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Poct 00bema GenBank

Sequences (millons)

2 -

1]

1982 1266

Me:xayHapoaHble MPOeKThI I¢HOMHBIX HCCJ/Ie10BAHHA

CTpeMHTETLHO PACTYT TEMIbI HCCIIeNORAHHI M0 CeKBeHHPOBAHHIO

reHomuoi JITHK (Benson et al., 2000; Wheeler et al., 2000). Ha cents10pB
2003 r. mocTYIIHEBI 139 MONHBIX T¢HOMOB IPOKAPHOT, BKIWYasA 16 BH/OR
apxebakrepnii H 123 pHaa DakTepHil.
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Base Pairs of DNA {million &)

GenBank za 2002 ron:
28,507,990,166 n.o.

22,318,883
nocnegoBaTensHOCTEH

ITonHOCTLEO €EKESHHPOE aHbBI

HVKAPHO THUE CKHE T¢HOMBI
MBIIIEBHAHOT O canara Arabidopsis
thaliona, uepea Caenorhabditis elegans,
IUI0,q0B0k Myiku Drosopfila
melanogaster, ApodsKeii Seccharomyces
CErEVIsias U Sohizasacclaramyces
porbe, HEKOTO PbIX BHYTPHKICTOUHBIX
MApaITHYE CKIX OPTaHIMOB

( Flasm odian falciparm,
Encephalitozoon cuniclil,
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N Ensembl at EBVEMBL

Ensembl Stats: Chromosome status

The following images indicate the status of the Golden Paths

NCBI34

Stats
Freeze date:
I July 22003
I Estimated size:
Hey
L]
MAD length = &Bmb
M50 length = 1mb
M50 length = 500kb
g a i Fi 8

A 0B 43 Wb
M5O length = 100kb

Total mapped:
2843 41 Mb (32 549)
NSO length = 10kb
More than 50% of bin

MNo. of supercontigs:
Less than S0% of bin

350
-Clear-  None of bin in golden l
13 ! ! s

Super contig N30 length:
B HiRad C0 PAM 3
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12 29 104 799 bps
In super contigs > 10Mhb
2 307 65 Mb (76 s'clgs)
In super contigs > 1Mb
2 789.20 Mb (199 ='tigs)

In super contigs > 100Kh
2 842 38 Mb (332 s'ctgs)
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Chromosome 11
Length: 134 452 954 bps
Known Ensembl genes: 1,296

Hovel Ensembl genes: 2
Snps: 245,108

Change Chromosome

Chrnmusumelﬂ -'!

Jump to Contigview

Click anywhere on the chromosome ideogram or one of the feature distribution p
level view of features at that point. Alternatively, you can jump to contigwew bet
on this chromosome:

Betweaen: [
Go

and [

Display contic-level view betwoon any twio features.

Synteny
‘Wiew Human Chr 11 vs Il'ﬂause 'I
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Ensembl
6—’.’ Human ContigView

Home ®™ Human
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Human Chromosome 11

Jump to chromosome |11 'I “
Jump to mapaew for chromosome statistics.

Homology Matches
Homo sapiens Genes  Mus musculus Homologues
ENSGOO000170061
149.64 Kb
ENS GOOOO017 7934
(152,41 Kh)
MM_145651 o ENSMUS GOONOD0IRE01
(153.08 Kb (Ghr 7 123,67 Mb)
ODEJ . 1700011004 Rik
1gb./9 kKb (chr 7 : 129.687 Mb)
ENSGOOOD017 7951
193.48 kb
BET1L g Betll
(195.30 Kb) (chr 7 . 12987 Mb)
MM _0Z1932 5 Al114950
(16,85 kh) (chr? . 123,68 Mb)
SIRT3 ., =irtd
(20614 Kb) (chr 7 : 129.88 Mb)
PSMD13 ., Psmd13
(Z27.05 Kb) (chr 7 : 129.90 Mb)
PYAS HUMAN 5 Pypafh
(268,57 Kh) (chr 7 . 129,94 Mb)
NM_025092 5 HM_ 145387
(273,13 Kb) (zhr 7 123.26 Mb)
ENSGOO0DD142056 Hrmp1-pending
AR AN Kht "7 frhe7 178 67 M




M Mogenb 3yKApHOTHYECKOTr0 I'€HA

Cytoplasm

RHA trermsport
and translabon

‘Dﬁulem

D Codng sequence [COS) J Pohpepade 6 Ribosome I:I Uniranslated (UTR soqueance
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XoQuposanun seHemuveckol ungopMaut

Thpe 1iPHE

'E.- Er.nh'r{ 'thnr.'l'i: 'E-_u;,:r_’: mq-{: 'E’.ﬂ:l:rih{ Fotron 1%

'E: Er.nnT{ &m?l i
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DSCAM, yuacTE vioue o 5 ¢ op MHpOBaHHH TOHKoH HepBuod cueremsr  gposodnmer: = 12 x 48 x33x2 ...

Secon 4 on § ond on 17
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M

Length of gene Length of mMRNA Number of introns

B-globine 1,5 0,6 2
Insuline 1,7 0.4 2
Protéine kinase (. 11 1,4 7
Albumine 25 2,1 14
Catalasc 34 1.6 12
Recepteur des [.DI 15 55 17
Facteur VIII 186 9 25
Thyroglobuline 300 8.7 36
Dystrophine* plus de 2 000 17 plus de 50

" Une lorme modifiée de ce gene provogue la dystrophie musculaire de Duchenne.
La raille des genes indiguee ici comprend a la fols la partie transcrite du géne et les séquences d’ADN
régulatrices voisines, (D'apres des données fournies par Victor McKusick,)

Lengths are in kbp

B Hlad™ ©0 BAH 10



M THObI 3YKAPHOTHYECKHX I'¢HOB !

* Protein coding
— most genes

* RNA genes
— rRNA
— tRNA
— snRNA (small nuclear RNA)
— snoRNA (small nucleolar RNA)

B Hlad™ ©0 BAH 11



# OcHoBHble THIbI HHPOPMALMH, HCTIOIb3YIOUWIHXCA JIs
PAcno3HABAHHA I'¢HOB

o HudopMalmoHHbIE CBONCTBA CHTHAIIOB, BXO/ISIIHX
B CTPYKTYPY I'€HOB (JIOHOPHBIC H aKIETI TOPHBIC
CanTHI, CAUTHI CBSI3BIBAHHS TPAHCKPHITITHOHHBIX
(paKTOpPOB H T.1.)

« (CBOMCTBAa KOHTCKCTA (CM@H_[E’:HHH HaCTOT
HCITOJIB30BAHHA KOAOHOB B KOJAHPVYIOIIIHX pﬂﬁDHﬂXj
AJIHHA DTKpLITDﬁ PaMKH CHHTBIBAHHA H T.,[[.)

 CXOJCTBO C H3BECTHBIMH TOMQIOTHYHBIMH
MOC/ICAOBATEIbHOCTAMH MPEACTARICHHBIMH B
0a3zax JaHHBIX.

B Hlad™ ©0 BAH 12



acceptor
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intron  pranch sit « Consensus ‘GT-AG’

a¥

NN, ) — Donor 5’

5" evon " e von

15t step l 5 splice site cleavage . (A,C)AG!GT{A G }QGT

3" splice site

and lariat formation

A Tj— — Acceptor 3’
o . TTTTTNCAGIGCCCCC

— Branch
2nd step l exon ligation

. CT(GAAC.T)
e

=

Chemical mechanmism of intron excision
by the spliceosome and group Il introns.

B Hlad™ ©0 BAH 14



*&mme MATPHIIbI, ONMHCLIBAIOMIHE JOHOPHDLIH H AKIIENTOP
CAMTHI CIVIANHCHHTA.

Becopad MaTpuila JOHOPHOIO CauTa CILITaUCHHTa

-3 |-z |-1 [1 2 3 |4 5 |6
R|34.0)60.4|9.2 [0.0 |0.0 |52.6[70.3]7.1 |16.0
€ |36.3)12.9]|9.3 0.0 |o.0 |2.8 [7.6 |55 |16.5
€ |18.3|12.5[®80.3|100 |o.0 [41.9]11.8)81.4/20.9]
v 11.4/14.2]|7.3 |o.0 [100 |2.5 |9.3 [5.9 [46.2

-14 | -13 |-1& | -1l - L0 -5 ~i i} -G =5 -4 | -2 -1 L
o |Lr.af12.7|3.2 |4.B [12.7 | 8.7 |Ll6.7 |16, L23.7) 9.5 db.2 | 6.3 | LOO 0.0 | 2L.4
C F6.3)30.% )159.1 | 23.0 | 34.9 | 35.7 | 54.9 | 40. dAl. 5 | 8.5 | 33.5 | 66.2 .I:I.I:I 0.0 | 7.9
|95 0.3 | 15,1 | 12.7 | B.7 9.5 LE.7 | 4.8 2.4 | 6.3 13.5 | 0.0 | 0.0 o0 | 62.9
W |1 38.9|41.3 (58,7 | 55,6 |42, L | 40,5 ) 30.9 |37, 44.4 | 47.6 | 27.0 ) 25.4 10,0 o.0 |°*.9

B Hlad™ ©0 BAH
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» CTapTOBBIN KOMOH

ATG

* (TOII - KOOOHBI:

—TAA, TAG, TGA

B Hlad™ ©0 BAH 16



|A) reading diraction for caquance of top DNA strand ——

e

3 N- fle leu phe arg val e org pro Il v ag asn phe tiv Il o9 C
reading | 2 N- tyr phe ile ser ser asn ser thr leu msn ala lys lew his leu thr -C

frames 1 N. leu phe ty phe giu Il phe asp leu lys arg glu thr ser leu asn C

ona 5 TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3
3 AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG &

¥

o [-1 CHM lys jle glu lou lou glu val Iys phe ala phe cor [l lvs vel N
;‘:‘*"d"*ﬂ -2 C-ile lys asn arg the de ag ov [l val ag phe Iyvs val [l arm N
e =3 C-asn [l vs ser thr &sn ser arg leu arg ser wval glu ser ey ser -N

- raading girgction for sequence of bottom DNA strand

B Hlad™ ©0 BAH 1n



M Pacnpegenenne gnuH ORFE B renome 5. cerevisiae

1 S
1 AL
1 2000
il
in
i -
- 1 Qo000
=]
[ —
=
= BiCeC0
— |
—
)
R ?
i
o
oL
L0 L=
i ==
) 2
2000 iy S
o>
s i =
==
'S . _ _ =
o = | [ o Bac Ealulnl

CCodons

ﬁﬁiim ml Hﬁlii ﬁl ﬁnﬁ ﬁaghﬁ H ﬁﬁuamg ﬁﬁigarch 1997 7:768-771

B Hlad™ ©0 BAH 1%



i JAcTOThI HCMONIL3OBAHHA KOJOHOB KOTHPYIOWIHX CePHH Y
PR3 IHYHLIX OPTAHHIMOB

Example: Codon frequencies (%) for serine (Ser or S) codons in
different organisms

Fruitfly
1
o3
17
2
9

™ e ™ P

e [ g)_ _(433) 28 37

The most frequently used codons have the highest chance of
being present in the CDS -> this is used in gene prediction

B Hlad™ ©0 BAH 12



Huperce agpanmanmun koaonos (CAl) !

uf;ﬂdb
CAT= T] 7

i=codons

max




SAINIEIChI ATANITALMH KOJOHOB, PACCUHTAHHBIE [VIfl 1eI0BEKA;
AP OASKeH

hs 5C hs 5C hs 5 hs 5C

UUU [Phe [ 16.6] 26.0lucU  [Ser | 14.5] 23.6lUuaU  [Tyr | 12.1] 18.8]JUGU |[cys | 8.7] 8.0
Uuc Phe | 20.7] 18.2luce  [ser | 17.7] 14.2luAaCc  |1yr | 16.3] 14.7|UGC |Cys | 12.4] 4.7
UUA |Leu | 7.0 26.3luca [ser | 11.4] 188JUAA  |stop | 0.7] 1.0/UGA |stop| 1.3] 0.6
VUG JLeu [ 12.0] 27.1|luCcG |[Ser 45| seluac |stop| 05| osUGG [Trp | 13.0] 10.3

CUU |Leu || 12.4] 12.2|CCU Pro | 17.2] 13.6|CAU His | 10.1] 13.7|CGU  [Arg 4.7] 6.5
cuc JLeu | 19.3] 5.4|ccce Pro | 20.3] s.8|cac His |14.89) 7.B|CGC fArg | 11.0] 2.6
CUA |Leu 6.8] 13.4|CCA Pro | 16.5] 18.2|caa Glnh | 11.8] 27.5|CGA (Arg 6.2] 3.0
cUG [Leu | 40.0] 10.4]cce [Pro 7.1] 5.3|cac Glh | 34.4) 12.21CGG  fArg | 11.6] 1.7

AUU file 15.7] 30.2lacu [Thr | 12.7] 20.2la80  |Aasn | 16.8] 36.0/AGU  [Ser [ 11.7] 14.2
Auc lile | 22.3] 17.1j]ace  [Thr | 19.9] 12.6]aaCc  |asn | 20.2] 24.9]AGC  |[Ser | 19.3] 9.7
AUA [lle 7.0 17.8]acA |Thr | 14.7] 17.7]aA8  |Lys | 23.6] 42.1|AGA [arg | 11.2] 21.3
AUG |met | 22.2] 20.9lacc |[Thr | 6.4 B.0laac  |Lys | 33.2] 30.8(/AGCG  |Arg | 11.1] 9.3

GUU [val | 10.7] 22.0|GCU  [Ala | 18.4] 21.1|GAU  |Asp | 22.2] 37.8|GGU [Gly | 10.9] 23.9
GUC |val | 14.8| 11.8lccc  |ala | 28.6] 12.6|cAc  [asp | 26.5] 20.4|/GGC  [Gly | 23.1] 9.7
GUA [val 6.8] 11.7lcca  |ala | 15.8] 16.2]cAaa  |ciu | 28.6] 45.9(GGA |[Gly | 16.4] 10.9
GUG [val | 29.3] 10.7|lcee  |Ala 7.7| s.1lcac |G | 408] 19.1|Gee |cly | 16.5] 6.0

B Hlad™ ©0 BAH n
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mplmnclme LHEeNH, KAk MOJe b NeHepaliHH HMJIE.I[QBEITEJIBH!

S = 85,.8,8,8,




n Dopmyaa batieca !

« Bayes’ Rule - |
ikelihoo prior
. b4

posterior— P(/M | D) (D | M);(M)

PO
|

marginal

o M:the model, D: data or evidence
P(D)=SP(D| M)P(M)-discrete

= | FIB | 7% lle \anl - continuous
B HiRad C0 PAM




LOG-ODDS Ratio !

P(c‘ data )

log P(nc‘dam) ~KE

P(dam‘c) P(g)
P(dﬂfﬂ‘ﬂ@) +log P(nc)




ﬁ, GeneMark

e GeneMark uses a Sth-order Markov chain:
r=GCTACGCGCTAGGAT...

Pr(x ) = Pr(GCTAC) x Pr(G | GCTAC) x Pr(C | CTACG) ..

B Hlad™ ©0 BAH 6



e Mogeab ckpbiTol Maprxosckoi uenu (HMM)

0.5 0998 0.002 0
0.5 0001 099% 0
0 000l 0002 0O

0.28 0.32]
022 0.18
0.25 0.18
0.25 0.32

D —

H(m,y) = probability of emitting character y in state m;

@, = probability of transition from state k to m.

B Hlad™ ©0 BAH m



Zijeroropble MPOrpaMMbl PACTIO3HABAHHA F¢HOB HCMOIb3YIO
ckpbIThie MapioBcikse nenn

 GENSCAN (Burge 1997)
 FGENESH (Solovyev 1997)
 HMMgene (Krogh 1997)

* GENIE (Kulp 1996)

« GENMARK (Borodovsky & Mclninch
1993)

* VEIL (Henderson, Salzberg, & Fasman
1997)

B Hlad™ ©0 BAH



ﬂ Genie

« J5° -5 UTR
. Begin otart Donor Arcceptor Stop End
* EI - Inttial Exon Sequence Translation splice site E_ splice site Translation Sequence

 E — Exon, Internal Exon ﬂ..@ﬂ,@ EF Js'
I ¥]

* [ — Intron o
* EF — Fmal Exon

« ES — Single Exon

«J3' - 3'UTR

B Hlad™ ©0 BAH i



e GenScan !

* YUHTHIBAeT paciipeicJicHHSe JJIHH HHTPOHOB H JK30HOB

« Becopag rmozmmonnag matpuria (WMM) nma omicaHndg
TATA box, PolyA signal, CAP end and Transcription
[rutiation End (TIE) of 5'UTR.

« Weight Array model (WAM) amg ormicanig akIemITOPHOTO
canTa CBA3bIBaHNU4.

« Jlepero pemteritii (maximal dependence decomposition)
I MOJETTPOBAHMS TIOHOPHBIX CAaliTOB CIUTakCHHTa

B Hlad™ ©0 BAH 30



e Maximal Dependence Decomposition (MDD)

All donor splice sites
(1254)
Pas A% C% G% U% Pos A% C% G% U%
-3 33 36 19 13 -3 35 44 16 f
56 15 15 15 2 £5 4 7 5
| 9 4 78 9 i 2 I 97 0
+3 41 3 51 3 +3 B1 3 15 2
+4 75 4 13 9 +4 51 28 9 12
v 14 L 19 9 +h 22 20 30 28
-3 34 37 s 1 3 b 3l 21 1%
3 59 10 15 16 2 43 30 17 1
o 4i 4 53 3 413 56 il 43 0
+4 i 4 16 10 +4 35 2 3 3
v 17 21 21 42 +h 5 10 10 76
-3 a7 47 18 3 -3 29 a0 8 23
+3 3 § 51 3 +3 42 | 56 1
+4 il § 22 i +4 ] 4 ] B
+6 19 20 25 36 46 14 21 16 49
3 12 40 23 5 p— 3 19 43 15 3
O S T S | 50 -l"‘-IU i5G.gA2Ye) 3 46 6 a3
+i 51 5 25 19 (177 (310} i 69 5 20 7
All sites: Position
Base -3 -2 -1 +1 +2 +3 +4 45 +h
A% A3 6l 4 () 0 49 n 6 15
C% 37 13 4 Y 0 L 7 5 19
G % 18 14 81 114} 0 45 12 54 20
U 12 13 7 0 1 3 9 5 6
] p .

Ul snRNA: ¥ G U C C A u U L A 5

B Hlad™ ©0 BAH 3



PaCﬂ]]EﬂEJIEHHE AJIHH IK30HOB H HHTPOHOB,

M

BXOJAIIHUX B CTPYKTYPY YeI0BeYeCKHX F¢HOB
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" @

« N - intergenic region l“!’."!
« P - promoter l
« F - 5" untranslated region )’ }\
» E_,—single exon (intronless)

(translation start -> stop codon) "

« E_, — initial exon (translation start ->
donor splice site)

+ E, —phase k mternal exon (accepto

Esngi+
(single-exon

splice site -> donor splice site)

gene)

+ E,.— terminal exon (acceptor splice = =
-> stop codon) (pro- (poly-A
. moter) signal)
» I, - phasek intron: 0 — betgen.eadons: Forward (+) stand
1 — after the first base of acodon; 2—- ﬁmim _________
region)
Emgﬂg the second base of a E{Jﬂg&n{_}ﬂm Reviass Cloikind
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M VEIL (Viterbi Exon-Intron Locator)

{ Upstream H Start Codon F[ Exon ]——[ Stop Codon ]—»[ Downstream J
{3' Splice Site H Intron HS' Sphce Site ] {fr Poly-A Hitf:}

 Each box represents a separate HVIM

 Edges represent multiple edges between HMMSs
* Total model has 241 states and 1003 edges

B Hlad™ ©0 BAH 35



Upstream/Downstream and Start Codons

 Upstream model:
— 15-stage chain
— Loops at end to absorb extra bases

e Start Codon Model:

Upstream Exon

* Downstream model:
— 10-stage chain
— Loops to absorb extra bases

B Hlad™ ©0 BAH 36



Exon and Stop Codon Models in VEIL

Start Codon |6 Backedges

(AL
3" Splice Site \é’? o 5*;pli.:.: Site
(/”

Downstream

B Hlad™ ©0 BAH n



Donor Site (57 splice site) Model

Stage 1 Stage 2

* Acceptor site (3" splice site) has 15 stages
* Length based on consensus sequences (Mount et. al, 1995)
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Intron Model in VEIL

16 Backedges

d /—_ a
K7

, A )
O~CL7 XAZL IRZE Y0
AR SRS
%,

Y
5" Splice Site 3’ Splice Site




Multi-Species Comparative Analysis

Liver

Apolipoprotein Al sene
Enhancer _th_b

Y 1 m E—

macaque  |_f | - 75%

50 %
10KB

T75%

S0/100%

5%
50/100%
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BHPEBHHB&HHE OPTONONHYHLIX I'€¢HOB
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50
247

3686

100
292

418

150
332

457

200
367

517

GETGAGGTCGAGGACCCTGCA CGGAGCTETATGGAGGGECA LEAEC
I: Bl bR N0 =00 HRN h::) ==l
GAETEEGGEG&EGGGGETGCTGTTGGCTCTGGAE&EETTGE&TTE&G&EG

IL CTACAGAAAAGTCCCAGCAAGGAGCCACACTTCALCTS
T S —— Il | B==0 0z 1000 ==0=00==00 1i:1 1
T CTGECTACCCTCTCCOTTACGCEGACTCGACCAGAGEECT CAGGTCECEE

--------------- FRERRRRR R TR =nnennennnnl
TGCGAGA TCACGCCAATET COAGGGGARGACATCATTTGGCATGTCACTE

TTCAACCTCAGCAATGCCATCATGGECAGCCGECATCCTGEGACTCGCCTA
ARRRR == e nn e nnnnh=nn en=0nnt=z0nntnnn
TPCAATCTCAGCAACGCCATCATGGGCAGTGGAATTCTGGGECTCECCTA




e Twinscan !

.‘ I
\ transitions

———— duration

WL

ACUAUACAGACAUAUAUCAU EﬂﬁSSiﬂﬂE
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1. Align the two sequences (eg. from human and
mouse)

2. Mark each human base as gap ( - ), mismatch ( : ),
match ( | )

New “alphabet™ 4 x 3 = 12 letters
r={A-, A, AC-C, C| G- G,G|] U-, U, Ul}
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ﬁ 4
3. Run Viterbi using emissions ey(b)
where b = {A- A Al ..., Tl}

Note;

Emission distributions ey(b) estimated from real genes
from human/mouse

e,(x]) < ez(x]): matches favored in exons
e (x-) > eg(x-): gaps (and mismatches) favored in
introns
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Human: ACGGCGACUGUGCACGU
Mouse: ACUGUGAC GUGCACUU
Align: IvageinI=nyeynsel

Input to Twinscan HMM:

Al C) G: G| C: G] Al C] U- €] Ul €] C| Al C) &: Ul

Recall, ez (A]) > e;(A])
ep (A-) < e;(A-)
Likely exon
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ORFScan

B Hlad™ ©0 BAH

al

E&T-1: ATCCAT-GEAT GAL-TAGAGC-CTALC

E&T-Z: ATCGAT-GEATGAL-TANAGCACTAACT -ATACGE

E&T-3: ATCEATTGHMAT

E&T-4: ATCGAT-GEATGAL-TAGAGCACTAACT -ATACGGEAT GZ -G8
E&T-5: GC-CTANCTG-ATACGEAT GCCEEA
E&T-6: ATCCAT-GEATGRALCTAGAGCTCTALACT G-ATACGGEAT GZ —GGEL
E&T-"7: T-CRAT GRS -TAGAGC-CTALCT CCATACGEAT GC—GGEA
E&T-a: G- T2 -GG

Consensus: ATCGAT-GRATGAA-TAGARCGC-CTAACT G-ATACCGGAT GC-GEA
I
b}
=ATCGAT-GEAT GAA-TAGRGC=CTAACT G-ATACCZAT GC-GEA=
I
al
=ATCATGGATCGALATAGA GOC=CTAACT CATACGGAT GCEFEA=
I
d)
ATCCATCGAT GAATACL T CTAAMCTGEATACCGELT GCGER
I

3, ATC GAT GGA TGh ATA GAG C 2, BT AAC TGR TAC GGEA TGC
8 , AT CGA TGG ATG AAT AGA GC =] C ThR CTGE ATA CGGE ATE

g, A TCx ATEG AT GRA TAG AGC 5 CTA ACT GAT ACGE FAT

1,3

ATERATAGAGC -CTAAC T RATAC LA TEC Hel
I

n ¥ B ? L T In T I+ A



MpenckazaHue KOAUPYIOLIMX YHACTKOB. IeHbl 3yKapMoT

IIpeackazaHie KOJUHPYHOIIHX 4acTed reHOB ¢ MOMOIIBIO TIPOrpaMM
ORFScan, ESTScan, GENSCAN, GRAIL, GENFIND Ha npuMepe
DT 101886.

I'er human ferrochelatase. Ounifo4Ho onp egeeHHEBIe IO3HIIHKE MapKHpPOEBaHEI 1B eTOM

true : mr=lganmaadl raagwllcdpl ass=swrorcgpuwvk=gaaaaavtteraghagyakp prqpaghchpktgilmlmggpetl gdvhdfllcl £l dgdlmtlpigqnkl apt
ORFScan : MRSLG-ANMAAALEAAGVLLEDEL 25 5 STELC QP WENES 2428 A0TTET A0H A0 =AEF 0P QKPEPET = ILMLHMG-PETL EWHD FLLEL FLD QDLMTLE IOHELAFP F

ESTScan : HAFIGANMAAALEAAGUVLLEX S AGIQQLEGL S 2IEVE T Aa55AU0TTET 20HAQ FARE (A7 QF QERFEPET & ILMLHMG-FPETL GDVHD FLLEL FLD QDLMTLE IQHELAP F

GENZCAN M2A2LEAAGULLEDPLAS S SR CQPTIRNES 2222 AUT TET A0HA) &AKF QP QEFEPET & ILMLHMG-PETL Z@DVHD FLLEL FLDQDLMTLE IQNELAF T
CRAIL : MESLGENMALILERALGULLEDPL &S 3 3TIRVC QP TIFTIES -2 228 AUTTET 20HA) CARP 07O QEPEPET - ILMLNM-PETL GDUHD FLLEL FLO QDLMTLF IQNELAR F
FenFind : M2AALEAAGULLEDPLAS S STEVCQPTIENES #4282 AUTTET A0HA) &AKF (7 QF QEFEFPET & ILMLNMF-PETL A@DVHD FLLEL FLDQDLMTLF IQNELAF F
true : dakrrephigeqyrriggy=pikivtshqgegrerkll del spntaphlorrigfryrrhpltecaicemerdgleraiafequporscsttgs=l na iy ryymqrgrhpemk

QEFScan : IAKPPTPEIQEQYRRLEADEEPSEY?  SKOEEHIVELLDEL SPHT APHECYY [ IR SVHPLTEE A IEEMEPTD GLERATAFT Q5 0¥ S C ST T3 3L AT YR VN WI-RETT ME
ESTScan : IAKRFTPEIQEQYERXTEER IPHOIMD EFQQ-EAIVELLDEL SENT APHEYY [ GIRYUVHPLTEE A IEEMEFD GLERA T AFT QYR UYSC3TT 55 SLE A IVEYYHQ UV EREFT ME

GENSCAN : IAFRRTPEIQEQYRRXTEE IFPHQDNDF( AFEGFH APHEYY I ZIRYHPLTEE & IEEMERD GLERAIAFT Q¥F Q¥ SCETTFE SLN A TVR Y YHQ T EREFTHME
GRATL : IARRRFTPEIQEQYRRTTRE IFH)DMD F 2FGH

GenFind : IARKRFTPEIQEQYRRTTEE IFHQDMD P ACEFH EEAIEEMEFDGLERAIAFTOYPOYEC3TTH-S SLN AT YR Y YNV EREFTME
true : wm=kidrwpthhll igecfadhilkel dhfpl ehr=evwril f=xah=]1 pm=-rn gdpyp gevs atwime ]l evrcnpyTl wg=skwgpmpwl gpqtde =ik gl cergrhni

OQRFScan : WETITEWPTHHLL IQCFADH ILERLDHFPLEER.SEVA IL FS AHELPMSUUHE D P YT OBV S AT VWORMERLEYCHE YRL UTIQ SEFEPMPTL P OTIE S IKGL CERZEEN I

E8T3can : TSTIIEWPTHHLL IQCPADHILEELDHIPLEERSEU ILFS 2HSLPMSSTHE D PYE QET 3 AT VIR MERLEY CHE YR L OO SEA PP TL P QTIE S IKGAL CERGREN I
GENSCAN : TIST IIRWPTHHLL IQCFADHILEELDHIFLEERSEVT IL FSAISLPMSUTVHE AP YR BV S AT VOEMEPLEY CHE YRL UTIQ SECTEPMPTL F TIE 5 IKGL CERZEEN I
=E.& IL : GE AAFQETS AT VIRMERLEY CHE RL U0 S =P ME TL &P

FenFind : TWETIIRWPTHHLL IQCFADHILEELDHIPLEER.SEV IL FSAHELPMSVHE AP YR QEVE AT VI MEPLEYCHPYRLUTIQ) SEVEPMPTL CF OTIE 5 IKGL CERZEEN I

trus D 1lwpiaftt=dhietlyeldiey=grl akecqwenirrae=slngnpl £=kal adl vh=hig=nel csk gl &l =cpl cvnpwcreth=f £t =gql
ORFScan : LLUFP IATTSDHIETLYELD IEWS 0L AKEC CUEN IPRAE SLHEIHC 5 AL ADL W FTHPVER AUV A ADPDCPL CUPUWCRETKS PET YF AAUTE ACCPREUVSHCEFT SRYLECGE G L

EET3can : LLWP IAFTSDHIETLYELD IEYS QUL ARTAGUEN D{EEL SLFNGEFHC SLEAPFRL FATTHE S QTS CUPEQLTPELUNP VCRETES FXXHP A2 5 CEPPPUDPUV AL 2H AQPPLDT SDUEER
CGENSCAN : LLUPIAFTSDHIETLYELD IEYWS (L AKECES

aﬁcrnwmuuua» HI'Y, Nesuuwa 2, 2003
=B 4 I, J CPLCUHEPJC ESFITOF AL THEFEETITETE.







B ==

M = (mis)match

X = insert seql
Y = insert seq2

#* q

T
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Hidden sequence:

29090000

A T C G - - G
A C - G T C A
Hidden alignment: Observed sequence:

ATCG--G ATCGG

AC-GTCA ACGTCA




SLAM
SLAM components

- Splice sites (Variable length Markov models).

- Introns and Intergenic regions (2nd order Markov
models, independent geometric lengths, CNS states).

- Coding sequences (3-periodic Markov models, generalized
length distributions, protein-based pairHMM.)

Input
- Pair of syntenic genomic sequences.
- Approximate alignment.

OQutput
- CDS predictions in both sequences.

B Hlad™ ©0 BAH 1






JAHCKPHMHHAHTHLIH QHATH3,

IIporpamma MZEF.
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linear discriminator

duadratic discriminator

= T

53



GRAIL

Ve UHYacTOTHI OJIMTOHYKIICOTUIOB JIJTUHEBI 6.

Hcnomszopanue MApPKOBCKHX HEHEE[ I[IATOTI O ITOPAAKA AJId TPeX

paMOK CHUMTBHIBaHHI A, ITomobHo GenMark.

B Hlad™ ©0 BAH

YdeT pacripeie IeHrd AJTAH SK30HOB.

Yuet G+C coctapa 2Zkb mpunesxanix palioHOB.
HelipoHHBIE ceTH I14 PAaclO3HaABaHUA CAWTOB CILUIAUCHUHT a.
U T.J.

5d



Feature vectors Scores
dll, fl:, fl‘}’ T fl“} ScﬂrEI
d:lf' f::, f:s, ane fzu} score,
{rml! fmf! fm?n! vee fnm} score,,
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score of 6mers in candidate region ( )
score of 6Gmers in flanking regions { )

candidate region GC composition ()
score for splicing acceptor site ()

S






T32F12 ' 1.

EﬂMﬁHﬂHpﬂBﬂHHBIE METOAbI PACNoIHABAHHA I'CHOB

GenBank
LRNA S can=5E
ELASTN
ELASTH
GENSCHN
GENSCRNIS)
Grail
Graill§)

Grailig)
Grail
GENSCANIE)
GENSCHN
BLASTH
ELASTN
LtENRscan-=5E
GanBank

-3 . In LEEb . L1 - B EEEE B . -
s i e G m om o Laus L |
:IBMB .‘EMH j:.‘rﬂw .-'rtrttﬂ :EMJIM ?MH :?HM
Different predictions from different prograrns
TIGR "“"Combiner”

Final prediction is manually determined

T32F12

z 3 O Ll i 12 L& 151920 21 FPs k¥ 28
B B B B A P O Genes on
> S T T T T ==a bDoth strands
l | | | | | | | |
L lﬂl]l:l Z21min HA T RTi] ﬁl]tl-"- E-IJ[“I:II EIJII:I:I TI:II;II:II:I ?HE-I.

(this is one BAC clone drawn with the genes = 80,000 base pairs)



ﬂ AND un OR MeToabl

union

imntersection
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MIX1+
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EUI MeToa

-~ internal, p>0.75

p>0.75

! initial ] p>075 ] pe.T5

—

=

L infersection

L]



SR UeHIR Ka1eCTBA paboThl MPOr paMM NPEJCKAIAHNIA HA YPO
HYICTCOTHIOB.

TN [FN; TP EP} TN FN: TP  FN TN

REALITY

PREDICTION | | = - |
’ e —
g P number of correct exons
I —
Sensitivity IP + FN number of actual exons
Sp TP number of correct exons
Specificity [P+ 1P number of predicted exons
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SR UeHIR Ka1eCTBA paboThl MPOr paMM NPEJCKAIAHNIA HA YPO
LeJIBIX 3K30HOB.

WEROMNG  COERECT  MIGSING
EXOL EXON EXON

REALITY

PREDICTION

e — N — e
. TE S TE
ESn AL ESp 75

« JuF B, I'P I'N IN |
; - | + ;
A 2 (}"}“ + BN TPtYEFP INTEFP TN+ f*}""»“_'} f

(IP *TN) - (EN * FP)

((IP+EN)*(IN+EFP)* (IP+FE)*(IN + BN))

5 8

B Hlad™ ©0 BAH 62



M

Table 1. Nucleotlde and Exon Level Accuracy

Mucleotide acecuracy Exon accuracy

No. of
Programs sequences Sn Sp AC CC ESn ESp | (ESESp)/2 | ME WE PCa PCp OL
FCENES 195 (5) D86 0B85 |084 =079 |08 067 067|067 =022 |012 009 020 017 0.02
GenaMarik.hmm 195 (0) 0.87 089 | 084 =018 | 0.B3 053 054 G54 £ 036|013 011 029 027 0.09
Genie 195 {15) - 082 =016 |0BE 071 070 OFE =030 | 0.19 011 015 015 0.02
195 (3) 0.95 090 K091 = 092 | ¢.91 0.70 0.70 0 o8 0092 021 019 0.02
an 195 (5) 91 0914081 =013]091 076 077{076+030) 012 007 014 014 0.02
Morgan 127 (0) : 74 | 0.70 £ 0.21 | 0.69 046 041 Pagdd + 0.20 028 028 025 007
MIEF 119 ({8) 0.70 0.731 | 068 £ 0.2] |0.60 058 059| 059 £ 0.28 | 0.32 023 008 016 0.01

For each sequence in the HMR195 dataset, the exons predicted on the forward (+) strand were compared to the annotated exons.
The standard measures of predictive accuracy on nucleotide and exon | were calculated for each sequence and averaged over all
sequences for which they were defined. This was done separately for of the programs tested.

{No. of sequences) number of sequences effectively analyzed by each program; in parentheses is the number of secuences where the
absence of gene was predicted; (Sn) nuclectide level sensitivity; (5p) nucleotide level specificity; (AC) approximate comelation; (CC)
correlation coefficient; (ESn) exon level sensitivity; (ESp) exon level specificity; (ME) missed exons; (WE) wrong exons; (PCa) proportion
of real exons that were partially predicted (ony one exon boundary correct); (PCp) proportion of predicted exons that were only
;dmrﬂaliy correct; (OL) proportion of predicted exons that overlap an actual exon. AC and (ESn+ESp)/2 are given with standard

eviation.
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