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Fig. 1. The detailed structure of EGSP training algorithm. Fig. 2. The detailed structure of EGSP prediction algorithm.

BiA SR 2 ads pAske AR REEY 7] A3, 7Y ARG 432lEQ) GenScan T F) FHE

5 Table 13} Ztt. gk wgste] Al duelES TG Fig 24A
Z} signal®l Ot scan 9l coding region®} non-coding region®|
EGSP2| prediction Z2 1% st 14 2 ojo] 23S 3| duration HMMS AME-3H HEo)

71T APYY= FAZ 72 B dundFe i BH HA FugFAA Aol b PAHQ FEolth EGSP

Table 1. Moduels and their functions of EGSP training program

Function : to parse raw data files before traning and to store in struct data structures

To collect data from GenScan training files

CollectDataFromPurified() Data : start codon, stop codon, donor signal, acceptor signal, poly
A, initial exon, internal exon, terminal exon, intron, 5 utr, 3’utr
DataCollect() To collect data from human genome mRNA files of GenBank
CollectDataFromRefFile() Ref.

Data : exon, 5’utr, 3’utr
To collect data from human chr. 21

CollectntergenicRegion() Data : Intergenic region, initiation probability

Function : To train parameters with collected data
To store parameters in files

MakenitProbMatrix() To calculate initiation probabilities with human chr. 21
MakeTransitionMatrix() To calculate state transition probabilities
MakeStartMatrix() To construct WMM of preceding 6 bases and following 3 bases
of start codon
MakeStopMatrix() To construct WMM of preceding 3 bases and following 4 bases
of stop codon
. To construct WMM of preceding 3 bases and following 4 bases
MakeWholeMatrix() MakeDonorMatrix( of GT in domor P ¢
MakeAcceptorMatrix() To construct WMM of preceding 20 bases AG in acceptor
MakePoly AMatrix() To construct WMM of 6 bases of Poly A
MakePromoterMatrix() To construct WMM of 40 bases of EPD human promoter
To construct matrices of intergenic, intron, 5’utr, 3 utr
MakeHomoMarkovMatrix() Homogeneous Sth-markov matrix
Length distribution matrix
MakeNonHomoMarkovMatrix() To construct nonhomogeneous Sth-markov matrix of exon

To construct length distribution matrix for initial exon, internal

Makel.engthDisMatrix() exon, terminal exon, single exon
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prediction L2134 2] 7} A THAlE ohe- 2tk

(1) Intergenic regoin, promoter, S'UTR, 3UTR, single exon,
initial exon, terminal exon, internal exon (phase 0, 1, 2), intron
(phase 0, 1, 2% ZtZ} HMM] stateZ A3}l 2b stateol] tHt
class® T@L.

) State?] HAE AREY 5~ AU signats F3kL 2 724
£ A%t} Start codon, stop codon, donor, acceptor, promoter,
poly A.

(3) ReadMatrix() $<=ollA4} State initiation probability, state
transition probability, state length distribution probability, signal
matrix, segment matrixE matrix fileZ F& $=r}

(4) ReadSequence() FFolM Gene structure® predictiond
DNA sequence= $=TF

(5) ScanSignal() &==ollA] Signal matrixZ 7]Z2E sequence=
FE EE signal?] 7F54d0] e FE-8 Mg

(6) SignalSort() ol A AAH signalts $1X]o o) A

(7) Dynamic programinge ©]-§-814] signal XX 7153+
o)A state®] Z{HS TASIAL, 2} state®] FFolA 7 score’}
7V & 2P At

(8) BE signalolA state®] TA°] FEHH 71T score7t
£ Z%& Gene structure® A A3}

Duration HMM2| 73

B =FdA T8I duraton HMM-S intergenic region?}
forward/reverse strand B2 Z}Z} promoter, polyA, SUTR, 3UTR,
single exon, initial exon, terminal exon, internal exon(phase 0,
1, 2), intron(phase 0, 1, 2), 277K 2] hidden stateE 2}, A, T, G,
C, 4719 symbolE 74 = ATHFig. 3).

Z} stateS 7Fe] AE)Hol= Fig. 39 ghabite] Hgwlako g
dold £ Qlth. 2T 7 states 7He] AE)HOIE start, stop,
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Strand(+)

Intergenic
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Fig. 3. Duration HMM of EGSP eukaryotic gene structure prediction
model. Rectangles and circles represent HMM states and arrows
represent state transitions. Every state except ‘intergenic’ state
belongs to a forward strand state group or a reverse strand state group.
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Fig. 4. Length distributions of intergenic region, intron, internal exon and single exon.
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Fig. 5. The dynamic programming algorithm for optimal gene
structure evaluation.
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Fig. 6. Sensitivity analysis of models for scanning acceptor signal.
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Fig. 7. Sensitivity analysis of models for scanning promoter signal.
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27O Z GenScan, GenelD, 12| T Morgan AR5}t

Table 2= Y] 7} prediction T2 1HE9] Z} signalol] o3t
A3Ade vkl Zb signaloll i3t 342 annotation
exonE3 predictiondt exonE9] o WS vlmFo ZA T
Atk Annotation®} prediction®] FE-o] HE3 signal?l start,
stop, donor, acceptor?H-&- H]nﬁ}‘ﬁq o] HuAE = exond F
Foll & F32 12 A4S =285 FEEES vehdTh
EGSPE H|IE% ] /9] 273 25 start® stop signal®] 4
8o donor®} acceptor signaldll BI3|A] BojAl= Aoz e
WoH(Table 2). ol 34 7F o= T2 1P E59] initial exon
7} terminal exons Z=] ] 2-E 7M1 vk AL 9E
T}, GenScan®| donor’} THE Zzjo] vis) &3 AHE Kol

AHYE FAZ dF T2 213

Table 2. Performance comparison of EGSP prediction program with
other gene prediction programs using signal hit analysis

program signal TP Fp FN Sn Sp

EGSP start 159 271 256 038 036
stop 92 24 326 022 079

donor 697 969 41 061 041

accept 680 698 469 059 049

Morgan start 172 235 245 041 042
stop 143 264 275 034 035

donor 761 1188 413 064 039

accept 734 1211 377 066 0.37

GenelD start 154 102 259 037 060
stop 233 79 185 055 074

donor 881 329 244 078 072

accept 895 351 269 076 071

GenScan start 298 126 116 071 0.70
stop 326 118 92 077 073

donor 1014 451 138 088 0.69

accept 1008 455 148 087 0.68

Sn = TP/Annotated signals
Sp = TP/Predicted signals
TP = number of true positives

Table 32 ] T2 13 50| predictiondt exonE< annotationl
exon=¥ H 03 AFNE HAFT o] tableol|A] exact matche
annotation® exon®| prediction3t exon®] & T} 8] UX]
3h= exong 9]V|3}iL, partial matche $ETre] 3| UXx|3t
= exons, overlape ¥ EF YX|FA| AR ME HAHZ
exong 0|3}, B] AT} GenScan©| annotated exon% 78%E
Fohf AL, EGSPE 42%E5 ZoPiUTh EGSPE GenScan® T
£ 92 AL oAtk Morgan®l| HIFIAE &2 AEHS
RYC) 38 total match® & Wl EGSPT 704%2 B QA oA

T HgxoZ AEE = S-S HAFU MorganT}te] H]aLd]

A total match7} Morgan®] ¥-& match H]-&-& 7}A) A5, G&

tl o] ZHAE donors 7] 3 ZHAE GenScanol X AHEE do] WojAl= AAE Bol1 UL E F 3L, o]& Table 2
MDD7} 718 A3AAE Ve, oleigt Rl 718 Fal 9] signal hit analysisE &3 “3““ ] vrehaL it
EGSP7} 714 & Ao = dAt=TE Z1e) n H7Vs A3l S. cerevisiae
Table 3. Performance comparison of EGSP prediction program with other gene prediction programs using exon hit analysis
. exact match #of #of total match
program # of predicted exons .
# Sn(%)  Sp(%) partial match overlap # Sn(%)  Sp(%)
EGSP 1760 666 42,6 37.8 316 117 1099 704 624
Morgan 2354 631 404 26.8 508 130 1269 813 539
Geneid 1512 939 60.1 62.1 280 66 1285 824 849
GenScan 1893 1214 778 64.1 204 21 1439 922 76.0

Total number of annotated exons = 1560
Sn = (# of match / # of annotated exons)
Sp = (# of match / # of predicted exons)

In comparison of a predicted exon with the corresponding annotated exon, ‘exact match’ means that the starting and the ending sites are exactly
matched, ‘partial match’ means that either the starting or the ending sites is exactly matched, and ‘overlap’ means that neither the starting nor the
ending sites is exactly matched but the compared exons are overlapped with each other.
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3lar Aok
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T HAEAAML 01 e HE 5538 5 Ak S cerevisiaeol
ek A 2 A7t ol WA EA ol promoters}
polyAcl] th&k 75]37} 3] BE3P7] fhFo] 48 ZdL o) &
st fAA} FRASES A v A F3d AAE 78
T UAA, AR E {202 F20] F23 HRL inron¥} T
7 promoters} polyAd] it FH7} FHIICHH EHr} ST =
& ZEago] sk 5 k.

7} signal®] FH 92X HASE stated] TS ANEP
#1804 initiation probability, transition probability, length distribution,
segment probability, signal probability ©18A] 5712 A4k BE
3l 2} log odds score Al A8 28T} o] ALt w2l
2 7} signal®] 1AM 2 #ZQ) vl FhE AFSAIRE, HAHFH
2 score®] Hl&9] Aol o2& Frt. 19 BIF] GenScandl
A AMEEE FAAEQ] scored] HlaAoA = ME D]'—E* Al
25 et score®] AHARQI Hlwrt otk FFollE F WA
£ AAdsHA 23MAA v oA olth

GenScan®] 73-%- dynamic programing2 E3) global scoreZ|4}
Aol 93| g H7IMEe] dolrt Hold4E HEAIo] Yol
e 5SS Hol=d EGSPY A= global score A4HE2134
local score AlAHFAo] FEPIAlS. F71e Ao|tt 18] state
59 segment probabilityS A4S W segmentf A1) 5th
markov score 3 W} state B2 THE weight® & H a7}
UL EA =S ol9} Te RE9 FE Bl KA 94
A 25 H 38E oS 275 7dE 5 A& Holth

GenScang R E3F F2 TE W Fo] thokst VAEK-S Ag
ste] JhdEo] 91 ot X ARRE A%t gloldAE dg
Ao g Agsof &, 2 it 2 FEgA Hol 7k 9l
© AAoltt. A, A Aoz Falste A S gene
prediction ¥73-& FE317] M=, A o] dig 71e™
o] wl$- AR 7l&Q4v}t @t EGSPE U] 71e® A
" zaafogx, olyg AlaE g &8E 5 A3, 5
M= FH2] oS 223900 Hluge 88k &8
A& Aoltl EGSPY prediction E2 1L hitp://218.48.131.86/
~hstae/EGSP/index html ol| 4] A& 2 A1g 8 4= 9t

Table 4. Performance analysis of EGSP prediction program for Saccharomyces cerevisiae chromosomes using exon hit analysis

exact match total match
chromosomes  # of annotated exons # of predicted exons #of partial match  # of overlap
#  Sn(%) Sp(%) # Sn(%) Sp(%)

chr01 100 122 53 530 434 23 11 87 870 713
chr02 421 436 237 562 543 60 59 356 846 816
chr03 164 174 91 554 522 30 23 144 878 827
chr04 793 801 456 575 569 139 79 674 850 84.1
chr05 292 318 171 585 537 45 35 251 86.0 789
chr06 131 149 75 572 503 22 15 112 855 818
chr07 549 571 307 559 537 85 80 472 860 826

sum 2450 2571 1390 567 540 404 302 2096 855 815

Meanings of Sn, Sp, “exact match’, ‘partial match’, and ‘overlap’ are the same as those in Table 3.
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ABSTRACT : A Eukaryotic Gene Structure Prediction Program Using Duration HMM
Hongseok Tae and Kiejung Park” (Information and Technology Institute,
SmallSoft Co., Ltd., Daejeon 305-811, Korea)

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. We
have developed EGSP, a eukaryotic gene structure program, using duration hidden markov model. The program
consists of two major processes, one of which is a training process to produce parameter values from training
data sets and the other of which is to predict protein coding regions based on the parameter values. The program
predicts multiple genes rather than a single gene from a DNA sequence. A few computational models were
implemented to detect signal pattern and their scanning efficiency was tested. Prediction performance was cal-
culated and was compared with those of a few commonly used programs, GenScan, GenelD and Morgan based
on a few criteria. The results show that the program can be practically used as a stand-alone program and a mod-
ule in a system. For gene prediction of eukaryotic microbial genomes, training and prediction analysis was done
with Saccharomyces chromosomes and the result shows the program is currently practically applicable to real
eukaryotic microbial genomes.



