0000020020 OO00ODNAOOOOOOOO
0500010 3-15 oooooo
©2002 0O0DO0OOODO

Jodououooooogbooboood
Jooododogogd

oo of
000 20010 12060000 20010 120 1900

ooooo

oooobooooobooooooooooobooooooooooooboboOooooDo
oooboboooooboooooobooooooooboooooooboobooooonoa
ooobobooooooobooooooooOoOoOoOoooooooboOooooooobooOobooOoo
goooooooboooooooooboooooobooooobooooooooobobooooooo
gobodoooobobooboooobooooooooobodooooooboodn k-000d
uoooboooobooooooobobooobooooooOooOooOoboOooooobooOooobooboOooa
oooooboooooobooooooboooobooooobobooooooooobobooooboooooog
ooooboooooboboooooboooooooooooooooooooooon sadd
uoooobooooooooooboooooooooboooOoboOoobooOoOooooboboOooboooa
goboogooooooo o DNAOODOOODOOODOOOOOOOooDbDDOOO0ooDobO0Og
oobooooboooooboooobooooooobooobooooooobooooonoag
uoboooboobooooobooo

gooooooobooooooooobobooooooobooooooooooooa
oobooooobooooooooog

1. 0OoOo

2001000000 00000000000 WO oobooboobooOoob o
000000000000 Lander et al.l] 20010 Venter et all 200100 000000000000
00O Saccharomyces cerevisiael 1] 0 O O Caenorhabditis elegansI10 0 0O O 0O O O OO Drosophila
melanogasterl 11 0 0 0 0O 0O O OO Arabidopsis thaliena0 OO0 D0 000000000 OODOO0O
000o000o00oooobob0oo0oooDooO0obO0obDoOo0oo0ooDooOoboboooboon
opooooooog

0o0oooooooooooooooooooooooooooooooooooooooad
0000000000000 000000D0000MD gene-findingdOD 00000000 1000
U000boOoboobOobnboOOdd9erh Claveriedd 19970 Burge and Karlinll 19981 O 0O O O
0o0o0ooo0o0ob0ob0ob0oboo0o0o0ob0b0obD0o00o0obU0bUobUndOHogenesch
etall200100 000000000000 OOODOOOODOODOODOODOODOOODOOOOO

000000000 D0000000000000135-0064 00000000 2-41-6



4 g0o0o0o0o0 50000 1002002

AN [ zxyu Txy>a
HLoH— TOE—% 5UTR L <

AR

4 TxyLm

hARNAL---" " --==""" v ravia
m7G(5') ppp == CAG| GURAGY ——————————————YNCURAY
5%yy 7 TS FF=YA b

MRNA| 76 (5" ) pre TN

01 OO0OOO0OO0OO0O0O0OooOoOOoOoODO200000C0C000O0000O0COOOOOODOOOOO
00 mRNAQO 5 0000000 300 ADOOOOOOOOOOOOOOOOOO mRNA
gobooooooooooooooooboobooooooooobooOoboboOoooo

gogboboobooboboboobuoobbobooboboobuoobboobobooboon
UO00000OBirmey et ald 20010 000000000 0OOODOOODOO0OOO0OOOOO
oooooooboooboobooooboobobooboobooooooobooooon
gooogad

goobobobobobooooooobobobbboooob1ooooobbbooooa
gooooboobooobooooboooboobooooooobooboobooooon
goboobodboobboobobooboobuoobooboobDbobbooboooo
goboobooboobooboobooboobooboobDoobDboboobnooo
5'UTRO 5'Untranslated Region(D D0 0000000000000 00 3UTROOOOOO
gdbobooobbdodmRNAOOODODDODOOODDOOOODDODOOODDOOODDOOOD
d0ob0b0o0o0obOb0oo0obbb0O0O0 mmRNAOOOOOODDOOOOD mRNAOOODO
oooobooooboooboOboooobooooo RNAOOODODODooooooooo
gooboooobobovurRbOboodobboooobbooobobboooobboooo
gobobooobbobuoobooboobuoobooboobuobobooobon ab initioO
goboooboooobobooboooboobooboooboooboobboooboooon
gogboobodoobobboobbooboooboboobooboobbooboobooo
goboboobobogoboeoibd3sdbgdbbooboboobboobboobboon
oooobooobooobobooooboobooobooooDooobooboobooooon
goobooooobod

2. 000O0O0O0O0OobOOOOooon

21 0000

ooooboooooboooooobooooobooooooboboooobo4000ooOO
oobooomioooooboooooooooboooboooom2boboo0oooonoad
O00m3000000000000o0o0ooooo oy ooooooooooooo
iooooooooboooboobooboobooobooobooDom4eobbobooboO
ooooooooooOocAnOO0O0O0OoDO0O0O00 A, L100O0O0O0OOO0O00ODO0O0OC0CO
uobooobooooboooobobooooboooooooobOoobooOoOoooo G+choa



go0oo0oooOoOO0O0oO0000oooooOoOoboboOo0oooooooDooo 5

700 1200
600 QY 10004 (B)
500
800
ﬁ400* % 600
#4300 i
4 -
200 00
100} ‘ | 200
0 .II | i |““|!|“1U1u_,.1m.u 0 ' : '
0 100 200 300 400 500 0 50 100 150 200 250
£ (BEH E& (BEH

02 00000000000 ADDOOOOOOODOBOOOOOOOO

uobooobocoooooboooooboooo

010o0o00o0oooooooooon

O20000000000000000O00O00DOO0OOODOO0OOODOOOOODO
ooooooOoOoOoooOoOo0ooOoO0OobDOoOoOoOoOoOOoobDOoOoUoOoDboOooboobDooag
0000000000 0ooooo0oooo0ooooooooDoooooooDoooooad
goooooooooboooooobooooooooboooobobooooooOooboooOoo
ooooooOooOooOo0ooOoOoOobOooO0oOoobboOooooDooOoog 20000bDOOO
00000o0oooodooooooooooooooooooooooooooooooooad
oooooooDOo0O0O0o0oooo0oooooDoDOOo0o0O0oooDDO Burge and Karlin
O 1997010

020000000000000

goboobooooooooooboboobOobOoobooboooooOooogoDOobDOooo
goobobobobobobobuoeseboooooooooooooooobooboOobLon
000000000000 Nakamura et ald 200000 00000000 3000000000
O Shepherdd 198100000000 DO0OOOODODOOOODOOOO 1,2,3000000
goobobsbobobobobobsoboooooo1bobobobobbooobooon
O—-dicodon00000000ODOOO0O0OODOODOOODODO0ODODOODODOODOD
gopboooboooooooboooooobooooooog

g3gooooon

03000000000000000000000O0 s 0000000000000000
00000 3000000000000 000000DO00000ODO0o0OO GrooOoo
AGOUO0OO0OODLOO0OODOOObOObOObOObos01I00DbO0O0DLO0 GC-AGHUDOOODO AT-AC
0000oooopoooOOCOCO0OCO0000ogoUbboaignbobOODOOOOOoO0OOoOoOgd
O0000000000Ologodds =1od000000000O0 GT(GC)/AGOOOODOOOO3
goooooooooOoooboOoOoobOooO0obOoOoOo0obOoOoooboooOooDbooag
000000000000000005%: CAG/GTRAGT, 3: (Y)nNCAG/GOOOOOOO
o0o0oD0o0o0oooo0oooDooDb0b0O0Ob0OR=AorG,Y=CorT,N=AC,G,TO/ O
Ubo0o0bob0oob0obobo0obooboboobg ledODbO0DODO Stormold 19900
Oooooboobesmbooioooboobodbdweight matrix0O0 O O0O00O0O0OO0OOOO
ooooooooooooooooooooobooooooOooboooooDoboOoo1000d
020000000000 Zhang and Marrl] 19930 Salzbergd 199700 00000 0OO00OO0O



6 g0o0o0o0o0 50000 1002002

1 1

|
o
[3,}

Il

BEHRBAE O} KA VX
o

03 0000000000DDOO Bs0A0C0DD 30BOOOOOODOOOOOOODOOODOOO
ooooooooo400000000000000000C0O0O0O00O0C0O0O0O0O0O00O0O0
ooooooooo

obo0o0o0oooboooboocobooobobooboOoOobOoObOOnBrunak et alll 19910011 0 0
0 0 Burge and Karlin[J 199700 0000000 Cai et alJ 20000 DO O OO0O0OOOO0D0OOO
oboooooboooobooooooooooooboooobobooooooooooOoa
ooboooooboooooono
400000
goooboooobobooooooooooooooooooooooooooooon
ooooobooooooooboboboooooooooboooooboooooboboooboooooo
oooobobD20000000000000000000001ow complexityd O 0O 0O 010 500
oooooboooobooooobooooooooobooooooobooooooooa
ooobooooboooooooobooobooooooboboooooooooboboOoooooooa
goooooooobooooooooobooooobooobooooooboboooooooboooo
oobodooboobooooboooboooobOodnndSmit and Green 1999011

22 0J0O0OO0OOOO

g0o000o00000o0O0ob0ooo0oo0oboooooobOoooooooboooooo
0000000O0bO00000O00O0DbO0ob0bO0oDO0oDO0oDO0O0oDOO0oDOooOobOoooDon
0000000000000 0000DO0bO0o0000ooO0oO0oooDooDooooboooDon
Jo0oo0o0ooO0b0oo0oooOob0oo0o0ooob0oobOooDobOoooOoooboooon
Joooobobbbbooooooobobobonbd Uberbacher and Murald 19910 00000 0O
ooooooooooooobooo2p0b0o0b0oooobooooooboboboooon
0ob0o00o0oo00ooobob0oooooDoobO0obO0ooOooo0ooDoobOobobooooon
00000000000 000 Snyder and Stormol] 1995111

23 0000

gooobooooboooooooooooooobooooooooobooooooon
oboooooOooobooooooooobooooboooboo2r0000b0000O0O00bO0O
obobooobOoobooo0oboooDbo0bOo0bO0o0DbD0o0AGD GTOOOOO0OO ORFOUO
Uooboodoobooooboooooooo0ogonnddsSolovyey et alll 19940000000



go0oo0oooOoOO0O0oO0000oooooOoOoboboOo0oooooooDooo 7

04 0000D0000O0O0000O0O0O00O0O0O00O00O0O0ONO- O00O00O0O0PO-
5UTROFD - DO000000ED- 0000000000000000000~ --- -0
000000Ewemd~ ¥UTROTO- 00 ADOOOOAD. 000000ONOODOOO
000000000000000000000000000000000000000000
00000000000000000000000000000000000000Burge and
Karlin (1997) 0000000

uobodobooobOooboooobOooboooOobodzhangd1997d0oooonooOon
oobooobbooobooooooboooboooo

24 0J0O0O0OO0ODOOOO

ooooboooooboooobooboooobooobooooboboOoooboOoooobooooonn
U0bo0o00oboo0oboo0ooDbo00Dbo0oD0o0000OKulpetald1996M 00000
uooboboooboooboooooboo400000b0O0O0O00ODOOOODOOODODOO
oooobooooboooooooocoooooobooooboooooboooooboOoooooo
oooooboooooboogosbooobooooobbooooooooobboooboooboobooog
uoobobooooboooooboooooboooOoobObooooOoboOoooboOoOoooDboOoOoa
oobOoooboooooooboooobOooOoOooobooOooooOonooono

oooobooooboboooooooobooooobooooooobooooooooooDo
ubobooobooobooooooboooboooooooobo 200@mbOoOobOOoODbOObOOO
O0b0000000000000000@MKulpetald1996MO0O0O0O0O00O0O0O0O0O0OOO
U Burge and Karlin 19970 0 000000000DOOODOO0OO0OO0O0OOOODOOODOOO
ooboooobocoooooo

3. JOoooooooooooboobooooog

ooooboooobooooooooooobooooboboOoooboOoooDboooDo
oobobooooooooooocooooooooooobooooooboooooooooa
oooboooooooooooocoobooooobooboobobooooboobooboooOoooboooOoa



8 g0o0o0o0o0 50000 1002002

obooobooooooooboooobobooboooooo0DooDOmRNADODODOO
cODNAOOOOOOODOOOOO000000O000000000O0O000000000O0O0O0
uobooobboooooobooooboooOooboooboooooogon

3.1 cDNAOOOOOO

OobO0bOo0o0o0oo0odbo c.bDNAODOOO ESTOOD0ODO0O0C0O mRNAODOOOO
oboooboooboooob10ob00o0ooooboo0ono oDoNADODOOOobOoonboooo
gbobobobobobobooouoobobob0ob0bobO0obODl blastnl Altschul et
ald19oo0oobooOooooooooobboooboboobooobo0oooOooobooooon
oobobooooooooooboboboooooooooboooooboobooooooboooooonoa
oobooooooooooooooooooooobooobooooboooooDoOoOn Gr-AGOH
uooobooooboooooboooooboOoooobobooooboboOooboboOoOoOooDboOon
oboooooOooboo esTooboooooOobOOoOooOOob0ObOOoOoooOobooobooooboonoa
gooooooooooooobobooobooooobbooooooooobobooboooooo
uooboooobooooboooobooooooooobobooobobooOoOooooboboOoooboooa
oobooobooooooooooboooooooboooooogon

0000000000000 00000000D0000000 Q00 Mott (19970 Florea et al.
0 19980 Chaoll 19990 O. GotohO unpublished O OO0 O00OOO0O0O00OOO0OOOOOOOO
U2000000000000C000000000000000000D00 GotohO 199000
oooooooooooooos0AIfdO0D Ggr-AcU0O00D00O000DODO0O000DO0Od
uobobocdoobOooob0obboOooboco0obOOoOoO0O0O0Ooo0o0odo. Gotohd unpublisheddT]

7/ LIEEERSI

gt

=
cDNAEC 5]

(B)
kO UE25
bj.5bj.40j:3bj:2bj.1 bj

D
-
N

/ E&Ee%l

=
=
£
ES

7

|| Inolre

6 v ViR /
1 THY VIR E2N=P% ] Iy UARH2

2

05 0000000000O0O000O0OO0DOOODODOOO0 cDNADDODADODOOODOOODO
OBOOO0O0OO0OOO0OOOO0OO0COO0O0OO0O0O00O0O0300000000000000000000
oooooocm



go0oo0oooOoOO0O0oO0000oooooOoOoboboOo0oooooooDooo 9

G| GIC V20| GCC A 1 GAC (Asp)| GGC G 8
GTA (Val) | GCA (Ala) | GAA E 7 | GGA (Gly) |

GTG GCG | GAG (Glu) | GGG
1

T c ‘ A G |

TTT F 14 | TCT TAT Y 19| TGT € 5 |T

T| TTC (Phe) | TCC § 16 | TAC (Tyr)| TGC (Cys) | C
TTA L 11 | TCA (Ser)| TAA 0 23 | TGA U 22 |A
TTG (Leu) | TCG | TAG (Ter)| TGG W 18 |G
CTT ccT [ car ® 9| cer [T
c|lcrc L 11| ccc P15 | CAC (His)| cGc R 2 |cC
CTA (Lew) CCA (Pro) CAA ©Q 6 | CGA (Arg)|A
cTG cce | cae (Gln)| cGG G
ATT I 10 | ACT BAAT N 3| AGT J 21 | T

A | ATC (Ile)| ACC T 17 | AAC (Asn)| AGC (Ser) |C
ATA ACA (Thr) | AAA K 12  AGA R 2 A
ATG M 13 | ACG AAG (Lys)| AGG (Arg) | G
GTT GCT | eaT D 4 | GGT [T

c

A

G

06 O000O00O0OCOOOOOOCOOOOOOCO 3SOOOO0O000O0O0OO0OO0O0O0O0BOO0OO0
00o000o0o0o0o0ooO0o0o0o0o0o0oO0o0o0oO0oo0oO0nD “XA»o0o00
ooo0o0oo023000000000000000000C0O0O0O0O0COOOOOOOOGCOAO
ooooooooo

100.

0. 1 1 1 L 1 | I |il 1 1 1 L L L 1

00 T P am—— :lo—'?'f vy
-200 RFoivl
.'10{\-
1000

500.]
04
-500]

-1000.

.« . ATTATTGAGTTAGTTGAAGTTCAAAACATTAAATATGAAA (C Té 7\ TTTCAGGCGAAAAGCA... &Dﬁ A'L\
. AREKKKJAQ..| A 2 BE2%

— 5'Signal
= 3'Signal

OJVLUEKJVFSQKKNTHILOKNIYMUEKK LL O FFFSQ!

L VvV E V Q N I K Y ENUL I F I F

BR7 I / BEES
FrEI7azq 0

07 0OO0OO0OO0OO0O0OO0O0OOOOOOO0O0OO0OOCOOOOOO0OOOOOOO0O0O0OCOOOOOO0OOCOOO0
goooooooo0oooooOoOoo0o0oooooOOobob0oO00o0ooooOoOo0o0OoooooOoboboo
gobooooooooooooooooooboOo sbO0000000OooooooOobOboOoOg
oo0oo

3.2 0000 TRanslated codON 00O [

do0o0doodoodoodooodoodoooooooDo0oooooooooooa
0000000000000 oodoDoOoooOo0ooooooooOooooooooan
do0bd0ob0o0dbO0o0dbO0dDDbO0dbObOO0o0bO0o0bObOOo0ODDbOooDDbDOoO0obOOoOoDOOoOn
gododdoddddddmobobobm@o bbb 0o0oooo oo



10 g0o0o0o0o0 50000 1002002

U00obDDo0ooooDDGoetohd 2000 000 DO00OO0ODOOOOOODOOOOO
goboooboooobooobooooboboooono 20000000000 CrickO 1968011
U000000TCN, AGYODOOOOUODOUOTAR, TGADOOOOOOOOooOoOOoOooooad
oob2000000000000000eM0D00O0O00 2000000000000 2
bobooobooboooboooboodoood 2300000000000000O000O000
uoooodooboboobooobooooooOooOoOoooOboOooboboOoobooOoOoooOoDobooOoa
goooooooooormMobooooooboboooooooooboooooooooboog
UD00D00Db0D00OD0O 23x4,23x20,23x230000000000000000

3.3 JO00OO0OoOoooooooooo

DNAOODOOODOODOOODOOODOODOO0DO0o0ooooooooooooon
oo0o00obOoO0 coNAOOODOOOOOOOOOODOOOOOOODOODOODOODOO
go0ooo0o0oooOoO0OoOo0OooDoo0oooo0UoooOooUOobDbOOoobOoooOooooodg
0000oo0o0doooooooooooooDoooooo0oooooooooooood
U00GotohD 1999010 000D ODOOOOODODOOODOODODO Gribskov and Veretnik
e D000 00000000000O00O0O0O0O0OoOo0oon

goobobOo cbNADODOOOOoooooooouobobobbbooouooboobbooo
Oframe0 00000000000 OCOOODOOO0O2000000000D0000000
goobobobobobobooooooooooboooobooooboobDOobDOobDOoD s
OoBrdfiogboobooboobobobooboobooboboooboobobooobooo
goobobobob203bgooooboobooooooooobooooboooooon
ooobobOsgbobobobobobobospoobobobooboooooooooo
gooboobooboobobm40wooboobobooboboobooboboboboboobooo
gobomsboboobooboobobooboooobobooboobooboobobobooon
ob01oobooboobob 20b00b0oboboooobobobboooooboOobo o,
1,20000000000000 1000 20000000000000000000000
gbobooobooboboboobo™mebbobobboboooboobobobooooo
go0oodooooOoOoooOoDoo000ooOoO00oooo0obDbOOooooDoOoobooodg
0000000o0ooo00ooo0o0ooo0ooooooooooooooooooooad
Uboobobobobooboboboo0oo0ooobob0bOGotohd 199400100 0OOODO
oobooOOoobooooooo

0100000000000000000D0D00000D0O0000000U Procrustek] Gelfand
etal11996[0 000000000000 DOO0OOO0OODOOOOO0O0ODO0OOOOODO
000b0obooboobooob0obOb0ob0obO0obOobOnOnOdGeneWisel Birney and Durbin
gyrdooooobooboobobooogbooooboboboboooboboboooooo
oobooooboooooooooobooooboooo

4. OOO0OO

oooboooboooboooooooboooooooobooobooooboooooDo
oobobooobooooooooooboooooobooobooooboooooooooooaoa
ooobooooooooooobooooooooooobooooooooooobooooooa
oooboooooooobooooboooboogse@mobosSpogobobcocconyg
ooboooobooooon



go0oo0oooOoOO0O0oO0000oooooOoOoboboOo0oooooooDooo 11

01 0O000000ODOOOOOOoOoOoOoooooboo

PARU AN A7 Xk DEYA b
Est_genome GXC Mott, 1997 www.well.ox.ac.uk/~rmott/est_genome.shtml
Sim4 GXC Florea et al., 1998 globin.cse.psu.edu
Calign GXC Chao, 1999 iubio.bio.indiana.edu/soft/mol/bio/align/calign.c
Procrustes GXP Gelfand et al., 1996 www-hto.usc.edu/software/procrustes
Nap GXP Huang & Zhang, 1996 www.cs.mtu.edu/faculty/huang.html
GeneWise GXP Birney & Durbin, 1997 www.sanger.ac.uk/Software/Wise2
Aln GXP Gotoh, 2000 www.cbre.jp/~gotoh/
GeneSeger GXP Usuka & Brendel, 2000 ftp.zmdb.iastate.edu
Glass+Rosetta GXG Batzoglou et al., 2000 www.theory.lcs.mit.edu/crossspecies
Pro-Gene GXG Novichkov et al, 2001 www.anchorgen.com/pro_gen/pro_gen.html

A W OXGE L TRWSEFIOFE : cDNA(GXC), 72 /B (GXP), £/2Ehds’ ) 1 DNA (GXG).

(4.1)  Sn=TP/(TP+ FN)

(4.2)  Sp=TP/(TP+ FP)

(43) CC=(TPxTN —FP x FN)

/\/(TP+FN) x (TN + FP) x (TP + FP) x (TN + FN)

00000000oooo0000oooDo0oooooDOoo0ooDooooooDOoooDon
oobooooboOoO0obOoOoOooDoOoOooOooOobooOoOorpO0OO0O0OOOODOOODOO
oooo00obO0o0ooOOoOooOrFpPOOOOCOOOOOOODOUOODOODOODOUODOOTN
000000o0o000oooooo0oFNDOOOOOOOODODOOO0O0ODOODODOOO

0000000000 abiniie000D00OO000OO0OODOOOOOODOOOOOODOOO
000000000 Burset and Guigd] 199603 Claverie[d 19970 Burge and Karlin'] 19980 Rogic
et al] 2001000 000000000 0ODO0O0ODO0O0ODO0O0ODO Guigé et all 200000 00000
ooooooooooOooooOoOoboom@icobobooobDOoOooobDo0ooooboooag
0000000 blastxD PODO 10700 M 0000000 GeneWise, Procrustesd 0 O O
Jb000ooobboobobu0000boobbobooboboobob0o0boognDUab initioO
OGeneScanJ OO0 ODUOO0O0OOM3OUDOO0OOOUODOOODOODODONO GeneWise O
0000000 ebmitso0 0004000000000 00O0OOOOODDOOOOOOO
obooobooobooboobooboobotibaemitieDO00DO0ODO0OODOOOODOODOOOO

gooobobooooobobogscobogboobooooboobooboobono sgnog
OGotohD 2000 D0 0000000 OOOODOODOO0ODOOGuigé0 O ODOODOOOODO
0000000000000 0b0b0b0ObDU0ObDODGeneWiseUOoooooooooo
oooobOo0o0oooDboO0o0ooDoobo0ooooobD Guiggbooooooooooooog
go0oodooOooOoOooOoooO00bDO0o00ooOoOO00obDOOoUOoDOoDoOoooood
oooooooooo



12 g0o0o0o0o0 50000 1002002

95

90

HERE (%)

4 8o+

75+

70+

I i | - |
40  40-50  50-60 60-70  70-93

72 ) B—E (%)

20-25  25-30

08 O0O30o000o0ooooooooooooooooooobobooOooooooooooboooOog
goooo0OoOo0boO0oO0O0oOoO0oOoO0O0OO00b0O0O0C0O00O0O0O0OO0O0O0O0O0O00C0O0O0BO0
bbb adddoobooooobobooobooooooooooooooooooooog
O0e0000IOIOOODODOOODULOOUUODoOOODOOUOOIOODOOODOUOODOODOO
0000000000000 0000000DD0O0DOU0D00D00D0O0ODOOoDOo

5. 00000000

ooooboooobooooboooooboooooooboooobooOoOoobooOooOoooonn
gooboooooobooooooooooboooobboooboooooobooooboOoobooog
ubobobooooboooooboooobooooooboOoobOoOooobOboOoosDbNAODOOOO
oooboooooooooooocoooooooboboooooooooooooobooooOon
oobDoO0o0obDoooo0o0oDbo0b00O00bO0oO00DbO0O0DbDb DNA OO U Batzoglou et al.
00 200002 Novichkov et all] 20010 000000 O0O0OO GotohD 20000 0000000000
oobooooboooooooobooooboooooooobooon

oooooogoooooboooooooooooboboooooooooooobooDon
uooboooobocdoobooooooboooooooOoobooooobOoOobobooOoboOooobooOoOon
ooooooooocooobooobooooooobooooooooobobooOooooooooOoo
gooobooooooooooboooooboooooobooboooooooobooooDboog
uobodoobbooboooobooooboooOooOoOooboo0oobOoobooOooboboOooobooo

oooo

gbogobooboboobooboobooboboobbobbooboobbooboo
gogd

goooooo

Altschul, S. F., Gish, W., Miller, W., Myers, E. W. and Lipman, D. J.0 19900 Basic local alignment
search tool, Journal of Molecular Biology, 215, 403-410.

Batzoglou, S., Pachter, L., Mesirov, J. P., Berger, B. and Lander, E. S.00 20000 Human and mouse
gene structure: Comparative analysis and application to exon prediction, Genome Research,
10, 950-958.



go0oo0oooOoOO0O0oO0000oooooOoOoboboOo0oooooooDooo 13

Birney, E. and Durbin, R.00 199700 Dynamite: A flexible code generating language for dynamic pro-
gramming methods used in sequence comparison, ISMB, 5, 56—64.

Birney, E., Bateman, A., Clamp, M. E. and Hubbard, T. JO0 20010 Mining the draft human genome,
Nature, 409, 827-828.

Brunak, S., Engelbrecht, J. and Knudsen, S[J 19910 Prediction of human mRNA donor and acceptor
sites from the DNA sequence, Journal of Molecular Biology, 220, 49-65.

Burge, C. and Karlin, S.0 199700 Prediction of complete gene structures in human genomic DNA,
Journal of Molecular Biology, 268, 78-94.

Burge, C. B. and Karlin, S 19980 Finding the genes in genomic DNA, Current Opinion in Structural
Biology, 8, 346—354.

Burset, M. and Guigé, R.00 1996[1 Evaluation of gene structure prediction programs, Genomics, 15,
353-367.

Cai, D., Delcher, A., Kao, B. and Kasif, S.0 200000 Modeling splice sites with Bayes networks,
Bioinformatics, 16, 152-158.

Chao, K. M 199900 Calign: Aligning sequences with restricted affine gap penalties, Bioinformatics,
15, 298-304.

Claverie, J. M.O 199700 Computational methods for the identification of genes in vertebrate genomic
sequences, Human Molecular Genetics, 6, 1735-1744.

Crick, F. H.O 196800 The origin of the genetic code, Journal of Molecular Biology, 38, 367-379.

Florea, L., Hartzell, G., Zhang, Z., Rubin, G. M. and Miller, W.0O 19980 A computer program for
aligning a cDNA sequence with a genomic DNA sequence, Genome Research, 8, 967-974.

Gelfand, M. S., Mironov, A. A. and Pevzner, P. A.0 199600 Gene recognition via spliced sequence
alignment, Proc. Nat. Acad. Sci. U.S.A., 93, 9061-9066.

Gotoh, 0.0 19900 Optimal sequence alignment allowing for long gaps, Bulletin of Mathematical
Biology, 52, 359-373.

Gotoh, O[0 199400 Further improvement in methods of group-to-group sequence alignment with gen-
eralized profile operations, Computer Applications in the Biosciences, 10, 379-387.

Gotoh, O.0 19990 Multiple sequence alignment: Algorithms and applications, Advances in Bio-
physics, 36, 159-206.

Gotoh, 0.0 200000 Homology-based gene structure prediction: Simplified matching algorithm using
a translated codon (tron) and improved accuracy by allowing for long gaps, Bioinformatics,
16, 190-202.

Gribskov, M. and Veretnik, SIJ 1996[1 Identification of sequence pattern with profile analysis, Methods
in Enzymology, 266, 198-212.

Guigé, R., Agarwal, P., Abril, J. F., Burset, M. and Fickett, J. W.[0 200000 An assessment of gene
prediction accuracy in large DNA sequences, Genome Research, 10, 1631-1642.

Hogenesch, J. B., Ching, K. A., Batalov, S., Su, A. I., Walker, J. R., Zhou, Y., Kay, S. A., Schultz,
P. G. and Cooke, M. P[120010 A comparison of the Celera and Ensembl predicted gene sets
reveals little overlap in novel genes, Cell, 106, 413-415.

Huang, X. and Zhang, J.00 1996[1 Methods for comparing a DNA sequence with a protein sequence,
Computer Applications in the Biosciences, 12, 497-506.

gboo0bO01e9s0 OOO0OO0OO0oO0OOOobOObOOO0OO0O —0OO0ObOOobOobOOooboobOOobOomoooobo
0000000000 D0D00000000 0O0v9-13900000000

Kulp, D., Haussler, D., Reese, M. G. and Eeckman, F. H.OO 199600 A generalized hidden Markov
model for the recognition of human genes in DNA, ISMB, 4, 134-142.

Lander, E. S. et ald 20010 Initial sequencing and analysis of the human genome, Nature, 409,
860-921.

Mott, R.00 19970 EST_GENOME: A program to align spliced DNA sequences to unspliced genomic



14 g0o0o0o0o0 50000 1002002

DNA, Computer Applications in the Biosciences, 13, 477—478.

Nakamura, Y., Gojobori, T. and Tkemura, TO 200000 Codon usage tabulated from international DNA
sequence databases: Status for the year, Nucleic Acids Research, 28, p. 292.

Novichkov, P. S., Gelfand, M. S. and Mironov, A. A.00J 20010 Gene recognition in eukaryotic DNA
by comparison of genomic sequences, Bioinformatics, 17, 1011-1018.

Rogic, S., Mackworth, A. K. and Ouellatte, F. B.00 200100 Evaluation of gene-finding programs on
mammalian sequences, Genome Research, 11, 817-832.

Salzberg, S. L 199700 A method for identifying splice sites and translational start sites in eukaryotic
mRNA, Computer Applications in the Biosciences, 13, 365-376.

Shepherd, J. (1] 19810 Method to determine the reading frame of a protein from the purine/pyrimidine
genome sequence and its possible evolutionary justification, Proc. Nat. Acad. Sci. U.S.A.,
78, 1596-1600.

Smit, A. F. A. and Green, P.00 19990 http://repeatmasker.genome.washington.edu/

Snyder, E. E. and Stormo, G. D.[0 19950 Identification of protein coding regions in genomic DNA,
Journal of Molecular Biology, 248, 1-18.

Solovyev, V. V., Salamov, A. A. and Lawrence, C. B.0J 19941 Predicting internal exons by oligonu-
cleotide composition and discriminant analysis of spliceable open reading frames, Nucleic Acids
Research, 22, 5156-5163.

Stormo, G. D.O0 19900 Consensus patterns in DNA, Methods in Enzymology, 183, 211-221.

goooobegrd O00OO0OOOODOCOO0OO0OODOO0ODLOOODO0OO0OU0O0OODO0O@TDODOO o™@ooooo
obooooooobooboobnoos34s000o0oobon

Uberbacher, E. C. and Mural, R. JIJ 19910 Locating protein-coding regions in human DNA sequences
by a multiple sensor-neural network approach, Proc. Nat. Acad. Sci. U.S.A., 88, 11261—
11265.

Usuka, J. and Brendel, V.0 20000 Gene structure prediction by spliced alignment of genomic DNA
with protein sequences: Increased accuracy by differential splice site scoring, Journal of Molec-
ular Biology, 297, 1075-1085.

Venter, J. C. et all] 200100 The sequence of the human genome, Science, 291, 1304-1351.

go000020010 O0OOOOOOOOO DIGITOOOOODOOO, 48, 2580-2585.

Zhang, M. Q.0 19970 Identification of protein coding regions in the human genome by quadratic
discriminant analysis, Proc. Nat. Acad. Sci. U.S.A., 94, 565—-568.

Zhang, M. Q. and Marr, T. GO 199300 A weight array method for splicing signal analysis, Computer
Applications in the Biosciences, 9, 499-509.



Proceedings of the Institute of Statistical Mathematics Vol. 50, No. 1, 3-15 (2002) 15

Prediction of Eukaryotic Gene Structures Based on Combined
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Draft sequences of complete human genome were made publicly available in Feb-
ruary 2001. This follows publication of virtually complete genomic sequences of yeast,
nematode, fruit fly, and cress. Since many bacterial and archaeal genomes have been
sequenced, we already had the basic information about at least one organism in represen-
tative phylogenetic branches. The first step toward extraction of any useful information
from the blue-prints of life is to identify exact structures of individual genes. Biased
distributions of k-tuple oligonucleotides in coding and non-coding regions are useful in
deriving “coding potentials”. In addition, specific sequence patterns around transcrip-
tional, translational, and splicing boundaries can be converted to numerical signals that
help to delineate exonic and intronic regions. Several mathematical methods, including
neural networks, discriminant analyses, and hidden Markov models, have been developed
to assemble various lines of information into predicted genes and gene structures. These
intensive efforts have dramatically improved the prediction quality based on such statis-
tical information in the last decade. However, the success rate for correctly predicting an
exon is reported to be only about 750 at the nucleotide level, so there is still considerable
room of improvement. We have taken a slightly different approach. In addition to the
statistical information mentioned above, we incorporate sequence-homology information
to more accurately locate coding regions conserved between the target gene and one or
more reference cDNA or protein sequence. The most likely gene structure is inferred by
optimizing an objective score by means of a dynamic programming algorithm. To assess
the performance of our method, we compared the predicted gene structures with known
structures of about 300 C. elegans genes. The results indicate that the percentage of cor-
rectly predicted exons exceeded 900 , which was significantly better than those obtained
by other methods.

Key words: Gene-structure prediction, exon-intron organization, splicing, genome informatics, se-
quence homology, alignment.



