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Promoter Prediction using Genetic Algorithm

Minkyung Oh, Changhoon Kim', Kibong Kim, EunBae Kong, SeungMok Kim"

Dept. of Computer Engineering Chungnam National Univ.

"KRIBB

o}

Promoters" transcript start site o580 923l RNA polymerase?} 2 34 < Holg ulgd

9shke DNA%S Sdd

22 @7]MRE

DNA transcription°] Al ZH€lt}  functiono)\}

tissue-specific geneE9] ZTEWE 1 promoterE 9] Holjt HE g 2L WAL 2M Specificdt

transcription%
7b et
sequence  database 5. %-E

+ 35l

acid

A}3 2] housekeeping gene promoterE <
o)RE

ZAse Aoz dA Yo} promoterZ AT 1 gened) HREF o= AR &

EPD(eukaryotic promoter database)?} EMBL nucleic
el ul QA dEdE BE HUES

optimization algorithm©. 2 %22l genetic algorithm € o} &8} ZFolr gttt

1.4 &

2 £9] Human Genome Project?] A|Zo2 7zt &
Aol Ao fFAAR S| FopA L Qe Zhed o8& Y
02 AN AL dord Ba4e] AA gtk *}3’—4 !
$-3x10p2 FAHE FAANE 7HA D YW 2 F 2% o)
genes codingdl Ut DNA M ¥ % ol213l geneSd 1
9] signal &g 3+ promoterdts Y& 7
X0 UL Zo] Fadld

Transcription Translation

specific §

figure 1: Central Dogma

AE el e HAE olF+= ol DNAEEAM A, T,
G, Co vl 7k o] 2@ o2 A 1 BEA g 2E FHH
BE 7X@ Q) o]FUd DNAE # Al&d sidsle
RNAZ A 3t= J} A& transcription®]2 3l T o] RNA
% messenger RNA(MRNA)AY 97 Mg &z 319
protein® & @4t AL translationolg} $ct. ol2l @

NEHQA WHYES central dogmazt o} (fig. 1)

transcription®}Y} translatione] YelUAE z2H& a3
= o3 74 RNAS protein¥ el €0l A%t 1 Fol A
transcription®i A F 234 B3l Ho] RNA polymerase
o]t} o] RNA polymerase’} DNA M @4t &2 334 &
Holy bindingsle promoter®] I & 7|4 FE
transcription®] YoluA ®Br} prokaryotedE §# £79)
23 eukaryoteol= 4l £F2 RNA
polymerase’t 0t} H|ZH 3§ prokaryotic promoterol
B dFE e AFHQ ARNPVE e ddg
eukaryotic promoter= AHH|9] B3 Lz wFo arix|
A7t ¥oH2][3]. prokaryote®} eukaryoted| o]: 7Hgs)
B {7 ek AE ol o] Exsted FYAI}F & ol
BEFo e 15 BEAEZ eukaryotedt slm wE
prokaryoteg} §hc},

eukaryotic

F&o

RNA polymerase?}

e
transcription element(°l3} TE) site(FZ 6~8bp)E ol
gebdo g deldl A F dEAQ Zol TATA boxTEs
initiator7k I}, 1 ofof] $9 sixg) 42l W TESo] &H)
promoter sequence®l¥ IRE9 specific functiono]yt

tissued W2} ol ® uniquedt Zol TEE drin LA

promoter sequence® A

12



19999 % &4

B AHE GEPEET

U
- v

%l Vol. 26. No. 2

itk ol# 3 TEES ¥olx7] 18l functionally specific
promoter& ¥38H3l= sequencedl M 2y A vpelbe o)
AA

HE S, olu] o2 multiple a]ignment[4][5]°ﬂ ayHon
A4 FHA dueEE olgste] v iy rf Fopua ¥

Mgk %3] A housekeeping gene 207H°ﬂ A 2

S #v} housekeeping gene< WHAS u central dogma
o] @ 71%o)| BodtA HE geneE S LI
2. FAA 22 F(GA)

GAS 19753 F9=2 A Adaptation in Natural

and Artificial Systemsel *&2 2hE e

natural genetics®t natural selection®] l2}of] uvler &
F 5AF AHe @A wilelnh. & HAH g

o] ¥ "ol vlstel GABITIE <4 3 ¥

Aol gAsE Aol gae gozM YA A
& 22 "Eol A2 AN GG WA 2 Hol 5
Aol

GAL 42dsel U2, & ddEHY SAvoleR
H oaes enelFozd, #84 Aoy g 3
47258 9% @b Adelan FE & Ao A

WA SANA initial populationS A shol 3l=d o

population®] #WWE FAE IdAY stringe2 ZIFL
3 AAEZA 4 stringe F W23 (genotype) EE

4 A Al (chromosome) 24 FFH 7|5 ok E¥E initial
A stA AT oA WAL initial
figure 298] FH & FHol] o] & o

population
population-& 7} 1t
kX WbE S8 g,

current Intermediate

next

generation generalion generation

Crossover & mutation

figure 3: generation process

GAT 712302 M7tA FF/e
E (selection),

FRA 23
M ZHcrossover), I1glx
(mutation)2 A& 380}, Selectiong % & 3}7]0)
A7 g Aol Eepu Hopd s ZAJNAE A5
7] 4% o AFE FFE olgdlA 2 JHA
g3 AYgeg Tt

oFA

3. Promoter Prediction$ $13% ¢xd &

13

Length7} 19! sequence o) N7H7} AL v
size, Wl Zol& #E string3& B2 data set& ETH
% ©] data setoll & (L-W+1) X N7} °| string¥o] A Frh
2283 GAQl operationd 8% initial populatio
7 WQ string &% data set Q5246 divdstA PAE

i 11
B F&8H O]Tl’l\;

window

ne o
Fae
tldata setS. 24 f£UETE Zoly) ¢
Frojtt,

7+ A e AL o7hel substitutiond 3] &5

data set2 ZXHE 9] frequency® ). HE L7 PR

Wz A g ael dohd e £% FEAFENR
i 52 48T F G40 ASNE Fsn ARy
wEe sEHow Frarh o714 21 Aol figure

29] intermediate generation®l] @3ttt ol A wa N
AAES = QA 288 sho] B pe 24
ALstn ZF 7)) based 2 ¥ PmS 2 mutation
}Fooleldt B A S

WA 5

crossover

2 8-8ko} next generations ¥HETH
bestd & w ol JFAEL e ul7} a0 ol &
Eiaz s

Initial population
Ag = A

L Crossover & mumnon

E;

figure 3: GA process

F#o] ©] & populationol A 9% HFLE A
AeE MAE dHAPc) (L-W+1) XNAQ stringSo] @&

g 7FH S W o719 substitutiong 3] &3 )
HEEP)S OFEELE o] &3l Filoh

2>

[ }0.25)“‘-“(0.75>‘
k=i -0

a8 7ldEE = E, E=PX(L-W+1)xNo] €t}
A EELZ transformdte] 0.1%9] FelA o2 limitgh
€ b3 Zol iyl

Limit =3 J(L-W+1)-N-P-(1-P)+E



19994 %

B F A B 7R et EERA Vol. 26. No. 2

o] LimitE 2A % Fdo o]& populationol 4] Limit
et & A E AW AAES vl e ddez ¢
8o},

283 GAEZ W FPAAM U dHE 9ol A
=7t Limite o & e So] wag 7k dol g7l o
o] GAS %43 populationoll A zF /Aol AP =7
Limit®E 2 gro) ez & d7r AL +8
b o Ak gelor U2 AET o789 substitution
& 387 ANEY HFPSE Limitd ok e kg Fo
A A mejEA wED 224 AAE
Limit®cl 2 7o} Uyex &g w711 GAE V8 538
s}, A A0 AL figure 3904 B Ak

A=t

4. 4% R 4&

2% thake] housekeeping promotert WataruZh [1]e]
28e A9 Az 2o AL EPDY EMBLAA F%314
M35 table 10] Uhs} @l RS 1D 1ol Wak 719)
olc}.

HSRNUI[VO®59I]
HSUGIA[K(G3023]
HSUG3PE(MI4016]
HSUGU4CAIM13957)
HSHMGI4A(M2133Y]
HSHMG17G{X13546]
HSNUCLEO|M60858}
HSSNRNP3IM21253]
HSRPS14(Mi3934)
HSRIGA|M32405]
HSACTBPR{YOD4T4]
HSHMGCOB|MI15%39]
HSURODG({X06048]
HSTPIIM10036]
HSPGK1L[LOOI5Y)
HSGEPDLIX14520)
HSSODIGI{X01780)
HSYUBGL{X04803]
HSADPRFI[MB4327]
HSUBILP{j03389)

A

oz

]

Human yene Tor small nuclear RNA U,
Human smali nuclear RNA U2 gene.
Human U3 small nucicar RNA genc.
Human U4C small auclear RNA gene.
Human non-histone chromosomal protein HMG-14 genc.
Human HMG-17 gene
Human nuecleolin gene.
Human small nuctear snRNP E gene.
Human ribosomal pretein S14 gene.
Human homologuc of 1al insulinema genc,
Human heta-aciin gene 5 -flanking region
Human HMG CoA reductase gene.
Human URO-D gene for uroporphyrinogen decarhoxylase
Human triescphosphate isomerase mRNA
Human phosphoglyceraie kinase gene.
Human gene (or glucose 6-phosphate dehydrogenase GEPD
Human superoxide dismutase gene.
Human ubiguitin gene

Human ADP- ribosylation facior | gene.

Human ubiquitin-like protein gene.

table 1: List of housekeeping promaoters
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