 HE Watan 8]
AAR Bk 9 AL (28 1090 ek v} 2o
Zol7t Ld MRS MR olFoln mzme
Agcte 2 RE Zo|rt 69l BE HHES WHEL, 7
ol Ao iie ZRwE AIEoA ek
e vt2In A} oJFFERE o] gt gk
olgst 2Hgol M Bk E ST olEe di3f %
WA &8st HEES A8t A JaE e
ajn Z2RE AE A WY Z+ AgdA olE
HA=2] HAE FHoih o E AHPEL dolo
Uelts Aol Zolg & (29 1]9] 26T} Zol
BEH GHEE A48t 1 oL, olg2%H
eI duy BHg $o) M9 Zolg z-
Helg 3l

wmezel WwHez Tmy EHo] glew,
B2 FAA wuto] o|&xn] ¥ Hx7L tha
Bye aet zsgoz due] zolg we
HHET SHAE DAY PESIE w2 HHo

O

o

e 97] 91 ol thA ;e He FHoz
%% 4 9e

2 Genershon of Conserved Seginents

:.\.'.“\\\\N
NN
........ 0 _""

# Leugthref '
KC\mm segment /_/‘

Dot

Trimming of
terminal bases

Jaformation
—— . comtenmt

Multsple alignment

(28 1] Watarw o] 2ubalel 4% 2 74

2.2 EM (Expectation Maximization) &312|&

Cardon¥} Stormoo] 9J3] A =Tt EAE & Asl=
FTHOZA EM gar2jEo] FHARIAL A oS
ALEATHI. dEAE dolgEA AIEHA g2
ZeRE F7INE9EY ADE ARSI 7)o Holvt
wel oo wEgE FHste dx RE ZEOE
FNAEESERE THEE HH9 gglol digt FEF
2dg ¥Rigith [3¥ 2 EM Z3EEd oist
7184 MRE vehdc)

EM (dataset, W) {
choose starting point (o )
do {
reestimate z from p
reestimate p from z
} until (Ap (e)
return

[38 2] EM ¢ 78

of dme|ZHE Wdo] £ s Wasich shhe
p(=pWZA B o1 <c<W)2] |0 Bt I=A, T,
G EE Ofl TES UL Bdoln, E shus
A=z A iR o) A 1717} Tee) Ao
2 35 Yehile adolth. AlRg oA e et

£ Yoz dugth J2a UA o ZRE wo]x|¢t
e ARl 22 FAse oY, & 79 A

oA 22 RE Zhs=rt Hd7 HEE o & o4
FR5ke 7, & AdE BHE £ ol w7t
wEsle] HshE deg Jiboh EM Yse)
dHos AA, AZEE o9 AdEsjof sh=Al Higt
o] §l7] mEo] M¥ ofFe] wel Ao mjro]
gehd 4 g Faddel B ek Aok B4,
One-occurrence-per-sequence ZHo|7] mjFo Foiz
At m2ue AFoA vehts wgo] o7 A
S& A= sh yol 2A] Ealh A, B3 2
o2 Higo] ¢l ZERE Ago] i FAHED
sflo] ozl A vehts Z2uE Ade] Haiy
He Z97E ARk olEE dHEE SES ol
ool 2718 MEME ¢atgjgolr.

2.3 MEME (Multiple EM for Motif Elicitation)

AT E
EM &iE|Es st o= AgEE EAE
A3t Bailey?l  Elkano]  9J3] < ARRH
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Z2RE g9 MR

A9 Consensus #E T4 P

Q3 Folch10,11). 42 Hele A Yol =x) g
AaBY AHE sty AERRee RE
FEARSS STUOR 3o A RE US|

gk e mus gigksich MEME ¢aiE]Eo] EM
gualEe] A BEE S5 iez A,
Agollr AA sk RRAEES AFHoR
Aeistel  oigFl Ao dHE g 55
E=9cH12].  EA,  One-occurrence-per-sequence®h=
7}4& vjAI3t N-occurrence-per-dataset ZH2A dht
opite] o] ERjstoz 2E & 47 Utk AlA,
Ze olf= sty Agel oy Y sfdo]
ZAsidete BAZ HA it E3 gjdo] gl
A AS-E FAERE F&(noise)oll U3HEHA] gk
[2% 3] MEME gazgjgo] oisk as vehdcth

MEME (dataset, W, NSITES, PASSES) {
for /=1 to PASSES {
for each subsequence in dataset {

run EM for 1 iteration with starting
point derived from this subsequence

choose model of shared motif
with highest likelihood

run EM to convergence from starting
point which generated that model

print converged model of shared motif

erase appearances of shared motif
from dataset

[2% 3] MEME ¢u18]&9) e

FZ BIL EME 7O

i

2 ¢ dusEe A9
AHHE weEh BhEHog itk AR Yol
Hese] duht g AJR| st NSITESE
st o] Azt & W7hA] AlGSHAl "o uhg
2x= o U3E ¢ Y HEE 3] siAl A
a2ia dik EEE gl olFe] e difollA
AAAA 2 HEE Zedl 350l HA FEF T
gHoRe dde]l ¥E w7k EM diYEs
WHEAHOE TN A7ho] Fo] AdukE Aot
azjn sfde] dojet wAE e & FABH
F53t] AeFE AalFolof e Aol

iSO}

=

.

~ S

o

2.4 RUX YDA F

BEYR RoplH @rMASERY fosom
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vehte SEEL 2¥skedl AMgEE 23
g2l Fof iyt §42F garEEolni(13,14,15].
ol MEMste e muys AAY € AFY WE
Halo] o3 AyzeglEA AT Y e Fed
ZgHol7] wRelct. 7] AEMNAH Yehts
HeHE5S 87| Y8 Tt B4 93 GuEES
o|g3lA gL ol oA AFT Hiel Zol
AEstHog o] Qe #HEEo| Consensus HEHE
w31 7] whEelch &, grollA AEdh A" shpe
AARIaE] ¢lajshe AE sEle] Ty Aol ohzt
o Ao AMs4 HEg d4Ely] ol wekA
el Y21 dikso] v|glojl EA& nesto
o2 X  dels 2383 RES APgE TR
g3t} gzt sk fEe mE Ar)Agel 28EF
otz Hohi= 713 ol A F DAl AXA HfEE
AL 9 Aok AWA DA A duHES
olg3te] FojFoR uehte A7t Wl @
= Ao, £ A dA= ol dHEES 7HA
et Zole] dHER AAse Aolch ofdh
SAE Bot FEEHY AAAHQ AL [IF 4]
Zt.

i

il
b

o4t Koo

BEEVE

R 3A g

Step 1

Shpl

I

Yo _VATT ZET

BN LY

[OE 4] 434 dnEE o84 e T ARz
73 X

A dagge] FHEgF FHde dolrt wel
GHER Zcte] A7) MA THE ARtk ATl
7)o digjxe S Aol gik. & v Ay
AlZto|Lt H]g oM HlA&H o1, R ztoy 2|79
e Fatv] FEZ) dige] G £z G ook
ot ZigiEE fod dHe] AeE Agyez
EAsA MZEE Aok 27 Aol z AHEY
drle PR Agddth oo ojEsr Zizbel
AAE 3t HE=E Hrisly] fe HEg® e
N7 AEEREY nl2a® dgets e ndi}
Fobd EXE o]g3itt HEE Zrell 23 ok Aol
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AT NS Aestel I QA SaRch Tel
#e Wol gz SAMo|S Sasky U Tk Arhe)
Aeto] AHo| Hrh o714 47 oRE AW
SEsA gowd H3EE Wt A%
Al SRtk @ 71K o Tesier & RS ol
Sl oz g AASEY KT UBS

deAE BE foT

AgatA 99 2 9ol d
HHES ¥ 4V Ak 2N wEg spmez

st o o) o7 BESol hox g 7 27)
Aohe Fols DARE wERoR Sy ol
son Bl et AAHY T AR (29 sie

A. For each gene on the input list:
(a) Search homologous gene to identify the
orthologous genes for this gene.
(b) If this gene has orthologous for every
species on the input set of species:
|. For each orthologous gene:
» Search the gene location on the
genomic sequence of its species,
* Search the promoter sequences
for this gene,
ii. Process the multiple alignment of
the promoter sequences.
iii. Extract the well-conserved patterns
from the alignment,
B. Process the clustering of the patterns,
C. Compare to the known patterns and
assign the function to the clusters.

[712! 6] Phylogenetic Footpriniing G2 F S} 7HL

9o BAS AT L FRAGEH: ZTrole S0l
g5l TolA| Hr}. et oleidt wugol A
e sigloletn Wehy Tk ol Weks o2
THAR A A7 S0l7) otk wehd o]

dEse A4 WY 9wEe 7 gemz 3

Zolol we & 7 ghdo] oo gtk FRAG o]

£ ol AR FY== AE) U o=
olgg TAEo] A4 HEe| drEolzke vt 2
Rolth. FRAG Aol @HE7|E] A&H2R 5 bp¥
F3A%E 9 1 bp AE BUXSe A& 5831
Aol Zol7t 10 bpo] H=S 7t BE A7IMESE
o} Pre PATT Zehg AJAITHIE 4] 94714 A
Zole Wataru®] AFZAT}A 7 bpe] sde] Hof
Zolgte Ax tiRE HARIZ ZFFHEC] 6~10
bpolekes A& Zetste] Fch Pre PATT g Sl=
HEEQ Zolg 1T HFz Foll o3 A=
Zh& 3k olu) Pre PATT Yte] ivin) @714 E& o
A71% FA7HAA W ool BE et doje] Wi
AL EY AT e FEth IFI LimitghEny
2 AEL wWE Rop ojF FolA Zgo] 7V 2
A7IMEE A Mg diE HfEor st
PATTEH: gkl F8o] HA| 4A A= Tk Z
gHe et Zol Akl

fi—-N-p

Z =
JN-p-(-p)/JIN

(@411

714 pi= Ao} LR stitel Aol isks A7
Mol gh Uehd BBl f= A i AYES
Urehdich. Zghe 3 PATT gl e 97142Se)
Hx 9| Helo] Hi £9le] 7]Z0] Hek

2.5 Phylogenetic Footprinting &4

S AWA FS(species)l  WE  FAA
zzAeEy AAEHA ZhET 9= Phylogenetic
Footprinting  7]%[16,17,18]& {22 715590
b Ag Eold 7152 zx] ¥ tiE MY g9
Yol A Sodwlol7} wst 449 ol ¥ wthe
AALS Zjete g it ol it Wl Z2rE Yo
HARQIA AEHEEL AP H(selective pressure)
ukg glom, o]Z Qi3 715g WA ge tE AFY
HAESe] B8] "R =W S22 Astskal ok & 5
Q. olys WS ;FHEY, HAARE AAES
Aoz 77ke {ATUAE #E MR OOE
Z(speciesyS 7t IEHo= Z HEEFo] glojof
stk olEdt  AME vvte=
Footprinting& 3E9] ZAozry 8 AR td
Z20] 949 orthologous HANES] T2 RE FY

YellA & 229 A9 fes g gtk &, oy

Phylogenetic
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ZE9| orthologous non-coding A FtozHe 2
BEE G BARORA B FTLAS BE
el ol A M2 i BT $3)
BE 93t kA H(multiple alignment)o] 3o,
Aozt g fEsd] gt 2184 715 EFE H8iA
FeAEFY(clustering)  TFo]  aFET  oFAd
Agr o= 22 AHY(local alignment) YLIFE
Ahgsjor HRA o » HEY T A BT
4= olt} [1 6]-& Phylogenetic Footprinting &1e]&<]l
tigt RS vepdch 3} BAolA e HdYgEen
Zojghe HE fAMS w@e MERESH 7Y

3tol Har it

3. ¥au
B =RojA Agdt consensus WEH FATIHES
zegy 3 WA FURS dEBR ok
AEStH oz ou] gl thopdt AleRy ¢ iy g
ol 42 4 sle WSt 449 7PHES &4
oA wlole dolEe] B43 £4 AEE A% A
z24 5o ol$¢ U] gge] ol gxejge] Kt
o Aol Holdx] @lstr] o &t 53, oj2idt
oty a|& e Ze] A€ (heuristic)d}3L 7 E A <l (empirical)
AR zta gl A AAE dESIUTER, F2
Atol oigt AHBAS HYshs Aol WE I=
A97h ek, 10 WHSIA] ThpRE AHskel olxzt )
gEo] Al o MERE A=t k=¥o
a3k olzg ZHoA o] ATEIFE HHE
A2e G Ao datE 718lHA Al 7]&9
WHES ATY ¥ Agste 4dde 71sThEA
ol M= oE J|YE 719 §EE B3 A2
Bu7E Rt Sl FAloltHlel ATt
ERME SRR chgst 7S HE /A
zzdEel ZAAd2 AHER o FE 7Y /3A
HuEdg B3 HAzE A & FIAR s
Phylogenetic Footprinting 7|¥o] dz] AM-E3 QU&=
ZAo|th17,18). ¥FZole APHeR HFTH ¥HY
dolelg FE3| HEe 5 I LEUWH
g9l wjE BolAg Jdh= Eof &, 54 18l
yettes  fdEE ARSSte] ol zZRuH
gridge] o= 2Fd HI=A A&t Hd
S0l FHA 7153 RS He a7 okt
of$ ZgRke Rog oAKH
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