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Abstract

Gene structure prediction, which is to predict protein coding regions in
a given nucleotide sequence, is the most important process in annotating
genes and greatly affects gene analysis and genome annotation. As
eukaryotic genes have more complicated stuructures in DNA sequences
than those of prokaryotic genes, analysis programs for eukaryotic gene
structure prediction have more diverse and more complicated
computational models. There are Ab Initio method, Similarity-based
method, and Ensemble method for gene prediction method for eukaryotic
genes. Each Method use various algorithms. This paper introduce how to
predict genes using HMM(Hidden Markov Model) algorithm and present
the process of gene prediction with well-known gene prediction programs.
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<O 1> AYAE FHARFE (Fd, $31, 2004)
AR A9 e wiure] guAe] wd Rl &3ly] wRd, &t AE
£ F 9oe A 5 it 599 o] arHt
HAA7LA de ] A FAz Y ASHESS Gd R 49 adEy) 5 7t
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ol v (=3, -7, 2004). o] €mEFol dlgt ¥ AAgE A S 23&AAM 7|&s)
Ak
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Q1ZEe] DNA M EA4 oA F88 FAE AR &, &4, dA #dE 8
259 AXRE 93 dE 75 A A (functional site)E 2HeE Aolth, AFAE 9]
2= 8 AES splice site, MAZE, X ZE, branch point, AA| #ojsls ZT2xw
B9} terminator, polyadenylation site, ribosomal bhinding site, topoisomerase II
binding site, topoisomerase 1 A&Alel e} of g 712 AALZANAES] AgAte] ol
o} oolggt w A YA EES Azt FEW o]5g Foldle WHE NS AA A
| (signal sensor)glal H-Et), vty A&y JQEERN 2o Fad st ZdolE 7}
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b NEAH A ARFAE 7rde BE A d(consensus)S 5§ 7hsdh Wol
E (allowable variations)® 7|&3st= X do|v), Hu} A ZXAXEL consensus
oAl 7tEadE-s A&t 519td = Qv o] w SEe] 2} fJX = ] sk
J A (match) = &]-&3FA|7F o]d] w& WHE ]%O] Fitdo &1z stEdE
AR ol o)) 3|AlE= AFolE 2z A r)Ee] dAE we] v&s
sk gholtt. o] 2Fojrt 7|EAE AFslstd S A dAgYa o St §4l
HEe 2qolE 7hde B4 Rdda 2a$wnd sgsich 2 9xe sk 1)
B 23 sy 5@AQ dWole Exd 9 AAEY. 41 (Neural network) 5.
o Aud f389] AT A AR S0 wo|l Ab&FE Tt (Haussler, 1998).
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2) Content Sensors

71 FestdA Ar 9] © content sensors 33 98 o &&= Aot}
YA E] A9 7rAsHA 71 ORF(Open Reading frame)E %%EE’\ T HAAE 9
HAE o= Aol FHeolth Zey IAHAAESAA T o FHo] AIFstx] ek A
AEAA HFE3 IS HF I3 J9EZFH FE5HI 5’45]1’\1 exon content
sensorsL TE Lxd EASE FEULEHE MRS gEEY g3 EA A 2d
58 ARt 7H Hol AlgH = Bde o AFdt nlmx mdaA {12 4
Z T2 139 GeneMark(Borodovsky and Mclninch, 1993)& <¢13te] #-8]%| 7] A
=

oy g d Bss 4 =550 AR, 77 ALeE A9 g9HelA KA
woolEe 2L A 4 9iE=d, dF £ GRAIN exon detector’} 28 A7
o]t} t}2 content sensorg+ CpG island(FA LS Al 2RI 25 UeEUE 99
52 dinucleotide CG7} & MEdA Hod HIRASHA YEeEbdt)E3 AbEe] ALUA
dEF T2 dHE DNAC oist A ZAES st £xbe] 4= WHE DNAS
AAsEL YA DNAE 487 gt wpa=y ARG R &8 AREET
(Haussler, 1998).
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A& AR 2 content sensorW 2= FAA FAO AT ¢ §lrt o]Eo] ¢
HelE TAAA ANEEL v-§- ol iL(Agarwal and Bafna, 1998), Al &%} content®
Abolel = FHAsH7] ol T4 #AZE =, splice A A= A& A7) A
oo EAstE HBAS d= B F Elt‘r(Zhang, 1998). A+ 5%32_} A FAA
25 37l 98, At contentES s A#H /A Z2ade] sy
o] R IOPEL FHAA EAHE A ]4 2o} Babek ”i«lea s F Id=EE A
ALYt Aojd 2HHS A83le], DNAMES &3 JJEELS ] AL FA4)
S5 FEeE AAGe 3 S B4 ?LZ’“ THAQ REEEZ Yres I44
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7 LA EY Searlst™= FAAQ THE AFESlo] Ao A LR {HAR GFRE
A 202 71est9tH(Dong and Searls, 19 = GenLang® 714 =
o] THHE FHAdS 2O, 2v5d THE 7 o5 TR IWEAH
GenLangS $H A&7 tE 230 J95 = Hd 2F3o%s M=
FAAZ g5 &7 Y w4 T2 7] T4 RO 7]yl
Ao A= HAE & F 9= 2ulE A0 FFE fEsts= Alojth. o] W 9
AEE dEsdA ZEERY #A¥Y HAFES ¥y ¥S e FAAES SA4A B
g, splice siteE59 5%, oW 7542 SAE 2 BAES HAuE AV
gk ‘QojgtA WAS (<O 2> FHF) AFost= d drh o] RdL wEHLEHE
o] 7]%A<d Aol fAE HEUE ZF gEHESHE FAAQ HrE
Fglt}, 5 Eo] G 7)== GT consensus donor splice site®] oA A=
=9 Al A AY FE AT oW 7FHd 55 oE EAES AuE A
bl gidt dojetd HFAREL 2Yd WesEd sk nfmx By Wyl 95 X
v} o]yt o] wiZeo] HMMelgty Eew fHxteS HMMELS Searls?t A
L35t FH G2 2HEY 524 A ER T & 4 vk (Haussler, 1998).
z719 FAAGS HMME<L EcoParse (E. coli W) (Krogh et al, 1994)¢}
Xpound (817+ FAA %) (Thomas and Skolnick, 19947} dtt. Bup 2o =
W EL GeneMark-HMM (2re| 2o} f# A o/ (Lukashin and Borodovsky, 1998),
Veil(Henderson et al., 1997), HMMgene (217+5-4A ) (Krogh, 1997) So] )
Generalized HMMs (GHMMs) %+ (Hidden) Semi Markov RdEolg Eg& Ryt
ddtzle BEH RdEL 1 ¥ylE GeneParse(Snyder and Stormo, 1995)¢] i
) o™ Genie(Reese et al,, 1997)9F GENSCAN(Burge and Karlin, 1997)9] o]=22 X
o} g shA dA = vk
FAAA S Z2aWEL dEF FAAREL old A&t dWAdETe] HuEs
o]-&35t7] Huhes fAzEe] dukAQl 54 SAStH FAdA A2E o 5sh
FEHor EST 4dA153 2o AR A7 E v, gz do]guo]l A A%
I EST AL AR d5& AbSo] Adsists $HER o2let AME-H o
gt 2y A2 B EL o] ARE AR FAAd S gadgs AA FESA
CH FAAAE T2 OWEL DNAE EE 7M59 reading frame®] @R
sk = fAbe g A Eg Fol gl dolyuol s AAE & dojxl A
A% A 948 FAH Z4EY A3sA
AEAE o] 8 HEL Gelfand(1996) 5ol 93 MEE FAACS 2Tl A
FA4Q HE R o] &5 T Procrustesgt BT o] A|Ax®2 AR Slolm oS
A= e @A homologE: AFSEE gtEth oW
Smith-Waterman @328 &9 A ‘spliced alignment’ @ 32E]5°] DNAE
homolog®ll ¥l @3 o zH] FAs= FAAFZRE FEst=d AREETE o Wy e 7}
A & HIFHL =5 F-AA 7172 homologE & 7ot sE Aojr), gulzyon:=
homologE°] €& XA A A7t | A5 &5 Aok old A= o] Alxd
o] XAAg Aolr} kA2, wl-$- 772 homologZt e 74-$E Procrustess -$-
24 FHA oS W)t}

offt 2 &
>, o, 12

et I



494 Keon-Kyun Kim - Eunsik Park

(5} ~{5] = +{) T}y
\xﬂ:D

<39 2> UF A& AR TAE ADe B4 0, owl 75 He 5450
be B4Ee AunE Acskd ag sdolsd WA 4 (Kulp et al, 199

<a® 2>oA AR ELS contentE YHEtal =EEL AT E 9H|gt}, Content
= 5 UTR(J5), initial exon(El), exon(E), intron(l), single exon(ES), final
exon(EF), 3 UTR(J3)E YEdltl. 21352 begin sequence(B), start translation(S),
donor splice site(D), acceptor splice site(A), stop translation(T), end sequence(F)=
LERdT. Candidate A2 525 BAlA FR9 A2E weba] &0zt HMM
(2= hidden semi-Markov rnodel)O BEEAY LEES ¥ =5 42 A
L3 (Kulp et al,, 1996).

23 AP {FAA d5S 9 HMM

HMML z7]e 4 #E Q148 Y5t Moy, 1 9149 Jges) =
ANEER et A= AEAGRT ForolA CpG EEHHE 4, Z2RE 23 H9)
g gz 2osl ofod gl S de] o] &FHa JTHFE, 3, 2004).

HMM~ 21 FEo ZANA uR old HFEHRFEH dA HdHE F5H e
nfa 2 Aol B mdojtt, HMMS A H(state) 53 4 H(symbo)ES 7]E &
22 A3 9o AL AHE ZHUES A AR Q%oﬂ et 2
Aol 7 A AEEY FAE F5E U 2Edeltl 19909 2ubRE EEHE
T Aoy z2RH o5y e AESS % A HMMe] A4 7]
A2 53], DNA 47|43y o] A&Hola dEEE JHEs 7h Fx0A
HMM-& %LH 31717} &ol st

olg]gt HFAHRZd] o]l HMME A w3 Eo] A GENSCANS
Generalized HMM(GHMM)oﬂ os] HAFAT GHMMY FAATE gL <1
3>3 2,

J
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<9 3> FAA +& 29 (Burge and Karlin, 1997)

<o 3> A9 &Y AHE ANAE FRAre] 2EAQ
EE FAA 99 5)E WEbe olmiet o] AHod FAES A&t FHA
T2 2Ee Al

N @ intergenic region

P : promoter

F : S'untranslated region (extending from the start of transcription up to the

translation intiation signal)
E,, : single—exon (intronless) gene (translation start —> stop codon)

E. .. initial exon (translation start->donor splice site)

init
E, (0 <k <2) : phase k internal exon (acceptor splice site->donor splice site)
E,

term

: terminal exon (acceptor splice site —> stop codon)
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T : 3‘untranslated region (extending from just after the stop codon to the
polyadenylation signal)

A polyadenylation signal

[(0 <k <2) : phase k intron

Ek+ : Forward-strand internal exon(Accept site—> coding region->>donar site)

LB e s
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Semi-Markov R @9 2F<l o] Zdle Rabiner(1989)7} state duration HMM=Z=
}éugé_]'?g\ . O] EE‘E]S. 15’__:}\‘1]' 9}]\1—‘__; /b]'ﬂ%g] Xl?ﬂ]— q:{QDQQ?'”?qn}-Q—E '?_}\5]%
“parse” ¢= AT} o] ], o]5¢ Zo] d={d,dy.d, } = O]FNW HAFE o]&

3

sed, ot 7+ AH fEE0] wEl $F wA5S AMgse 2o L= Yd)9
=1

DNA A4 §% Q4@ o 4de] do] Lo dFsls parsed] AQE thest 7
ot

D 27 A8 g o Az Ao B3 wel Aday oy 1, = Plg = QW) 7} =,
<ad 3> e A% QN i=1,2,271} & 2=
2) g ol e = tate duration d,& Zo] ¥¥ fQ OEEE AA s}

3 Aol o) 27 A 5, A4 AL mdo] o8] A sl
H 17 vham wPol el A 00 G g0l FFE wowl ojue) Fede] I

Tij:P{QkH—Q | g, = \i)}
olglst e Ao] L=Yd7AA wEe i o] vl 278 1, A
=1
Aol gE & 7, Zo] BX fob A LA mF] A PR pAET 7EH
oboltjolt= fralxt A3 fAH HE 2dS A F, APHLY Y e $E
5 2tE o fdx 28 AR Alolth

P{¢ 8} =y [ (dy) P{Slqy,dy } < Hqu,l.qk(dk)P{Squk,dk}
k=2
o] W, HAe parserx HEW L E & A P(S)E ARAHHA 9
& At
3. HMM £ ol 8¢ f4dA dF ==

HMME o]&3% FHdx} o= 2208 FolA 7p de] 2rola, AFE7} =& o
Mol R OPE Alste] o 8 E AA SRR Stk (Majoros et al., 2004; Stanke
et al, 2004). <3 1> AA|Ho] A= wpe} Zo] g gl uel = FA 3 =






