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Keon-Kyun Kim2) - Eunsik Park3)

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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o2 oY (e EA, w1y, 2003).

B Ze FdA A5 AA Al 7HA] ez vprolith A WA HHe o
149-E Ed FAAE d=8= Ab Initio WY o] iL(Haussler, 1993) F WA L&
adE R gMAel Mgel EST(Expressed Sequence Tag)$te] A& vudte]
AAE A&t wH 2 Similarity-based W o] I tHGish & States, 1993). mFA] 9
o7 9 % 7HA LS E53 Ensemble #H o] 9lvh(Haussler, 1998).
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deg s Budo] P Flolth<ay 1>), mehd, gl fAxe HF A
M, Qlzke] A5 10¥rei o) @] ofWd JuL skl weh 1 AFFe] 3
of Ve Hi Aolth e e 75S aht wude] DNA Aol Aol
SICENS

Z

bl ogh o

o] NP: Single Nucleotide Polymorphism) <F7H & matsl 848 7o
24 747 g2 g2AS 1ol "

™ clEZ clEE 2
TATA oz == oz 2 - oz 3
[ I I I EE DNA
l 7 AH(transcription)
Z29F
TATA az SEE! oz 2 HEEZ s
= [ [ [
I ' ] mRNA
JHA| BE
ATG HX| 2E
T2 QE TAG/TGA/TAA
TATA P v »
A=
‘ _ [ [ | I
S _ mRNA
e
ORF
i 4434 (expression)
2B o A
<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
A A 27 28 38 Hidden Markov Model(&Y vtz die]=)8 o] &3t
ol v (=3, -7, 2004). o] €mEFol dlgt ¥ AAgE A S 23&AAM 7|&s)
Ak
AR .

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).

K

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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N
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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
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(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

Yo

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 =
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Aol TR Fx, T2l o]&o] web server, UNIX, &2 Linux system%
Sty &8 F 7EAOA ThsEb, Al 'z S8k o] glo] A Oﬂﬁ iil‘%‘ﬂ o]
ol Heol 3

¢

Web server® o831 4%, Ao ool 91 44 Z2adg AT 5 e
ol o] itk ThE WY A|EEE BT BA% Fad ddse] gl mx|st
S 5 3= Web 47k STk Linux #2904 49 A9 smade mzod
& hemesiol WAstelof o, oA e Linux A8 @90 Aok s,
2o WA AR AR gsloh gk Aol
BoeRe fA4 o3 meogle] dawd note dgons, o word e
T2 AGTE ATAEAA o =F ATHnA Ft

Jlu

<¥ 1> HMME- o]&3%t FAA o 233

LR
Program (Website) Organism g8 = . w2
SELE
HMMgene FASTA
Vertebrates.
(http://www.cbs.dtu.dk/serv GHMM / Web server
. C.elegans
icessfHMMgeney) GFF
GENSCAN Vertebrates. FASTA
(http://genes.mit.edu/GENS | Arabidopsis. GHMM / Web server
CAN.html) maize. web
TWINSCAN FASTA
(http://mblab.wustl.edu/que all species GHMM / Web server
ry.html) web, GTF
. Human. FASTA .
GeneZilla . . UNIX/Linux
(hitpy/ " 5 Arabidopsis. GHMM / (C+4)
/fwww.genezilla.or,
b & & Vertebrates. GFF
FASTA
AUGUSTUS+ . Web server
. all species GHMM / .
(http://augustus.gobics.de/) UNIX/Linux
GTF
3.1 HMMgene

D As

o= 174 rhmEmwo] ohvgt 4%

HMMgene& A&e 53 9std &3] 2
Fol2l DNAME e A faxhE s

Inhomogeneous Markov Model& ©] &3}
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e TRaPelrt, BF e AAS A5Y ¥ F2 2= wEy] FuPEe
Adstel RS =gk BE we $do) 0@ By 45 GEony wd H
A7l B @ FAAA dold & b AR e AR B 5 ) Hnz
F 0 AIW 3] e,

2) HMMgene® =&

@ ¥4 : Web server

@ URL : http//www.chs.dtu.dk/services/HMMgene/

@ AR
FASTAE A o2 o] Folx Wﬂx} Al gdg A d2= stAY AH we
serverd] Y#HEte A= FHARIE &= %H}% ‘IT7] Al (o rgamsm)a: LE—.“
o] Submit¥] &4 FY3itt, 8 & 2419 email A FS YA o] e
Bo R GFFEA Y A58 437} = wle geldrh g2 o5
2 AEe] RS g AS w o] gHEEted o RS AYe
& d&g 3

@ =44
HMMgene$] £#d3= GFFEA SR o]Folx it o= w9 ©hEstin o
ZHEARE o) &sle perloly awk®@ dE T2 H &5tz AA Ho

o)
A

k33
=

HE[?IJ-/_J—HU‘

- :10

Z

_‘ii}l‘

HMMgene (v. 1.1)
Prediction of vertebrate and C. slegans genes

Information

File in FASTA format

otation (optional)

|CEOE. ) |CEOE. )
Submission by pasting sequences:
Organism outian:
© Human (and otnervertebrates) 1 Pregict signais
O C.alegans bestpredicion v
Sequence(s) in FASTA format
Annotation (optional)

Subrmit sequence Clearalfaiss ‘

<29 4> HMMgene? %=7]39
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HMMgene result

Ezxplanation of output format

#f gff-version 1
## date: Sun Apr 2Z 09:04:27 2007
##f HMNgenel.la (human model simlOge.D.bsmod)

# SEQ: HUMDZA2G 14694 (4) A4:1833 C:1640 G:1857 T:1599

HUMDZAZG HMMgenel. la firstex 5313 5388 0.637 + 1 bestparse:cds_1
HUMDZAZG HMHMgenel.la exon 1 9329 9589 0.848 + 1 bestparse:cds 1
HUMDZAZG HMHMgenel.la exon 2 12507 131isz2 0.602 + 1 bestparse:cds_1
HUMDZAZG HMMgenel.la lastex 14052 14335 1.001 + o bestparse:cds_1
HUMDZAZG HMMgenel.la cDS 5313 14335 0.324 + bestparse:cds_1
# SEQ: HUMDZAZG 14694 (-) A:1599 C:1857 G:1640 T:1833

<% 5> HMMgene? #4339 o

3.2 GENSCAN
D As

71 AR A AAAA FAA FRAGEYIESE A FHE G
Sl 8 ZROYPEL F /A F83 AAE A AR 2 e 98 M d

O

1 A&stA shvbe] sk f-d 2 (H QEE WOTX*X}J O”jo]ﬂ o =k
Agte] o) o]ojof siv}= S dof P ok A= 5EAQ dx28 fA34
52 549 Aegdol A AZEd 74&‘:} ?ﬂ SHA vtk Zio]‘jr. GENSCAN-S
71EA 02 Generalized HMMEZ &R 98 A3t WHET FARIAIT 99 stA 7}
A= o2 ZIHE vE 2 7 Aol JHAa vk AA, olF e FdA A E
BdE ARESTHE A o)A HHFAH o R o|F7tE DNAE Ao &A% o=
A 7hsstioh A4, 719 Wy Ee] AESkA sty complete geneo] EAj ST 7}
Aot A disiA e Jhe @A R, GENSCANG A n&#d SER2dL A d
FiEAor FAzte] i A5 Bwk ofuel oy fARle] JFd diEiE A
o] 7@, A4, MDD (Maximal Dependence Decomposition)S ©]-&3%le] DNA A
doA 75Ad AEss Bdg st oA AEY YA ue} s Alo]e] 9

40 9&e ARF waolt

GENSCAN= <&, JIEE Tglan FA7E 999 Zolof 2% % =239 543
A AAE M, AR Az Al dEs S fAA S dubd 3E Rde
Aretal, ol F3 54 DNACAM #Adxke] Aad dE/RQIEE 28 4B Y
o At DNA *1%01 Yo FoAu FAxte F2A, 7 54 B ¢
g Rdg vwter pg A Al A e 23 9958 gobdt o
o A&/ olgt FAEE 93 HE] dEo] Habet WS AAM GHA
MEE 74 2 1 d3HEE Hde 93y AT ers @i dsE 2u
A FAA tEiM g e Hoj A, AAES E ol HA geva AR v=
Aot
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2) GENSCAN®9] &

@ 82 : Web server

@ URL : http://genes.mit.edu/GENSCAN. html
@ AR

GENSCAN2 HMMgened} 7vaA7FA 2 web serverollA &8&% ¢
HMMgene# th& o] dthwd GENSCANO|A = HMMO oJsfA] 234

AAEH o ARE ot FERES ANk olge] N desg

AZIA Ak o] F4E& GENSCAN| oA 23 o A dEEs 2
GENSCAN #A7} S5-5 8 &8k4 &=

ﬂl'lN‘ o 32
£

fo m b & 18 njo

=2 =2 ~
B AGE AT gonE FuE o
FAEE Fux o o AREST) 3 GENSCANS: Z2AEXAAHE 31d S
dste] dSH NAEe) HAA AE AEE, Ade) L) Jug e
2 wolzd,

The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

<138 6> GENSCAN®| =7]3hd

GENSCAN predicted genes in sequence HUMDZA2G

Predicted genes/exons:

T POV U TUUN VTN | )

Gn.Ex .Begin ... o Fr Ph 1/Akc Do/T CodRg

5313 T2 160 0
9329 126 246 0. o 1 -
12907 -1 272 0. o L

14052 99 298 0. . * * o o 7” " o
14580 i

Click here to view a PDF image of the predicted gene(s) -

100 105 ne ns no ns 130 ' U‘S ! H‘O ' H‘S ®
Click here for a PostScript image of the predicted gene(s)
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@ =447
GENSCAN¢| =823 web serverol A HlZ 39l <= v} GENSCANS
Tk dEE AEE ol dSE FARte] duA IR &9 ¢ Anh =
sk o Ed M dis] 2HE JEE PDFI YR & 5 9l

3.3 TWINSCAN
1 e

TWINSCANo] & dj&/ER oo #dg ¢ele] moty Zr2A GENSCANS
sk Zolth TWINSCANS fdzte] legs ¢ ¢ e t&d Au5s E43517]
9sle] EWs) moty gt EAL 1007200kbe] e AV|E A= §A1A A E9
BEES =o|7] st AAFAA7IEe] AE ZAE AE/QJIEE ddd A&H
HMMe 18 gtoz ALg3oh(F38, k2, 2004). =, 48 dda} o] Jdy 714 4
Bt BAE A= A9, & "Infomat’S FHslo ANRL HEXLE TEo] FAA
5 dSsir

=i

2) TWINSCAN®] &

@ ¥4 : Web server, download for UNIX/Linux

@ URL : http://mblab.wustl.edu/query.html

@ AHEY (Web server)
FAA d& zZmaMel web server®  dSsteE WS o) fAFSHEL
TWINSCAN Al FASTAE A9 &3 AEE 24 dEstAY 9ds A=
st f71AE A8 & A8 vy f7]A d9E o A o2 Informat £ 7
Z7F dEiso] Qleld Ad AES AYsA

@ =44
TWINSCANY Z¥2A3E= web server &2 e-mal® =9 & < vk
TWINSCAN= GENSCAN# Hl&=eh 8435 BT e-mal® HFd 9
do GTFYEA oz &ed 4 9t
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Check existing TWINSCAN human, mouse and rat annotations on the UCSC browser.

Run TWINSCAN [Giear]

Options

Informant Genome:

Please email questions and comments to twinscan@cs.wustl.edu

<713 8> TWINSCANS Z7|&d

2w @

om0 BE
e

- wene o T @ Wa [ g - (] 0 [ - @ B3 & o || Lams]
{ % tw1156347534.target. masked

TWINSCAN gifoutput

ns of Predicted Genes (mouse sensitive) | ey

PEEEEEE el DT bl DEEEEE D el DEE LT Tego L L LT T I

Predicted Genes - Summary

sl [Tt 10T Tl 1L el LT el E LT
—
£ g S——
sl 11U TL Lol D1 T fbel 11T bl 11T el 111D
wwwwwwwww sl
ol 11T el 1T gl 0L el 1L el 1L
7] i w b Moo [ = # oo
a sue = Orrrer

<29 9> TWINSCANY =439 o
3.4 GeneZilla
D As

GeneZillaw= T2 Fd A oS5 Z2 033 vt 2 GHMMES 722 vhso] %
o} GeneZillaw AR&AFA] o)) A AY AFH & ¢ Y= AZEOlE 23}
3 9tk o] 8k o] f-& GeneZillar o€ TR Ay thE A UNIX/Linux 7))
C++2 A HUY. dd&we vueg a3 FAAAME Aol nlasiy, =FAl 7
13l dFaE dugEs olfdte] g2 TradEts dutrow Jd&&HnE o
=3 5 vk GeneZilla®] 7] #4 24 7L GlimmerHMM ¥} A, GHMM <]
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239 TATA box state, signal poptides, branch point, CAP sites, polyvadenylation
signal state, UTR state® 3F7}3$-t}(Jonathan et al.,, 2006).

2) GeneZilla®] #-&

@ ¥4 UNIX/Linux
@ URL : http//www.genezilla.org/ (VF2 2= vl E Alo] E)
gce version 3.3.301% (A 9Y)
@ Y genezillatar.gz (2=vd, viwd, A3 HF5E g2 94Y)
29 ZF {foAe die dhepeer 5k
@ AFgEY o genezillatargz® §ES E3 AAFEES HAAY o A= g9
Al A ohg3 2ol AT
>mdkir obj (Fad & &9 AA)
>make genezilla (genezilla® 34, genezilla AP7Y AA)
GeneZillat= otgie} 22 Auzo] ol dawr}
>genezilla <*iso> <+ fasta>
A7 A, *iso= FepulEratd o] o] Folm o &3taR}; g AR S8 f7)
AE Adstd @o) 2 Fol] ubE FASTA @29 FAAMGDS Adshd Hu,
© =947
GeneZilla®] =843+ 9 9ES Adsid vz &1 —’F Rom, el FAd
A Aqd o] FASTAYY S &8 GeneZillazs A HA I3 oZo0] 7158l

617264 GeneZilla initial-exon 1432 1567 . + . transcript_id=1
617264 GeneZilla internal-exon 1590 1812 . + . transcript id=1
617264 GeneZilla final-exon 2276 2571 . + . transcript id=1

<2 10> GeneZillad 49439 4

3.5 AUGUSTUS+
D As

O

AUGUSTUS+E #42F &9 AFdrs Eo]7] Y39 #4 ﬂzi Hlw, ESTY ©
Aol AEa e oA FAE F&sh=d 5Ao] 9
A WA FA} 235 o|Folof =, 5 W HH
A g g TAE AQdstE Ae GHMMS o3 3

o}Mt} AUGUSTUS+® GeneZilla®t w2712 2 AF&2}e] 98] A& % T A=
AZTEYOE E3eL v (Stanke et al, 2004).

T3k AUGUSTUS+E AHAF 02 497 AALE st FRAAE dS71ese, A
A ARl HMME 71 & EAdoR HArux 4 F7d ddsts udde
A5l o] oS B/ o]y el U X}OMMW AEAs dude) ok e
F71A1717] $18ke] ol A¥ld AlS olgdtl dAZA dEd AW sHEe
4004 VA ool Fa AW Eo] of AEA Al 93l dAHYE HeA ol
& =2t FAE F8HEFE, dh1, 2004). mRA o2 AUGUSTUS+E sk} o]
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ol

gol AR A E 4" AMdel disl] Zzhe] fHx B2 ¢S] Zhe sttt
2) AUGUSTUS+9] &4
@ ¥4 : Webserver, download for UNIX/Linux
@ URL : http://augustus.gobics.de/
@ AU (Web server)
AUGUSTUS+ 9A] g W& Zhdsirt, ol S5staal af= FASTA 949 34

Qe A4 9 Fe 9 g Aestd YA A Ak
aELEE]

AUGUSTUS+9 =¥ 4d3= Web serverd A dlz 213
2 GTF 3ot} w8t aszax JHE 80d 5 )

I

% glov

i
18
ol

>

AUg UStUS [job submission]

Paste your sequence here heip

or upload afile in (multiple) FastA format

E371] 1]

or fillin an example
Organism: | Homo sapiens v
Report genes on: ®both strands O forward strand only Oreverse strand only

Alternative transcripts: Cnone ®few Omiddle O many

[ Resetallinput ][ RunAUGUSTUS |

<Z# 11> AUGUSTUSY z=7]34

HSACKI10
AUgUStUS [result display] . = e o = s o o

Your job id s AUG-1897822929.
The graphical and text results are hert

avausTUS

Calculating

|
“Hl"
|

5
AvcusTOS —
%

H
. S
‘1
| |
“
‘H ‘|

P
.
-

4&
% -

avavsTUS

avausTUS

AvavsTUS

<2® 12> AUGUSTUS+9 =¥ 9] o
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AR BB A e) SR Sob A il

FAAAY, Te BUE AT A Be ARL o ¥+ pRle AE5E 94
3 Apgwe efetsl Agelarh Ad BHE A
W .

HMMe 719k Z203 % % of)d oje) i /Wg Agets Z2a
A Brkstel, a5 ARE Re fAA ddl FB/EANA A mg
g B AT/ ok BY, 2RAOR PR gt AN EF ol
© DNAYY ® ohJe gwde) pxsh 5e d3ety B4sh: 442
boh gobd, AR wEe) weR A%d mUe THe: ¥
A Aol Ao,

>
_0|L
rir
>
i)
it
=
=
H
do
L
it}
32
lo

)
0,

)

fE o
e R 2 O ol

—r‘l:oégél
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