Vo A Y o 4
asieuvssi i lasuvuiasuniney

=1 a o VW
wnam 3 @as1 luns

371mﬁwuﬁyﬁludauﬂﬁwmmsﬁnmmwﬁﬂqmﬂ?tyiyﬁ“fffmmmijmﬁmm“ﬁ
auiyinemaaineniiaae’  mednicnsiuneuniaees
AULINNTTUNAAT  PNAINITHINMINGIAY
Unsdnu 2545
ISBN 974-17-0852-1

a oA =4 4 ey @
DYINTUDIPUWINNTUUHIING DY

S

—



RICE GENE RECOGNITION BY MARKOV MODELS

Miss Paveena Lertampaipom

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Computer Science
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2002
ISBN 974-17-0852-1



I T d. & ye o 9 o g ¢
VIABIANUNUNLE ﬂﬁi‘g@".ﬂu‘ﬂ@@‘lﬂ'}i@ﬂLLUH@’I@‘Q\‘!N"@F’\@W

o wandian @adlwwe

Cad | Fvenmanipauiamas -
: st : 3y o = a
a1AeeRL TN HaeAnanaansgd as. YoEIN NeATns

ﬁ%@ﬁ?ﬂ STRANARS 3 ﬁqmmmxm INENAE AUNS TR LU neniiwusay mﬂumu

wierasnsAneanAngns oy s uvniinegia

" iwin psim e IS s 2 f o Bt e e ANURANAAINITHANEST

(Aamananed ms. andnd Touenuia)

ARkznsTNNNIRR AN ENTlNuE

fo ,zm?{ DI {\?7) ﬂ Y5 qdsraqunssunng

(s04ANamERNge oI, 1sznng asafmed i)

f l

ﬂ ........................ ANasTNLTnE

(Hdanmans1ansed ag. yoyia3n Aadina)

[E“h‘;‘ KIKIIN _ nseuNng

nITuNIe

(ananzd sete leaiiieanng)



unfiageIneniwus

Wnn  @eedlans 0 msfRndusesdnlsauundiaswniaen. (RICE GENE

RECOGNITION BY MARKOV MODELS) afifine : we. ms.yoydn Nadsns,

CRuauUNt 78 Wi, ISBN 974-17-0852-1.

1 ¥
=i = 9/ L3 o

ﬂ@)@‘}_lumﬂhﬂ@ﬁﬁLﬂﬂ']‘ﬂ@\‘iﬂﬂ\‘ﬂuﬂqumL@ML@I@ﬁ“Uﬂ’]ﬁ‘WffNuqlﬂNﬂﬁ‘w’&%ﬁﬂ’TWﬂﬂm Mo

13
¢ g

: ”memmmmu‘wmmmmﬂ‘umg}m@umlmmmmmmu ' ﬁmm@mmmummmmunm
muqumnmummiﬂmﬂ iR aeAselugan lminFandn Sansaumeadians Gafy
e A e e Y ot P v

amiiAedesfunisipsuaaLaznsndaaglanndeyasiduenisnuaummnn - faet
ADUN WA UTEIFUM ARG 1T NsvinwegUuuaestlsiiu nasvinwmemgluuy

=l [=1 ¥ -
YL LU

e ) ¢ = .Q e‘d‘ly a4 o 1 oo . 9 d". o
Fnquszasfrasineninusil e llsunsudunmitiudnalaaldunfranlumaszdy

5 ToeludunauusnsiesiiniafiususandayasafandlenddnidnismiuldFanfeauds -

% " | ] I A o
anfuutsieyaeendu 2 dou lnaudailudeyaaeu wardeyannsey duseunidaysaen

dmdmisfiimeivasumindimind min qadusuredy qedugaresiiu eefluef uay -

weAEWAeS ANt Ntna LGNy uay AULNAY Lﬂuluﬂ’mﬂ@ﬂummuﬁm

m%@wimm . LLﬂz’&ﬁ]ﬁ’m ‘wM@ummmﬂmﬂummuu’mumqqmm‘fﬂmnmimw'}m»

sensitivity waz A specificity ‘lmmm@umsmmmwumhm@mwmzﬁ@ummu 557 flu Azl

‘:"m Sensxtlwty WAL 0.775 waze Specmcnty Wiy 0.81

( ’ . Yan

: Q. a : ~a - B | ”\, TR .
LRI JAINTINARNNILABT mﬂmm@um..............’.“i:.r?[’....._..‘.g..c.’.‘.’.‘.‘.’f.._;..........._- .....
; ¥ . N _

@113 Inedasfaeuiawas aeifledeatanstfiinm. ... . A A,

Ynsdinun 2545



AN ABSTRACT

_ ## 4370385521 : MAJOR COMPUTER SCIENCE
- KEY WORD BIOINFORMATICS / GENE FINDING / MARKOV MODEL / RICE / WEIGHT MATRIX

PAVEENA LERTAMPAIPORN : RICE GENE RECOGNITION BY MARKOV MODELS, |
THESIS ADVISOR: BOONSERM KIJSIRIKUL ,PhD., 78 pp. ISBN 974-17-0852-1.

fn recent years, - development of the technology for efficient, automated DNA
-_ _. sequencmg has led to the accumulation of large databases of DNA and protein sequences

: and a new field of study known as “Bioinformatics" has begun to take shape as researchers
. work to interpret and draw conclusions from this wealth of new information. Some of the
:: researches in this area include prediction of protein structure and prediction of gene

25 strUctur_e.

-~ The objective of this research is to develop a rice gene-finding program by using a
; _’ 5" _erder Markov model. First, we collect datasets of annotated rice gene sequences and
djvide them into training and test sets. We then calculate weight matrices for start sites, stop
:sétes, dohors and accepfors. After that, we train the Markov mode! for finding initial
probabilities and transition probabilities. Finally, we test the performance of the rice
g.erileiriding program based on the values of sensitivity and specificity. The program was
testjecﬁi on. the testing set containing 557 genes. The result of testing indicates that the

s progferh has 0.775 sensitivity and 0.81 specificity.
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aadandlalnadin | auim | |1usudiu | A0 Sensitivity | A1 Specificity
AP002865 139399 31 0.817 0.876
AP002866 169232 36 0.685 0.864
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AP002863 193666 31 0.769 0.813
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RGF l 0.775 0.810
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AP003048 140952 bp
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AP003256 170020 bp
AP003235 148892 bp
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AP003045 168253 bp
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| -
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AP002092 176349 bp
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r#‘;:w«zg [ Y 635_255\
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AP002861 134967 bp
APCOZ747 147857 bp
APC03106 166421 bp
AP003144 136351 bp
AP002902 158242 bp
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AP002870 139201 bp
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J
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N

156425 bp
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AP002487 78600 bp
AP002816 168133 bp
AP002526 43515 bp

AP002910 | 172003 bp |

AP003073 172541 bp |
AP003048 | 157201 bp
AP003492 158084 bp

10A19] 99587 bp |
AP000492 147174 bp

| AP000570 | 157903 bp |

AP001539 168976 bp
 APOO2481| 141111 bp
AP002482 187835 bp

AP002743 79714 bp |

AP002820 137332 bp |
 AC059158 155154 bp
AP000366 35064 bp

T APO00367 | 126038 bp
| ACO79830 129655 bp

AC082644 | 158714 Dbp |

AY013245 L 50000 C-p_




 aethedlang ANNNENY
L AC084319 152883 bp
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-7 25.32 24.4 26.58 23_.63
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5 | 2038| 2429 2_0.9é 542
4 2147 | 2825| 2542 2486
3 | 24.86| 1582 | 3955 19.77
2 | o2542| 2881 2090| 2486
= \ 2090| 3164 2373 2373
o | 0 0 0 100

R | 53.67 0| 4633 0
2 | 6723 o 3277 | 0
3 2542 | 19.21 ‘ 2655 2881

-
AN 1.3
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ZRIRAIN A Gl G T
-5 -0.1448 0.475 | 0.0108 —C.;C-ffig
-4 -0.5248 0.5511 0.4437 -0.325
-3—_'—3.39@ -0.147 1.1138 | -0.6725
-2 -0.306 | 0;847.7 -0.1146 -0.267
=1 = —5.59 0.6928 0.2716 -0.304
| 7'077 -9899 | -G999 :3999 | 0
1 -0.303 -9999 | 0.4556 -9899
2 _ 0.123 -9999 | 0.291 | —999_5
3 -0.315 | 0211 0.4808 -0.182
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|3 36.73 | 3407 | 2035 8.85

o 6150| 973 1150| 1726
-1 7.96 5.75 | 80.53 575
0 0 ol 100 0
1 O 0 b L_ 100 |
2 52.65 073| 2611| 1150
3 44.6_9- 20.80 15.49 o 19.03
4 1504 1239| 5442] 1814
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-22 0.0504 -0.1458 | -0.4734 0.324
-21 -0.114 0.1186 | -0.5208 0.274
-20 -0.0812 | -0.1744 | -0.6159 | 0.4433
-19 -0.2806 | -0.0158 0.263 (.38
-18 -0.1386 | 0.0536 | -0.7648 | 0.4357
-17 -0.4213 0.228 | -0.5588 | 0.4343
-16 -0.3333 | 0.01233 | -0.7051 0.4968
-15 -0.6067 | 0.4011 | -0.3683 | 0.3543
-14 -0.7963 0.058 | -0.5963 | 0.7997
-13 -0.638 0.2264 -0.635 0.595
-12 -0.8928 | 0.21545 | -0.3259 $.5G3
-1 -0.5884 | 0.5434 | -1.0074 | 0.5417
-10 -0.7022 | 0.11581 | -0.6521 0.6342
-9 -0.6678 | 0.51708 | -0.4607 | 0.4255
-8 -0.8724 l 01122 | -0.3321 0.6371
-/ -0.5106 % 0.2401 | -0.8216 0.5802
-6 -0.8232 l 0.4017 | -0.8103 | 0.7098
- -0.7959 1 -0.0712 | -1.1471 0.8915
-4 -0.5084 | 0.0183 | 0.5155 | -0.0393
-3 -1.5602 | 1.6953 ] -3.9856 | 0.0339
-2 C -9999 -9999 -9999
-1 [ -9999 -9999 0 -9999

0 -0.4043 | -0.3283 0.9543 | -0.7894
1 -0.524 0.2766 | -0.1679 0.3586
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AANUIN 3

JUuuY FASTA (FASTA format)

12

gtluun FASTA Hgtuunithisiall

>gi[140903356|dbj| APG03233.3]AP003233 Oryza sativa genomic DNA, chromosome 1, PAC clore:P0037C04
';i'TACTT_"_ETGTTTTCCTTTCGCCAATACT CTTCTGGACACAGGGCAAGTTTAGACCCTATTTAGATCGGGAC
TAAATCCCTATCATATCGAATGTTTGGATACTAATTATAAATATTAAACGTGGACTATTAATAAACCCAT

3 CTATAAC CCAGAACTAATTCGCGAGACGAATCTATTGAGCCTAATTAATCAATGATTAGCCCATGTIGAT
-GCTACAGTAAACATACGCTAGTTATGGATTAATTAGGCTTAAAAAATTTATCACGCGAATTAGCTTCTTA

I'T TA_TGTAATTAGTTTTATAAATAGTCT ATGTTTAATACTCCAAATTCATCCGTTATGACATGGACTAAA
GITTAGTCTTTGGATCCAAACTTATTCTTCAAACTTTCAACTTTTCCATCACATCAAAACTATCCTACAC
ACACAAACTTTCAATTTTTCCTTTCATA"ICG'J’TCTAACTTCAACCA AACTTCTAATTTTAACGTGAACTA
AACACACCCACAGTACACATGGGAAAGAAGCTGG‘?C'1'CCAC{}G'i‘TA.AAGG'I'CCTGCACTGCAGGCGTTGGC

T GCGCTG_GACAGAAAAAAAAATGACCAAACCAAAAACCG1\ACTGAA‘YTAACAGAGACCGAGAAATTCGAT
LZCAT CAGTTGTGACTAATTGAATTTAACACTGTCTTTTAAAACGAAATAACTGAGCTGACCGAATCGATGT

e

¢

= ar

JUN 9.1 A28E1e FASTA format

FASTA format GueiulneussianInasiasesunaNInngd (>) RNsSaeANLIF9ENe
LA 1 U9V (Fenan FASTA definition line Tvazuianifenriu Accession number vi3e

GenBank Identifier waz Locus number 2uyussviase liifua sudadainundnaludinu 80

ar

o o ! ¢
ABANU (ABTINFIIDNLTLATTAIIN)

duiudnestialfunuiiadlandviiensnezdlusfesdullmunnegu
IUB/AIUPAC G4

tralelng

A U adenosine M N A C (amino)
C unu cytidine S nu G C (strong)
G unu guanine W un AT (weak)
T Y thymidine B unu GTC

U unU uridine D wnu GAT
RN purine H W ACT



Y UNU pyrimidine

K unid GT (keto)

UM gap

nemn =il ;

A

@)

m QO

r o m

N

Wi alanine

W aspartate or asparagine
W cystine

Ui aspartate
Wi glutamate
W phenyialanine
L glycine

Wi histidine
W iscleucine
W lysine

U leucine

WU methionine

i asparagine

-1 w X O T

<

DRI Nl

7

Wi GCA
W AGCT (any)

WY1l proline

Wid giutamine

Wil arginine

W serine

Wi threonine

N1 selenocysteine
it valine

W {ryptophan
Wi tyrosine

WU glutamate or giutamine
U any

4N translation stop

U1l gap of indeterminate
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