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ABSTRACT

The precise prediction of translation initiation site is an important task for
the analysis of genomic sequence. This study aims to increase the accuracy for the
prediction of translation initiation site using a TF-IDF-NN-TIS model (The TF-IDF and
Neural Networks Approach for Translation Initiation Site Prediction). This study deals
with segment genome sequence to subsequence. Then the study creates feature using
n-gram techniques for both upstream and downstream. Determining feature value uses
TF-IDF approach and feature selection by correlation-based feature selection method.
Evaluation prediction results use k-fold cross validation. The TF-IDF-NN-TIS composes
of 5 steps; step 1) sequence segmentation, step 2) feature generation with n-gram
technique, step 3) feature selection, step 4) feature generation from consensus pattern,
and step 5) translation initiation sites prediction. MATLAB has been used for the
developing of the program. This study performs experiments on three different datasets
that are Vertebrate, Arabidopsis thaliana, and TIS+50. The experimental result indicates
that the proposed model has the good efficiency of translation initiation site prediction
that the accuracy received has higher value than the previous studied with less

processing time.
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PusIr T luszuuInsuas I RaIfNToINRINUNNIALAaUENGe  LUsAnlu
o duurasaasninozdln WunsdiTdaudlimunsadoasewininozd lumantis
Idtad (@us auATIUUY, 2542) é’m%fmﬁnaﬁéaﬁ%%%uga (Eukaryote Cell)

ATzUInNIEIlY AN 2 NITUIBNITAD NITLIBNNTELFILUN
(Transcription) WazNI=UIWNNIWLAIRE (Translation) Imm’%ﬁﬁmﬂumsﬁﬁagaﬁﬁuag
Tudiduamadgumluilnersiiuioss wialduansiiue (messenger RNA W38 mRNA)
mnf?mﬁwmiﬁmaﬁLiﬂgﬁiﬂi:mummﬂmﬁavlﬂLfluiﬂsau (BN AUATIWUY, 2542)
LEAIAINIWLTENBY 2.2 ﬂi:mummﬂasﬁaﬁugﬂsmuuﬁwﬁuLﬁumﬂﬁmavlﬂLi’lu
Iﬂiaua:ﬁwﬁuﬁﬁg@L‘%'m'fuﬂ'mmmﬁa (Translation Initiation Sites w38 TIS) (3T uaz
Atz 2542; 91113304 ANATIUUN, 2545) %aﬁsﬁaﬁugﬂﬁmﬂﬂmau ATG (w38 AUG
vuapldua1sidue) SwuiunszuiunIulaiERugnITIauLdaeINIaTIaRey
I5Tulesy (Kozak, 1979; Cigan, 1988; Kozak, 1989) inauudlwlslulowduduaiagoy
seuduonfiduenndae 5 lUdidans 3 aunTenseediunissudunsulaTRE
ﬁ‘uqmsufiaL’%Nﬁuwaiﬁ‘aﬁugﬂsw LLa:ﬁq@mmﬂmﬁ‘aﬁugﬂswLﬁamaimau%q@
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(Stop Codon) ldiunlanau TAA TAG nia TGA dmivihaalalnddudrovagaudu
nIudasnaiendt dwaasu (Upstream) uaz faadlalndauzinvesgamudunisula

IR 138031 ANUFATN (Downstream) uaadIAINNWLIzNaY 2.3

5' exon intron exon intron exon

: DORRODODIODN,
DNA:A,C,G, T

Transcription

TAA, TAG, TGA

Translation
TIS: ATG Stop Codon:

Protein

nwdszney 2.2 lassaieiugiunmsaildsiuseisadyaiilen

(é’@LLﬂadﬁ)’m: Computational Systems Biology Laboratory, 2004)

Translation Initiation Site Stop Codon
—3 zr—"—\
..... AGAGTCAAGAGTTTTAGCGATGACATCTTCATTTTTCT......TGG
Upstream Downstream

l¢ »
«

\
g \

-150 -1 +4 +154

‘ Window size of 303 nucleotides

mMwisenay 2.3 mmu’amUﬁ’ugmmﬁawmwﬁwm 303 ﬁ’JﬂaIE]VLV]@T

nnawidsenay 2.3 LRAIENALALBULE LD VDIRUNA1 IR 303
fnalalnanilanou ATG ag’ﬁaﬂma frualiiindlalng A vas laaau ATG ilu
FIAUI +1 FMSURIUSNFSNzSUTUAG AL -1 uazanadises 9 lddudie §msy
FIuaNaas NI S uAUAG IS +4 uazintuGes qldduan  vellsediiued
Tnaan ATG  s#anudiunis Gilaaan ATG ﬁLﬂ“;lwg@L‘%':uﬁun’nuﬂmﬁ'&dmlmyja:a%i
fruntisusnlnalsne 5 adrelsiauiidesniiuiilanan ATG LLsﬂVLﬂLﬂug@L%uﬁumi
waIWa (Kozak, 1996; Kozak, 2002; Dever, 2002) Liiasannlaaau ATG usniuSunsau
9 ldmanzan w3a vw1auas Open Reading Frame (ORF) fianaenistay wia lslulou
gﬂﬁ@ﬂ?&LLiﬂﬁIﬂ@au ATG ﬁLﬂu‘i}'@L‘%&Iﬁuﬂ'ﬁLLﬂaiﬁﬁI@] BRI
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2.2 vlad-1a (FASTA)

W1ad-1a (FASTA) £a1131nd130 FAST-AI laadndn “Al nuneds nns
o A & A A = o a a o a &
TUMIIAITLIMFA-A (FAST-P) Taillun1saisesaaslysdu uazmsdaisasnuumas-
18w (FAST-N) Faudunsdaisssvasiiinilelng lasgduuunad-toazdaiiutayauuy
IWddany winanavesdiad-io Ao “fasta  lassaianaiiudayauuuniad-ia
£ 1 Qs A 1 o = ; U U
Usznaueig 2 #IUnan A FIWAIIBIMEWRINTTY (Header of Sequences) Judnany
fayansol >” ANdIBTaauRUINITIN (Sequence Name) UazdIuvaITayanIaanLme
@ [ & % ' .
VITDURTIYNUINITY (Sequence Detail) AAUUIING LAY (Claveric and Notredame,

2003) uaad laasnnilsznay 2.4

AN iﬁaﬁwﬁa d1aduny

..........................................................................................................................................................

AGGGGTCCATACGGCGTTGTTCTGGATTCCCGTCGTAACTTAAAGGGAA
ACTTTCACAATGTCCGGAGCCCTTGATGTCCTGCAAATGAAGGAGGAGG
ATGTCCTTAAGTTCCTTGCAGCAGGAACCCACTTAGGTGGCACCAATCTT
GACTTCCAGATGGAACAGTACATCTATAAAAGGAAAAGTGATGGCATCTAT
ATCATAAATCTCAAGAGGACCTGGGAGAAGCTTCTGCTGGCAGCTCGTGC
AATTGTTGCCATTGAAAACCCTGCTGATGTCAGTGTTATATCCTCCAGGAA
TACTGGCCAGAGGGCTGTCT

AMwisenau 2.4 Imaa%“wmﬁﬂLﬁuﬁagmmquaﬁ-w

nnawdszney 24 usaddadwmManudaysuuuiad-la 389818
WUTNITN gi|1624855|gb|AA082798.1] UIzNa U IHEIUAIVIFENUTNITNITTZY
WUNLLAUENIWUTINTIN (Sequence ID) Aa “gil1624855” 51Aw81984 (Accession Number)
Ao “gb|JAA082798.1" LazAadUBEBWHINTIN (Description) fa “zn41e03.r1
Stratagene endothelial cell 937223” LLazmmmm’s‘ﬂ%a@a’lslﬁ'u'qﬂﬁuvlﬁmﬂgﬁuia%la

GenBank (National Center for Biotechnology Information, 1988)
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2.3 [AkA n- N3N (n-Gram)

MARAEEANYTE S=5,,5,,...,5y UWALANUTE s; E{A A, .. A} e
i=1,2,..,N 1%ua N 8 aN812098180NUTE S WRT m Ad INWINVBIBNYTE
JULUY n-unTuvedEnsanYIe S Ae MLaNYIEHaNYRIANYTE 5 PEsasann Gadany
B1WNAY N I@agmmuﬁﬂﬂﬂﬁﬁv’mmmaa n-un3u Wiy m" 3Uuuy aaeenaTe
fwuampanwIr S = AACCAGT uazdnasz s; € {A, C, G, T} azld N v 7 uaz
m WU 4 955 1-4NTN @8 A C G Uz T UAZ 2-unTN @a AA AC CC CA AG uas GT
1ag 2-meﬁgﬂLLUUﬁLﬂu"lﬂ"L@Tﬁ”’mmLmﬁu 16 (4° = 16) uuuy

ANINIIUT Y n-unIN B8 thauntndeassanaseldunanesnusy S
vanua n o uasluudazasinvinmadourihasinidugesumwa n ONYITITYNANG
aanan inafta n-unsudl 2 uwulduninadia n-unsuuuunninsy (Any-frame) wazinadia
N-LNIULUUBU-LWIN (In-frame)

fUIUINARA n-unTu LUUNNLWIL FRanN1IHineny e wountiaenagly
UUILaNYIE S NNanYse gﬂLLuuﬁaﬁ'@VLﬁ%ﬁmLmﬁ'u N-n+1 3uuy (Saidi, 2007)
FrogNILTuiMBARNENYsE S = AAGGGCCTAG @9ilanupnyiniu 10 (N = 10)
NUTE DIABINIIFIN 2-UNTN (n = 2) é’dﬁ?m:ﬁg@iagaﬁaﬁ'@wmwﬁu 9 (10-2+1 = 9)
suuuy léilr AA AG GG GG GC CC CT TA uaz AG

Fwsumatia n-unsy LUUBu-LWsy Inannsvinan Ae deuwntiienely
UBEEENTIE S laptusnassinindnsi o w1 gﬂLLuuﬁafT@vL@Tﬁlzﬁ@hmwﬁ‘u N/n
stuuy frad19tuinrnaliE1duRe “AAGGGCCTAG”  @9ilanuenaiany 10
(N = 10) anU¥e O1G8INITRINN 2-UNT0 (n = 2) é’ofua:ﬁmﬁagaﬁaﬁ'@wmﬂﬁu 5
(10/2 = 5) 3Uuvy dun AA GG GC CT uas AG

2.4 TF-IDF (Term Frequency and Inverse Document Frequency)

ﬂ’]iﬁi'}LLuﬂﬂu’J@mgLaﬂmi (Text Categorization) (Joachims, 2003) fa

a & v a v 1 v 1 { o v
mmswlumnwnLaﬂmimﬂi:ﬂaumﬂmmmsmmlv\agmﬂ@mmw;ﬁm%u@"ﬁ
naw lagldlannudAnaasansns Lﬁaaﬁl’mﬂamﬁaL@aﬂﬂmmsnﬁ]°1LLuﬂ%mwy;mad
lﬁl I a v Q g: = v v 1 lﬂl

a1 3T dunussTusdlasasela mummamﬂmmﬂmﬂmglugﬂuuuﬂ
a 6 a v & A 1 ° o A
aauRaaimaInltlunisFouild suaaulunisudasianas Sandt msvinasil

(Indexing) WNERTINAILNULERIVBILENES (Document Representation) fgnsulslu
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NITVIUMIIIS é’ﬂwm:maoéhmeaﬂaﬁﬁuagﬁuﬁaﬁéfaamsﬁﬁmm NI060IN1T
HRINTUAMUAUIANUNHVBINTEY FIATUMTIIUUARNIANY8ITNINAIBNNT
L‘%smfﬁ’amauﬁama%ﬁwlﬁé’nmmwaaé’aLmul,aﬂmsﬁauslamnwmmma@‘h Tas 'y
FuladurLIua I

fualiisalanans (Document) D = {d,, d,, ... dy} I3 wIulanans
IRNAWINAY N Uaslaadsn (Term) T={t;, ty, oty }  MIUFAIANUTFUAUT
WHINUGNZIANENT d; UAED t; uWNAIBLIALAES (Vector) Vi ={V; 4, Vigs oo Vi }
Aifonls Idun dranud (Frequency) uaz 1 TF-IDF

fSMRIUITNIRAN Vi

1) danud iumsiuiwouessaes ¢ fdsnglu
o P v ' & A
N3 d; aemun1sf (2.1) neanad gduuy ¢ Usingluenans o dewfiezdl

anutNgTasnuTasluiansly d; 41N
v.. = f.. (2.1)

° @ A = o P
ﬂ’l%%ﬂlﬂ f;j A8 AINVUDVBIANN t_/ Yll]i’mg]lul,aﬂa’li

d;
2) @1 TF-IDF 1TJunsfiansananuanunsalumsutanen

PYDIAN t Tutansny d; NNANVDVDIAN tj Twansny d; sy AAEIUNAUVAIINWIN
& o o AA o @ ~ ' a
LANEIIRUANLINIULANTITNAA ¢; AIFUNITN (2.2) ANNBANNIN mﬂgmmu t;

Unnglunnianans o, udrzduny t; Aldsusnudsusniensns e

N
V,',j = f/’j X IOQQ(_) (2.2)
nj

ARUAlA N A8 IIUWIBLANFITNIRUG

A o L Ao A
I’lj A IWIBVBILDNTIITINCAN tj ﬂﬂi’]ﬂg
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2.5  INAKANITIRDNANHWILANY

251  INAKANITLRDNANBULIANITTRFNNWS

WMARANITLRENAN B USLANIZERTNWUT (Correlation-based  Feature
Selection: CFS) (Hall and Smith, 1997; Hall, 2000) Lf‘ﬂumnﬁaﬂé‘ﬂwm:mmzﬁﬁmﬁad
Auaaslasldnisaun1diSadin wanniIvinau da FINgUANEUCIaNIzHaY k
FUWIAAIAIANN RN AR EIZAINAN BULLANIZNLANHHSLANTT LASANUTUNUTIZNIN
ANH AN LA EIIHA AR U NSV LR B 5a GIFUNTTA (2.3) INUNAI AT
AdRadndninudazngy FIEUNIN (2.4) fe31Tadngs nanofe ansuzianzd

mmé’uﬁufﬁmmaga LRI AUFUNWEIEHINIA N BRI AN LA N U LANIZ LA e

2 Xy - nxy
r,, = (2.3)

i \/ 2 2 2 2
(Xx" -nx )2y -ny" )

v a £ v - o o o
MAUA f'xy ﬁa auﬂizaﬂﬁaﬁauwuﬁaqﬂjﬂmjLLﬂi.X S Y

P o oA @ A

X 8 Taga@aLuaG@?LLﬂiﬂ 1
A @ oA @ P

y 1) Ta;ﬁ]ﬂ@]al’ua\‘i@]’ul’ﬂiﬂ 2
A o v et tﬁl Qs dl
1] ﬁ]’lu’m“llagamad@nuﬂiﬂ 1 LLRW’JLLII‘E‘Y] 2

ki

Meritg = —————
\ krk(k-1)T

a A

MHRUe Merit fa ﬁﬁ%ﬁiamﬂmaaﬂéjuﬁﬂwmuamx S

r A9 AR FRRUNWD IR IR NHUSLANIZALART

=

T A0 AL RURNANNUTIZHININNBHELANIZA L

AN UL

a 4 .
252 waialaawals (Chi-Square)
Id a A Y 6 {é | 1 aa o e [ 1
Jwnafanlddrlaguaissadudinrsaianianuauwusszning
ANBULLANIENUART LNDTASIALANHIKLRNIZTAUAIBIFIAUNIIEDHA (Li and Leong,

2005) lasdlaauaisvasudazansmsanzw laasgun1In (2.5)



MRUe

NAUA

z 05
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2
PR I (2.5)
i=1j=1  Ej

A A a Y . Ada A, a

Ao ANUNINVAIMBLWNNUAN i UAZAAEN |

A A [ o \ Aa oA A, A

Ao ANUNAMANIIVINIBENNNRATN i uazaangn j Wwie
ANUDMANIITEY 4; AwImaIFuNIh (2.6)

8 IWIUANVDINN W ULLANTE

A
a
A8 WINVINAR

¢
EU = Ri X W (26)

A9 INUINAIALNINIRNANTANANBULLANIZN |
Ao Sudmedaninuanagluamah

A8 IWIUVDINBLNNIRUA

A LA RULAITF N TUUGA R AN B IAZLANIZHIAT LA NAMNLANAIITER TN

o

! A [ ' A a o Aa & & Y
ATAINUDNATANRIILLNSATAINNDNAIN aﬂjﬂ'mzLaquﬂUﬂq‘lﬂaLLﬂ')‘ilJ’]ﬂﬁ]zNuUﬁ’]ﬂfyq@ I@IU

s o A ' 6 6 ' v
aﬂ]ﬂ'mzLﬂW’w"ﬂZQﬂ’ﬂ@Liﬂd@I’]&Iﬂ’]vlﬂﬁLLﬂ’ﬁ’qnﬂﬂ”I&HﬂVLﬂ%aFJ

253

INARABAIIEINLAK (Gain Ratio)

Wwnaian1siaanan B LaN1zN MN1TU L I nAIa N B LaANIZA AN

Q 1 ‘é Qo o e Q { o 1 Q {
AINRIWLNY mmmmauwufmaoaﬂumzmwwzﬁa:ﬂ‘mamamumaﬂﬂm:Lawnﬁ

FWINLAME NIWIAIBATEIUNUA I LAAIRNNNTN (2.7)

MRUa

HM-HYX)
Gain Ratio = —— (2.7)
H(X)
X fla anwuslanz
Y fa aang
H(X) fa aaulnstuas X
H(Y) fa daulnstlues v

HYX) &8 denlnstues v meldideunly x
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mMImd1 HY) uaasldesunish (2.8) uaznismian HYX) usasldaes
FUNIN (2.9)

H(Y)==)_p(»)log,(p(»)) (2.8)
HY | X)==)p(x)D. p(y|x)log,(p(y|x)) (2.9)

o A 1 |
Murwa  p(y) A anurazidwaed y
= ] I3
p(x) A8 anuUz U x

v

p(ylx) fa anuvnaziduues y e x

u

ANDATIFIBING LHANNNITRITAL AW INTT VIS N IR LN =¥ LN

f
VL@TE]%]SZ%’J"N [0,1] fAI0ATIEIUABYNAL 0 ANIDI AanBmMzlanIz X il
ANMURNARTALAE Y  SA18aFENBIANYNINL 1 ugasinanumeanie X 8
ANMNRNAUTALANE Y mnﬁq@ FaFINaNENNIN (2.7) adansrwnuiastosie

WBUALAILNWRIIEWLNA

254 nanaIan-tan (ReliefF)
PuaauInIan (Relief Algorithm) (Marko and Igor, 2003) (Julnakanis
Sip

nIadLNaLRaNANBIMLANIENLASIT0I lasanduI TN IEIRAG FUNALA Iidy,.ul,

miué"sasi’mmaoé'nwmzl,aww: A Wi =12 alasn a OwINWIBINHUSLBNL

;
Manue Situnauwisianiunudsnmndsznoy 2.5

nawdiznay 2.5 L‘%'uﬁuf,iuéffsama R, (U7 3) MNEUAUA
é”samalﬂﬁﬁg@%aﬁﬂmmﬁmﬁu R; unueiy H LLa:ﬁ’Jaﬂﬁdlﬂﬁg@%d@i’mﬂmaﬁu R
Wnwee M (UT3Ya 4) audey mIUsuensiawin WA %uag'ﬁ'mhmaaﬁaama R
M sz H 1agmannuuanangssningsnsinminauiuanuanenssasfnan s msians
AMNNINT diff(A.l,1, ) Sl A U AN ULANANITDIENSN BN A TEWIN
@08 [, URTAIBENY [, (UITNA 5 WAz 6) FWILAIANBMIIANITUUY nominal

fuwnlaaiaunisi (2.9)
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Algorithm Relief

Input: for each training instance a vector of attribute values and the value
Output: the vector W of estimations of the qualities of attributes

1 set all weights W[A] := 0.0;

2 for i :=1to m do begin

3 randomly select an instance Ri ;

4 find nearest hit H and nearest miss M ;

5 for A :=1to a do

6 WIA] :=WIA] - diff(A,R; ,H)/m + diff(A,R; ,M)/m
7 end;

nmwidsznay 2.5 TuaauItIaNNuIu

0 ; value(A,l, )=value(A,l,)
diff(A,l ,1,) = (2.9)
1 ; otherwise

fnTudanBuziannBIgLey WIdu diff(A,l,l,) fFwimlaasaunis
1 (2.10)

|value(A,l, ) - value(A,l, )|
diff(A,l4,1,) = (2.10)
max(A) - min(A)

2
=1 o

NYzUIBANSUSUA RNz NS m ﬂ%’d@’mﬁ;ﬂ’ﬁﬁmu@ fATU

U

a > o

PuaauninIan-law (ReleifF  Algorithm) HRaNNIHBASI8NLIRAaUIDIaN Toawas

& adaa A v o Aa ! @
PUaawIDIaN-1aN Ap a’lmiﬂl"ﬁﬂumaﬁaﬂww’mﬂ’n 2 ARR LLa:ﬂuﬂﬁu@]aﬂla;&mUﬂ’m

adda A

%380 ﬁayaﬁ"t&iaugmimﬂﬂxu Tastuaausisan-lavuansasnwisznoy 2.6
MNNNWLIznay 2.6 L‘%'&Jﬁutiué"sama R; MniuFumaagnln ”q@ﬁﬁ
ANRLALINY R, 31U k 18819 (UTINA 3 LAz 4) Unueie H; uaLAl8E19LN ”ﬁg@ﬁ'ﬁ
AMNALANAINAN R, 31U Kk @28H19 UG M;(C) (U3IN@ 5 Waz 6) N1TdIuen
Wnn WA il‘yuay;ﬁ'umé'ﬂmmzmmz A 224018809 R, H; usz M;(C) lasuday
ARRVEY M, (C) gavnianuziduwrasnas P(C) mﬂéhazhaaauﬁﬁag (UIIN@a 7

ez 8)
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Algorithm ReliefF

Input. for each training instance a vector of attribute values and the class value
Output: the vector W of estimations the qualities of attributes

1 set all weights W[A] := 0.0;

2 for i :=1to m do begin

3 randomly select an instance Ri ;

4 find k nearest hits Hj;

5 for each class C ;ﬁ class (R,- ) do

6 from class C find k nearest misses Mj (C);
7 for A:=1to a do

8

WiA] := W[A]- diff(A,R; H ; )/(m * k)+
j=1

> PcC) £ diff(A, R M (C)) ]/ (m % K);
C#class(R; ) I1-(P(class(R;))) j=1 J

9 end;

MNUITNaY 2.6 IwAaUITIAN-LaN

26 Tassvrgdszamnings

lassnayseanifiny (Artificial Neural Networks) (Roiger and Geatz,
, 4 A ed . o
2003; Kantardzic, 2003) Lﬂumm%uwaoﬁzyzyﬁﬂimwi BIINRDINITVA N IULDIRN DY
= Y & ° ' & )
mgwsmﬂs:ﬂaummLsﬁaaﬂszm‘n (Neuron) 3NWIBANN UaaztTanlIzaInUIznaualy
fandea (Nucleus) @3LTaa (Cell Body) lotszaniinitn (Dendrite) wazunudszanniin
° ¥ o v Ao o & a
aan (Axon) T@ﬂlyﬂszm‘ﬂmmevsmmuaagzyﬁmmmsﬁaaﬂizmmu wazNuUIzEIN
° ° v Ao o o €1 1 Y s = ' o
maaﬂm%u’mmatyfyﬂmﬁ]’mmLmaaaa@avlﬂlﬂLmaaﬂsmmau@m"l,ﬂ ATRRN TS FN DY
& o ' L a o & ' v A a

Wl AIDEILTU mnmugmﬂﬂszaumsm LLﬂ“’LmﬂfymImI@Umaaomnﬂfymmﬂﬂ
h Lmﬂﬁﬁ’maﬂﬁuﬁiagaﬁ@wm@LLa:VL;iaquﬁni LaztszunanalaIIaLs) Taduas
Tasstnedszaninoy Ao ﬁmmmjuﬂwga NUNIUADAINVRANDG LRZRINITDITBITU
o AN ¢ A Ao o
maﬁa‘nvl,uauyim wiadFITUNINLA

ATTUIWMIFNIBUUIRlaTstneUssanifionil 5 uaan fa 1) n3
Lmuﬂ'ﬁa;&mﬁﬂ 2) mythruasadasnysy 3) miﬁmu@%%ﬂ"ﬁﬁﬂuj 4) NMIROUVDI
las91e waz 5)  mInesautielssiliunanisaanlassnie mumu@him&mﬁwad
lasstngdszanifsusinanTznUfA Ao M IRa w09 lATITNHUAZRUTIDNWNAANE DD
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LUUINRDI uaﬂmﬂﬁﬁmwa@ianmmsﬂi:mamaua:msﬁwfﬁaﬁ é’auﬂ?ﬁagmﬁﬁﬁ 2
a £ 1 55 A a a a a a = s a
a%ha baun ATy wIaaulIt Tl wazaulsirIe nIeaas laualulTiEg
ﬂ%mmmaﬂszqﬂ@ﬂ%ﬂaﬁ%’us‘fjﬂwaﬂ@T ﬁamsuauaa"laﬂﬁﬂuﬁaga@imﬁaaluﬁ’mm 0

= A = & 2 o L% 1 A:l' s ] I e 6
89 1 %30 -1 D9 1 1Wudw aaundsaaglansunua ity Ul 2081 TwNaa WL 1
a U 1 o o 1 A ] 1 A a 6 A A A & £3 o [ s
Tuws laun pE Rl R lIEA Tl deavlrwialuls wIaadeaditlansatla 1ludn s1MIUaAL
LU TARIRLULURAS AL TN U IUIAUANAIWT LI AT NN LI IWIBAIULUTARIR NI
fruad1 1 §wmsuaaaiawla sauaanadn 9 muualiildn 0 azvildianms
UILUIANARARI
2.6.1 anilagnssalaseznailssamnas
sontlaansuvadlassanedszamminond 2 ahe leun santaansya
ninoUszulanataslaan (Perceptron)  WazaUasnITNrnUI8UIzuIaNaL0IRAET
(Multilayer Perceptron)
1) sondasnssuniisdszaanatasiaoiulasenng
UsrrniNeunuudneiniislseuianatasaonlsznauais %’uim&amﬁ WINTWHAITIN

>

(Summation Function) Ynwinfiminanuzainagmsznivedayadn x,,x,,...x, N

Anhmindayadn wy,w,,..w, uazWaridunszdu (Activation Function) vinninudas
v & & o v \ Ao o . & o @ ) & o
naswsInaidunaTinlioglugisdndasnts dredrafaddunseduisu Waddu
a & A ' \ = ' fo A & a P & o
Tnuaue Hdnaglutie 0 891 uazdrvesiaitudnuasdasiiu e Na Wi Tuna Ty

A £ 6 ' ' [
LW&J"U%LL&@&I]’]WﬂdﬂﬂiZﬂa‘]J"llﬂ\‘i‘ﬁ%’)ﬂﬂizll’JGNQUGEIVL@@GJ’]’]Wﬂ'iZﬂE]‘U 2.7

X1

X2

WIRTUNATIN Warvunszan
q

Mwisznay 2.7 a98dsznauuasniinelszaianatay

NNIRNIWI WY AIWIRTWHATINRINITOLFAI LA AIRUNITN

a

(2.12) 69

=1
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g(x) = § xw;, t B (2.12)
i=1

o v A s 6 6

fruald  gx) Ao NAaNTUBININTUHATIN
A v o o A

x; @8 ddayaidnan |

n @8 ﬁiflmuﬁaymﬁwﬁwm

2
1 o

w. @8 mumﬁfﬂmaa“ﬁagavﬁﬂﬁaﬁ i

)Y

£ fa denulidudes
WanTunszdu () Frinfiud ana s wEnoaN T T UNa T
g(x) Iﬁagiu‘*ﬁmmﬁﬁaomi y Matalsidunszduanansnuaadle FIFUNIT (2.13) B9
(2.15)
1y Weridumay (Step Function) NaaWEd

laaztdudn 0 uaz 1 uaaIAIENNITA (2.13) waznwusznay 2.8

1 ; ifg(x)>0
y = (2.13)
0 ; otherwise
y
A
1 p—
» 9(X)
0

mMwisznay 2.8 WanTuaail

2) WIRTULTILFU (Linear Function)

HAaWET leazlavinudayaidn ugasdasunan (2.14) wazniwiszney 2.9

y=9(x) (2.14)
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» g(x)

Mwisznay 2.9 WanTLT L8

3) WinTuaendnuasq (Log-Sigmoid
Function) Waawsflaazaglugag 0 69 1 ugaadaaunIf (2.15) uaznwdsznay 2.10

y= ———— (2.15)

a(x)

MWUTenay 2.10 WIRTURaNTnuaaa

2) AUILUICNIANAH DU RANUTUURAIA28E190 4
awidsznau 211 ulassinedszanifenniniisdszulanatasnaiy § wiisan
dll 1 L & 1 dll AI a a o A v ]

WwansanwidulassingNaiiulszansainlunisvinue gﬂLLuumiLmugmaﬂmww

ﬂs:mmﬁmlLmuwmﬂﬂszmawasiawmﬂ%'ul,ﬂumsﬁwil,l,uuﬁgaau FoNUasnITN

lovsinpdsrmniisanuumholszaanadasnanasull 3 szau fa Tudayaidn (Input

Layer) Tusau (Hidden Layer) LazTUHAAWT (Output Layer) lanzudayaidnil 1 7u Tu
' Ad & & o & o A & ' & A ' ' = ' =W o
FOURNNTWA LG LASTWHAANTY 1 T lidarTwaziniiolszuianataunniiad e

T DURN DI %’umawawmUﬂs:mawaﬂamﬁagj

im’jﬁa%’uﬁagmﬁﬂ LRETUNAANTTITILLNNUTEENTAINAITAIUI D LWL TIRENNITTU

e ¥

\ AN o ' & | o P vad o A
FaRFINITONGNINNTT 1 T% Llaalaternsazsuitnyinawnsuson laaunaid lvua
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TaULNELIND Naé'wfmaﬂ%uwﬁamuﬂwﬁagavﬁﬂﬁuﬁiwu@ﬁag’lu%guﬁmvlﬂﬁ%aiﬂumaa
TUHAANE Berke LAz Hajela (Berke and Hajela, 1991) WIS W AUAVDITUT B
mifﬂ:agjizijmLaﬁlmszlﬂﬁu@ﬁaymﬁwLLa:Muﬂwaé‘wfSoemardi (Soemardi,
1996) uuzii I IMIBIRuaTaUAITIZAY TN U 75% maa“[%u@"fl’a%lm“ﬁw SN
Inuagauadsfianngaiiiunaivvaslnuadayaiduazlnuanasns ueliaisiasniy

75% maﬂ%um]’a;&mi’l ‘vﬁa@hmf\iwaﬂ%u@ﬁagm%uamaﬁwﬁ

Tudaaiin TUTAUN 1 TUTawN 2 TUWHIANT

mMwdsznay 2.11 aandaunITuuuURaUTsNIaNat o g naN T

2.6.2 ilszianvaslassdnailszaminas

Uszinnaeslasstnodszanifiend 3 Uszian  leud 1)lessdnsuwuyld
91991 TULAE7 (Single-Layer Feedforward Networks) tJulasstnanffianisludnsniin
a < o LY & o ¢ ' v 1Y & .
wazliawzrudeyadiuazounaaws 2) lossthounylddrminassu (Multiayer
Feedforward Networks) uaadadn1wusznau 2.12 iulasstnofdnanisludrensi Sou
ToNain TwTou LASTUUIAING UFAIGININLTENEY 2.13 UAz 3) lassdnsuuugdaunay
(Recurrent Networks) (Dulassinsiauninazlgdlunisunavldadnatan 119 uude
> ] 1 & L v v 1 1
naawtuasnhodszianataunismusanav lhidudayadhramiisleinanaten

Tuszaunuwan b aaunaaslunwilsznay 2.14



Tudayaidn TUNRANT

X'I
—

X2

M e
—

X

n

mwisznay 2.12 TassrnouuulUdrsninmuwaed
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g: v v g; [ n; g; [ n; g; s 6
mumagam TUDOUN 1 TUTIUN 2 TUNIIND

mwisenay 2.13 Tassinauuulddnsnsinnat e

& o % &, 4 &, 4 & o &
‘?j%“IJB%JE‘IL“Iﬂ TUDBUN 1 TUDBUN 2 TUNIIWD

mMwisenay 2.14 Iﬂi\ﬂhElLL‘]JiJ Hawnau
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2.6.3 gﬂLmun'ﬁﬁzmj?wawaafmnhﬂﬂszmmﬁﬂ&l
=} £ 1 = =1 A =} U =
gﬂqumsnwgmaﬂﬂiwmﬂimmmszJ 2 guuuy AemalFauuuull
NIRaH (Supervised Learning) LLazﬂ’]iL%slujlmﬂ&iﬁmsaau (Unsupervised Learning)

1) MIFouuuuiinisgan (Supervised Learning) Lun13
L‘%yujﬁﬁaaﬁmﬁagaaau (Training Set) %aﬂizﬂamﬁ’qﬂq@ﬁagaLﬁﬁLLax@mﬁﬂgaNaé’Wf
lagluszninanssaniulasstnoarliaansasin laannsdiuans (Actual Output) Laz

a = ' v & a o ° o o o ¢
WisuisusznIsRaaniasnann i wranugatayanaswiinnune (Target
i = a A ) A = i Al ') i
Output) laBKaA19NNNTUSEUTBUAE A1ANNRANANA BIDANANNLARDY G889
MMISURLLLINTRAW Aa TuaauITNITaIAgawnay antuulanulassinglssgniisy
wu s RaneTY (Multilayer Feedforward Neural Networks)

2) maFouiuuylidniiseu (Unsupervised  Learning)
Lﬂumsﬁfﬁﬂﬂﬂ"l&iéTaoawﬁmmﬁagawaé’wﬂﬂmma (Target Output) lflawnzradaya
W lwnulasstnerinme laslatsangazaaiTaslaseainaga HADIAUAN U BITOYS

o AN o = ~ o ' ~ o A v o € @
NAAWSN Lo (WIousunuam Lou MINNNTOUINUEZANUTNT WUEFATAANS AL

sisesiuldiaslaslifilassan)

264 %%ma%%%n’liédﬁ’lﬂ'a%ﬂé'u (Backpropagation Algorithm)

3%71’131%%5@?’;U{lv'u@aumsdomU”auné'u (Backpropagation  Algorithm)
Taaulngdnlfidesoulassdnsuuuludraninnanstu (Multlayer  Feedforward
Neural Networks) Tuaauisnsssendounaussnwdszney 2.15 ToYAROUUGARE
aatingazfasaniug <xt> ia x 8a naLAaITayaLN t fo AR ITDYINAANT
waz m da deanmadeui dmuald n, n,, uas

Wi winlnuad ayain

out n hidden

TauaNaant wazluuagdawsadlassinedszaniiey e usIau Xji ﬁaiagm%mn

Tnua i lugslvue | war w, asswnnanlaua i TWdslwue | nszuIumsasdn

J1
faunay Usznaueme 2 dutasfa mssrdwludnanin (Forward Pass) Lasnsadanm
faunay (Backward Pass) 193U IRIN1M IUT19730 ﬁagm:mmiﬂmo“ﬂwmhszn
A A& o o o a & A o & A L e & o

WennTudayaidn wazazasnin 1ndnsuniteldgdnsunilaaunsznsfarudayasan
(U310 5) MunsssindaunauanihminmMasandeazgnuTuasuliaeandany
nyNIIunTaRawaia (Error-Correction) ABNAGINUBINAAWTLYIATI (Actual Response)
Nuwaandiinane (Target Response) tAaLdusmuimiawana (Error Signal) 81131
MIWI AR BAANAIALAUANIINTULRAIAILTINGN 7 UAZ 8 UAZNIIFIWI AN

Q a [ e C™ { é g ¥ 1 v et v 1
ﬁtyf].IU’W‘CLLN@‘Wﬂ’]@I%%@‘U@%LLﬁ@G@NUSTﬂ@]ﬁ 9 ez 10 marytynmﬁﬁ]:gﬂawauﬂammg
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Tassansdsea Nyl uian 1909 NuwINuN LN TN MNURANIRENVBINITLTaNG D

Y < v & 9ooa w Y v & [ o A =
%gaﬂﬂiﬂﬁ]uﬂiz‘ﬂdNaaWﬁLL‘ﬂﬁ]iﬂLTWIﬂaNaﬂWﬁLﬂ’]V\NWULLa@U@UUiiW@‘Y] 11 03 13

Algorithm: Backpropagation

Input: training-examples, h, N, nout and nhidden

Output: neural networks model
rit 1 1
Detail: Each training example is a pair <x,{>, where X is the input vector, { is the

target output vector, 77 is the learning rate. ni, . nout' and nhidden are the number of

network inputs, units in the hidden layer, and output units, respectively. The input from

unit i into unit j and the weight from unit / to unit j are denoted X i and W

—_

Initialize all network weights to small random number

2 Until the termination condition is met do
3 For each <§(, 1l‘> in training-example do
4 [*Propagate input forward through the network®*/
5 Input the instance ;( to the network, compute the output 0, of every unit U
6 [*Propagate errors backward through the network™/
7 For each network output unit k, calculate its error term 8k
8 S = o (1= 0 )ty —0f)
9 For each hidden unit h, calculate its error term Sh
10 8p=op(l=0p) X wyby
k g outpus
11 Update each network weight Wi
12 Aw ;i =md jx j;
13 Wi = W) +Aw;

MNUIZNBY 2.15 VAW DANITRIANESAUNAL

PUADWIDNNIRIAN D UNA LT UINAaUI TN LTLIA AT UL 2UUNA
lasstnsdszaniianlng) %‘%aa"ﬂmumaomﬁa;&aaauﬂ%mmmﬂ WaINNAUD IV D%
ada 1 1 U Q A 1 s s U 1 =
3FN1IFIAN ANy Aa lagiu1snsulsznwlainlassanadssaminaugawnialuian
$na 5@15’1ﬂ’1§'58%§%§0Nﬂ@iﬂﬂ’liﬂ§ﬂ@i’lﬁ’]%ffﬂ fT’]5@15’1ﬂﬁL’%ngng'«nzﬁﬂﬁﬂ’ﬁﬁwj
= | & a fo & oA e 4 A A o a oA
152 u,@mmfﬂLmuf’[umm]maamnmsﬂsumumwmmmu"l,ﬂ oA EUINAAN

v <3 o v g :/ L o v 1 s 1 & = a v o e
%o Uﬂ’ﬂz“ﬂﬁl%ﬂ'ﬁiﬂiu%ﬁ%uﬂ“ﬂ’ﬂ@a PIRCLAUALLANBTILFEL miumnmugmu R1AIU
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& a P & A a P a . o A
LﬂWMﬂqiﬁq@ﬂqiLiﬂ%EN 2 NN A 1) V\Uq@ﬂ']iljﬂ%gwlaﬂ’]ﬂ')’]NN@Wﬂ']@agiuizﬂﬂﬂ
UE]?J%/UVL@T %%aﬁaﬂﬂ'ﬁ’]ﬁ’] Error Acceptance 2) Vlqu@ﬂ’]?l’%{l%ilaﬁaﬂiﬂ"ﬁq%'}uiaﬂﬂqﬁaau
(Epoch)

2.7  msnedauuuulandasw k ﬂi,j:&l

mimaamwuvlmﬁﬂ?iﬂu k ﬂﬁj&l (k-Fold Cross Validation) (Written and
Frank, 2005) Li’lumsﬂ‘szLﬁuﬂ‘szaw%mwmaﬁ%ﬁﬂufmaaméaa RANNITRI9H AD LWL
TATBYNVINALYIN JNUTIUIN k NG wazlaifigaudiviunm mﬂﬁ?w,maq@ﬁa%lmﬂu 2 nju
AoTasat LATTANATaL ﬂi:mumif:gﬂﬁw%ﬂ Kk a9 ﬁaﬁmmaauﬁu@ﬂ@mlmlﬁiax
a%s Tansaudt 1 ﬁa;&amju‘ﬁ' 1 \lluganasay ﬁa;&amjuﬁl 2 09 k Dudeyasa s0U7 2
ﬁagamjuﬁ 2 \ludayanasoy ﬁayamj&lﬁ 1 LLa:ﬂfpj&lﬁ 309 k \Dudoysman aaunuau
iagav;nmjﬂﬁﬂummaau Magaan days 100 aadrsutsaaniiu 10 nau nax
a2 10 em0819 lusoud 1 ﬁ]zLE]’]‘ffE]Hﬂl%ﬂEqiNﬁ 1 1luganasay ﬁﬂ;&ﬂﬂﬁi&l‘ﬁl 2 01910 1Jn
TARDU 50U7 2 azlfﬁa;&amjuﬁ 2 \uganazay ﬁagamjuﬁ' 1 LLa:ﬂq’u‘fi 3919 10 1w
gagaw aaunullauynnguldilenaduranaseuasuynnga INEUITHEINNTAAN

mwgﬂé’aamﬁﬁ
2.8  msusainanilsz@nsnw

nsUsztiua1UIz&ndnw (Performance  Evaluation)  N13¥i19 4289
%umu%%msﬁwfmaaLﬂ’i}aammmi’@mnwa&'wﬁmiﬁwmﬂ (Prediction)  lag@v89
HASWER ldanMsvwe fe d1 True Positive (TP) @1 True Negative (TN) @1 False
Positive (FP) uazen False Negative (FN) eMagaL Waaseaan3197 2.1 (Written and
Fank, 2005)

a9 2.1 AvasneulITwNeIng (Confusion Matrix) WUL 2 N§W

A1iuwgla (Predicted Class)

AfAuRese (Actual Class)
Class YES Class NO

Class YES True Positive False Negative

Class NO False Positive True Negative
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@ o

7 leaannsvinme (Prediction) luan3199 2.1 aSunesuazidua laaadt
! e 1 { v o v &
1) ¢ True Positive (TP) fia A1iuanaugnaaslunmduundayadedl

@hﬁLLVTﬁ]‘%oagiu Class YES LLa:ﬁmsﬁflmﬂha%ﬂu Class YES (ﬁﬁmﬁgﬂﬁm)

=S

2) @1 False Negative (FN) ﬂ"]ﬁuaﬂmmgﬂéfad‘lumiﬁwLLuﬂ"iTa%laéﬁ Y

D

o a

mﬁuﬁﬁoagiu Class YES LLazﬁmsV‘hmmﬂaglu Class NO (¥nuaia)

3) @1 False Positive (FP) @hﬁuaﬂmmgﬂéfmlumiﬁ‘hLLuﬂiTaga%aﬁ
@hﬁLLVTﬁ]‘%oagiu Class NO uaziinsvhuednaglu Class YES (fnuwuiia)

4) @1 True Negative (TN) mﬁuaﬂmmgﬂﬁaﬂumsa‘hLLun‘*ﬁaya%aﬁ
mﬁLLﬁﬁaagﬂu Class NO LLa:ﬁmiﬁﬁmU'jﬁaQM Class NO (ﬁﬁmﬂgﬂﬁaa)

naNasnIA lasusnfienanissadidszidu fe A1augndad
(Accuracy) Lﬂu‘{aaazmaaﬁuay’wﬁﬁmmgﬁlué’aaﬂwﬁmm AU IFNNTT 2.16
fNIAaUELEI I (Sensitivity) LﬂuifaUaz“naaé’haa’nmjumnﬁﬁmmgnhéﬁaU'Nﬂﬁqiu
LINTINNA FUIMAIFNNITA 2,17 WazeANNLanIZIaNzas (Specificity) tHu3oaazues
@Taaﬂﬁaﬂﬁjwauﬁﬁwuwgﬂlué’aazmmjuauﬁv‘wm fUIARIRNNIIR 2.18

TP+ TN
Accuracy(%) = X 100 (2.16)
TP + FN +TN +FP
TP
Sensitivity(%) = ——— X 100
TP +FN (2.17)
N
Specificity(%) = —— X 100 (2.18)

TN + FP



UNN 3

o [} q' L C™ U
LUUITNRBINTIINTIWN Elﬁ]qﬂ Liﬂd@l%ﬂ’lillﬂaiﬁﬁrﬂ Elsl‘iﬂﬁ TF-IDF

Llazrﬂ‘iﬁ‘ii']ﬂﬂizﬁ"l‘nlﬁﬂﬁd

SnondnnsiiawauuUiiaasn i neia o luulasldlaseans
Uszrninegw I(ﬂmqial,ﬁu"l,ﬂﬁmﬁmﬁzﬁmU%‘IuwLﬁamﬁ;m’%uﬁummﬂmﬁa
(Translation Initiation Sites: TIS) I@UfhLauaLLuuéflaaomiﬁwmﬂg@L'%'mmmsuﬂasﬁ'a
laal433 TF-IDF wazlassansdszamifion (TF-IDF and Neural Networks Approach for
Translation Initiation Sites Prediction: TF-IDF-NN-TIS) @sfiilwansifiaifivainu
gﬂé’aomsﬁwmsgméuﬁummﬂmﬁa LAZAALIAN IWANTUTENIANATRd lATIiNsUTEa N
Wew Iumf:a:ﬂdnﬁomsaammmﬁwaaamiﬁﬂmuq@éuﬁuuﬂmﬁaﬁ’m%% TF-IDF uas
lasstnadsea sy (TF-IDF-NN-TIS) w&adasnwusenay 3.1 wisnsrinanuaanidn
5 “ﬁv’u@lau fa 1) ﬂﬂiLLﬁdaﬁﬂﬁuqﬂiiw (Sequence Segmentation) 2) MIFIN
ANWUSLANIZ N-UNTY (n-Gram Feature Generation) 3) M3ItRanNanmlanie (Feature
Selection) 4) MIFTWANBUIANZIUUUUABWITWTE (Consensus  Pattern  Feature
Generation) LAz 5) MITULHRANT “ﬁ%ami‘ﬁﬂmm;m’%uﬁummﬂaiﬁa (Translation
Initiation Sites Prediction: TIS Prediction)

WUU3809 TF-IDF-NN-TIS  duaaufi 1 As MILIRIAUTNTIN &
Q@ﬂszmﬁlﬁaLm'amy&ﬁmalumﬁagaLﬁflumzlﬁl,ﬁul,aﬂ'asl dunand 2 nIa
ANWIULLANIZ N-LNTY ﬁﬁ;@ﬂi:mﬁﬁlaLi.l?ilwgﬂLLuuﬁaﬂﬁla"lﬂﬁuuaﬂﬂaLSuLaﬁasﬁ%'
n-LLﬂiulﬁagjilugﬂﬁ'mmsnﬁﬂmﬁnmmﬁam’i’%ﬁwfnaamém duaouil 3 msiden
ANWIUSLAN ﬁ'«g@ﬂizaaﬁlﬁaam‘im’mﬁagaL°1T’1 LRZAALIAN AN TRI UL R DIV
Tasstnetszanifioy inafiamadansnenzianizfnanlslwiuudassitlaun inadie
ANSLRONANBULLANIZERFUAUT LNARALATLAIT INARADATIEINING UaziNAAATAN
Taaud 4 MIFTWAN BN IUUD LA UL TUTH ﬁﬁ;@ﬂszmﬁlﬁaa%”wé’nwmzmwwz
mﬂé'm:}mzwiuiwﬂﬁ'"svl,ﬂsam;@L‘%'uéfuﬂﬁuﬂasﬁ'aﬁvlﬁﬁmimLaualmmﬁﬁ'ﬂﬁau%ﬁﬂ
wazuuudnassmsanasanlsluloy wazduaandi 5 MIvwENadWE nian s
Q@L%;J@Tummﬂmﬁa ﬁﬁmﬂizmﬁlﬁaﬁﬁmm;@L’%Mﬁummﬂmﬁ'ﬂ@ﬂ"ﬁmof*ﬂwﬂizmﬂ
NNIYRZLBANIIRN BB ILULINRDY TF-IDF-NN-TIS
Tuudasiuaaniasi
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TWABHN 1 N1IULIF1BWHINIIM (Sequence Segmentation)

1.1 fnualilanau ATG lumeowugnisuiulaaau ATG ilmany
1.2 LL'U'amUﬁugﬂﬁmﬂumUﬁuqﬂﬁuﬂaﬂﬁmmmwﬁmw W

1.3 %’@mjumUﬁugﬂssuﬂamﬂuiagamjumﬂ uwazdayanguay

Z

AWADWN 2: NITHIWANHMLLANE n-N5H (n-Gram Feature Generation)

2.1 Suuald n innu 1 2 38 3 auNuINIINLENaUIaNYIE AC G uas T
2.2 FIANBMULLANIL n-UNTN THIWRGTY LaTANINFATULENINNAY
2.3 fRUAFAN B TAZLANIZ I

1y snawi: mmﬁ'maagmmu N-UNTH VBIUARZANHIRLANE

2) @1 TF-IDF: énwitwAn TF-IDF °naaﬁ'nwm:mww:ﬁy'mmhmUﬁugﬂiiwziazj

g

2WADWN 3: N1TLRDNANBMLLANTE (Feature Selection)

A o A o A @ A g
3.1 lananEazlanzizNInnmnaiia n-unsn mamafiadals
1) \ARANILRONANBIMLANIZRRANNUS (Correlation-based Feature Selection)
2) inadialaauals (Chi-Square)

3) InakAaaINE@IBLNY (Gain Ratio)

4) wafiaIan-taw (ReleiffF)

a

FuaAawil 4: MIFIWANBULAANIEIUUUUADWILWLH (Consensus Pattern)

4.1 vuenuivaslanan ATG ﬁﬂiﬁﬂgludmé'wam%u (UP_ATG)
4.2 ﬁummf‘imaﬂﬂﬂau%qﬂluau-LWsmnﬁa@‘%u (DN_STOP)
4.3 Ansandunid -3 1uiedlalng A %38 G (UP_-3A/G)
4.4 Rnsonduwnid +4 1 Juiedlalng G (DN_+4G)

ARABRAN 5: NIINIWILRAANS (Translation Initiation Sites Prediction)

5.1 ﬁmu@m‘hmﬂ%u@ﬁagaLﬁwmaalﬂsaﬂwsﬂizaWWLﬁ SN URUIBUITNIRNRL DURALTULYINNY

IwInVaINNELRNIZNLREN

5.2 UszidunaansmIvinmassitnmsnaseunuy laiufew k na

nwdsznay 3.1 uuudasimsimsaiEndunulaIiE
Tagld3% TF-IDF uaz lasstnaiszanninew

3.1 ifumaummﬂamﬂﬁuﬁqnﬁu

P a = 3 a ' o A
LuaamﬂmU@Lamamaa"gma;&auiﬂ@au ATG ﬂﬁﬁﬂgﬂ%‘ﬁﬂﬂ&l@ﬁu‘lﬁ%dsﬁd

nﬂ@‘i’nmm%‘mﬂﬂﬂ@au ATG wany udazanoaiduiadlaaan ATG tiwnunoLNe 1
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o 1 1 g; dl g I QI U g =) & £Z 1 1 dl
dunarhuuniauwaadudumaudasia wiadudayanguuin fulanan ATG Y
s & £ 1 =4 £ 1 A« I A & 1
ﬁ](ﬂLllWllﬂ;&ﬂﬂﬁ;uau%@laumdmEl@]LE]%LE]L‘.LJW&’]El@]LE]%LE]EJE]EJ@]’mIﬂ@E]u ATG ihwnue
Lﬁa@mnmmn@hwaou‘%uﬂ@mam:wjﬂﬂﬂ@au ATG Lﬂmmmﬁlﬂuﬁayamjumﬂ Ny
Tanau ATG Lﬂmmmﬁlﬂwﬁagaﬂéuau aInNwsznay 3.2

IWABHN 1 N1TUUIF1BWHINTIN (Sequence Segmentation)

1.1 fvualilaaan ATG luaﬂﬂﬁuqniswLﬂuIﬂ@au ATG sy
1.2 u,a_iamﬂﬁuqnﬁmﬂumﬂﬁuqmmaiayﬁwmmwﬁ'lma w
1.3 dangumenngnysudasdunduuin uaznguay

nMwliznay 3.2 TuaanNIIULIEN Uﬁ%Qﬂiiu

Juaaun 1.1 taanlanaw ATG ﬁmu@iumaﬁugmmLﬂﬂﬂ@au ATG
LY d'n s 1 1 > =1 ] > a a 6 A
hwainsRasan Mmadrasuaewusnssuiannuenayinng 327 fiedlalng dlaaan
ATG ﬁmmlua’mﬁugﬂiimmﬁu 6 @YU AItuIINAaan ATG LTNRUNBNNINITON
WAL 6 aduaadluAnlsznay 3.3 Tarang a%m%’umsﬂ'm;msu 1 suaziilanan
ATG hnunsnfsandugaudumsudaiiies 1 dunibayinumu :nnwidszneay 3.3
Urznaudisdayatiinilalng dunisszyaaaudunisudasia uasdmyansol « . "uaaq
@‘hLL%uamaaﬁaﬂEIa"Lﬂ@“Luawmﬁuqﬂﬁw
YUADWN 1.2 mim.iamﬂﬁ'm;miuLflumﬂﬁugmmﬂaﬂfmmwﬁwm
o =) Y IA & v 1 1 a
Pasdirminiindlainasaulanaw ATG HARUIENNINTIN TIVWIARUNE1 W aztvinnu
o A a ' [ a ° A a ) & a A o
1IN A L0 NG LEIUANFATULINIIWINAIAR L8 ING I EIBANTFaTY Taans1wi
a r=| 1 o =} 6 =) v A ' Qs 1 lﬂl v 1
H08 18 INA R I BINRATULALANININTNALF DI VAN LANLARUVAIUUI AR U G1IAL
Fwuihndlalndvaslanan ATG Aa (W -3)/2 918819LaadasnIWLITNay 3.4 NNsuL4
@ & ') ' o o o A a & & A '
smanusnsrudumenugnIsudasaisawaninninegs 303 tealalng nufa udas
o ' A o A a [ a 4 A A e
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aTNAUMILUATAR (TIS=36)  sdaaaWusnssudasn 1 (dunguuin duans
WignIINtosn 2 3 4 5 uaz 6 IaLdungusy KANBLIAG fnTulanan ATG hwanan
ATaNRIIaNInEd 303 fandlalndatvaciilanan ATG 8 9 Usngagdisuans

aInnwisznay 3.4

>gi1|2010512...n L30 homolog, mRNA sequence; ETIS=36 —>

TTGGTTGGGGGCCGTCCCGCTCCTAAGGCAGGAAGATGGTGGCCGCAAAGAAG
ACGAAAAAGTCGCTGGAGTCGATCAACTCTAGGCTCCAACTCGTTATGAAAAGTG
GGAAGTACGTCCTGGGGTACAAGCAGACTCTGAAGATGATCAGACAAGGCAAAG
CGAAATTGGTCATTCTCGCTAACAACTGCCCAGCTTTGAGGAAATCTGAAATAGA
GTACTATGCTATGTTGGCTAAAACTGGTGTCCATCACTACAGTGGCAATAATATT
GAACTGGGCACAGCATGCGGNAAATACTACAGAGTGTGCACACTGGCTATCATT

9 FuABNILUNTAR

@adune Fuanwol “ i unudunislaaan ATG Mullu TIS
dyanwal " . " unuihedlandlumowusnisy
@218 90 144 223 228 Uaz 287 unwu dunislanan ATG Alalu TIS

Awisenay 3.3 é’aaa’wﬁa;&amﬂﬁugmm

Taqaw ATG nungARaITIRN

..GTCCCCTATGGCAGGAAGATGGTGGCGCACGTTCGAAAA...

@ a A A & ¢ a P &

-150 -1 +4 +154

}4 YU1ARINE9 303 adlalng =}
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3.2 IWAOBNITATNANHMLANE n-UNTH

Lﬁflwf]v'u@aumﬂﬂﬁ'zm,gﬂLLuumaaéwﬁuﬁqﬂﬁia"lwﬁuuawﬂﬁugnﬁwsiamlv%’
ag’lugﬂﬁmminﬁﬂﬂﬁﬂmmﬁ%al‘*ﬁﬁ'ﬁ%mﬂ%wj‘waam’%aﬂ@ﬁ” Iuazduansrinam
asnwyszney 3.5

WABRN 2: NTHINANBULIANIL n-LNIX (n-Gram Feature Generation)

2.1 Swuald n innu 1 2 38 3

auNuINIINLENaUInaNYIE AC G uas T
2.2 FFIANBULLANTE n-UNTN THIWRAT BaTANINFATULENINNAY
2.3 fIRUAFNAN B TAZLANIZ I

1) draun: ﬁua‘hmmaagmwu N-LNINYDILGARZ AN USLANIZ

2) @1 TF-IDF: énwituein TF-IDF °naaﬁ'nwmzmww:ﬁ'wmlumUﬁugﬂﬁwsiazj

MWUznay 3.5 TUAaUNIIFIINNHULLANE N-LNTH

duaeud 2.1 lunuisofidwuadn n Wiy 1 2 wie 3 neuisei
fnmnountawuingn n fiwnnda 3 vl,ajmmmﬂ%‘uﬂ;a@hmmgﬂéfaa (Tzanis et al,
2005) sfigaifinanututonlumisuam wastnamsUszuanaanivaslassng
Uszamnifion wazanewugnIsulenaudieanuiz 4 92 A AC G uas T

TuAauR 2.2 1-LLﬂS&JﬁEﬂLLUUﬁLﬂ%VLﬂVLﬁﬁG%N@Whﬁ’U 4 @4 = 4
sluwy ldui A C© G uaz T 2-uniu ﬁgmmuﬁﬂuvlﬂ"lﬁﬁ”’mmwhr“fu 16 (4° = 16)
EIILL‘U‘]J @ AA AC AG AT CA CC CG CT GA GC GG GT TA TC TG uaz TT way 3-
WnIN ﬁgmmuﬁ'Lﬂuvl,ﬂvl,@?ﬁv'am@whﬁ'u 64 (4° = 64) suuuy ldur AAA AAC AAG AAT
ACA ACC ACG ACT AGA AGC AGG AGT ATA ATC ATG ATT CAA CAC CAG CAT
CCA CCC CCG CCT CGA CGC CGG CGT CTACTC CTG CTT GAA GAC GAG GAT
GCA GCC GCG GCT GGA GGC GGG GGT GTA GTC GTG GTT TAA TAC TAG TAT
TCATCC TCG TCT TGATGC TGG TGT TTATTC TTG s TTT

siansuzianiznnaia n-unsw lasluudazaoiugnisudesuon
NITINTTHINONRATY UAZANIUFATN A20L19LTH ANHULANIT 1-LNTH AT 2-UNTHN
ﬁ%'m%'ml,@'a:mﬂﬁugﬂﬁw:iaUﬁ]zﬂi:ﬂauéf’sslé’ﬂwmzmwwﬂuﬁaué’wam‘%uﬁg&%mwhﬁ'u
20 (4+16 = 20) UA ANIUFATUIIIUIUS N BIAZLANENIRNALYINTL 20 (4+16 = 20) 69
AR 3.2 GITi LL@iazmﬂWuﬁqmwﬂaa%’aﬁé’nwm:mwwzﬁg\mmwhﬁ'u 40 an1971 3.1
LEAIAIDENS ANBMLANIZ 1-UNT0 ThaNFaTUUNUEI8FaNHDE UP_A UP_C UP_G
WazUP_T anmmzianiz 1-untu luandaaiuunuaiogyansnl DN A DN_C DN_G
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uaz DN_T anmMmlaniz 2-untu luanaaiuunuasasyanso UP_AA UP_AC UP_AG
Hudu uazansmzianiz 2-unw lwandsasuunualosyansal DNL.AA  DN_AC
DN_AG Lilua

719N 3.1 ANWULANIZNRIN 1-UNTN WA 2-UNTW

WNARANIIFTY . TIUWIN
. SULDUAN W LANIE 5
ANBULANZ B ANBUILANIL
1-UNINOWFATY UP AUP CUP GUPT 4
1-unsNANUFaTY DN_ADN_CDN_GDN_T 4

UP_AA UP_AC UP_AG UP_AT UP_CA UP_CC
2-UNTUANRAIY UP_CG UP_CT UP_GA UP_GC UP_GG UP_GT 16
UP_TA UP_TC UP_TG UP_TA
DN_AA DN_AC DN_AG DN_AT DN_CA DN_CC
2-UNINANIUAIY DN_CG DN_CT DN_GA DN_GC DN_GG DN_GT 16
DN_TA DN_TC DN_TG DN_TA

NUIUANBULLAWIENIRNA 40
Tuaauil 2.3 Muali lavesmuRuINIINLaY S = {s,, s, ..., s/ &

INUWAUENIWUTNTINLBLWYINAL N Uae T = {1, ¢, ..., t,} (Hwiwavesgiuuy N-unFuNI L
FAHINAATUUAZANTAATULENIING Y GIINUIUSNHIZLANE N-UNTUERTULARS
FUNKTNTINLBHLINAY M FaRen M azuana9fwiloiwuadl n uaAnaIR LEaIe
A13797 3.2 FAOEITUSIUINEN BRI 1-UNFUVNAL 8 SIUIUSNHIELAWIY 24N
FULYINNL 32 FAWIBANBHSLANE 3-UWNTULYINAL 128 SIHIBANHUSLANTE 1-UNTY LA
2-UN30 WA 40 1D wen

WUNDLAG AIBHNANHIATLANIT 2-UNTH UAT 3-WNTN EWTLUAaETY
ﬁugﬂims}amzﬂizﬂauﬁauﬁnwmzmwwﬂudmé‘wa@’%uﬁ”‘wmwhﬁ'u 80 (16+64 = 80)
18z ARSI NS BIAZLANENIRUALTINAL 80 (16+64 = 80) ANTINEWEASY LAY
AN MRS N BIULAWIE M Wity 160 (80+80=160) Gan31971 3.2
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TN 3.2 INMWIBANBULANZERITLINARA 1-UNTY 2-UNTY LA 3-UNTa

. » . 5 1IN
" TAWIBANBULLANS TIWIBANBUSLANE . o
naika n-na . 4 ¢ A ANBULLANIZNIRUA
MNANFATY MNANIUIAIY

(M)
1-UN3Y 4 4 8
2-N34 16 16 32
3-LN3Y 64 64 128
1-NFY LAY 2-NIY 4+16 =20 4+16 =20 40
2-NTY LAY 3-LNTN 16+64 = 80 16 + 64 = 80 160
1-N3Y LAY 3-LNIY 4 + 64 =68 4+ 64 = 68 136
1-NTN 2-LNTN RS 3-LNJ4 4+16+64 =284 4+16+64 =84 168

FMTUAIANBZLANIEN LAANNNATA N-LNTN TRUAATRN TS LANIE

qz

J

=1

1) danud: AildanunvesgUuuy ¢ lusoiugnIw

. .:z' 0 [ P
gal s mmmmmmmvl@maaumm (3.1)

ot (3.1)

fuuald v, fa Aansmzianzrasliuy ¢ Tuany
ﬁuqﬂisuﬂaﬂ s

=) dl >

Ao anwudzasgUuuy ¢ luseWugnIsy

ting s

2) @1 TF-IDF: A3lEmInizansvesudazgduuy n-unsu

o [l ¥ d o v {
AN ?N‘Y‘!ﬂﬁﬁ ﬁwugmiwaﬂuﬂgma;&aaawﬁammmmm ﬂﬂ@@x‘iﬁﬂﬂ’ﬁﬁ (3.2)

N
fogXlog—73 iff, =1
Vet = ny (3.2)

0 , otherwises

fwuald v,  @a Aansuzianizradziuny t T

awﬁ'ugmmsiaﬂ s
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A a
fa anudvesgluuy ¢ Tus1e
ﬁugﬂﬁwﬂ'ay s
N Ao ﬁ‘hmuamﬁugmwﬂaﬁﬁ'mmiu
q@ﬁagaaau
A o & & A
n, @o mmumam%mwgmmut U3ng

’Luq@ﬁagaaau
3.3 YWAAWNITLRINANHRSLANIL

Lﬂu‘*ﬁ'umaumﬁ?a@ﬁ(?maa‘*ﬂ”aQaﬁmﬁuﬂs:ﬁw%mwmsﬁwmymaé’wf LR
AAAINITUIZNIANE I INIANUTHLTINARANITLRONANHIULLANIERRFUNLT LNaATa

|4 a o ' A AdA o
vLﬂﬂLLﬂ'li INARADATIEIBING LazinaihaIan-taw uaaiasn1ndsznay 3.6

AnAawi 3: NSLRanan¥melanIe (Feature Selection)

3.1 Aananwasiamziasanmadia n-unsu dromeiiasie Uit
1) INARANILRONANBUSIAWIZRRFNNUT (Correlation-based Feature Selection)
2) inaila laauaas (Chi-Square)
3)
4) maia3an-taw (ReleifF)

ANWLUTNOY 3.6 AUABWNITLRONANHULLAN

WakAdaEIBLNY (Gain Ratio)

3.4 ﬁuma%ms&%‘mé’numzmngﬂLmamaumwffa

(Consensus Pattern Feature Generation)

ANEULLANIZIUULUABULTUSE (Consensus  Pattern)  1iun1vaing
ANBULIANIZNNLULIaaINTaTFa U slulan (Kozak, 1989) WUASANWOALLAKEIN
Elmy"sauq@L’%wﬁummﬂmﬁamaa Kozak (Kozak,  1987)  &m3UduAaunnsai
ANBUIANIULL LA TUTRURAIAIN WL SzNaY 3.7 ToofinuaziBoaasi

TUABUR 4.1 fnsanaoiusnwdasidunis -3 (Huihadlalng A
w30 G mMvnadansmziamzndn 1 5ug Mnuadansusanziu 0 (Kozak, 1987)

Taaud 4.2 RvanasWusnITutoutinduni +4 Judiealalneg A

I G Muunadanwmzanziiu 1 dueg Munuaaansmsianiziin 0 (Kozak, 1987)
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ARADNN 4: msa%'wé’numzmngﬂLtuuﬂamsﬁwfs’a

(Consensus Pattern Feature Generation)

4.1 Rnsanduns -3 1uiedlalng A %38 G (UP_-3A/G)
4.2 Ansanduwnis +4 1Jufiedlalng G (DN_+4G)

4.3 uanwivaslaaan ATG ﬁﬂiﬁﬂgluﬁmé'wam%u (UP_ATG)

4.4 vuanudvaslaa au%q@luﬁu-Mmm’aﬁa@’%u (DN_STOP)

Awisenay 3.7 ﬂ'u@aumsa%aé'ﬂmmzmwwzgﬂLLUUﬂaumwﬁ'a

Tuaauil 4.3 wuanudveslaaen ATG  uuunnisuiUnngludiu
OWRAINVBINUWHINITNLBY (Kozak, 1989)

& P > al' a 6 a

Tuaani 4.4 wuanutvaslaneungaludu-insnanidaaiuas
WiINITNLaY (Kozak, 1989)

snwmzlanziaiUuuunawoudaiall 4 JULULLIAIGINITIN 3.2

A

Warnualeiinadlalng A aaslanan ATG NI odudrid +1 lagansmslanis

a o

s 1 v Ql v s v v QI J
‘Y]ﬁi’]x‘]"ﬂ']ﬂgﬂ HUUR LT UTRD ﬂi‘ﬁ‘itq’i‘!(ﬂL?M@]%ﬂﬂiLLﬂﬂiﬁﬁvL@Qﬂ@ﬂ\‘]&ﬂﬂ EANKINZS

A1319N 3.3 é’ﬂmmzmww:ﬁa%"fmmﬂgﬂmeamsﬁwﬁ'a

. IUIN
RILY A1aTUNE 5
ANBULLANE

%) ﬁ a U a {
aﬂumzmwwzaﬁ_’lﬁwﬁdLflmsqmﬁmﬂﬁiavlﬂﬁA wWB G 9N

UP_—3A/G o 1
FnUng -3

DN_+4G é’ﬂwm:mwwzgaw’fﬁLﬂua‘%aﬁﬂﬁﬁaﬂﬁiavlﬂﬁ G AFUnI +4 1
wuaudvaslanen ATG  wounnisuiidanglusinaw

UP_ATG B : 1
BB
wuanuivaslanaungauuudu-unsy (TAA TAG %38 TGA)

DN_STOP ! 1

P ' ¢ o
ﬂﬂijﬂgluﬁ'} UANIUTAIN

FIUIUANBULANITNIRNA 4

3.5  NIIIWILHAANS (Translation Initiation Sites Prediction)

Lﬂuﬂ‘u@laumiﬁﬁmﬂﬁ;@ﬁwﬁummﬂmﬁ‘aﬁaUImaﬂhﬂﬂsxmmﬁﬂmmu

1 1 g: U 6 o v A 6 L% a a a
AU TENIANRLDURA T Y lﬁﬁaﬂmuﬂs:qumﬂwam wazlrmsdssidndssinsaaw
wuulefidAsu k ngw (k-Fold Cross Validation) ugaddsnwisznay 3.8 I3uazidua

o &
A%
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ARAARN 5: msﬁ’1%’mna&°fw5(Translation Initiation Sites Prediction)

5.1 fiwwasanilagnsinvaslassinolszamiisuuuylydanshnanss
a‘a’mmi%u@ﬁa;&miﬁ WAL Swnsnemslamzfi@en
unluuagen Ny Suwinandsidn
FUIUIAUANAANT LD 1

a v 6 o v ad v d' '
5.2 ﬂizLN%NﬂaWﬁﬂ'ﬁ‘ﬂW%’]ﬂ(ﬂ’JEI’J‘Eﬂ'ﬁV]@]ﬁE]‘ULLUUVL“D?LﬂﬂEI% k ﬂQN

& o v ¢
ﬂ’]Wl]‘izﬂaU 3.8 PUADUNITINIUWIYNIAND

AW 5.1 Huwe b lassnsdsesmiounuy lUdrenrinnana s was
ﬂaﬁ%’um:ﬁw‘%ﬂwaﬁﬁ fnsuanifasnsiulasstnedssrnisuinrualwdiuwiulnue
vesTutayaldyinay Swnvasdnsuziawiziiien Tusen (unwdiodyanal H)

[ [ 6

Usznoud 31w wlnua it U wIna Iy 197 TRHAEHE (WNUAILRYINEIE O)
Usznaudie 1 lnua

duaand 5.2 minasavlutiUaswuy naa JudtmsyUsailiunaans
msﬁwmﬂﬁiﬂ;&aﬁﬂéf’;ﬂumﬁagaaau wacTAlayaNaFay Tdnenfinusimnuad k
W¥inAu 10 mnﬁ?ulliuﬁumwaﬁwfﬁaﬂmmmgﬂﬁaa (Accuracy)  @NANTABUEREI 1
(Sensitivity) LRTALBNIZLINLI (Specificity) I@m’\mmﬁwaammmgﬂﬁaa fA1n13
AOUAUDI LY LAZALANIZLANZAI mﬂ"q@maauﬁz\a 10 nga TagrinmMIneaassn 3 a9

LLa:LﬁaﬂﬂiTa;&mmmiw
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Tdsunsunisniam ﬂgﬂt’%&ﬁ%ﬂﬂittﬂasﬁa

Tae1235 TF-IDF uazlassvnadszaminas

mﬁﬁwmiﬂmmmmiﬁﬁmUﬁ;@L’%uﬁuﬂﬁiLLﬂmﬁ'ﬁI@dﬁf TF-IDF W&
Tas9an 815z o9z 1 Fuu AALAz AT LT WA AN TANINBANLLUII80IN TR WY
Q@L’%Nﬁ%ﬂﬁiLLﬂﬂiﬁ'ﬁI@ﬂlﬁ% TF-IDF uazlassanedseamifion (The TF-IDF and Neural
Networks Approach for Translation Initiation Sites Prediction: TF-IDF-NN-TIS) n1371191%
2241 UTuNTNITATUNHGIBHINTHIIUV B LUTUN TN LATULRAIALE1INITHNIN UV B
lsunsuane

4.1 ﬁdﬂ’]‘iﬁ'lﬁ'l%‘llad‘[ﬂillﬂiﬁd

lunmswarlusunIsuanunTouaadndinwllsunsy (Program Flow Chart)
vasldsunsumarhwsadudunisudasialasldis TF-IDF uaslasstnodszanmniiion

[
e A

laaath
411  dewldsunsanan

sTamuIﬂmmwé‘ﬂmaﬂﬂmmwmsﬁﬁmmq@ﬁuﬁummﬂmﬁ'&‘[mlﬁ% TF-IDF uaz
Tassrnslses ey LaasaInwilsznay 4.1
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N
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MwUsznay 4.5
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frua dunid A 2ailaaan ATG

WhnRasandludiunis +1

furid -3 1udiadlalng A w3s G

ANANBULLANIZ UP_-3A/G = 1 FanEmMLanIz UP_-3A/G = 0

Funid +4 1Judiealalng G

1% i
AanmslanIz DN_+4G = 1 ANanmzlanIz DN_+4G = 0

ANBULLNIE UP_ATG = anudlanau ATG luawaasy
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[call_weka_in_matlab
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ICIFA

[CiManual
[IRepart

=iRoC

IC)WEKA

[Z] accuracy

] accuracy_gram
E] Aedes_asgypti
) aeqypti

E] aggypticCarr

E] Arabidopsis

E] arabidopsis_fasta

[
Ej arabidopsisEDIT

[Z] candidateTIs

[Z] copsson

r.;j CZDA03032005_chrozl
[£] cops.neg

[Z] coos_pos

Ej chromz1

E’J chrom100

£ cpu

Ej data

Ej feature

E’J feature_selected
Ej featureMeq

Ej header

Ej iris

® o E-

[£) neg_ccos

[Z] pos_ccos

Ej result

[Z] szquence

Ej splice

Ej stakel

Ej stakez

E’J stated

Ej tesk

[Z] thalianaion

[Z] 115 50

E’J vertebrate

[Z] vertebrate1on
Ej vertebrate_Fasta
Ej Gaauafilezila
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— Result

=0i[1 599390 7|gblEIG5E1 60.1| G0353541 02F1 NIH_MGC_S7 Homa sapiens cDNA clone IMAGE 5392549 5', mRMA sequence; TIS=14
BCCGGAMCCCAMGATGGCTGCGCTGTTGCTGAGACACGTTGGTCOTCATTGCCTCCGAGCCCACTTTAGCCCTCAGCTCT
GTATCAGAAATGCTETTCCTTTGGGAACCACGGCCAALGAAGAGATGGAGCGGTTCTGGAATALGAATATAGGTTCAMMC
COTCCTCTGTCTCOCCACATTACTATC TACAGTTGG TCTCTTCCCATGGCGATGTCCATCTGOCACCETGGCACTGGTAT
TGCTTTGAGTGCAGGEETCTCTCTTTTTGGCATGTCRGCCCTETTACTCCCTGGGALCTTTEAGTCTTATITGGALCTTG
TGAAGTCCCTGTGTCTGGGECCAGCACTGATCCACACAGCTAAGTTTGCACTTGTCTTCCCTCTCATGTATCATACCTGE
BATGGGATCCGACACTTGATGTGE GACCTAGGALAAGGLCTGAMGATTCCCCAGCTATACCAGTCTGGAGTGGTTGTCCT
GETTCTTACTGTG TTETCCTCTATGGGGCTGGCAGCCATG TGAAGALAGGAGGCTCCOAGCATCATCTTCCTACACATTA
TTACATTCACCCATCTTTCTGTTTGTCATTCTTATCTCCAGCCTEGGALAAGTTCTCCTTATTTGTTTAGATCCTTTTGT
ATTTTCAGATCTOCTTGGAGCAGTAGAGTACCTGGTAGACCATAATAGTGGALCAAGGGTCTAGTTTTCCCCTTGTTITC
TAAAGATGAGGTGGCTGCALLACTCCOCTTTTTTTGCCCACAGTTGCCTACTCTCGGCTAGA

=gi201 051 2|gh]AA43551 21 1] ESTET041 Fetal lung Il Homao sapiens cOMA 5" end similar to similar to ribosomal protein L30 homolog, mRRA sequence;
TIS=36

TTGGTTGGGGGCCGTCCCGCTCCTAAGGCAGGALGATGGTGGCCGCAAAGAAGACGAAALLGTCGCTGGAGTCGATCALD
TCTAGGCTCCAACTCGTTATGALAAGTGGGAAGTACGTCCTGGGGTACAAGCAGACTCTGAAGATGATCAGACALGGCAL
AGCGAAATTGGTCATTCTCGCTAACAACTGCCCAGCTTTGAGGALATCTGALATAGAGTACTATGCTATGTTGGCTALAL
CTGGTGTCCATCACTACAGTGGCAATAATATTGALCTGGGCACAGCATGCGGNAALTACTACAGAGTGTGCACACTGGCT

ATCATT:

Awisenau 4.9 ﬂlmﬁlﬂﬁ’] Uﬁ%ﬁqﬂiiw

gﬂLLuumaﬁugﬂﬁmaa“ﬂ’agaﬁ%%aglugﬂLLUUW'}@@T—La (FASTA) lag

[ 1 % % 1 I3 o a ﬁ Al v v
Usznaualg 3 RIBWAN LFAIAIAINLIZNOU 4.10 §IWLINLUUA10TUNYDILINA WAL
LAIDIRUNY “>” @]’11](5’3U%ﬂLLﬂszd\‘iﬁ&l’ma\‘i‘ﬁGHE\l U0 2 Li’flm‘hl,mmﬁ;m%uﬁummﬂa

(> ' A I 2 o ¥ A a 6
TNRR LRZRIUN 3 Lﬂumagam@uu’mﬂavlm
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' a o A ' { a o o
FIUN 1 ANDUNY ﬁ'luﬁ 2 ?‘@Lsuﬂuﬂjﬁuﬂﬂi‘ﬁﬁ

A
s , N
>gi|2010512.. Homo sapiens cDNA 5' end...., mRNA sequence; TIS=36
TTGGTTGGGGGCCGTCCCGCTCCTAAGGCAGGAAGATGGTGGCCGL  ~
AAAGAAGACGAAAAAGTCGCTGGAGTCGATCAACTCTAGGCTCCAACT
CGTTATGAAAAGTGGGAAGTACGTCCTGGGGTACAAGCAGACTCTGAA sun 3
GATGATCAGACAAGGCAAAGCGAAATTGGTCATTCTCGCTAACAACTGC > ﬂ’a;&aéqﬁu
CCAGCTTTGAGGAAATCTGAAATAGAGTACTATGCTATGTTGGCTAAAAC aedlalng
TGGTGTCCATCACTACAGTGGCAATAATATTGAACTGGGCACAGCATGC
GGNAAATACTACAGAGTGTGCACACTGGCTATCATTG _J

nMwdsznay 4.10 gﬂLLuumsﬁugﬂﬁu

422 FEIWMNITATNANHMLANIE N-UNTH

Hnginfitsznaudrsmsuiioan pwupnIsuduaanugnITNgas I@ygﬂ?}’
mmsm:qmm@mﬁw@inﬁﬁaamiﬁ%m%'ummﬁmﬁﬂﬁugﬂisw LRZRINITOLREN
anwasany n-unsy lalasdn n Ml ldnsmuairing 7 6un 1) 1-un3a 2) 2-un3a
3) 3-UNIN 4) 1-UNTUUAT 2-UNTN 5) 1-UNTUURS 3-UNTH 6) 2-UNTNUAT 3-LNTH LAz
7) 1-UNTU 2-UNTN WAZ 3-UNTH MIRSUMSIIRuAaNYmelan1d 2 3% fa A
Wz TF-IDF  @18819L7% LLﬂaaﬂﬂﬁuqﬂsiuﬁaﬂ"nmwﬁwmwhﬁ'u 303 fndlalant
LR EIANHILIANIE 1-UNTY LAY 2-UNTH NI IMFIBENFATULALANITaATHUD IR
WHINITNHBLLINIINNYK MAUAAIANBIZIANILE06T TF-IDF  asnwisznay 4.11
'ﬂﬂﬂﬁ?uﬂ@‘lﬂll “Apply Feature Generation” HaN YUl WL EAII T A ARAAN
ANWIUILANE gﬂLLmJé‘fﬂwm:mwmmzmé‘ﬂwm:mwwwaoﬁaaﬂwaﬁan&iummmzﬂéw

AU LEAIGINWLIzNaY 4.12

— Part 1: Feature Generation

1.1 Seguence segmentation by Window =ize : nucleotides 303
1.2 n-gram Feature Generation noGran : 1 and 2 v
1.3 Determining Festure %alue  Feature value: TF-IDF "

| ApplyFeature Generation

MNUTENBU 4.11 FIWNNIRINIANBUSLANE




50

— Result

+ @relation TFIDF

bR RANS LI SR MRS e oo e
< @attribute UP_C numetric

+ @attribute UP_G numeric
o+ @attribute UP_T numeric

5 @attribute DMN_A, numeric

o i@attribute DN_C numeric

* @attribute DMN_G numetic
+ @attrioute DN_T numeric

o @attribute UP_AA numeric
< @attribute UP_AC numeric
+ @attribute UP_AG numeric
o iE@attribute LP_AT numeric
< @attribute UP_CA numeric
* @sttribute UP_CC numeric
+ @attribute UP_CG numeric
+ @sttribute UP_CT numeric
o i@attribute UP_G A numeric
o @attribute UP_GC numeric
s @attriute UP_GG numeric
o @attribute UP_GT numeric

ATIAUAA AN HUSLANE ~

JULDDANHIAZIANIE

@attribute DM_GT numeric
i@attribute D_TA numeric
i@attribute DW_TC numeric
@attribute DM_TG numeric
@attribute OM_TT numeric
i@attribute class {1, 0}

essssssssdcccccens

ANBIULLANE

eececsecesesesesssscscscsesesrsecscscscsesesesssecscscscscsescscsscsctosel

103,001 0.02,0000,0.21,0.45 033 0 34,0.13,0.08.0.02,0.00,0.03,0.05,0.09,0.00,0 030 00,0 02,0.00,0.00,0.00,0.00,0.00,0.46 0 22,0 430 38
242,0.39,0.23,0.33,0.14,0.36,0.57,0.48,0.43,0.70,1

%0.03,0.03,0.08,0.17,0.30,0.38,0.24,0.25,0.1 3,0.00,0.06,0.00,0.03 0.07 0.1 8,0 08,0.03,0.03,0.15,0.11 0.1 0.13,0 08,0.22,0.92,0.32,0.51 0.32,0.33 0.13,1
%2,0.33,0.27,0.24,0.16,0.38,0.57,0.58,0.28,0.21 1

%1.08,0.04)0.09,0.38,0.27,0.39,0.20,0.33,0.32,0.16/0.04,0.17,0.08 1.05,0.37,0.12,0.07 0,01 0.15,0.27 0133 0.32,0.08,0 660,63, 0.22,0.47 0.70 0 36,0 42,0
$0,0.33,0.25,0.18,0.16,0.25,0.91,0.53,0.39,0.43,1

2.08,0.10,0.17,0.31 0.15,0.50,0.23,0.35,0.13,0.18 015,008 0.13,0.18 0.81,0.27,0.16,012,017 016,033 0.32,0.13,0.22,0.34,0.18,0.35,0.43 0 30,0.50,1
%42,0.45,0.19,0.42,0.14,0.29,0.45,0.53,0.50,0.70,1

30.01,0.01,0.01,0.00,0.21 0.56,0.27 0.20,0.00,0.00,0.04,0.00,0.05 0.02,0.00,0.00,0.00,0.02,0.00,0.00,0.00,0.00,0.00,0.00,0.42,0.47 0.35,0.1 5 045 0 53,2
$3,0.20,0.17 0.45,0.25,0.36,0.34,019,0.39,0.28,1 :
30.02,0.01,0.04,0.00,0.32,0.38,0.25,0.1 9,0.06,0.04,0.04,0.00,0.05 0.00,0.09,0.00,0.03,0.02,0.06,0.00,0.00,0.00,0.00,0.00,1.22,0.14,0.70,0.16,0.26,0.59,0
$1,0.20,0.27.0.33,0.20,0.34 0 45,0.14,0.36.0.28,1

%0.02,0.08,0.08,0.29,0.17 0.53,0.24,0.32,0.06,0.04,0.02,0.00,0.03 0.16,0.55,0.35,0.00,0.08,0.10,0.05,0.11 0.44,0.13,0.11,0.29,0.32,0.31 0.27 0.33 0 63,1
i1,0.46,0.21 0.33,0.23,0.25,0.23,0.48,0.47 0.75,1

%0.05,0.10,0.08,0.48,0.09,0.65 0.27,0.28,0.19,0.23,0.10,0.00,0.21 021 0.08,0.47,0.07 0.06,0.04,0.22,0.11 0.57,0.29,0.33,0.08,0.18,0.51 0.05,0.39 0 54,2
£3,0.36,0,02,0.39,0.25,00657,0.11,0.52,0.39,0.28,1

%.02,001,002,002,020,050,0 23,0 32,0.06,0.04,002,000,003,002,0 09,0 04,0.00,0.03,000,000,0.11,0.00,0 00,0.00,0.35,0.14,0.43,043 0.38 0 67,1
21,0.30,0.23,0.24,0.16,0.46,0.11,0.57,0.47 0.55,1

2.04,0.02,0.05,0.07,0.21 0.470.24,0.29,0.13,0.04,0.08,0.00,0.03 0.07,0.09,0.04,0.13,0.01 0.06,0.00,0.00,0.06,0.04,0.11 ,0.34,0.50,0.31 0.27 0.36,0.59,0
1,039,027 0,21 ,0.25,0.29,0.45,0.24,0.54,0.63,1

317,014,031 0.45,0.23,0.40,0.30,0.23,0.44,0.19,05 047,021 0.41,0.73,0.35,0.43,0.13,0.37,0.32,0.1 0.55,0.46,0.22,0.45,0.1 4,0 56,0.35 0.33,0.38,1
%2,0.230.31 033,027 01.38,0.34,048,0.36,0.21 1

021,011,

Sesebcec

ecesde

eebecsenesecssses

ceesdsene

ceee

®4escsbecseveses

25027,031,0.33007,0

os's

40.38,013,0.00017,0180.23,0

oeses

sesecaclees

Awlsenay 4.12 3‘]_] UULUAZAIDDINNHTALLANTE

4.2.3 SEIMNILADNANBHLLBNIL

I3 1 o v U ] =) v 1 =S

\duswinuatoyaidiveslasiinodszanifion dsznaudin 3 dau fa
1) glEiRananuusanz 1-unIu uaz 2-unIu dsimailansfanansusians 2) §lF
ARUATIWIBANWHSLANIZ LA 3) @%Lﬁaﬂé'ﬂmm:mwngﬂLLuUﬂauLéﬁwﬁ'a LRAIAY
mMwidizney 4.13 MusuinadanmsiRenansmsianizil 4 a21Ranlaun None wanuis
o & 2 A A [ v o ¢ .
ANHUSLANIZVIRUA CFS BUNEDY INARANILRONANHIULLAWIZFWTUNUKD Chi-Square
nunedd inafialaguals Gain Ratio wuud INARAIAIIEINIAK WAL Releiff wunuhs
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A AA a 6 6 a [ 1 A AA g a a v Y
maiasan laomnaiia laguals maiaaaIaIuwA% LazinaiaIan Lﬂumﬂuﬂmj’twao

ARUATIWIURNHULLANE ﬁﬂ%%’ﬂé’ﬂmm:mwngﬂLLﬂUﬂauLsnwffaﬁ 2 @aRanlaun

OFF wunens lutdan waz ON wanudy tRan

+2.1. Feature selection method

[Mone) w

(L Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
3

3

. Top-ranked Features

3
(L Y N N Y N Y XN
3

2.2, Conzensus pattern festure ot

v

(1)

®e0000000000000000000000000000000000000000000

MWUTzNay 4.13 FIUNILRONANHUSLANIL

Wagldnatlu “Apply Feature Selection” ldsuninazuaaidayaiinved

Iﬂix‘l‘lj’] pUIzRININLN EﬂLLUﬂﬁﬂHﬂﬂi:ﬂﬂUﬁ’) TALNARANIILRONAN WIS LANE

AN UL Lmzéhaai’m"iaagal,l,amﬁamwﬂs:nau 4.14

@relstion TFIDF Chi-Souare method a ) ﬂ ﬂ']iL an n WIPZLANIZ
@attribute UP_A numeric

i@attribute UP_C numeric
@attribute UP_G numeric
@attribute UP_T numeric
@attribute UP_AM5 numeric:
@attribute UP_AC numeric
@attribute UP_AG numeric: a
i@attribute UP_AT numeric > ANWIULLANTT 1-LNTN RS 2-LNTH
@attribute UP_CA numeric
@attribute UP_GA numeric:
@attribute UP_GT numeric
@attribute UP_TA numeric
@attribute UP_TG numeric
@attribute UP_TT numeric
@attribute DN_GC numeric:
@attribute UP_ATS numeric

@sttroute DN_STOP numerico- §7) WOIANEI LULADULTUT &

@attribute class {1,0}

@elata

0.030.010.02 000043008 0.020.000.030.030.000.000.000.000.330.000.001.004.001
0.030030.080170430.000.080000.03003041 011 0080220.240.000.001.004.001
0.030040090.380.32016 004047 0.08 007027 0.330080660.180.000.000.004.001
00930410047 0.310430190150090130460160.330130220420.000.001.004.001
0.01 0.01 0.01 0.000.000.00 0.04 0.000.050.000.000.000.000.000.450.000.001.004.001
0.020.01 0.04 0.00 0,06 0.04 0.04 0.000.05 0,03 0.000.000.000.000.330.000.001.004.001
0.0200280.090.290060.04 0.020000.030000.050.11 043011 0.330.000.001.004.001
0030100.090480490230100000.21 007022011 0290330.390.000.000.004.001
0.020.01 0.02 0.020.06 0.04 0.020.000.030.000.000.11 0.000.000.240.000.001.004.001
0.04 002005007043 0.04 0.080.000.030430.000.000.040.11 0.210.000.001.004.001

A11440119 R

ﬁaadﬁaﬁaga

nMwdsznay 4.14 ﬁagaL?Tﬁmadiﬂiaﬂiﬁﬂﬂixaﬂwtﬁﬂu
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424 FIMNITVIWILHAANS

Lﬂumiﬁwmm;@L’%Mﬁummﬂmﬁaﬁaume’wﬂi:mmﬁw lagsIuns
MuwsuaansUsznaudme 1) msmuuasadasnssulassnsdszanifsusuuniig
UT A AHAL o IRAETH Laz 2) manasavladivion n§w

FA0f1 1 ﬂs:ﬂauéﬁﬂmiLLamﬁi’mmI%u@%uﬁa%mL“iTﬁ (Input  Nodes)
snwnlnuatuton (Hidden Nodes) uazdiwinseulunsvineu (Epoch) loaudaya
WU AUATTON LaZINWINTOUM TN aTus M ENUINYNTS  §RTUNNS
ﬂsuﬁuﬂs:'ﬁw%mwimmhUﬂ‘szmwLﬁﬂu;ﬂﬁawu13nﬁ1%uﬂﬁiwuauﬂ§ju (k -Folds) aa4

mInasay Uasule LraIGINIWLTZNaY 4.15

— Part 3 Prediction
— Architecture neural networks

Imput Layer : nodes annulnuaan
Hidden Layer : nodes 10 e‘ﬁmmi'ﬁuﬂ 'ﬁ)‘u
Ul e s s 500 SIUsAUMEIMI Y
— Test Cption
Cross validation: Folds 10 NIUNgUUBNANATOL

 CEvalustePrediction

MWUIENay 4.15 SIBMITNUILHAANT

Lﬁﬂﬂ@ﬂ&l “Evaluate Prediction” l/SWNINALUEAINANITHNWILVDILARS
NYNTBYANATIL LFAIGINIWLITZNOY 4.16 lagHaM YN8l sznaumBIaINIRIN9
LUUINRDY a‘hmuﬁ’;amaﬁﬁmmgﬂ $1ING0E19NTNUBAA 1aZAITIIREWAITY
\WASND

NAnUIEnay 4.16 LLamﬂTaQamaaumjuﬁ 5 919 7 @989l 1w ﬁaﬁa
maaumjuﬁ 5 ldansaisuwuudiaeavinny 0.71 3w é”aasmﬁ%'@mjugﬂwhﬁ'u

48 A9 AaLllu 97.96% LLazé"msmﬁ%'@mjuﬁmﬁ’]ﬁ'u 1 @089 aaLllu 2.04%

425 @WMNIIULEAINANIINNGIN
[ U o ' U ¥
Lﬂ%ﬁ’]%LLﬁ@]\‘]Naﬂ’]Tﬂ’Nﬁuﬁ]’]ﬂLL@]&Z&’)%%@(‘II‘U?LLT’]?N I@mﬂ*ﬁmmm

ﬂuﬁnwaé’wﬁﬂﬂm‘i’muaqa .mat #28MINazla “Save Result’
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Hotototot- Fold | 5 -ttt

Time taken to build model:  0.71
Correctly Classified Instances
Incorrectly Classified Instances
== Confuzion Matrix ==

True Falze <=--- Predicted

4 1 True

0 44 Falze

+otobtt- Fold B bttt

Time taken to build model 080
Correctly Clazsified Instances
Incorrectly Clazsified Instances
== Caonfusion Matrix ==

True False =--- Predicted

4 1 True

1 43 Falze

Hobetotot- Fold | 7 ot

Time taken to build model 083
Correctly Classified Instances
Incorrectly Classified Instances
== Confuzion Matrix ==

True Falze <=--- Predicted

S 0 True

1 43 False

seconds
45 87 .96 percents
1 2.04 percents

seconds
47 9592 percents
2 4.05 percents

seconds
45 87 .96 percents
1 2.04 percents

MWUIzNaU 4.16 NaaWwiMIiNwIavadlassansdsesniney



UNN 5

wamwﬂaamazuw%ﬁwf

UNTz UL AR NAaNEA LHI1NNITNARIAN UL U8 INTRIUN Y
Q@L’%Nﬁ%ﬂﬂiLLﬂﬂiﬁ'ﬁI@ﬂlﬁ% TF-IDF uazlassanedseamifion (The TF-IDF and Neural
Networks Approach for Translation Initiation Sites Prediction: TFIDF-NN-TIS) luns
maaﬂfﬁa;ﬁm 3 gadays fa Tayn Vertebrate Taaa Arabidopsis thaliana uazTaya
TIS+50

51  gaayadilglunsnaass

%HaﬁlﬂumimaaaﬂizﬂauﬁaU 3 gadaya Ae Tatoys Vertebrate 7
Taua Arabidopsis thaliana WazTAlaYa TIS+50

511 qaﬁ’aga Vertebrate (Pedersen and Nielsen, 1997) Lﬂwg@"ﬁaga
°11aaﬁiamamnﬂLf:aLﬁamaaéf@’fﬁﬂs:@ﬂﬁuwé'ﬂ@mwiazmﬂﬁuqﬂsswﬁqﬂﬁuﬁummﬂa
ENDI 1 dunile anagadaysinng udaya GenBank Q@L%NﬁuﬂﬁiLLﬂaiﬁaﬂzﬁ
Funiiadlelnaluswaaiuatnaies 10 Hadlelng waziidrwiniadlalnaluaan
geFnatIney 150 fAadlalng ﬁaﬁnﬂmﬂWugmmaxmumzmumiﬁﬁ@duuﬁ"l&iﬁ
%% (Non-Coding Region) uaznszuaumsiiioudadiuiiiissna (Coding Region) 191

AIENW

>206 BBCALCB.1 CAT X71666 ;TIS=57
CCGTCAGAGCGCCGACACTCTTCTCTGTGCGAGCGAGCCGCCGACCGCCAAGCAAAATG
GGAAATGAGGCAAGTTATCCTTTGGAAATGTGCTCACACTTTGATGCAGATGAAATTAAAAG
GCTAGGAAAGAGATTTAAGAAGCTCGATTTGGACAATTCTGGTTCTTTGAGTGTGGAAGAG
TTCATGTCTCTACCTGAGTTACAA

AMwisenay 5.1 éﬁﬂihdﬁ?ﬂﬁ%‘gﬂii&lﬂﬂd’g@‘ﬂlﬂﬁla Vertebrate

54
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5.1.2 ’ﬁqﬂifaga Arabidopsis thaliana %38 A.thaliana (Pedersen and

Nielsen, 1997) Jugadaysirlasudazaoiugnisndyasudunisudasiaiios 1

dunis anagatayaang udays GenBank Jaiudun1ulaiaazlduiuiiiagle
o = 1 v a al [ 3 A o a a 6 a ' v

IndludwaaIuatrates 10 fradlalng uazlisrwuindlalndluaidaasvatetes

150 faadlalng NytinnanoiusnIwaziunIzuINMIMTad 1w lifiswa (Non-Coding

Region) LagNITLIWMILTaNGA0EIBNNIAF (Coding Region) LTN@18N%

>167 AT2A6.1 CAT X83096 Eukaryotae; .... Arabidopsis. Arabidopsis thaliana;TIS=18
CACGCGTCCGAAGCAAGATGGAGTCAAGTGATCGTTCAAGTCAAGCAAAAGCTTTCGACGA
GACAAAAACCGGCGTGAAAGGGCTTGTGGCTTCGGGAATCAAAGAGATTCCAGCCATGTT
CCATACACCTCCGGATACTCTAACAAGCCTGAAACAAACAGCACCA

nwlsenay 5.2 éTaasmmUﬁugﬂﬁumaa‘q@%ga Arabidopsis thaliana

51.3 %AUayA TIS+50 (Nadershahi et al., 2004) u“ﬁlummalﬁmaé?ue]
Usznaudisdiuin 50 spdiduie laonnanofiduledl Open Reading Frame %3a ORF
Huaa LL@iazmﬂﬁﬁhwﬁaLﬂu‘*ﬁaamﬂﬁg@L’%Nﬁummﬂmﬁa (TIS) Vlﬂﬁ'aiﬂmauﬁq@ laun
lanau TAA TGA #3a TAG uaaddsnwiliznay 5.3 LL@iaza’]Uﬁuqﬂiiuﬁqm’%uﬁumi
WURTARLNES 1 LA

>gi|2010512|gb|AA358121.1| EST67041 Fetal .... mRNA sequence; TIS=36
TTGGTTGGGGGCCGTCCCGCTCCTAAGGCAGGAAGATGGTGGCCGCAAAGAAGACGAAA
AAGTCGCTGGAGTCGATCAACTCTAGGCTCCAACTCGTTATGAAAAGTGGGAAGTACGTCC
TGGGGTACAAGCAGACTCTGAAGATGATCAGACAAGGCAAAGCGAAATTGGTCATTCTCGC
TAACAACTGCCCAGCTTTGAGGAAATCTGAAATAGAGTACTATGCTATGTTGGCTAAAA
CTGGTGTCCATCACTACAGTGGCAATAATATTGAACTGGGCACAGCATGCGGNAAATACTA
CAGAGTGTGCACACTGGCTATCATTG

mMwisenau 5.3 é'haﬂ'm‘imuﬁuﬁqmiwaa"gwﬁa;&a TIS+50
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5.2 nInaaag

5.2.1 N132aNUUUNIITNARDY

igumaumaoLLuur{haaami‘ﬁﬂmugm’%uﬁummﬂmﬁ'ﬂ@ﬂf*ﬁ%%' TF-IDF
wazlasstnuUszamiiion (TF-IDF-NN-TIS) § 5 duaaw fa Tuaeuil 1 msutisany
WHENTIW TUADUA 2 MIFTISNBUAAMZ n-UNTW TUABUA 3 MIFenanBmzan:
Tuaaui 4 MIRTHANEBULANIETUUD LA DU TUTE WAZTUABUT 5 MIIEHAaNE
Gamwdsznay 3.1 SNIMaRaiInee 4 WU Aa MINAREI A B C waz D MINAREILA
AZUULTTUABUMINARBILANAITULERIG I TI7 5.1 Tasfigyaneol v nuned

Tuaannk kacFuanwol X nanaieldviauaaunns

N9 5.1 PUAOUNIINARIVDINIINAABILARZULLIL

YUAaUN 2 ” 4 Yuaaud 4
L 4 . Tuaauh 3 L. » y
TUADUN 1 MR ) MIRTNANBIE | Duaawi 5
, . mIean .
MINARaY | NIULSENY | SNEmMlaws | wzzluuy g
. ANHILLANZ . ..
WUNITW n-unsu R AAULTUTE HRAWD
(R)
(M) (CP)
A v v X X v
B v v v X v
@ v v X v v
D v v v v v

nsiwsyalsuduntsudasialdlassinodszamnifivuuunlddmidiman o Tu
(Feedforward Multilayer Neural Networks) luauaaunisaawlasstinaitazlsiznnssed
Haunay (Backpropagation Algorithm) I@ﬂlﬁ'ﬁdﬁ{um:@uﬁﬂuaﬂﬁ (Sigmoid Activation
Function) JuwWsntun1sutasdn (Transfer Function) tHhasannwengunisuiasanil
o @ \ A v  aa v o A o A9 o A oA

anudaanlulasnenaanaedsnissadaunay Sownaunltearsdianudaiiias
T g aLan mmmm@hmgﬁuf’lﬁ LRZdNEAINITRIWITE MRwaaa1daanIsNVed
lavstnedszaniftoariniy 3 ou lduntudayaidh Tudon uazTuHaaws lastudoya
NI nlRuain AL IR N B MLIANITNA RIS NwndayatuTan (Wnuee H)
A o ° @ & v & Y A o

fd 1w 10 Tnua uwazdrududayaTuuaaInaans (unudin 0) H5wan 1 lnua

Uz UNRANT ﬂdIﬂ'ﬁx‘i“li’] glszaNINaNan ﬁ%’%mimaaﬂm'ﬁiﬂﬁﬂmmu k ﬂa;&l
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AMInaasdkdazuuuigandasnstulassdineUssanifAo s uunul g
ﬂizmawasiaw.mﬂ%ulu%uﬁagaLﬂTWLL@m@mrTuéTmeﬁ 5.2 lagn1snaaaduuy A 8
Teyadiduanumsiants  n-unsy manasesuuy B ddayaiiuiuanwmziani:
N-UNTY ARwATIRandrsmafianisiaonansmeiante laun inafianisidan
ANBULANIZRRFNAUT (CFS) tnafialaauals tnafindasnainwiny wazinaiaIan-taw
mnaaesuuy C  Idayadidusnvazianiz n-unsu wAUsNBIzIaWEE99N
JUnDuABMTWTE LazNINasaduUy D Idayaidnduansusianiz n-unsu ArunT
LRENAINARANITLRANANHIALLANNE LLazé'ﬂwmzmwnﬁaﬁ”wmnEﬂmeaumwﬁ'a
NA397 5.2 Avnald M fa SNBUaNIZ n-unTN R Ao SNHMZaNIZUEY n-unTa
Arumsaandisinafiinnisiaenanemsan: CP ao anuUzaNIza97luLLLAaY
TwtE H AoTutoui i1l nnayiniy 10 1nue waz O Ao TuHasWEII 1w Iwlnue
Winnu 1 lue

797 5.2 N1T8ANLLUUNINARDY LL&Z&G’]ﬂ(ﬂUﬂiﬁ&l"lladIﬂixﬁﬂj’]Uﬂ‘iza’WﬂLﬁE}M

ANHUSLANE ANHUSLANE
e ) . sondasnyv
NMINanad ArwMILRen SUUUUAD LT UTE , .
u lasednedszaniiisy
(R) (CP)
A X X M:H:O
B v X R:H:0O
C X v (M+CP): H: O
D v v (R+CP): H: O

5.2.2 HANISNARDY
TwAani 1 MIULIFIENHINITN aﬁuﬁa‘i’aﬁl‘*ﬁm"ﬁaga 3 gaioys leun
70781 Vertebrate ATBYA Arabidopsis thaliana uazataya TIS+50 udazyadayail

Qmé’nmmummé’omswﬁ 5.3 Lwia::mUﬁuqﬂiiwﬁﬁ;ﬂL'%;J@Tummﬂasﬁ'mﬁm 1 @A

TAT0YN Vertebrate ﬂszﬂauﬁ’gmmmﬁuqﬂﬁwﬁy’ammmﬁ'ﬂ 3,312 &8
ﬁuqmiu ilanan ATG AR TINRIRUALTINTL 13,503  @LAU IMNEBULIEY
ﬁu‘gﬂiiuLﬂuﬁﬁﬂﬁuqﬂiiwﬂaﬂﬁﬁU%%ﬂ@%ﬁﬁ@i’]dﬁﬁadﬂ’li a2 lddat1ensnuainay
13,503 shadsutiaiuaratranguuindiwin 3,312 a1 Aalu 24.5% uazaiaing
NENALI UL 10,191 A28:n9 Aanilu 75% é’aﬁ?ué'mwmmzmwﬁaganﬁjumﬂ@iaﬁaga

GLHEH fa1da3
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T ANMUENMIRY | ANVLIIENY | ANNLNIENY | W% | WIN | D9MEIW
RMGEE WHFNITN WHFNITN WHINTIN | NANLIN | NANAL | NENLIN G
gqu 81784 dulng) NYUAL
Vertebrate 169 299 299 3,312 10,191 1/3
A.thaliana 169 299 299 523 1,525 1/3
TIS+50 197 1,112 469 50 469 1/9

7a783a A.thaliana ﬂi:ﬂauﬁwmﬂﬁuﬁqmwﬁwm 523 EUWUHTNITY
ilanaw ATG ARINTUNNINUALYINGL 2,048 dwta mﬂﬁ?w,n_iamﬂﬁuqnﬁmﬂumm
ﬁ'uﬁqmiuﬂaﬂﬁwmmwﬁwhaﬁﬁaami ﬁ]:"l,ﬁé'aaﬂ'wﬂsjumm‘i"mm 523  @10819 Aa
\u 255%  waziodenguay 9uan 1,525 e1ad19 Aalilu 74.5% SoUueATEIN
senindeayanguuindadayanguay Ae 1 ¢a 3

TaTaNs TIS+50 ﬂs:ﬂauéﬁUmﬂﬁugﬂﬁwﬁ”’wwmmﬁu 50 &1
WHTNTTY ilanow ATG ARINTMTIRNAYNAD 519 G1UARS mnfuuﬁamsﬁugmm
Lﬂuaﬂﬂﬁuqmmﬂaﬂﬁawmwﬁwhaﬁﬁaoﬂ’]iﬁ]zvlﬁé‘aasmmjwmm‘hmu 50 @889
Aauiln 9.6% UazeIBHNNENALTIWIL 469  aa8En9 Aalin 90.4% S NaATIEIN

S:ijﬁayamjmmn@iaﬁagaﬂ@:mu fa1¢a9

ARAAWN 2 NITAIVANHMLLANIE  n-WNTN  ANBHLANIZN LN

INATA 1-LNTHN 2-LNTN W38 3-UNTY NI IEIBINFATULAZANIUFATULRAINIAI1TIN 5.4

NI 5.4 AaNHILLANIE 1-UNTY 2-UNTN ®I8 3-UNTNEINILNINAR D

ANHUSLANZ dnasune

snwuslanzldan 1-unsu
UP_AUP CUP GUP_T . e a
Tugrmawaasy

snwmslanzldan 1-unsu
DN_A DN_C DN_G DN_T , a
Tugrnaiza sy

UP_AA UP_AG UP_AC UP_AT UP_GA UP_GG UP_GC UP_GT | snumsianwisfileain 2-unva
UP_CA UP_CG UP_CC UP_CT UP_TA UP_TG UP_TC UP_TT
DN_AA DN_AG DN AC DN AT DN_GA DN_GG DN_GC
DN_GT DN_CA DN_CG DN_CC DN_CT DN_TA DN_TG

DN_TC DN_TT

TugInanaas

AN U mwvzﬁ"lﬁmﬂ 2-un3y

1 6 a
Tugrnaiza Ty
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PN o A o o \
ATNN 5.4 aNWUSLANIZ 1-LNTU 2-LNTYU K38 3-bNTURINILUNIING R (@la)

ANHIUSLANE

A1aduNY

UP_AAA UP_AAC UP_AAG UP_AAT UP_ACA UP_ACC
UP_ACG UP ACT UP_AGA UP AGC UP_AGG
UP_AGT UP_ATA UP_ATC UP_ATG UP_ATT UP_CAA
UP_CAC UP_CAG UP CAT UP_CCA UP_CCC
UP_CCG UP_CCT UP_CGA UP_CGC UP_CGG
UP_CGT UP CTA UP CTC UP.CTG UPCTT
UP_GAA UP GAC UP_GAG UP _GAT UP_GCA
UP_GCC UP_GCG UP_GCT UP_GGA UP_GGC
UP_GGG UP _GGT UP_GTA UP GTC UP_GTG
UP_GTT UP_TAA UP_TAC UP_TAG UP_TAT UP_TCA
UP_TCC UP_TCG UP_TCT UP_TGA UP_TGC
UP_TGG UP_TGT UP_TTA UP_TTC UP_TTG UP_TTT

ANBULANIZN bFAN 3-wNTN

Tugnanaas

DN_AAA DN_AAC DN_AAG DN_AAT DN_ACA
DN_ACC DN _ACG DN ACT DN _AGA DN_AGC
DN_AGG DN_AGT DN ATA DN _ATC DN_ATG
DN_ATT DN_CAA DN_CAC DN _CAG DN_CAT
DN_CCA DN_CCC DN _CCG DN_CCT DN_CGA
DN_CGC DN _CGG DN _CGT DN CTA DN_CTC
DN_CTG DN _CTT DN _GAA DN _GAC DN_GAG
DN_GAT DN_GCA DN_GCC DN_GCG DN_GCT
DN_GGA DN_GGC DN_GGG DN_GGT DN_GTA
DN_GTC DN_GTG DN _GTT DN TAA DN_TAC
DN_TAG DN_TAT DN TCA DN TCC DN_TCG
DN_TCT DN_TGA DN_TGC DN _TGG DN_TGT
DN_TTA DN_TTC DN_TTG DN_TTT

ANHULANIZN bFAN 3-wNTN

1 4 a
TugwaizaIy

FIRITULARSA NI LANITYDINIDLNIR TR UARTIAN B IS LANITAIE

Aawd wazen TF-IDF lagaianudidumsiusiwinansasianizndnnglualadig

L o Y . \ o & o = o [ ]
Gﬁdmaﬂﬂmzmwnﬁ%%aQlumawaamu’mmwguﬁ LRSITUIVLANUIN §FTRIUAN

TF-IDF  df leaztduwinuiwaSanaaasue 0 tiuew il éf’m&i’mﬁu"g@ﬁaga Vertebrate
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LLﬂGﬁﬂﬂﬁ%‘gﬂiiN@ﬁUm%ﬁ@ﬂﬁﬂ@ﬁd 303 ﬁ']ﬂaIQVLVI@T ﬁ%’%‘ié'ﬂizl'ﬂl,ﬂ@ﬁ\l']z 1-NTN RS
2.UNTN  SIIIBENHIEIANIEHIRUALTINAL 40 WUFN fnANAueIiiat1sUIng 1
fRTLANMIMLANIZ UP_A UP_C UP_G UP_T DN_A DN_C DN_G uaz DN_T e
N 12 22 15 7 46 20 37 UaY 44 MUEGU LRAIGIAN19T 5.5 Wazen TF-IDF w89
f089UINT 1 §RSUSNEIMIaNTz UP_A UP_C UP_G UP_T DN_A DN_C DN_G ua
DN_T {@11nu 0.14 0.25 0.16 0.12 1.14 0.54 0.84 Lag 1.24 AN LFAIAIAIIN
756

%

ANT19N 5.5 A1ANND MQNﬂQ’umnﬁ 199 10 283709 8YA Vertebrate

5 frnud
ANBLANE
1 2 3 4 5 6 7 8 9 10
UP_A 12 11 2 3 45 48 55 10 6 15
UpP_C 22 40 27 6 23 21 16 8 6 7
UP_G 15 30 19 5 41 35 34 10 6 10
UP_T 7 21 6 5 40 45 44 2 6 8
DN_A 46 43 27 35 39 30 63 45 40 29
DN_C 20 29 41 26 35 44 25 35 40 46
DN_G 37 45 49 37 40 42 39 26 37 33
DN_T 44 30 30 49 33 31 20 41 30 39
UP_AA 3 0 0 2 20 16 19 2 2 7
UP_AC 3 8 0 0 6 3 7 2 0 3
UP_AG 5 3 2 0 11 13 15 4 3 3
UP_AT 0 0 0 0 8 16 13 1 1 1
UP_CA 4 3 2 0 6 11 5 4 2 3
UP_CC 6 18 13 2 2 3 3 1 1 0
UP_CG 8 8 9 2 9 2 2 3 0 1
UP_CT 4 10 2 2 6 4 6 0 3 3
UP_GA 5 7 0 1 8 11 18 3 2 4
UP_GC 8 6 10 1 10 9 2 4 2 1
UP_GG 0 12 5 2 12 7 5 3 1 2
UP_GT 2 5 4 1 10 8 9 0 0 3
UP_TA 0 1 0 0 10 10 12 0 0 1
UP_TC 4 8 3 3 5 5 4 1 2 3
UP_TG 2 6 3 1 9 13 12 0 2 3
UP_TT 1 6 0 1 16 17 16 1 2 1
DN_AA 17 19 5 1 1 10 25 15 10 3




PN ' A
13741 5.5 ANAINNDNAN

%

ashomjumnﬁ 19910 maamﬁaga Vertebrate (¢18)
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y A
ANWTUSLRNIE
1 2 3 4 5 6 7 8 9 10
DN_AC 5 7 11 4 9 8 4 8 11 10
DN_AG 13 9 10 | 10 | 10 9 25 | 11 12 8
DN_AT 10 8 1 10 8 3 8 11 7 8
DN_CA 7 6 8 5 13 | 10 | 14 | 13 | 12 | 10
DN_CC 2 5 8 3 9 15 4 10 | 10 | 17
DN_CG 1 5 9 5 6 4 2 2 5 1
DN_CT 10 | 13 | 16 | 13 7 14 5 10 | 13 | 17
DN_GA 16 | 13 | 11 10 | 14 6 21 8 15 8
DN_GC 5 10 | 15 8 8 13 | 10 6 9 9
DN_GG 8 16 | 16 8 13 | 15 5 3 9 10
DN_GT 8 6 6 11 5 8 3 9 3 6
DN_TA 6 5 3 9 1 4 3 9 2 8
DN_TC 8 7 7 11 9 8 7 11 10 | 10
DN_TG 14 | 14 | 14 | 13 | 10 | 13 6 10 | 1 13
DN_TT 16 3 6 15 | 13 6 4 10 7 8
a13797 5.6 @1 TF-IDF éhaammjumnﬁ 19410 V8I7aTaYa Vertebrate
5 @1 TF-IDF
ANWIUSLANIS
1 2 3 4 5 6 7 8 9 10

UP_A 014 | 013 | 0.02| 004 | 054 | 058 | 066 | 0.12| 007 | 0.18
UP_C 025| 046 | 031| 007 | 027 | 024| 019 | 0.09| 007 | 0.08
UP_G 0.16 | 0.32| 020 | 0.05| 044 | 037 | 036 | 0.11| 006 | 0.11
UP_T 012 | 037 | 011| 009 | 071 | 080 | 078 | 0.04| 0.11| 0.14
DN_A 114 | 1.06| 067 | 086 | 096 | 074 | 155 | 1.11| 099 | 0.72
DN_C 054 | 078 | 1.10| 070 | 094 | 1.18 | 067 | 094 | 1.07 | 1.24
DN_G 084 | 1.03| 1.12| 084 | 091 | 096 | 0.89| 059 | 0.84| 075
DN_T 124 | 085| 0.85| 1.39| 093 | 0.88| 057 | 1.16 | 0.85| 1.10
UP_AA 0.35| 0.00| 0.00| 023 | 233 | 1.86| 221 | 023| 023 | 0.81
UP_AC 026 | 0.71| 0.00| 0.00| 053 | 0.26| 062 | 0.18| 0.00 | 0.26
UP_AG 024 | 015| 0.10| 0.00| 053 | 063 | 073 | 0.19| 0.15| 0.15
UP_AT 0.00 | 0.00| 0.00| 000 | 1.08| 217 | 176 | 0.14| 0.14 | 0.14
UP_CA 022 | 047 | 011 | 000 | 034 | 061 | 028 | 022| 0.11| 0.7
UP_CC 044 | 131 ] 094 | 0415| 015| 022 | 022| 007 | 0.07| 0.00
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. ¢ TF-IDF
ANWTUSLRNIE
1 2 3 4 5 6 7 8 9 10
UP_CG 191 | 191 | 215| 048 | 2.15| 048 | 048 | 0.72| 0.00| 0.24
UP_CT 0.26 | 065| 0.13| 0.13| 0.39| 026 | 0.39 | 0.00 | 0.20 | 0.20
UP_GA 0.30 | 041 | 0.00| 0.06| 047 | 065| 1.07| 018 | 0.12 | 0.24
UP_GC 048 | 0.36| 060 | 006 | 0.60| 054 | 012 | 024 | 0.12 | 0.06
UP_GG 0.00| 092 | 038| 0.15| 092 | 054 | 038 | 023 | 008 | 0.15
UP_GT 021| 052 | 041| 010 | 1.04 | 0.83| 093 | 0.00| 0.00 | 0.31
UP_TA 0.00| 022 | 0.00| 0.00| 224 | 224 | 268 | 0.00| 000 | 0.22
UP_TC 028 | 056 | 021 021| 035| 0.35| 028 | 0.07 | 0.14 | 0.21
UP_TG 0.13| 038 | 0.19| 0.06| 057 | 0.82| 0.75| 0.00| 0.13 | 0.19
UP_TT 0.15| 090 | 0.00| 0.15| 239 | 254 | 239 | 0.15| 030 | 0.15
DN_AA 247 | 243 | 064 | 140 | 1.40| 128 | 319 | 192 | 128 | 0.38
DN_AC 056 | 078 | 1.23| 045| 1.01| 0.89| 045| 089 | 1.23| 1.12
DN_AG 110 | 076 | 0.84 | 0.84 | 084 | 076 | 2.11 | 093 | 1.01| 0.68
DN_AT 124 | 1.00| 012 | 124 | 1.00| 037 | 1.00| 137 | 0.87 | 1.00
DN_CA 059 | 051 | 068 | 042| 1.10| 0.85| 1.19| 1.10| 1.02 | 0.85
DN_CC 028 | 071 | 1.14| 043 | 128 | 213 | 057 | 142 | 142 | 242
DN_CG 036 | 181 | 326| 181 | 218 | 145| 073 | 073 | 1.81 | 0.36
DN_CT 098 | 127 | 156 | 127 | 068 | 137 | 049 | 098 | 127 | 1.66
DN_GA 142 | 116 | 098 | 089 | 1.25| 053 | 1.87 | 071 | 1.34| 0.71
DN_GC 059 | 1.18| 177 | 095| 095| 154 | 118 | 071 | 1.06 | 1.06
DN_GG 102 | 205| 205| 1.02| 166 | 1.92| 064 | 038 | 1.15| 1.28
DN_GT 118 | 0.89 | 0.89| 162 | 074 | 1.18| 044 | 133 | 044 | 089
DN_TA 144 | 120 | 072 | 216 | 024 | 096 | 072 | 2.16| 048 | 1.92
DN_TC 097 | 085| 085| 1.34| 1.09| 097 | 085 1.34| 121 | 1.21
DN_TG 115| 115 | 1.15| 1.07 | 082 | 1.07| 049 | 0.82| 090 | 1.07
DN_TT 2.81| 053 | 1.05| 263 | 228 | 1.05| 070 | 1.75| 123 | 1.40

WADWN 3 NIIADNANWISEANIE G UAUNIIRANINBILLANIZEIATY

d QI v a v v J v a s
ﬁﬁ']u'ﬁﬂizlql’il@ LINAWNITWL E‘li‘ﬁﬁvl.@gﬂ@ﬂ\‘i VNUU ANARANITLRENANHIUSIANTE

RRFUAUT (CFS) tnafia laguars maadasaiwnu uwaznaiadan-taw wWisufiey

ANBULLANIZNHIWANTLRONFIRTUAIAINNDLAZAN TF-IDF

wudwﬁm%’ugwﬁaga

Vertebrate "gwﬁaga A thaliana LLazﬂnga%la TIS+50 HANHULLANITNHIUNITIRANEIRTL
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A10uA uaz A1 TF-IDF 1wilaniu dradaiTu Lu.iamﬂﬁuﬁqmsuﬁwmmwﬁwm 303
faalalng aIanHUanNIz 1-LNTY LaT 2-WNTY LRONANHUALLANIY GRVEITE RV REE
Vertebrate Laananumzianizdismaiinlasunig wuin ansmsiawizfidiwnmsiaen 5
ﬁﬁﬁmmﬂﬁﬁﬁfﬂﬁ’]ﬁtygaq@ §w3uUA1ANA Ao DN_G DN_C DN_T DN_GC DN_CT 4
\wilawiuen TF-IDF #a DN_G DN_C DN_T DN_GC DN_CT U&aI63013197 5.7

AN319N 5.7 AaNBULLANIZNHRIUNITLRANEIRILAIANNUD Laz@ TF-IDF maoq@*’ﬁaga

Vertebrate
Fowmedia EﬂLLUUﬁﬂHmsz’l:ﬁmuLaﬂﬂ
mnﬁaﬂﬂwmxmww: Gi’]ﬂ’J’]SJ?]I @1 TF-IDF

aka CFS DN.A DN.C DN.G DN.T|DNA DN C DN.G DN_T

(F3a@n@anYNNLU 14 anwme) | UP_.AT DN_AC DN_AG | UP._ AT DN_AC DN_AG
DN.CA DN CG DNCT|DNCA DNCG DNCT
DN.GC DN GG DN GT|DN GC DN GG DN _GT
DN_TC DN_TC

wafialaauals DN.G DN.C DNTDN.GC |DN.G DN.C DN.T

(gﬂ%ﬁmummﬁu 5 ANMTU) DN_CT DN_GC DN_CT

NARADATIEILN DN_.G DN_C DN_T DN_A |DN_G DN_C DN_T DN_A

@lEiwuaiiny 5 anwme) DN_CA DN_CA

nadaIan-tan DN.C DN.A DN.G DN_T |DN_C DN_A DN.G DN_T

@lEiwuariiny 5 ansme) DN_AG DN_AG

ﬁaaﬂﬁdmﬁa;&a Athaliana an®laNIZNEIBNNSIRaNAInaTla CFS
fwsud1aud #a DNA DN_.C DN_G DN_T DN_CG Gainilaufiudn TF-IDF e
DN_A DN_C DN_G DN_T DN_CG ugade9a13197 5.8

= % . A o o A ' o
13797 5.8 AaNWIUSLAWIENNIUNITLRBNRIRIVANANNUD LAz TF-IDF Tﬂdﬁ@mﬂ;&ﬂ

A.thaliana

o a o a A
TALNATE EﬂLLuUﬂﬂHmzLﬂquﬂN']uLﬂaﬂ

MILRENNBIULLAN A1nNNn @1 TF-IDF

wafia CFS DN.A DN.C DN.G DN_T|DN_A DN_C DN_G DN_T

(F3a@nfonyinny 5 anwue) DN_CG DN_CG
wmadiealaguais DN.C DN.G DN.T DN.A | DN.C DN_G DN_T DN_A
H@lEihwuariiny 5 ansme) DN_GC DN_GC
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A o A A o ] a . @
AT NN 5.8 ANWULLANWIZTNHNIBNITLRANKRIRILAININND LazA1 TF-IDF Taﬁ"g@"ﬂaéﬂla
A.thaliana (§8)

Fownafia EﬂLLuuﬁﬂﬂmuam:ﬁmmﬁaﬂ
MILONNBULLANZ franud @1 TF-IDF
WMARASATIRIULNG DN.C DNA DN.T DN.G|DN._C DN_A DN_.T DN_G
@liwuariiny 5 ansme) DN_CT DN_CT
madaIan-tan DN.T DN.A DN.C DN G |DN_T DN_A DN_C DN_G
@liwuariiny 5 ansme) DN_TC DN_TC

A o v a

ﬁaaﬂﬂaq@ﬁaa&a TIS+50 LRANANBIASLANITAILLNABAIAN-LaW WL
[ A A o @ Ad o o, o ° o A oA
anumzlaRIENdIuMIEen 5 SauuInilteiaggiga dmid1aul Aa DN_GC
= o
UP_T UP_AT UP_A DN_CT @utnilauniuen TF-IDF @#a DN_GC UP_T UP_AT UP_A

DN_CT ua@369an3197 5.9

A13149N 5.9 ANBULLANIZNHIUNITIRANEIRILAIANNUD Laz@ TF-IDF maoq@"ﬁaga
TIS+50

P Y . JuuuuanwMsaNENdwReN
Tamafiamaianansmslanz

frnnud @1 TF-IDF

naka CFS UP.A UP.C UP.T DN_C|UPA UP_C UP_T DN_C
(FB3FANRONYINNL 13 anwme) | UP.AG  UP_AT  UP . CA | UP_AG UP AT UP_CA
UP.GA UPTA UPTG|UPGA UPTA UP_TG

UP_TT DN_CG DN_GC UP_TT DN_CG DN_GC
wafialaauals UP_AT UP_TG UP.A UP.T|UPAT UP TG UPA
(Hldnuaiviniy 5 anwoe) UP_GA UP. TUP C
IARASATIRIWING UP_AG UP._GA UP. G UP.C|UP AG UPGA UPG
@lEiwuariiny 5 ansme) UP_A UP_CUP A
madaIan-tan DN_GC UP.T UP AT UPA|DNGC UPT UPAT
(gﬂ%ﬁmummﬁu 5 ANMTU) DN_CT UP_ADN_CT

NAT99 5.7 89 5.9 ugasliiFuinsmanansmeanzidiwmItaen
fumefin CFS I miusnumsianizimunmsiaonitasnin 40 1&ua §208190T% 70
Toua Vertebrate f5mInan B lanEANIuNTIEanYiniU 14 Ao DN_A DN_C DN_G
DN_T UP_AT DN_AC DN_AG DN_CA DN_CG DN_CT DN_GC DN_GG DN_GT uay
DN_TC u&ada3a13197 5.7 7aUaya Athaliana f5unsnsusanzfidinmaen

¥ifiu 5 #a DN_A DN_C DN_G DN_T uaz DN_CG Usasfian319i 5.8 (RES OVRER
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TIS+50 RINUIUANBULANIZNHIUNNTIRENYINAL 13 anwiue fia UP_A UP_C UP_T
DN_C UP_AG UP_AT UP_CA UP_GA UP_TA UP_TG UP_TT DN_CG uaz DN_GC

o o a 6 a [ 1 Aa AA I a

AWTUNata lasLals mafiadaIaI N LazinanaIan-taniduinaiie
LUUAINTBINIFIIEAUANHIZIANIZAAREEIALNIaTaanann lUdes 1WSaufiey
FIWIUANBIULLANIZNANFULALLRONANBHLANIZ 5 10 15 20 LAz 30 A1QULINNN
ﬁfﬂz%’lﬁrygaq@ WUIIANEMElaNIzANIWAITIRandrunanalaguals tnaia
v . A Aa A o AW A [ o i )
AATIRIWLNG LAZINARATAN-LaWH AN WL LaNIZN LU AT UAY A288719N1TLLIRNY
WHINTINAIBIUIANINEN9 303 Faalalng FTINNHHSLANIE 1-UNTY LAY 2-LNTN
° @ [% ada ° o % ' o A
fnnadansmzlanzd1875 TF-IDF §mTugadays Vertebrate WU aNBIAIANIEN
Kiumiien 5 §euusnfidveidygigavenaiialasuais fia DN.G DN_C DN_T
DN_GC 48z DN_CT inafiadasn&auin fia DN_G DN_C DN_T DN_A uaz DN_CA
wazinaiaIan-1aw Aa DN_C DN_A DN_G DN_T uaz DN_AG U&AIAIA13197 5.10

AN 5.10 ANBULANIZNNIWATIRANERITUAN TF-IDF maa*’g@*’ﬁa;&a Vertebrate

U

ANBIULLANE

gﬂuuué‘ﬂwmzmwwzﬁ NIWAILREN

a 6
Wmana laswa3

INARADATIRIULNY

maia3an-tan

5

DN.G DNC
DN_GC DN_CT

DN_T

DN.G DN.C DN_T
DN_A DN_CA

DN.C DN_A DN.G
DN_T DN_AG

10

DN.G DNC
DN_GC DN_CT
DN.A DN_TG
DN_GG

DN_T
DN_TC
DN_CA

DN.G DN C DNT
DN_.A DN_CA DN_CT
DN_TC DN_AG DN_TG
DN_GC

DN.C DN A DNG
DN.T DN_AG DN_CT
DN_GA DN_CA DN_TG
DN_TC

15

DN.G DNC
DN_GC DN_CT
DN.A DN_TG DN_CA
DN_GG DN_AG DN_CC
DN_GT DN_AC DN_GA

DN_T
DN_TC

DN.G DN C DN.T
DN_A DN_CA DN _CT
DN_TC DN_AG DN_TG
DN_GC DN_AC DN_GG
DN_GT DN_GA DN_CC

DN.C DN_A DN G
DN_.T DN_AG DN_CT
DN_GA DN_CA DN_TG
DN_TC DN_GC DN_AC
DN_CC DN_GT DN_AT

20

DN.G DNC DNT
DN_GC DN_CT DN_TC
DN.A DN_TG DN_CA
DN_GG DN_AG DN_CC
DN_GT DN_AC DN_GA
DN_CG UP_AT DN_TT
DN_AT DN_AA

DN.G DN C DN.T
DN_A DN_CA DN_CT
DN_TC DN_AG DN_TG
DN_GC DN_AC DN_GG
DN_GT DN_GA DN_CC
UP_AT DN_CG UP_CG
DN_AT DN_TT

DN.C DN_A DNG
DN_T DN_AG DN _CT
DN_GA DN_CA DN_TG
DN_TC DN_GC DN_AC
DN_CC DN_GT DN_AT
DN_AA DN_GG DN_TT
DN_TA DN_CG
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a13191 5.10 AnBULIRNIENHIBMIRBNEM IV TF-IDF 1837ataya Vertebrate (dia)

U

ANBIULLANE

gﬂl,mué'm&m:mww:ﬁ NAWAILREN

a [
WARA lARLAS

INARADAIIRIULNH

maiaIan-tan

30

DNG DNC DNT
DN_GC DN_CT DN_TC
DN.A DN_TG DN_CA
DN_GG DN_AG DN_CC
DN_GT DN_AC DN_GA
DN._.CG UP AT DN_TT
DN_AT DN_AA UP_TG
UPA DNTA UPT
UP.CA UPAA UPG
UP_GA UP_C UP_TA

DN.G DN.C DNT
DN_A DN_CA DN_CT
DN_TC DN_AG DN_TG
DN_GC DN_AC DN_GG
DN_GT DN_GA DN_CC
UP_AT DN_CG UP_CG
DN_AT DN_TT DN_AA
UP_A DN_TA UP TG
UP.T UP_AA UP_CA
UP_G UP_GA UP_AG

DN.C DN A DNG
DN_T DN_AG DN_CT
DN_GA DN_CA DN_TG
DN_TC DN_GC DN_AC
DN_CC DN_GT DN_AT
DN_AA DN_GG DN_TT
DN_TA DN_CG UP_AT
UP_TG UP_TT UP_CG
UP_AG UP_TA UP_AC
UP_C UP_CA UP_CT

MotiTataya A.thaliana SnBmzaNIERiIRIIEeN 5 faULINYal
wmeafialaduads @8 DN_.C DN_G DN_T DN_A uaz DN_GC nafadanaininy fia
DN_C DN_A DN_T DN_G uaz DN_CT uazinafia3aan-taW ia DN.T DN_A DN_C
DN_G ua2 DN_TC U&a969a13197 5.11

AN 5.11 AaNBULANIZNNIWATIRANERITUAN TF-IDF maa*’q@*’ﬁa;&a A thaliana

AN

ANBIULLANE

31 LUURNHULRNIZARIUANTLAEN

a 6
Wmana laguwa3

ABADATIFEIULNT

wmaiaIan-tan

DN.C DNG DNT|DN.C DNA DNT|DNT DNA DNC
5

DN_A DN_GC DN_G DN_CT DN_G DN_TC

DN.C DN.G DN.T|DN.C DNA DN.T|DN_TDN ADN_C

DN_A DN_GC DN_TC

DN_G DN_CT DN_TC

DN_G DN_TC DN_CA

10 DN_CG DN_CT DN_GT | DN_CG DN_GT DN_CA | DN_GA DN_AG DN_AT
DN_CA DN_GC DN_TT
DN.C DNG DNT|DN.C DNA DNT|DNT DNA DNC
DN_A DN_GC DN_TC | DN_G DN_CT DN_TC | DN.G DN_TC DN_CA
15 DN_CG DN_CT DN_GT | DN_CG DN_GT DN_CA | DN_GA DN_AG DN_AT

DN_CA DN_AC DN_GA
DN_AG DN_CC DN_AA

DN_GC DN_AT DN_AG
DN_TT DN_GA DN_AA

DN_TT DN_GT DN_CT
DN_AA DN_TG DN_AC
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a13191 5.1 ansaaWEIiIBIIRaNd ML TF-IDF 383707838 A.thaliana (¢ia)

FIUIN

ANWIULLANE

3u LUUANHUSLRNIENRIUANTEEN

a [
WARA lARLAS

NABADATIEIULN

madaIan-tan

20

DN.C DN G DN.T
DN_A DN_GC DN_TC
DN_CG DN_CT DN_GT
DN_CA DN_AC DN_GA
DN_AG DN_CC DN_AA
DN_TT UP_G DN_AT
DN_GG UP_GG

DN.C DNA DN.T
DN_G DN_CT DN_TC
DN_CG DN_GT DN_CA
DN_GC DN_AT DN_AG
DN_TT DN_GA DN_AA
DN_AC DN_TA DN_CC
DN_GG UP_G

DN.T DN A DNC
DN_G DN_TC DN_CA
DN_GA DN_AG DN_AT
DN_TT DN_GT DN_CT
DN_AA DN_TG DN_AC
DN_CG DN_GC DN_GG
DN_CC DN_TA

30

DN.C DN.G DNT
DN_A DN_GC DN_TC
DN_CG DN_CT DN_GT
DN_CA DN_AC DN_GA
DN_AG DN_CC DN_AA
DN_TT UP_G DN_AT
DN_GG UP_GG DN_TG
UP_TG DN_TA UP_GC
UP.GA UP.T UP GT
UP_A UP_AT UP_AG

DN.C DNA DNT
DN_G DN_CT DN_TC
DN_CG DN_GT DN_CA
DN_GC DN_AT DN_AG
DN_TT DN_GA DN_AA
DN_AC DN_TA DN_CC
DN_GG UP_G DN_TG
UP_GC UP_ TG UP_A
UP_GG UP.T UP AT

UP_GA UP_TA UP_GT

DN.T DN_A
DN.G DN_TC
DN_GA DN_AG
DN_TT DN_GT
DN_AA DN_TG
DN_CG DN_GC
DN_CC DN_TA
UP.G UP GG UP_TA
UP_GC UP_TT UP_CA
UP_CG UP_T UP_GA

DN_C
DN_CA
DN_AT
DN_CT
DN_AC
DN_GG
UP_TG

ﬁaaﬂﬁaq@iaa&a TIS+50 ANWMLANIZNHIUNISIRAN 5 A1AUWINUDY
wailalaguais Ao UP_ AT UP_ TGUP A UP. T uaz UP_C naflAdangiuiny fa
UP_AG UP_GA UP_G UP_C uaz UP_A uazinafa3an-taw fa DN_GC UP_T UP_AT

UP_A usaz DN_CT L&AIGIAT9R 5.12

AN 5.12 ANBLANIZNNIWANTIRANERITUAN TF-IDF maa*’q@“ﬁa;&a TIS+50

AN

ANBIULLANE

3 BUURN BN ARIRANTLAEN

a 6
Wmana lagwa3

INARADATIRIULNY

maia3an-tan

5

UP_AT UP_TG UP A
UP_TUP_C

UP_AG UP_GA UP G
UP_CUP_A

DN_GC UP_T UP_AT
UP_A DN_CT

10

UP_AT UP._TG UP_A
UP.T UPC UP_GA
UP_G UP_AC UP_AG
UP_CA

UP_AG UP GA UP_ G
UP.C UPA UPT
UP_AT UP_CA UP_GG
UP_TG

DN._GC UP_T UP_AT
UP_A DN_CT UP TG
DN.C UP_TA UP_CA
DN_CG
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a139h 5.12 ansazawziiBIRand ML TF-IDF 3asgadaya TIS+50 (da)

FIUIN

ANWIUSLANE

gﬂl,mué'ﬂwm:mww:ﬁ NAWAILREN

a 6
Wmadia laguas

NABADATIEIULN

mnataIan-tan

15

UP_AT UP_TG UP_A
UP.T UP.C UP GA
UP_G UP_AC UP_AG
UP_CA UP_GT UP_TT
UP_TA UP_AA DN_GC

UP_AG UP GA UP G
UPC UPA UPT
UP_AT UP_CA UP_GG
UP_TG UP_TT UP_CC
UP_TA UP_AC UP_AA

DN_GC UP_T UP AT
UP_A DN_CT UP_ TG
DN_C UP_TA UP_CA
DN_CG DN_G DN_TC
UP_TC DN_CC UP_AA

20

UP_AT UP_TG UP_A
UP.T UP.C UP_GA
UP_G UP_AC UP_AG
UP_CA UP_GT UP_TT
UP_TA UP_AA DN_GC
UP_GG UP_CT UP_TC
DN_CG UP_CC

UP_AG UP_GA UP G
UP.C UPA UPT
UP_AT UP_CA UP_GG
UP_TG UP_TT UP_CC
UP_TA UP_AC UP_AA
UP_CT UP_TC DN_GC
UP_GC UP_GT

DN_GC UP_T UP AT
UP_A DN_CT UP TG
DN.C UP_TA UP CA
DN_CG DN_G DN_TC
UP_TC DN_CC UP_AA
DN_AG UP_TT UP_GA
UP_CC UP_AG

30

UP_AT UP_TG UP_A
UP.T UP.C UP_GA
UP_G UP_AC UP_AG
UP_CA UP_GT UP_TT
UP_TA UP_AA DN_GC
UP_GG UP_CT UP_TC
DN_CG UP_CC UP_GC
DN_C DN_CT DN_TC
DN.CC DN_G DN_T
DN_TT DN_ADN_TG

UP_AG UP_GA UP G
UP.C UPA UPT
UP_AT UP_CA UP_GG
UP_TG UP_TT UP_CC
UP_TA UP_AC UP_AA
UP_CT UP_TC DN_GC
UP_GC UP_GT DN_CG
DN.C DN G DN_CT
DN_TC DN_CC DN_TA
DN_T DN_TG DN_A

DN_GC UP_T
UP_A DN_CT
DN.C UP_TA UP CA
DN_CG DN_G DN_TC
UP_TC DN_CC UP_AA
DN_AG UP_TT UP_GA
UP_CC UP_AG DN_CA
DN.A UPCT DN.T
DN_TA DN_GA UP_CG
UP_C DN_AT DN_TG

UP_AT
UP_TG

L ]
RGN 4 msa%’wanvmzmwwgﬂ LUUADWLTWDH

31 LUUADWLTUTRLT WA N s e Uﬁ"svlﬂ‘sauq@L‘%mﬁummﬂasﬁaﬁugﬂs‘m

nilnwdTeanmdounildun ansuzidusavIaludunIILaIRERUINTIN (Kozak,

1987) waz wuud1aasnsaTiasaulslulay (Kozak, 1989) AnumAlamizA&s199n

gﬂLLUUﬂauLﬁﬁwﬁ'aﬁ 4 ANBUILAWIZURAIAIANNTNN 5.14 Mrualiiiadlaing A w89

Tanaw ATG hnunaLTud s +1
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79N 5.13 ﬁ'm&m:mwnxﬁa%ﬂdmngﬂ WULAD UL TR

ANLULANIZ fadung

DN_+4G anwuziawnzyiwduaisdidihedlalnd G fidunis +4 (Kozak, 1987)
snwuziawnzyiwduaisidihadlalng A vie G Nduni -3 (Kozak,

UP_-3A/G
1987)

UP_ATG Buanuivadlanau ATG awaaIn (Kozak, 1989)
Buanuivaslanaunaa (TAA, TAG, #3a TGA) ludu-insuandaadn

DN_STOP :

(Kozak, 1989)

FADWA 5 MINULHATNE
AMInasadkdaziuuisantdasnssulassdnsUssaniAs N uuunul g

ﬂi:mawaﬂ'ammm%ulu%uﬁagmimmmhaﬁ'u wazysziiunaslsitnmsnasau lud
Waswiuy K ngw Tude Tayavzutiain k ndurin 9 A Nt k-1 dauwazlfiduga
Tayagak Lz 1 dnuazlﬁﬂuq@ﬁagamaau I@U“gml”agaaaml,azmﬁaa&amaamz
WANGNITWIS K ASY HanInaaadssnanToaythiu 7 deiau laun 1) Ussdnsawuua
W69 2) IzANTAIN n-unTa 3) UszRNIAWUaIA TF-IDF 4) U3e&nTn1naadiian
13U TF-IDF  5) dee@nianvaanafiamafenanumeianis 6) Ussanianued
sUnUURawuTE uaz 7) UsEniaiwaasuuudnasy TF-IDF-NN-TIS lags=@nsaw
myvwsffarsonldun ANANNDNABY (Accuracy) Ao3enazaa9nladafiiiwe
gﬂﬁaaﬁmm ANITABUADI I (Sensitivity) ﬁaa‘?aﬂa:maaé’aaﬁ'ﬂaﬂﬁjumﬂﬁ'ﬁmw
gﬂ@Tm LRZANAMULANIZLANZDI (Specificity) ﬁa%aUa:mawﬁaﬂﬂaﬂﬁjwauﬁﬁﬁmmgﬂﬁm

1) Uszianilsz@nSnnewIanIang

ﬁmsm'mm@%ﬁ']@haﬁLLmﬂ@iflaﬁ'uﬁw%'u"g@“iTaya
Vertebrate 7@Taya A.thaliana uasaiaya TIS+50 YaIN1INANBILLY A B C ez D WA
nInasssuaasltiinit awantnasidsiwuinealelndmanzauaslw A1augN
@09 FNNTABLELDI LLazmmmmwmmxﬁmﬁﬁ@hgd G20819LTY FIIANHUSLANTE
1-UNTN ARBAAIANBULANIZAILA TF-IDF 289n15Ma889 A B C Waz D LRan
ANwMZLANIZALINALA CFS

fnIUYaTaNa Vertebrate LRAIGIANTIIN 5.14 Uas
AMWUITNaU 5.4 NINARBILLL B UaIUWIARING9 53 103 203 303 way 403 L#en
ANMUINADIYINND 76.67% 76.82% 76.61% 99.62% WAL 90.37% @INAIAL HANT
nanasuaadliiinit awmaninene 303 faedlalng Idrannugndasgegatriniu
99.62%



79N 5.14 ﬁ']ﬂ'J'WJE]ﬂ@Tﬂ\‘]TaﬂmuﬂﬂﬁﬁﬁﬁﬂﬂﬁLL@]ﬂ@i’]Gﬁuﬁ?’]ﬁ%’U"gWﬁ’aHﬂ Vertebrate

70

1 v
A1nNugNaad (%)
NN
100
90
80
R pid fii
70 N -
= bl e [ @ W=53
S o
< 60 NN o @ W=103
3 L - -
s 50 s b fic 0o W=203
= g e e
5 o e e
S 40 EEE e p B W=303
2] bl e i
< o e e
30 bl e i mW=403
e :\ e e
NN - -
20 NN - o
b - L. fa et
LEEE \ e p
10 LEEE :\ e piet
b - L. fa et
e \ e e
0 HEE A Ei fis
A B c D

nmwdsznay 5.4 Wisuwmn UU@‘i’]ﬂ’J’]NQﬂ@‘Té}GTE]d‘l]%’]@ﬁﬁh@i’]\‘]

ﬁLL@m@mﬁ'uém%'uquaya Vertebrate

a%m%’uq@*’ﬂ’a%la A.thaliana

LEAIAIATINN 5.15

LR

AMWUIENaU 5.5 MINARAILLL C VaIUWIAREIEII 53 103 203 303 waz 403 1w

mmgﬂﬁaam’]ﬁu 85.50% 86.67% 92.97% 97.66% WA 98.10% ANNAIAU WANT

NABAILFAI IALAUIIVWIARUIA19 403

a a 6 Y 2 ] o
u’maiavl‘m 1%ﬂ7@1’)’]&lgﬂ(§lﬂd§dqﬂlﬁ]’]ﬂﬂ

98.10% NIBUWIARUIG19 303 ﬁaﬂﬁiavlwﬁﬁlﬁmmmgnﬁaagoLﬁimﬁmﬁu

79N 5.15 ﬁ']ﬂ'l’]ﬂJQﬂ@Tﬂx‘]”]JaﬂmuﬂﬂﬁﬁﬁﬁﬂdﬁLL@]ﬂ@i’]Gﬁuaﬁ’]ﬁ%’U"QWfJ’aHﬂ A.thaliana

fAnNuanNaad (%)
NINAND =
W = 53 W =103 W = 203 W = 303 W =403
A 77.54 78.81 78.91 96.83 96.29
B 76.03 78.86 78.71 91.11 89.26
Cc 85.50 86.67 92.97 97.66 98.10
D 83.35 86.23 91.80 95.85 91.11




1

Al
J

Accuracy (%

00

90
80 -
70 -
60 -
50
40 -
30 A
20 -
10 -

>

B

C

A
\
N
\
\
\
\

B W=53

m|W=103
W=203
B W=303
m W=403

D

MWLTENaU 5.6 MINARAILLL C UIUWIAREIGII 53 103 203 303 waz 403 1w
mmgﬂﬁaawhﬁ'u 87.12% 91.82% 89.57% 94.48% W&z 94.07% SNNAIOU NANIT

NABAILEAIALAWIN VWIARUI619 303

94.48%

nmwisznay 5.5 Wisuwmn UU@‘i’]ﬂ’J’]NQﬂ@‘TﬂGTE](‘l‘l]%’]@ﬁﬁh@h\‘]

ﬁLL@m@mﬁ'uém%'uquaya A.thaliana

éim%’u*‘gwﬁaga TIS+50

a = 6 Y U 1 e
tadlalne lﬁﬂﬁﬂ’gmgﬂmaagoq@l,mﬂu

LEAIAIAITIIN 5.16

@139 5.16 mmmgﬂﬁawawmwﬁﬂ@mﬁLmﬂ@mﬁ‘uéﬂﬁ%ﬁfg@ﬁaga TIS+50

71

LRSS

fANDNead (%)
NINA[A =
W =53 W = 103 W = 203 W = 303 W = 403
A 87.53 89.98 88.34 89.57 88.96
B 89.16 90.18 89.37 91.82 89.98
C 87.12 91.82 89.57 94.48 94.07
D 88.14 89.78 92.84 93.66 94.07
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96

94 |

92 4

< B W=53
< 90| mW=103
8 & W=203
g 881 = W=303
< _

86 - :;:: mW=403

T
o

b

T
o

L

=
ekt

=
o

s

84 -

=
o

T
e

s

=
o

T
e

o

o
ks

82 +

A B C

@)

mMwisznay 5.6 LWIsu m_l@hmwgﬂﬁawawmwﬁwﬁa

ﬁLmﬂ@mﬁ'uém%‘U‘*ngaga TIS+50

2) UsziAnisz@nSaan n-unsa

NNTUNANBUSLRNE N-WNTY HARA n WAL 1 2 %38
3 WANINARBILEAI NIRRT MTiRan n ‘ﬁmm:amz‘*ﬁamﬁummgﬂéfaamsﬁmw
q@L’éwﬁuﬂﬂiLLﬂmﬁa MIBENILTY WL RUTNTINGILUIANINGS 303 faadlalng
wWisuifisudianugndastesansmsianis n-unIu 7 JUuuy fa 1) anwme 1-unw
2) ANHULANIE 2-UNTH 3) ANBULANIZ 3-UNTH 4) ANWULLANIZ 1-UNTH LA 2-LNTH
5)  ANWMILANIZ 1-UNTYU WAZ 3-WNTH 6)  ANHMSLanIE 2-UNTN WAZ 3-UNTY LAz
7) ANBHUSIANIE 1-UNTY 2-WNTY LT 3-UNTN ANRLBAAIanEMelanIzaadn TF-IDF
WWanansuzianizesinafia  CFS ATanAIANgNARINITNAREILLL D U89
SNWIALANIE N-UNTUNS 7 sUnuY wamInesaduadliiinit gadaya Vertebrate
SnBManIz 1-unIN uaz 2-unsulidranugndesgegarinny 99.76%  1adaya
Athaliana 8nNEMILANIE 1-me1ﬁ@i’1mmgﬂﬁaa§dq@whrTu 97.61% uazTAloya
TIS+50 ANHMLANIT 1-unTa uaz 2-un3u Iidanunndasgegayiiny 95.50% uaas

MIMNTNN 5.17 uazmwisznay 5.7

NN 5.17 @hmmgﬂﬁawaaé’ﬂumzmwwz n-tNIy

fﬁ'a’q@ AnugNdey (%)
y%lﬂ 1 2 3 1Tu8e2 | 1uUaz3 2 ez 3 12 usz3
Vertebrate | 98.91 94.03 93.24 99.76 96.51 93.53 99.06
A.thaliana | 97.61 96.53 92.77 97.56 94.82 95.85 97.27
TIS+50 94.07 94.89 92.84 95.50 94.27 94.89 94.68
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o 1-gram
@ 2-gram
3-gram
m 1 and 2-gram
A1 and 3-gram

Accuracy (%)

B2 and 3-gram
®1, 2, and 3-gram

Vertebrate

A.thaliana TIS+50

nMwudsznay 5.7 Lﬂ%ﬂuLﬁm_m'wmwgﬂﬁawaaé’nwmzmwwz n-LbNJa

ﬁﬁnimﬂ@hmmauauaﬂ’smsw@aaaLn_m D Vs

ANHILANIE  N-UNTURS 7 RIS NANNTNARBILEAIALARIN TAT0NA Vertebrate
ANWIUSLANIZ 1-LNTH lﬁmmmauauaﬂagaq@whﬁ”‘u 99.49%  TavayA A.thaliana
ANWUSLANIE 1-LNTY Iﬁ@hm‘mauauaﬂagoq@whﬁ'ﬁ_l 96.75%  WAzTATaYN TIS+50
ANHHILANIE 1-UNTH LA 3-me1ﬁ@hmmauauaavl,’;gaq@whﬁ'u 76.00% LEAIA

719N 5.18 uaznwiliznau 5.8

39N 5.18 mmmauauaﬂ’maaé’nwmxmwwz n-ttNIY

%a"g@ fmsnauauadi (%)
yﬂi;}ﬁ 1 2 3 1Tu8z2 | 1uaz3 2 ez 3 12 u8z 3
Vertebrate | 99.49 89.79 87.32 99.18 89.25 87.77 99.18
A.thaliana | 96.75 94.46 84.89 96.56 85.85 92.16 96.18
TIS+50 72.00 66.00 62.00 72.00 76.00 74.00 74.00




Sensitivity (%)

100 =
o5 |
90
85
80 -
75 A
70 A
65 -
60 -
55
50

Vertebrate

A.thaliana

[ 1-gram

| 2-gram

3-gram

m 1 and 2-gram

B 1 and 3-gram
B2 and 3-gram

® 1, 2, and 3-gram

TIS+50

Awilsenau 5.8 Lﬂ%U‘ULﬁEl‘lJFhﬂ'Wi@]aUﬁ%EIOVL’)?lE]Gé‘ﬂBELLZLQW’]z n-LNJ4

ANHIASLANS

%

NNW U LR NS

NATHIAIANNLRNIZLINZIINIINARDILUL D

74

Vo
N-LNIUNY 7 EﬂLL‘]J‘]J Nﬂﬂ’]iﬂ@ﬂaﬂLLa@NlﬁLﬁu’j’l q@ﬁaﬁa Vertebrate
1-LULNTYN 2-ULNTY LRE 3-LLﬂ5&J1‘ﬁ/ﬂ"]ﬂ’N&JL%WWzLﬁ]’]z%diﬁd@@Lﬁ’]ﬁﬂ 99.02%

Falaua Athaliana AaNWUHILANIZ 1-UNTH LA 2-LLﬂiN1ﬁﬂ"]ﬂ’l']&lLﬂ.W’]ZLﬁ]’]%NfﬂGq@

9 U

LWYinL 98.03% LLE‘I$°I§@°]T§J§JJE‘] TIS+50 ANHULLANL 2-LLﬂ§3J1ﬁﬁ']ﬂ'J’]lJL%W']zl(ﬂ’]t"ﬂﬂgdtjﬂ

WINNU 98.18% WRAIAIANT NN 5.19 wazn wisznay 5.9

N9 5.19 ANAMULANIZLANEIIVAIANHUSLANIE N-LLNTH

To7@ AANULANIZLNZT (%)
y%lﬂ 1 2 3 Tuaz2 | 1use3 2 gz 3 12 uaz 3
Vertebrate | 98.72 95.41 95.16 98.95 98.87 95.41 99.02
A.thaliana | 97.90 97.25 95.48 98.03 97.90 97.11 97.64
TIS+50 96.58 98.18 96.36 98.12 96.36 97.27 97.04
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100
99
el

B8 1-gram
97 A

96

B 2-gram
3-gram
95 A
94 A
93
92

m 1 and 2-gram
81 and 3-gram

Specificity (%)

B2 and 3-gram

®1, 2, and 3-gram

91 +
90

Vertebrate A.thaliana TIS+50

MWdsznay 5.9 WIBUNEUAIANNANIZIANZAIVDIANHULANTL N-UNTY

1) dszanilse@nsnnvasan TF-IDF

RNTUNI2AI96N TF-IDF  UazeNaud HaNINaass
WRAIIALAWIN @ TF-IDF lﬁﬂsz?m%mwmiﬁﬂmUﬁ;m'%uﬁummﬂmﬁ'agaﬂ’h Arawd
fwILgadaya Vertebrate TaTaa A thaliana WazTaTays TIS+50 Mt 19LTH usae
WHTNTINLTUWIANINE19 303 H0alalng a9anBmslanIs 1-LnTN WAL 2-UATY
lRaNanuMzIaNIZaI8INAia CFS

fwIugadaya Vertebrate 2389MINAnaILUL A B C uaz
D A1ANNgNAaIfWILAY TF-IDF vy 99.53% 99.73% 98.73% Uz 99.76%
ANRIAL gdﬂ’i’]@i’]ﬂ’s’mﬁ%ﬂﬁ@hﬂ’nNgﬂﬁﬂdLﬁ’]ﬁU 93.97% 92.18% 96.81% WAL
98.05% ANNEIAL LFAIAININLITZNAY 5.10 ANNIABLRWES N&IMRIUAT TF-IDF 1vinny
89.70% 99.94% 96.65% Waz 99.18% ANNRIOL gan'jﬂ@i’mamﬁ%alﬁmmwauauaavl,’;
LYINNU 87.08% 88.86% 96.29% WAz 98.22% ANUA1AL LEAIAINNWLTZnay 5.11 uazen
AMULANIZLANZAIEIRIUAY TF-IDF  LYiNU 99.16% 99.63% 98.43% LAz 98.95%
ANURIAL gaﬂhmmmﬁ%ﬂﬁmmmmww:lmzmmﬂﬁ'u 96.21% 93.26% 96.98% U8
98.00% ANAIAU LEAIAININL TN 5.12



- 9953 99.73 99.76
100 98.73
98.05
= 98 7 96.81 R
S
§ 96
Lt 93.97
g o4 7 S 92.18
< | L TF-IDF
92 : : ] E]Frequency
90 Tl R R SN | ‘
A B C D

AMwyUsznay 5.10 Lﬂ%gmﬁmummmgﬂﬁawaamsmaamuu ABCuazD
FERINANANND WAz TF-IDF f,%m%'ugwﬁaga Vertebrate

99.94
100.00
96.65 96.29

< 96.00 T
£ 9200 | 89.70 B3.86
@ 8800 | [ B 1r-DF
@ P
n o

84.00 %&53 3 Frequency

Fi : E:E:EI
80.00 = =
A B C D

AWUIEnay 5.11 Lﬂ‘%ﬂmﬁﬂummmauauaa%maamimaamuu ABC uaz D

21319 @1ANND NU @1 TF-IDF E%W%'U"gwﬁaga Vertebrate

100.00 98.00
— 9800 - 98'4?}6.98
S . D6.21
%‘ 96.00 |
= D3.26
9 94.00 | B4 TF-IDF
[o
@ 92.00 [3 Frequency
90.00 e
A B C D

AWUTnay 5.12 1US0UNUAIANVANIZIANZIVAINTNAREILUL A B C Waz D
F2RINANANND AU @1 TE-IDF z%m%'u"gﬂﬁaga Vertebrate
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fwIugadaya Athaliana 284MINARBILUL A B C Udz
D AAnugndadwiuel TF-IDF vy 88.33% 97.53% 95.80% WAz 97.56%
AURIA gaﬂdﬁmmmﬁéﬁﬂﬁ@hmwugﬂéfaowhﬁu 88.00% 93.52% 94.78% Ua
97.41% AUSIAL LFAIAINNLITZNEY 5.13 ANMTABLAUES NRIRTUAT TF-IDF 1vinAy
72.66% 98.50% 91.79% uaz 97.51% ud1ey uazeanudlwaiminauauasliriniy
79.73% 91.97% 89.67% WAz 96.65% GNNE1GL UFAIAINIWLTZNEL 5.14 UAZAIAN
LAWIZLNZEWILAN TF-IDF LYinAU 93.70% 98.95% 97.18% Uaz 98.03% AUAIAY §9
nnenanREsReNAuLIaNIZNZa9INAD 92.72% 94.02% 96.52% Lay 97.38%

AUAIAU WLRAIAININLUITNAY 5.15

100.00 7 97.53
97.5697.41
95.80
= 96.00 093.52 94.78
S —
> —
S 92.00 89.4
A 88.33 -
§ 88.00 o
< | TF-IDF
84.00 : B Frequency

A B C D

Awisenau 5.13 Lﬂ’%'zlmﬁUummmgﬂﬁawaamsmaamuu ABCuaz D
FERINANANND WazA TE-IDF ﬁm%’u*’gwﬁaya A.thaliana

9751
100.00 98.50 96.5

— 95.00 91.97 91.79

S | 89.67

> 90.00

2 85.00

@ E TF-IDF

S 80.00

@ 75.00 | R Frequency
70.00 A

A B C D

AwUsenay 5.14 Lﬂ‘%ﬂmﬁﬂumﬂ'ﬁmuauaavlmaamimaamuu ABC uaz D

21319 @1ANND NU @1 TF-IDF maa‘*g@"ﬁaga A.thaliana



78

100.00 98.95
98.03
< 98.00 -
> _
£ 96.00
& 93.70 h4.02 o
S 0400 - 5 TF.
é’. 92.7.2 BE TF-IDF
92.00 : EJ Frequency
90.00 i
A B c D

AWUTenay 5.15 LWL UAIANURNIZIANZIVAINTNAREILUL A B C Waz D
JeRINANANND AU @1 TF-IDF éﬁﬁ%’ﬂ*’q@ﬁaga A.thaliana

fwIugadays TIS+50 U09NINARaILLL A B C uaz D
A1ANNYNADIFINILAN TF-IDF 1vinn 90.80% 91.85% 93.87% Uaz 95.50% AUA10L
gdﬂdﬁ@hmmﬁ%ﬂﬁ@hmwwgﬂ@”aawhﬁ‘u 88.00% 93.52% 94.78% Az 97.41%
NN UFAIAIANLITNEY 5.16 AINTABURWES NEMTLA TF-IDF 1inAy 48.00%
66.67% 66.00% Waz 72.00% UG gaﬂ’jwmmwuﬁléﬁﬂﬁmmmauauaﬂ’;whﬁ"u
46.00% 46.00% 50.00% L&z 46.00% AMURIAU URAIAININLIZNOY 5.17 LazA1AIW
LANIZLNZIEINIUAT TF-IDF  1¥inNU WiNNU 95.67% 94.76% 97.04% WAz 98.12%
NSO UazAIANE IFANANNANIZIaNZN Y 93.85% 95.44% 96.81%  LaS
95.90% AN URAIAINWLIZNay 5.18

100.00
96.00 | 95.50
Q : 93.87
s 91.85 92.02 93.26
> o000 | 900 -
§ . 8.95 89.16
§ 88.00 EPE %
< i TF-IDF
84.00 E] Frequency
80.00 : S I Do -
A B C D

AnWisenau 5.16 LiﬁsmﬁUummmgﬂéfawaamsmaamuu A B C a2 D 321319
@1aND NU @1 TF-IDF éﬁﬁ%’ﬂ*’q@ﬁaya TIS+50
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66.67 66.00 72.00

S PLOU 1 48.00
4

TF-IDF

[ Frequency

A B C D

Awilsenay 5.17 L‘.LI%EJ‘]JLﬁﬂﬁJﬂ"]ﬂ’]i@]E]Uﬁ%ﬂdvl,’]?lﬁ]\‘iﬂ’ﬁﬂ@]ﬂaduﬂﬂ ABCuazD

217379 @NANND NU @1 TE-IDF maaq@ﬁaga TIS+50

100.00
98.12

~ 98.00
g 97.0
< 9567 49155.8;1
2 96.00 | e
£ o
S 9400 | i TF-IDF
o I S wd 1F-
a o
n e

9200 7 [ 3 Frequency

_ i
90.00

A B C D

AMWdiznay 5.18 LWIBLINELAIAMULANIZIANZAIVEINNITNARBILLL A B C Uaz D

FeRINANANND NU @1 TF-IDF ﬁwm%’uq@ﬁaga TIS+50

2) dszanilsz@nsanzasiardiwsuan TF-IDF

RNTUNTEWIIEN TFIDF  UaZANAINND HANTNARDY
waasliiAnInlassnedszanifisuveddl TF-IDF  liansaenuusiasstasnin
Im\nhUﬂizmmﬁsmadmmmﬁﬁ%ﬁﬂ‘fumﬁaga Vertebrate qmﬁa;&a A thaliana Laz e
Taya TIS+50  @28819LT% LLNEOWUINIINGIBYIIANINGEI9 303 faadlalng a9
ANBIULLANIE 1-UNTHN WA 2-UNTY LRaNanEuMslanIzalamnaiia CFS

fwIugadaya Vertebrate NMINARBILUL A B C Uaz D
I sa UL IaeIdInsuan TF-IDF 1Ny 399.63 79.25 359.55 Waz 101.50
917 UEGL REUN I MITEINILULIRIFIRIUAANUAWINAY 697.28 172.41

799.22 LAz 255.87 U NSO LEAIAINIWLIznay 5.19
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fwiugadaya Athaliana MINeaadLUL A B C uaz D
TFamIananuudiaesdgnIuan TF-IDF NNy 64.22 6.67 20.23 uas 8.17 ufl
ANENGD HBINIIIAIMIETSUUUIRIE WS UANANN AN 190.65 15.70 210.19
LA 27.60 U7 AUR1AY Laasadn wdsznay 5.20

fwsugadays TIS+50 MINARaILLY A B C uaz D o
NMIFIULUINRBIFIRIUAT TF-IDF 1¥iNNU 8.76 1.81 4.81 Wag 2.02 W71 @us1au
HaENIIIMIEIUUUS 8098 MSDANUAWAGD 60.33 13.67 79.45 uas 20.48
AN URAY Laasasnwdszney 5.21

—— Frequency
1000.00
799.22
—8— TF.
& 80000 -| 697.28 TF-IDF
©
c
S  600.00 -
0 399.63 359.55
o 400.00 -
o 172.4
= 255.87
200.00 -
25 101.50
0.00 \ ]
A B C D
=l =) v o 1
NMWUTZNBY 5.19 tUFPUNBULIRINITRIINLLUUINRDITZHIN
fenudnuA TF-IDF §wiugadeya Vertebrate
250.00 7 210.19
% 200.00
©
§ 150.00 —— Frequency
n
; 100.00 —8— TF-IDF
1S
= 5000
0.00 \
A B C D

MWUITNaY 5.20 T8 UL AL LA NNTRIIBUUINRBITZRING

ANAINDNUAN TF-IDF a%m%‘umiaga A thaliana
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79.45

80.00
70.00 | 60.33
2 60.00
50.00 —— Frequency
40.00
30.00 13.6 20.48 | —B— TF-IDF

20.00 | 8.76 4.81

1000 m—__ 21 202
— — =

0.00 \ \ \ \

time (seconds

MWUITNaY 5.21 LTuUAg U NNIRIIBUUINRBITZRING
ANANNANUAN TF-IDF E%m%‘uq@ﬁaga TIS+50

3) Usziandsz@ndaanvasinakanisidaan
ANBIBLLBNE

MR aNENBIMLaNITEINTARNYSE AN MW siw e
NARNT LLa:a@L’;mmsﬂs:mawaI@Umminagmi’lu 2 Usziaudas fa 1) Usziaud1win
SnwoEaWEiIzaY uaz 2) Ussidulseantnwmafiemsaananymsianis

Uszifingdasi 1 UsrANSnINY0IS 1IN NHILIANTY
fasnmaiialeguaid inafinsaduwnn uaznaiasan-tan 1Humaiianisiden
ANWUSLANIZULUAINTDI %Tiaﬁaoi:qfﬁ’]mué‘nmmzmwwzﬁlﬁﬂuﬁa;&aLiﬂluiﬂsaﬁiﬁU
Uszannifiow wannmasasuaasliifiniisiwinsnemeianiz 5 8915 sauusnig
woiAygIgalidanugndaigidmiuradaya Vertebrate Tataia Athaliana LAz
Toya TIS+50 e84 TH WHIFIBAUTNTINGIBUIIANINGEN 303 fadlalng a3
ANHHLANIE 1-UNTN LA 2-UNTH TNABAAIANHIAZLANIZAIAY TF-IDF

fNITATBYA Vertebrate  ANANUANADIVBINTINARD
Ly B atdansnsasianizdsinaia lagunifiininansmsianz 15 siauwsnlien
ANUDNABIFIFAYINNY 99.64% INARASANFIMNUIIIUINBULIANTEZ 15 S1AUUIN
‘lﬁ@hmmgﬂﬁaagaqmmﬁ'ﬂ 99.62% uazinadainataIan-tanNI T wInaNwmLaNI
WYinny 20 é’]éfuLLiﬂlﬁmmeﬂﬁaagaq@whﬁ'u 99.65% L&AIGIANTIT 5.20
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Ao @ @ o

a17197 5.20 fAnanugnaadraIiImIBANBaBzIaNIzNIA AUl AYuANa1IAuTaS

mﬂﬁﬂﬂmﬁané’num:mwnummﬁmadé’m‘fuﬁaga Vertebrate

IWIN A1RNugnNaad (%)
ANMIULANL wafialaauals NARADATILNT InaiaIan-Law
5 97.65 97.55 99.57
10 99.33 99.27 99.53
15 99.64 99.62 99.54
20 98.59 99.34 99.65
30 99.30 99.03 98.99

ém%’u**gwﬁaga Athaliana f1ANYNABIVBINTNARDY
Wy B adensnsmanizarsmeinlasuaisimindnsmsianiz 5 srauwsnlien
ANUDNABIFIFAINAY 99.27% INARABATEIBINUTIUIUANHIAZIANE 5 fauLInlA
A1ANNYNADIFIFALYINAL 99.22% uazinaliaIan-LaWimiuanvmzlanIs 5 &1auusn
lﬁmﬂ’smgnﬁaagaq@mwﬁu 99.27% UFAIGINNTIN 5.21

a17141 5.21 franugndasvasmInInymslanNINaURESAYLANAIINUYD S

mﬂﬁﬂmﬂﬁané’nwmzmwmmué”miaaf,%m%'wﬁa%la A .thaliana

NI mmmgﬂﬁaa (%)
ANHIULANZ maialaguads INABADATEIWLNT InadaIan-tan
5 99.27 99.22 99.27
10 97.86 98.78 99.12
15 94.53 96.48 99.27
20 97.56 95.75 96.39
30 88.18 91.21 90.77

ﬁﬁﬂ%ﬂ’g@]ﬁﬂ;&ﬂ TIS+50 ﬂ"lﬂ’l’mgﬂﬁﬂdﬂlaﬂﬂ’]iﬂ@ﬂﬂdLLiJ‘]J

A

B iiaiRenanusaianizaisinaila laguaissiuminansmeianizivinny 10 1ieany
ANABIFIFAINAL 90.18% LNATABANFIBINUINUWIUANBULLANIZLINAL 10 Ik
ANABIFIFAINAL 90.18% UazinARATAN-LOWI N WIUANHIAZLANIELYINAL 15 Twdanw
ANABIFIFALYINAL 90.36% LRAIRIANTIN 5.22
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a1797 5.22 dnanugnaedzaIimInANBazianIzNIAauisaAYuand1IiuTes

mﬂﬁﬂﬂmﬁaﬂﬁﬂﬂm:mmummﬁmadE%m%fuﬁaga TIS+50

IWIN A1RNugnNaad (%)
ANMIULANL maialaguads NARADATILNT InaiaIan-Law
5 90.39 87.73 89.37
10 90.18 90.18 89.78
15 89.78 88.14 90.36
20 89.57 89.98 89.78
30 88.96 89.57 89.57

Uszibudasd 2 nsulssufisulsza@nsnnimnaiia
NTLADNANBAULIANIE NANINAFDILEAIFIAUINNATRA CFS  TrotRulseansamn
miﬁ’]msla}‘@ﬁuéfuﬂ'ml,ﬂmﬁ'a éww%’um"ﬁa;&a Vertebrate Tadaya Athaliana UasTa
TayA TIS+50 AIBENILTI MIULIMLRBTNTINGIBIUIAWINEN 303 fndlalng &3
ANWHSLANIZ 1-WNTH UAZ 2-WNTH TNRBAAIINHULLANIZAILAT TF-IDF Lnadkea
laguas imafindanaiun uazinaiasan-lan Liansuwinansazianis 15 819y
LLiﬂﬁﬁﬁfﬂﬁwﬁcygaq@

ANTANAININDNGDIVDININARBIULUL B WANTS
NARBILEAI LA AW TAT0YA Vertebrate 1nafia CFS Wﬁmamgﬂﬁaagaq@l,mﬁu
99.70% Tavaya Athaliana inafia CFS W@hmmgﬂﬁaog\ﬁqmﬂhﬁu 99.22% UALTA
Tana TIS+50 mﬂﬁﬂ%ﬁw-mwwﬁﬁmwgﬂﬁmgdq@whﬁ'u 90.39% WEAIFIANTI9N 5.23

wazNIWUIznay 5.22

39N 5.23 ﬁﬂﬂ’l’]&lgﬂﬁﬂdﬂ punafiansliananwmslanie

i . fnNaNdad (%)
TATYAUDUN - - = — —
v wmadia CFS | wmedlalaauads wadkaaanaiwni | tnadasan-tan
Vertebrate 99.70 99.64 99.62 99.45
A.thaliana 99.22 94.53 96.48 99.02
TIS+50 89.16 89.78 88.14 90.39




100.00

Accuracy (%)

98.00 -
96.00 -
94.00 -
92.00 -
90.00 -
88.00 -
86.00 -
84.00 -
82.00 -

Vertebrate

A .thaliana

B CFS

| Chi-Square
[ Gain Ratio
A ReliefF

TIS+50

Awlsenay 5.22 L‘LI%&I‘]JLﬁZlflJ@hﬂ’]’]SJQﬂ(gfﬂx‘]‘Ua\‘]Lﬂﬂﬁﬂﬂ’]ﬂaﬂﬂgﬂ‘lﬂ'muﬂqu
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WANIUAINITA QUﬁ%i’NVL’J“II 2IN1TNARBILUL B ﬁ@ﬁﬂgﬂ

Vertebrate e laauads iafiadanainns wazinaiasan-ian lﬁmmmauauaﬂa

gaﬁgmwhﬁu 100.00% qmﬁaga A.thaliana n@ita CFS lﬁmmmauauaa"bgaq@whﬁ'u

100.00% LLE\]Z“Q@]‘ITE]HEI TIS+50 waila CFS W@hmmgné’f@&gnqmmﬁ‘u 66.67% WLEA3

AT 5.24 uaznwilsznay 5.23

NN 5.24 ﬂlﬁﬂ’ﬁ@aﬂﬁuﬂdvh“ll gunataNIRaNaNHIALANT

P ANIAAUEWEI 1 (%)
TADAVDUR = = - < - ~ a
! * Inaua CFS L‘Ylﬂuﬂvl,ﬂml,ﬂ’ﬁ LNAUADAINRIWLNY akaIan-taw
Vertebrate 99.94 100.00 100.00 100.00
A.thaliana 100.00 90.23 93.69 99.04
TIS+50 66.67 48.00 38.00 48.00
100.00 +
90.00 -
80.00 -
S 70.001 B CFS
< 60.00 - .
2 @ Chi-Square
= 50.00 4 ) )
g 40.00 | ] Ga|.n Ratio
3 30.00 J m ReliefF
20.00 -
10.00 -
0.00 -
Vertebrate A .thaliana TIS+50

mwdsznay 5.23 WIsuinauaInIe auauaovl’maamﬂﬁﬂm‘nﬁaﬂé'ﬂmmzmww:
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ﬁ'ﬂﬂim’]ﬁﬂﬂ’)ﬂul’%wqu'ﬂ’w?ﬂﬂLLﬁ@GﬁG@]’]‘NG‘ﬁI 525 U\
Awisznay 5.24 ﬁﬂﬂ%ﬂ‘g@]"ﬁﬂﬂﬂ TIS+50 MINAABILUL B tnaia CFS lﬁ@hm’m
LAWIZLANZAILYINNY 94.76% ijdﬂ’j’]LﬂﬂﬁﬂvlﬂﬁLLﬂ’lg WNABATAINRIBING LAZLNAKA
an-Lan ‘%Glﬁﬁ’]ﬂ’)’]&]LQW’]zLﬁ]’WﬁNLﬁWfq‘I’U 79.35% 78.78% W&z 79.92% aUS1AU

719N 5.25 AIANULANIZIANZAIVRINAtaANIIRaNANHIAIANTE

A " ATANNLANIZLANZY (%)
ﬁaq@maga = - - & ) P
tnaua CFS L‘Y]ﬂuﬂvl,ﬂmm’ﬁ INABADAINIRIULNL InanaIaW-tan
Vertebrate 99.63 99.53 99.50 99.27
A.thaliana 98.95 96.00 97.44 99.02
TIS+50 94.76 79.35 78.78 79.92
100.00 - ——
90.00 - nh
g 70004 I I 8 CFS
> 60.00 4 i o .
= no 0 m Chi-Square
©  50.00 - [ W . .
= oy [ @ Gain Ratio
g 40.00 i N lefF
o (B ] (B ]
& 3000 1 i it m Relie
20.00 | :::: ::::
10.00 it it
0.00 A : ! : ! . . : ! : !
Vertebrate A .thaliana TIS+50

mwdszney 5.24 1WSsufisuaianuanzianzasveanabamIfanan v lanie

4) UszibuilszAnsnnuesansmzianiziadisain
pp 1[G RINE I

é’ﬂmmzmwwzﬁa%“wmngﬂl,l,uummeﬁwﬁ'a"ﬁaULﬁu
UseAnTawn s uaNaansae9lassnadseanifeN Han1TNARBILEAILALARIN
éTﬂHmzLawnﬁai”NmﬂgﬂLLm.lﬂaumwﬁ'&lﬁﬂsxaﬂ%mwga I@ﬂmwwzama@'aéﬁ%%‘q@
Toya TIS+50 %uwiazmslﬁuﬁqﬂﬁmzﬁﬁ;@L’%I'wél”umul,ﬂmﬁa uazavange (lanau TAA
TAG w58 TGA) lagutsnsRarsmniu 2 n3d e N3l 1 Rersanszniisnimessd
WUU C AUNINAREILLL A S9UTARINMIEaNaNHmEIanIs Wz NI6N 2 Raan
JEMININARBILLL D AU UUL B Gelimaidananmsasianis lagnsnasasuuy C
uaz D ﬁé‘ﬂﬂm:mwnﬁa%”ﬂdﬁnﬂgﬂl,mmawnwﬁa LRSANINARBILLL A WAz B baifl
é’ﬂmmzmwnﬁa‘hwmgﬂLLUUﬂauLsnwﬁ'a NANINARBILEAS MALARINNINARBILUL C
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lﬁﬂizaﬂ%mwgdﬂdwmimaaauuu A LAZNINANAILUY D Iﬁﬂixaﬂ%mwgdﬂdﬂmi
NANBILUL B

AsHN 1 MO1TINTTNINNINARBINLL C  AUNIT
NARDINUL A B9151AINNITIADNANHMLIANTET G20H1ILTY LLﬂGﬁ’]Uﬁ%‘gﬂiiﬂJﬁ’m
YUNARINE19 303 AIARLING FIIANBMLLANIT 1-UNTH BAZ 2-LNTN FIAUAAN
ANHUSLANIEAILAT TF-IDF Leanansasianizaiginaia CFS

ANTANENANNDNGBY FNTUYATDYA Vertebrate 70
Taya Athaliana WazTadaya TIS+50 WUl MINaaasuuy C lﬁﬁﬂﬂiﬁwgﬂﬁadLﬁ’]ﬁﬂJ
97.99% 95.80% WAz 93.87% §INIIMINARaILLY A %ﬂﬁmmmgﬂﬁaamﬁﬁu 96.84%
88.33% Waz 90.80% SNNAIAL LFAIAINNWL TN 5.25

ﬁﬁmmmmmauauaavl,aﬁ%m%'um"ﬁaya Vertebrate 7@
Taya Athaliana UazTaTaNA TIS+50 WUd1 MINARBILLL C Twdnseavanadha
Wi 96.65% 91.79% WAz 66.00% FINIININARBILLL A Goldensaeuanasla
WiNNU 89.70% 72.66% Laz 48.00% ANNUA1AL LRAIAINTWLUIZNaY 5.26

AWINTANAINULANIZINZWIEWIVTATBYR Vertebrate
7aT0Ya Athaliana LazTadays TIS+50 WUInMInasauuy C ANz
WINAL 99.16% 97.18% WAz 97.04% WASANINARBILUL A LAANANNEaNIZIANZ9L NN
98.43% 93.70% LLa% 95.67% AUROU URIAINTNUIZNay 5.27

100.00 +

97.99

98.00 +
96.00 +
94.00 +

92.00 - m model C

90.00 + B model A

Accuracy (%)

88.00 +
86.00 -
84.00 +

82.00 -
Vertebrate A .thaliana TIS+50

mMwidiznay 5.25 LWIauLf ﬂummmgnﬁaaszmw

MINARBILLL A NUNINARBILLL C
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10000 ; 9665 91.79
90.00 |
80.00 1
70.00 |
60.00 1
50.00 1
40.00 1
30.00 1
20.00 1
10.00 |

0.00 A

B model C

B model A

Sensitivity (%)

Vertebrate A .thaliana TIS+50

mwidiznay 5.26 WIsuiaudaIn1Iag auauadvhszmw

MINARBILLL A NUNINARBILLL C

| model C

B model A

Specificity (%)

Vertebrate A .thaliana TIS+50

Mwdiznay 5.27 WIsuNguaIaMuaniIzlaNzad

TERIWNINA[DIULY A NUNINARBILLY C

NS 2 NOTMITTAIINISNARBIMUL D AUNNS
NARBILUY B AN15LRONANHMLLIANIE A10E1ILT WIEERHINIINGIBYWG
W69 303 F1081aIne &39ANBMSLANIE 1-UNTH LAZ 2-LNTHN BIRUAAT
ANBIULLANIZGI8AT TF-IDF LRaNanwmslanizaiginaiia CFS

ANTNANANNYNGBY FNTUTATDYA Vertebrate 70
Taya Athaliana Wazgataya TIS+50 Wud1 MINaaasuuy D lﬁmmmgﬂéfmmﬁﬁu
99.76% 97.56% WAz 95.50% @NANL FINIININANBILLL B %qlﬁmﬂamgﬂﬁaq
WYiNNL 99.73% 97.53% WAz 91.85% eNNE1GL LEAIAININLIZNaU 5.28

NITUNFINTABUEUBI I fnIuTAUBYA Vertebrate 70

ﬁaga A.thaliana u,azqwﬁaga TIS+50 WU MINAaaILUL D lwanIIaauawadln
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WINNU 99.18% 96.54% WAz 72.00% @ISO §INININANDIULUL B Salkdns
ABURWEI LILYINAL 99.94% 98.50% WAz 66.67% ANNAIAL LRAIAIATNLIZNaY 5.29
RINTANAINULANIZINZIS MRITUTATBYA Vertebrate
TaTaY8 Athaliana WasTATaYs TIS+50 WU NMINARAILUL D IReanuanIziaNzad
WYINNU 98.95% 98.03% L&z 98.12% ANNR1AU §ININNIINANDILUL B Falarau
LANIZLANZRILHNNNY 99.63% 98.95% WAz 94.76% AN URAIAINIWLTENay 5.30

99.76 99.73
100 -

8 | 97.56 97.53

96 -
g
> ¥ m model D
©
§ 92 | B model B
<

90 -

88 -

86 -

Vertebrate A.thaliana TIS+50
1 =) 1 L3 1
mwﬂ‘s:ﬂau 5.28 L‘]_IiilllL‘Y]il'].lﬂ’]ﬂ’]']l]gﬂ@lﬂ\‘]'iz%’ﬁ']x‘]
NINA[BILUY B fT‘Uﬂ'ﬁVl(ﬂﬂﬂx‘]LLfl.l'Ll D
99.94 98.50
100.00 - 99.18 96.56
g
2 m model D
>
= B model B
(%]
Vertebrate A .thaliana TIS+50

mwidiznay 5.29 WIsuinaudaIniIa auauaqvl,’;s:mw

MINARBILLL B NUMINA8aILUL D
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100.00 - 99.63

m model D
B model B

Specificity (%)

Vertebrate A .thaliana TIS+50

Mwliznay 5.30 LWIBUNEUAIAMULANIZIANZAITERIN

MINARBILLL B NUMINA8aILUL D

5) dszaniseAnSnnuasnuusnaas TF-IDF-NN-TIS
LUUI889 TF-IDF-NN-TIS U32nauaisnisnansd 4 Loy
fa MIneaILUU A B C uaz D udazminasasazlideyaidrlulassinedsamnifioy
wand19in lagminasasuuy D Wummasasilgansmeiawzfidinnsaandas
wmallanslenansalanzNNAUANBUsaNFULULADMTUEY S1RIUNTRNTIN
Usziaudszininiwaaduuudiass TR-IDF-NN-TIS ajuhilun 2 dszidudes fa dezidn

gaun 1 UseENTAINVaILLUINR0d TF-IDF-NN-TIS $%38n13Na8aduly D way Uszian

]
=

gaaf 2 1WIBusuUsRNTANYaILUUF1809 TF-IDF-NN-TIS AUWILNANEIAa%
el
(~4 [ dl a A o A
Uszangdoan 1 Uszandnwsasuuuiieas  wIan1g
NARILLL D WANIINARAILEAIALARINAIINGRaILUL D JUseEnTAmwmIvinuy
waé’wﬁmm‘[mmhUﬂsm’mLﬁwgan'jwmsmaamuu A B uazC z%m%’u«’g@ﬁaga
Vertebrate qﬂﬁaga A.thaliana LLE\]&"Q@“ITQ%JR TIS+50 @208 TW Lu.iamﬂﬁ'ub;miuﬁw
v 1 a = 6 v Q o 1
YUIARUIGI 303 HIAFLAING FFIIANBUILANIT 1-UNTY LAY 2-LNTN AIRWAF
ANBULANZAIEAN TF-IDF Laananmtianizaltmaiia CFES
ﬁmsmwmmmgnﬁaameé'ams'mﬁ 5.26 hRE
AWUsznay 5.31 é’(m%'u'*gwﬁaga TIS+50 Va4N1INARBILUL D Wmmwgﬂﬁamvhﬁ'u
' A . @
95.50% §INIINNINARDILUL A B UAT C T9L¥iNAU 90.80% 89.16% Uaz 93.87%

ANAIAU
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719N 5.26 mmmgﬂé’awaamsmaammu ABC uaz D

P ANANDNGDY (%)
TaTAUDNR =
! b A B C D
Vertebrate 99.53 99.73 98.73 99.76
A.thaliana 88.33 97.53 95.80 97.56
TIS+50 90.80 89.16 93.87 95.50
100 -
98 -
= 96 -
>
>
8 94
3
< 92
90 -
88 —
Vertebrate A .thaliana TIS+50

MwWUTenay 5.31 Lﬂ%ﬂ‘i_lLﬁU‘]J@‘hﬂ’:ﬂ&lgﬂﬁﬂdiz%’hdﬂ’]i‘ﬂ@aE]GLL?J‘]_I ABCuazD

ﬁmsmwm@auauao"[ummé’omﬁaﬁ 5.27 LR

Awisznay 5.32 E%W%'U‘*g@‘*ﬁaga Vertebrate n1Inaas-lluy D 1ﬁmmwauauaﬂa
1 L & v L 1 & 1 L

LN1NY 99.18% ‘ﬁdlﬂmﬁElﬂﬂ‘]Jﬂ’]ﬂ’]?@]E]fUE‘T%E]dvbﬂladﬂﬁiﬂ@]ﬂﬂduﬂﬂ B w3LN1NU 99.94%

1 ‘é YV o 1 L
FINIMNIINA[BIRUY Alaz C mlwmmmauauaﬂ’smﬂﬂu 89.70% ez 96.65%

N3N 5.27 ﬁ?ﬂ’li@laﬂﬁua\‘ivh"llE]Gﬂ?iﬂ@]ﬂﬁ]x‘iLL‘U‘lJ ABCuazD

P fmsaavanadii (%)
Taradaya
o A B C D
Vertebrate 89.70 99.94 96.65 99.18
A.thaliana 72.66 98.50 91.79 96.56
TIS+50 48.00 66.67 66.00 72.00
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100.00 +
95.00 -
90.00 -
85.00 -
80.00 -
75.00 -
70.00 -
65.00 -
60.00 -
55.00 A
50.00 -
45.00 - L

Vertebrate A .thaliana TIS+50

Sensitivity (%)

Mwisenay 5.32 Lﬂ%U‘ULﬁEl‘]Jﬂ"]ﬂ'Wi@]E]‘]Jﬁ%ﬁ]\‘]vl’]iz‘ﬁ’j’]\‘]ﬂ’]iﬂ@ﬂﬂdLL‘]J‘]J ABCuaczD

RINTNFIAMULANILLINZIILFAINIANTNT 5,28 Uae
Awisenay 5.33 ﬁ%m%'uq@‘*ﬁaga TIS+50 MTNARBILUL D MAAIAINNIANIZIANZR4
WYinNU 98.12% gINIININARDIUUU A B Uaz C Foldenanuianizianzagrinnu
95.67% 94.76% WLaz 97.04% MUK

79N 5.28 AIANULANIZIANZAIVAINMINARBILUL A B C sz D

A " ANAIULANIZLINZN (%)
TADAVDUR
! * A B C D
Vertebrate 99.16 99.63 98.43 98.95
A.thaliana 93.70 98.95 97.18 98.03
TIS+50 95.67 94.76 97.04 98.12
100.00 + -
98.00 -
g mA
2 OB
©  96.00 -
5 BC
(]
& gD
94.00 -
92.00 - LU L
Vertebrate A .thaliana TIS+50

Mwdsznay 5.33 LWIBUNEUAIAMULANIZIANZAITERTNNNTNARBILLL A B C ULaz D
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ANT9N 5.29 Laﬁm_lLﬁﬂummwgﬂﬁaaszmwLtum‘haaa TF-IDF-NN-TIS AU 913287

Ansnnauniin
Founisy Ufmpuns | Vertebrate (%) | Athaliana (%) | TIS+50 (%)
Pedersen L8z Nielsen 1997 85.00 88.00 -
Zien uazAmA 2000 88.10 ; ;
Liu waznmi 2004 92.45 ; ;
Rajapakse L8z Ho 2005 96.10 - -
Tzanis WazAMAZ 2007 97.26 97.07 ;
Zeng uazAE 2007 96.68 ; 91.82
TF-IDF-NN-TIS 2009 99.76 97.56 95.50

Uszifugdasi 2 wWisuiisudszAnsnainnisiiwe
qﬂL'%'Nﬁun'lmﬂasﬁaiwi'mu,fum‘i'laaa TE-IDF-NN-TIS AUs %3 9afidn s auniin
LEAIGIANTIIN 5.29 wWisuieudiaugndesvasuuudnaad TF-IDF-NN-TIS Ay
d’]%ﬁ%&lﬁﬁﬂﬂ’]ﬁau%ff’] (Pedersen and Neilsen, 1997; Zien et al., 2000; Liu et al., 2004;
Rajapakse and Ho, 2005; Tzanis et al., 2007; Zeng and Alhajj, 2007) lasuuusnasd
TF-IDF-NN-TIS Widf8WhINTINGIHIUIAWING1 303 faadlalng s9ansmsiane
1-UNTN BAZ 2-WNTN HRUAAIANBUSLANIZAILAT TF-IDF (TN HMULLANIE 1UNTH La2
2-unIufiFuMIIAan@Bmnadia CFS Jwnuansmzianzgluuunewaudsmdudays

v o

WIFIRITUANTTII WA ﬂ@@ﬁuﬁummﬂ 8IREV0ILATITN U TERINLASY WU é’n%%'ﬁ_l"g@

v

Taya Vertebrate LLUUﬁﬁaadﬁﬁﬂLﬁ%ﬂlﬁﬁ’]ﬂ?’]&lgﬂﬁﬂ%ﬁ’]ﬁﬂ 99.76% gﬂﬂ’mﬂﬁ%’mﬁ

)Y

v . . A @ ° )
ANEINAURWIVBY Tzanis ez (Tzanis et al., 2007) TILVINNY 97.26% ®I1AILTA

v

2038 A.thaliana @iflm’mgﬂﬁaomaummﬁmaoﬁﬁ’]Lauawhﬁ'u 97.56% gdﬂ’mmﬁﬁ'ﬂﬁ

)Y

v . . A 1 o o v
ANENIURUIVDITZanis uazAthz (Tzanis et al,, 2007) TILVINNU 97.07% F1AIVTATDYA
TIS+50 @hmmgﬂﬁawadLLuuéﬁaaaLﬁﬂﬁu 95.50% gdﬂ’m’mﬁé‘yﬁﬁﬂmﬁau'ﬁﬁwad

€

>

n39% (Zeng et al., 2007) TILYNAL 91.82% FsuNLLLII889 TF-IDF-NN-TIS T¥enaaa

n ”aogaﬂ’hmuﬁ%'ﬂﬁﬁﬂmﬁau%ﬁwﬁm%’u @@“ﬂ’aga Vertebrate g@“ﬂ’aga A.thaliana Wag

v

AVBAR TIS+50

Y= L R
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TF-IDF uazlassvnedseanifias (The TF-IDF and Neural Networks Approach for
Translation Initiation Sites Prediction: TF-IDF-NN-TIS) @slfinafinnissnasnemzianis
N-WNT8 FABAAIANHHLANIE TF-IDF 3I8NUNARANIIIRONANBULANIZ INHANT
NAND mnwamsmaaaLLa@alﬁLﬁuiwLLuuﬁwaaaﬁﬁ’]mualﬁ@hmmgﬂﬁaogo waz

nmlumiﬂi:mawaﬁaﬂ
6.1 a@wamuﬁ%’ﬂ

aﬁuiﬁ'ﬂﬁ"lﬁussqmwui'mqﬂi:aa@ﬂ@mﬁm‘saammuLLum‘ifmaamiﬁwmy
QmL‘%N@T%ﬂWiLLﬂaiﬁ'ﬁImiﬁ% TF-IDF  uazlassinodseanifion Saduuuusiaasns
Jiazrasdlunlaslslassnsdssamifion ﬁag’mﬁumww:ﬁhumaamﬁ:qgﬂﬁ;uﬁums
utasaluanoslug LUUS1a0IftLEne i uaauInen 5 Tuaon Ao 1) TUABUNITULY
FUNKINTIN 2) AN TET AN IAZLANTE N-UNTY 3) A BB IE NS N HIALANNE
4) %u@a%ﬂﬁiﬁ§ﬁd§ﬂﬂm3LaWﬁtgﬂLLUUﬂa%LGﬁWfﬁ Waz 5) AU TV U HRANE
wanlUsunsuauuuusissefitdasnuuulilasl#lusunsy MATLAB mInasasuiiy 4
LUU A8 NMINARBILUL A B C  uaz D m‘smaaaLL@ia:LLuuﬁ%y‘mTa%lmiTwaa
aoilaenssulasenadszamifouuus U ami wan sTuRLANGNITH MINARBILLY A
ﬁﬁagmﬁnﬂu&'ﬂwm:mww:ﬁv’mmmaa n-uN33N NNINARBILUL B Adayaidiin
SNHMHILANWIZ n-UNTY fiHuNITIRandruinafia CFS tnafialagunas tnadie
oaNEIUNL UazinafaIan-law minessduuy C Idayariiduanymzianis n-unw
uwazanwaslaNzIlLIUAwTwE uaznmaasduuy D ddayaduduansmzianis
N-UNSUARIRNNSLAaN@I BN ARANITLA ONSN B A LANTE LaTANMHZIaNITIULDY
ADWLTUTE YINMIagaulnTawnImassudasLuudmsTatoys 3 Tadays laun
qﬂﬁaga Vertebrate q@ﬁaga Arabidopsis thaliana LLﬂ:"l;@“ffaQa TIS+50
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I@wamsw@aaaLﬁammm@ﬁﬁ'}@haﬁmmzam%m%’wgwﬁa%la
Vertebrate ~ deinaiia  CFS uazlassinadzanifisuldiunsdfanlunulszgy
ATNIIZAVTI@ The 12th National Computer Science and Engineering Conference
(NCSEC 2008) lusznin93udi 20-21 woadnmen 2551 m lssusuaasdonsieu wand
GHRICAEN TR 389 mi‘ﬁwmm‘i’nmmL‘%'wéfummﬂmﬁ'aﬁ'ugnﬁmaoﬁwé’uﬁlﬁma
é’@fﬁmz@né’u%é’ﬂ@aJLﬁané’fﬂ'i:rm:mwwzﬁé’uﬁ'ufﬁ'mmﬂmaﬂwﬂﬂszmmﬁw
(Translation Initiation Sites Prediction of Vertebrate DNA Sequences Using Correlation-
base Feature Selection and Neural Networks) WROIAINIANKIN N EIMILULLFINDS
TF-IDF-NN-TIS  ldsuns@fuwluaudszaaisinsszaumuw @ The 2" IEEE
International Conference on Computer Science and Information Technology
(IEEE ICCSIT 2009) ﬂgoﬂﬂﬁ'a Useine@n 32nin9Tui 8-11 F9may 2552 URAIAS
AANKIN U

Namiﬂ@aaammmm‘haaamiﬁwmquéuﬁummﬂmﬁ'ai@ﬂ%
3% TFDF  wazlawsdnedszanifioy sansaagtidudszidudeg 7 Uszidu fe 1)
UrzLawd 32N TA NV ITUIAR U614 agﬂmﬂﬂi’u@lauﬁ 1 MILIEURUINTIN 2)
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anBmzlanIe n-unsu 5) daziaulszantnwaeanafiamsiienansmziani: #3an
TuABUA 3 NSLADNAN BN 6) ﬂsztﬁuﬂszaﬂ%mwmaagﬂmeaumwﬁ'a sytan
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6.1.2 UsztandIANEAIN n-unTa NIFTIENHUANIZENIUENY
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6.1.3 UsztanieANSA1NV0IA1 TF-IDF  NIfAUAFIAN B AL
n-WNINA28AT TF-IDF azlﬁﬁwmmgnﬁaa ANNTABUELDI 1Y LATAIANLANIZLINZDS

N3 ﬂ?@L%&l(;f%ﬂ'ﬁLLﬂaiﬁﬁgdﬂ’j’]ﬁﬁgﬂ‘lﬂ'mzta%ﬁz n-LN3N NinueaIsA1ANn
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6.1.4 UsziaunilszAnsaInzadtiandniuan TF-IDF m3Uszaiana
Immhﬂﬂi:a’mLﬁyu%aﬁ"ﬁagaL“iT’]Lﬂué'nﬂm:Lawnﬁﬁmu@mé’ﬂmmzmww:ﬁazm"]
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Uszaniney
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6.3 VOLABDUWS
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Mwodunidlusluimas (Promoter Prediction)
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Abstract

This paper presents a technique of Translation Initiation
Sites using Correlation-based Feature Selection and Neural Networks.
There is comparison study for the selection of difference window sizes
of DNA sequences. The study examines at both upstream and
downstream nucleotides by using 1-gram and 2-gram techniques. The
study uses data set of vertebrate DNA sequences from GenBank. The
results of the study indicates that the proposed technique gives

maximum accuracy with less time.

Keywords: Translation Initiation Sites, n-Gram, Neural Networks,

Correlation-based Feature Selection

209

1. Unin

Aaa 1

UEINTIU

'
=

a2 g
NUDIALDULD

Tuda Tngjdoyamaiugnisuazgmiu13lugl

A 1

< @

VoaRId U M Aemsrudoyaniugnssursoaen
o , g L & o o ¢ g
sa 11ge1510ue (Transcription) minshmsiulasiasinersiou

3 =l o U ~ '
10 1)1 TU5AU (Translation) ATLUIUMTAINAUS BN IINTZUIUMNS

AUA1IA15NRUENTIU 130 Central Dogma [1] Haasaagii 1

exon intron

=
mRNA: A, C,G, U

Stop Codon:

TAA, TAG, TGA

TIS: ATG

Protein

1 v ¢
U 1 TassadwiugumsadiehilsAuvesaadgnis Toa

a2 g
ALY

a o
o152 uAI811na 10 1Nd (Nucleotide)  Mane9
A a s "o {a o P a
inale Inaumdenulasniinndle Indinavue 4 siiafe A C G
A A ad ' &£ A Ya o '
wag T B AsddueaueImiine IMinadANaIZaA19 14
A Aaa Y o o ~ o a a
FaIa vazudsmuamsGeadiveansaesil THYHAA199 Y09
Tdsau
SWANUENTTU (Genetic Code) NUBDI AIAUVDINING 1D
s =] A A A v
Induue1si8uedeas (messenger RNA 138 mRNA) fiasaton

o

a g S o w a a2 o
wugnssunnanwe lhifludduveansaeziiTuves T saudesia
9 o w a ¢ o A e
Wwugnssudmsunsaegi lunilsdlsenonliUdle 3 iandlelna
38071 InAdU (Codon)

o o o w 1<} =]
nszuaumsulasianugnssuuudrdudnersoue

= 2 { o oA v o
WuTdsauegiSudundumiasudumsudasianugnssy



The 12th National Computer Science and Engineering Conference (NCSEC 2008)

. . . A2 A o o &
(Translation Initiation Sites: TIS) [2] mmwawunmamﬂuimau
ATG #m5unsyurumsutasiaiugnisuauauuagudunuy

v v
mgasrvasy s TuTsuiuauudald s TuTsuwsSuduasiaaon
o v & s o o ° '
Sauduesouennlate s Tudalate 30 aunsznavediumia
Fudumsulasdaiugnssuiaiudunlasfaiugnssy uaznga
msulasdaiugnssuilonalnaounya (Stop Codon) IdiA TAA
o v A o = ' @
TAG 59 TGA [3-5] §115ui1708 1o Inadudneves TIS 5onn ow
G a = I Y ~ ' L4
#A33 (Upstream) 18 19A3 1o Indauvi1ved TIS 3ond1 a1
= o A o v a g ' Y
Aa3U (Downstream) 43107 2 tanId1duAD UBIBUDINIIA1

L4

a s 1% Aa

Y119 203 1and o Indazii Tnneu ATG egninarslaeniing lo lna
3 o ' s o ) a a A

A 109 Taneu ATG iudumus +1 dwmsudiusnansuazisudun
° ' A v v o o A
Murue -1 gazanauses ld1udne Simsudiuarniaasuey
2w A, ' 2 44 y Y o 0w
FUAUNEWNUL +4 wazivvuiseee TUd e Jodunn dSmsums

A A o o a g Aa &
NAABIIZIAoNNAITANE IR UveITeAduenl Innou ATG 1T TIS

A " A = ' o Y
Wieedruafed uall Inaeu ATG wnn 1 GHLWI“LNhlﬂ

.. .GCTTCGAGCATGGCTTTTGTTG...

| upstream | | downstreagl

-100 -1 +4 +103
@@ DNA — — }
TIS
l L
- wihd1 203 iadTeTnd !
1 2 Srdudduedevveanthens 203 fndle Ind

£
unanuiduguenstiuie TIS Tasnsaenanymy
Aoy o do v ' a ' A
mwziduwusiutazdeuale lassiiedszamion ludiui 2
Vo= a Ay A a 9 ' A o= o
naMINgEuazNuIveneIdes daui 3 nanduuiiasanis
Auedwmisiudunsulasiaiugnisulasldmsdendnuag
Ao o do ' =
mwgnduiusiunag Iasauiedsea1nifion (Translation Initiation
Sites Prediction using Correlation-based Feature Selection and Neural
Ui 4 nA1IT9 WAN1INAADY LAz

Networks:  TISP-CFS-NN)

oA A
aui 5 Avunagy

a Ay A A
2. NYHHUAZNIUIVYNINE

2.1 IAHAIP U-NTN

Y

LN

a <3 3 ad o @ Y o Y
AR U-UAs Y UITEMSUMTAS N NHULRANIZAY
° A Yy a o Y ¥ A 9 v
MINMUAANNII n A9 MIaudu-unsuila Tasdountieg
Y Vv v v
voasnuse lluudrdunavua n @ wazluudazasaiiimsdon

o v 1 o o A g
AAVYDYVUIA N DNUTSICYNANADDNN MANAR U-LATUT 2 HuY

210

' A A
launmainu-un DN (Any-frame) tHaZINATADULNTY
HUUBU-W5Y (In-frame)

211 mAiASu-unsmuuNMWsH  (Any-frame) N3

° o = Yo o o o A A
Madsae Tismualdddniianues m @1 unsunsegiuuni
@ 9 = 1w @ l ] o Yo w

analdazlinumny mn+l guuy (7] @redrusuimualiddy

A9 “AAGGGCCTAG” #41ANNEN UMY 10 63 (m = 10) 1d0ans

7519 24031 (n

2) auiuvziigadeyanana ldamin 9 guuuy
(10-2+1 = 9) 1AuA AA AG GG GG GC CC CT TA 1ag AG (Hudu
2.1.2 MARABU-UATUNVVBU-195H (In-frame) UANHAUY

o o & Yo w A o A =
MINMNIUAU ﬂ1ﬁuﬂ1ﬁﬁ1ﬂﬂuﬂ?1ﬂﬂ1'} m A1 LLﬂﬁiJ‘Wif’Jg‘}JLLU‘U‘VI

o v A

analdvziisuiiy mm gluuy Medaguimualididude

v
ADINT

Y v & 2 9 A oMY 1o
A3 2-UN5Y (n = 2) muu%mgﬂﬂuay’awﬁﬂﬂ“lmmﬂu 5 ?l‘l.]!!‘lJ‘lJ

o a

(10/2 = 5) l4un AA GG GC CT wag AG dwmsunuideldiunail
Bu-unsuNadednyuzmmIze Mg TIS B9 Zeng tazame [8]

l4iiiene 203 1aadlelng

2.2 Correlation-based Feature Selection
A4 a & o an a4y A v
JymiadunnmsihitmsGouiveunsesly ey
M3 TIS ¥oIdeuAidueas Tanyazmmzi uIun uad

Ed 1
espdnvazmmzmiuiduiusioaaid mldanugndesues

v
v W

= ya a A ad A @ 2 o IS
ﬂ15liﬂuguﬂi$ﬁﬂﬁﬂ1Wﬁﬂﬁﬂ auiuasiaenanyuzmmzIsd iy

dmSunmsdumansauzinme iddydmiumsiiune TIS maiia

3 an @
Correlation-based Feature Selection ‘Vi?@ CFS Lﬂmmﬁaﬂaﬂymz
A o A aa a A g9 o A » o o
ML NOIAINANATITTANINOAUMIANHULIRWIZTANANNTUNUT
funaid Tagshinmsaniidvestoya [10] §10619%U Zeng tAZAMY
9q Yas o A v a g
(8] 181433 CES  1@endnyazimmy Na19nmadiadu-unsy

dmisuihiue TIS drumatiamileateyaivateguny

2.3 Insavhedszanniien

a A a

Taswelszamiienfiomatanisiuniiosdoyaiile

=

ya u3g

U &

v ya ' v A A
ﬂummmgmﬂmgﬁlu;ﬁamm Yuvumsvseuranai@eunuy

o J 4 9 T
mannuveuyaalszamueanypdlszneudie nielszuiana
' ' A v ~ v '
gosviaeriteyoudeny Jduuumsseuiveslasaiielszain
a o = 9 gy . . =& Y =
euiumaisouiuuuidasy (Supervised Learning) $498AD3INg
' ' o a 4 7o
aeulnseielszamiouneuth lildauaiagli 3 uaasilandu
myirnuluniielszutanadesveslnsaviedszaniiion
7o 4 o
UsznoudlelafdunasIy (Summation  Function) (WORIUINHA
9
naswveInaguszninanihmindumYeyatmazladdunszqu

(Activation Function)




Xn Bias

A S o ° ' '
319 3 ManFumsihnuvesmiinlszulanades

Taseardavealagainelssammennuuniinlszuiana
' H . - o A oy v
#0811 a19%1 (Multilayer Perceptron) 3 3 3¢AU AD ¥UYDYAUT (Input
F A
9 ] o @ o
Layer) ¥U%®U (Hidden Layer) Uas¥UWAANWT (Output Layer) 14
o o A v v a yy H oy o
dmsvanuiianududen Fouiareduaounisainidoundy
3 & ' vy @ Y
(Backpropagation) #4NIZUIUNITAIAITDUNAY Usznouaie
2 daudesdo myaerul)dand (Forward Pass) tazmsaariu
founau (Backward Pass) dmsumsaariinldrenh doyaserin
) ' a A4 9 v " a o &
W1 lasenelszenniiouidudoyai wazazaariu 910BnFuni
- o = ) 1 v Y] Y
Tgdndunilavunsziideudoyaoon drumsdaiiudoundus
J o A ' o = v v o v
Wiminnisirouaeszgnilsunlasuldasandesdungnisud
a ' o A
YoAaWa1a (Error-Correction)  AONAAIMYBINAANTN 1A (Actual
o 1% o a 3 [
Response) fumadnsithwine (Target Response) mmﬂuﬁﬂgmﬂm
2

v 9

ANANY

o

AAwa1A (Error Signal) Sdyanaiiiog pundudglnsaiie

' v
A ' o '

v

Uszamionlufiameasafudnufiumsidende a1niuanimiin
A ' o o o JAY Y Y v o ¢
youmsi¥Feuaovzgniiuaunszniwadnsn a1 lndnadns
whviwe [11] @red19au33en 19 a5 av1815ea1nifenay Pedersen
. E2 ' = o 4
uae Nielsen  [12] 1 lassvedszammieniiuie TIS - luiwaa
A3 Toa AowT Hatzigeorgiou [13] a31aunuU1009n13A519a01
15T ToudreTaseviodsanmifieuiieninne TIS 11 cDNA vo9

P . % ' ~ A o
WYwY Ho 1182 Rajapakse [14] 19 1Tas 901015y amiiionmesinue TIS

9 o o a g o Ia o o 2 Y o

YougaToyad IAuAIR WD TAINNTTANAUNAIFIAI AN YaZIRNIE

fvatgnlgininew dudu

2.4 mynagevlvin/feunuy K-ngu
msdssfiunagninisnaaenlvdnldsuuny K nqu
(K-Fold Cross Validation) S'm?fumiﬁNmiﬂauﬂmgﬂﬁi’fay‘amum
W AUTIUIU K ngu wazifidndddouiu Tuidazadiwems
Usziiiumadniazsiimantis K-1 nguilugaaeu uaz 1 nguiiluga
nadou ni:mumif:gnﬁvf?w K Ada Froganadeuiiuanmaiuly
usazaie ﬁaﬁu%’ayanﬂﬁﬁuﬂuﬁwﬂaau HazAANATO U
Fre81umu doyadiuu 600 Fedre inmsnagenlvildeunun

oAy vy 3 ' Y ' = 9
3-ﬂq1J L‘JlJﬂu!!,‘]JQ‘lJﬂllvmﬂU?a nauaag 200 29819 T0UN 1 ﬂzcl“]f

2008

211

= g oA g = v
uni Lﬂu‘lgﬂ‘ﬂﬂﬁﬂ'ﬂ naun 2uae3 Lﬂu“]qfﬂﬁﬂu TI0UN 2 1‘11

= 3 oA <4
un2 Lﬂu%ﬂi’]ﬂﬁ’ﬂ‘u naun 1 g3 L‘ﬂuﬂg’ﬂﬁ’l’]u HasIoy

= g oA IS
13 Wluyanadeon nqui 1 waz 2 Wuyadou

1) 2 I
VYHADUN 1 MIAYNUBdYA

y i o v ad &
1.1 ﬂu‘ﬁﬂﬂﬂ@u ATG ﬂﬂﬁ‘]ﬂaﬁlua']ﬂ‘l]ﬂlﬂul@WQﬁiJﬂ

1.2 uuelnaou ATG LﬂUﬂﬁ']Td 1 uagaala 0

o w

o o ad & 2’ "y 9
1.3 tendauanweilud 1A wodoea1euuIaiin1g 63

a 4

103 203 uagadwuiiing Ta'lng

T

YunpHil 2 MIaBDYUININ

2.1 Mmain 1-unsu uag 2-1n3%
2.1.1 fuAnwAves 1-unsu wag 2-unsuilsing lusnaniy
(up_x U up_xx)
2.1211uAWAv0d 1-unsw nag 2-unswuinlang luamiansy
(dn_x 149 dn_xx)
2.2 1% Local Feature (Optional)
2.2.1 insandumue -3 Huiiinale'ng A w5e G (up_-3AG)
222 insandumus +4 Wuiindle Ind G (dn +4G)
223 Wsanmsisingueslaneuriga (TAA TAG 130
TGA) Tudu-wlsuaniansu (dn_STOP)
224 fnsanmsdsnguedlaaeu ATG Tudu-mlsusnany

(up_ATG)

w g

Tunoun 3 ms!ﬁanﬁ'ﬂumzmww

3.1 Lﬁﬂﬂﬁﬂyﬂ!slﬂW13ﬁﬁ%Nmﬂ!ﬂﬂﬁﬂ 1-UNTN HAE2-1NTY @E]J'JEJ

3% Correlation-based Feature Selection

g

Yunouh 4 M3 TIS

o

4.1 Svuaganilagnssuveslaseinelszaniion Tnell

o

$1u2u Tnuan (Input Node) wiinuduiudnbazmme
A A
nqon

o Y ' =
4.2 e TIS s Insevrelseaniion

4.3 Ysziiuramsiiuieuyy K-Fold Cross Validation

319 4 uuu$1aea TISP-CFS-NN

3. UUI1a09 TISP-CFS-NN
spusiassmstiedwniaiudunasiaiugnisy
o o o Jo '
Taslémsidondnyazmmenduiussuuas Tasavisdseanimon

(TISP-CFS-NN:  Translation Initiation Sites Prediction Using



The 12th National Computer Science and Engineering Conference (NCSEC 2008)

Correlation-based Feature Selection and Neural Networks) 1¥dmsy

PV

o o 2 o v v oA
N13NIUY TIS mawmﬁ'ayamﬂumaumﬁm{ﬁﬂiz@nﬁuwmumi

)
UdYa

U

A
91U 4 TUABY AiD 1) MIINS oY 2) myadadnyazmnig

3) MIAONANHULINNIE 1Az 4) NI TIS naanagili 4

o a a4 oy
3.1 vUAdUN 1 NIAIBNVOYA

nngadoyaniiegaurilanou ATG  Milsingluddy

AA o '

a g o 4 a = o o
adwe Mvualilaaou ATG Nidwnaiiinalelng A asedy

it ﬁﬂmfﬁzu TIs Wuaaia 1 @safudmina TIS) nag Tnaou ATG

v a g

o
A o & N Y o v oA s v
?JW]L‘]JL!ﬂm’d 0 ﬁ]1ﬂuuuﬂﬂa1ﬂUﬂ!ﬂu!ﬂ!ﬂua1ﬂﬂﬂlﬂu!ﬂﬂﬂﬂqﬂ'JfJ

F
YAnTAg 63 103 203 wazadwuiionale lna

3.2 YunauN 2 MsaeanyuzRg

A

Y ' v ANy A
fﬂif’fiNaﬂBm&:mW1$!m\1@ﬂﬂqﬂ 2N Ilﬂllﬂﬂim‘lﬂ 100
9 a A A v a
ﬂWii“]ﬂ,‘V]ﬂuﬂ 1-UNTY LAY 2-UNTY UATNTUN 2 ﬂi’)ﬂWitl"lfW]ﬂuﬂ
Local Feature
aa Y o v A
NIUN 1 fﬂiﬁiNaﬂHmmaW']zIﬂfJ%ﬁmﬂuﬂ 1-UNTN LA

v a g

2-1NTUN (Lmuﬂ'ﬁw R) Lﬁi’)Q%1ﬂé1ﬂ‘umﬂu&ﬂﬂi$ﬂﬂ‘ﬂgl}’JElélﬂsllig

v £
4 1dun A G € war T dndu 1-unsudadizduuuianuamiiy

430ny @ = 4) uaz z-unmﬁgﬂzmuﬁgwummﬁu 16 galua
(4" =16) 1Aun AA AG AC AT GA GC GG GT CA CG CC CT TA TG
TC uag TT mmilguﬁumm‘ﬁmaagﬂuwﬁ”wmﬁﬂﬁﬂgﬂluwﬁfwha
Taviinsaueniusziiednaasuuazanianiulaoidiuiu
gﬂuuﬂuﬁwaﬁ?uﬁwummﬁu 20 31 (4+16 = 20) wazani

20) fauandluaiziei 1 d1e619

=) =)
an3uan 20 UV (4+16
o @ = [l I 9
anbazmniy --unsylusnaasusu up A uag up G 1uAYU az
o 1 o 4 =l 1
Aod1anEuzmNE 2-unsuluaIUaaTy 191 dn AA dn AG ag

dn AT udu

CRERNTD! 5ﬂHﬂ!$LﬂW1Zﬁ%}1\‘imﬂ 1-UNTY Las2-UNITY

suuy ez U
up_x Tuduunsy x Tuenwaasuy 4
dn_x Tuduunsy x luaniansu 4
up xx | Hud sy xx ludwaaiu 16
dn xx | tfusuunsy xxlumniansy 16

n38h 2 M54 Local ~ Feaure  (unudne LF) a3
dnwaizmmzds LF fumsadednsazmmennaunigiudun
msasrvaev 15 TuTyw [3-5] vaggluudnvuziaudiulugves
Koak [6] Tasdnuaziamgiiadenndunuumsainndoufions

' A a I~ A '
ATVTUN Iﬂﬂﬂu ATG ‘nwmsmuﬂﬂﬂﬂau ATG Lliﬂ?ﬁ'ﬂ‘lll uag

212

=) a % = A v o v
HlanoungalsingluduaWsuswaniunield d1usv
o iy o ' ' il
anvazmmznasnnnjluudnvuziaudiulvgves Kozak fe
"o ' o = < a a 4 A
MsaTIvaauNdnu -3 ludwansuiuiindlend A wSe G
o ' P & A s v o
wazdunua +4 luaniaesuiluiiiondlend G duiu LF 343
o A b o A v ' 9
4 gUnunEafans1eh 2 Adnvazmmiziadieen LF 5elisey

' < Q‘ v
Taaou ATG fuilu TIS Tdgndewnndaiu

M13199 2 SRBALIRMIZNT319910 Local Feature

suuy Moz U
o a2 g a 9 a
AnHUZMWIZYIUGUTUIT IO

dn +4G | _ Loa. 1
Hndlelnd G Adumia +4 [6]

9 a & g a 9 A
AnHUzMWIZYAUFUTUIT IO

up 3AG | _ L 1
#nalelnd A u5e G N WM -3 [6]

o a2 g a Y a
AnyULMMIEYIUGUTUITIO

up ATG - . ~ 1

Taneu ATG ludu-tlsudnansy [3-5]
o a & g a 9 a
AnHUZMWIZYIUFUTUIT IO 1
dn_STOP | InAoutiga (TAA, TAG, %30 TGA)
Tudu-mlsuaiansy [3-5]
:’J d‘ A Y
3.3 YUADUN 3 NIFLAdNANHUSIANIY
v ]
Fnyauzmznayan 18a1n 1-unsuuas  2-unsull

A o v 2 Adey o de =2 A
40 EIJLLUHLW]NLWUQU‘]Qaﬂymzl‘ﬂ‘luumﬁﬂwu‘ﬁﬂnﬂa‘]ﬁﬂQlﬁaﬂ

9 {o o do a 5 o o ax
ﬁﬂ“lslm%!ﬂWWﬁﬁMWNﬁﬂﬂﬂﬁWﬁﬁﬁﬂ?% CFS fﬁwaﬂmimmummaﬁ

ANYDYUDI

a

CFS fean1sl¥gisaandimsunisisziiunin

o a o o o & A '
dnvazmme laginsanseauanuduiutaeluineidoaszring

o o

ANHULIAMIZAVANE LAZANHULINIIZAUANHULINWIE Iﬂ&lq@]i

a

ga5aandsaunisi (1) Fevgldainzuungegadimsunguues
fnvazmmnziianuduiussenindnyazmmeziuaatage uazil
o o ¢ o v o s
anudiusmeluszninanyazmmziuanyuzmmzal Tagan
1] v

gasvzlimntssmstineveuaazanI@veIdNULIANIE 1Ay
o v o Ay oA v

samsnuanyazmmei lifede

iy
Jk+kk—Dry

e Meritg fio Mgrsaanveanquanyuzimwiy S N1lsznouale

Meritg = (1)

Y { o —_— ' = v o ¢ '
k ﬁﬂHil!mﬂWWxﬁgﬂﬂﬂlaﬂﬂ Tef ﬁﬂﬂTLﬂﬁﬂﬂ'}TNﬁﬂJWuﬁﬁg‘}’iUT\i
o o —_— ' { v o & '
ankUIRWIZNUAAT T ﬁf]ﬂHﬂaﬂﬂﬂ]']llﬁllwu‘ﬁﬂ']ﬂ‘luizﬂ’ﬂi
A

dnvazmmeiudavazmme [10] Tasimualidnvazmnigh

FUMIIADNAIIT CFS LNudIe M




v .
3.4 Tumdun 4 Mg TIS

MUY TIS 1%1ns 991015z amitonnuy
mirelszunanagesralein nazilasFunszqudnuosd srviua
anrilagnssuveslasainelszamifien s ueyaidhiisau
Tnuanhfuiudnsuzmmezidoins ﬁ‘imawﬁ'ayacﬁyucﬁau
@nudre H)  f$wou s Tnua uazﬁmauﬂi’fagaﬁguuﬁmwa

U8 0) T au 2 Tvua Usziliumanisinne IS uuy

K-Fold Cross Validation

4. HaN1INAADY

WUVF1a049 TISP-CFS-NN  1di1imsnaasaumnied
a d ] o a o ]
ApuN RS dauyARa wideA1Nd1 2 nng lud mitelszunana
1 < a ad
AB19TU Intel(R) Core(TM) 2 N5 Tumsiszuaana 1.83 Ainzidsa
v
IMINADINIHNA 4 LUVABMINAABIWMUUV A B C uaz D 1ag
a & o A an
minaand A Dieyadiudnvazimwziniumsienaisis CFs
gy =T A A Y an
(M) msnaaes B Tdeyaduiludnvazmmzikiunsidondisds
I
CFS 1Az Local Feature (M taz LF) msnaass C Haoyaduilu
v
FAHULINNIZIINUA 1AL Local Feature (R 11a2 LF) LALMINAADI
v
Y o = 1
D fitoyaduilu Local Feature (LF) iniu dodunasziiiulai
T 4

saudeyaduie I lunmsasulaswelszamifionvziuegiy

9

A Ea
msnaaeslunaazuuudIndudeyatounazFundainamiinugn
MINABBIAINIIN 3 naasaanilaenssulnsanielseaminonues
MINABOI UAAZUUVAIDIIUTY MINAaes A Tamilagnssn

' A g 3 2 o
Tassolszamifondu M : H : 0 Wufedudoyadhlismou

" J a9 I o = 9 <
Trvuaminy M suseulideyaiilu H nagduuaainaiidoyaiilu o

Hudu

a1519% 3 aoileenssulnssinedseamionvesnisnaaes

ms AnHaININ amilnanssuves
nAaea R M LF | Tassnedssemniien
A X | v | X |M:H:0
B X v v | (M+LF):H:0
c v | X v | R+LF):H:0
D X X v LF:H:0O

Y Y o v a4 d o
E];ﬂmay,a“lums°vmamﬂiznaumﬂmﬂumamammu

o w o om o o a X
3,312 MAVIIVTINNINTAINNTLYNTUHAIHAWAHAIN Kent Ridge
Biomedical Data Set Repository @nf910 GenBank [15] tiaazd1ay
a g ] < = v = ° oA
Auelilanen ATG U TIS  figndeuiisadriafedndas
o 4w A _ o w o ad  me '\ o
A1ee19d93 1 5 v welimIuInnew ATG Bgianua 4 yA
y { IS 4 a I

Taglnaeu ATG gai 2 1ilu TIS 1o niindTo lna A TuTnaeu

v

ATG gaiilidmmisasadudydnwel i » Fa521 TIS nod

299 HSU27655.1 CAT U27655 Eukaryote
CAGCTGCCCCAAGCCATGGCTGAACACTCTCCCAGC 80
CCAGACTTCAGCTTCGAG(@QGCTGTCAGGGCAGC 160
GGAGGCAGATGAGAAGAGGGAGATGGCCTTGC

80

Mmoesne Fydnual « i unudwwialanou ATG Mmilu TIS

o o Cd a a I 7 =)
dyyanwal . E 7 uwnuiindle Indluaniaasuuas

o o o

non a 41' l/l dﬁl (2 =
A" " UNUUING LD INA LUDWAATY

Y 1

a o v ad Ao '
317 5 MedrdraufDwenid s TIS
1Y) 2 N oy
4.1 YUAdUN 1 MIAIINVDYA
nngadeyaiian 3312 Sivunuhdumniiionglelnd A ves
. ’
Tanou ATG fnsanudadnual «<i” T5119u 3,263 dumiis dafuda
k4
o v A g ) o a o o w v A
l¥avuRiduedmiumsnaasuiiossuiu 3,263 1du nagaiaia
Tiruu 49 dréu ifieaninlundazddudidueiigalnaen ATG i
v v
hinssfudydnvaiszy TIS dniudadilaaeu ATG Wanua 13,308
v a o o
yalsznoudielanen ATG Milunaid 1 §1u9U 3,263 (24.5%) %4
v
wazAAE 0 $1WIU 10,045 (75.5%) A Tuasude lilimsuenin
' I o o < ' '
AU ATG udazyaoenuijudduAD wedosmuIuIANiaI 63

F
103 203 Haziiadduiiona le lna

g:v d‘ YV LY
4.2 YUADUN 2 NTTINANHUSIANIY
° Yo Ay 9 a
fvualanvazmmnziadediomain 1-unsy way
v 1l
2-unsy Tianiua 40 30Uy R = 40) nazdmualidnyazmmei
Y A
519910 Local Feature UNavine 4 31uuu (LF= 4) 5umanun 44
U waasdansan 4

' v '
a3 4 pupvanvazmmziuanlflunsnaaes

madiamsaig .
. sinuvdnyam
dnvazame

1-UNSUONEATY up A up C up G up T

1-UAFUANYIAASY | dn A dn C dn G dn T

up_AA up AG up_AC up AT up GA
up_GG up_GC up GT up CA up CG
up_ CC up CT up TA up TG up TC
up TT

dn AA dn_AG dn AC dn AT dn_ GA
dn_GG dn_GC dn_GT dn_CA dn_CG
dn CC dn CT dn_TA dn TG dn TC
dn TT

up_-3AG dn_+4G up ATG dn_STOP

2-UNTUBNEAT U

o =)
2-UNTUANUTATY

Local Feature

AN

PN
P, /\b
4 @ >
7/
N

NCSEC

2008 213



The 12th National Computer Science and Engineering Conference (NCSEC 2008)

4.3 TuAaUN 3 MIADNANHAUIDWE

o a

fFnvazmmznaenamaiin 1-unsy vag 2-unsy
Ve o < \ o 2 o
uaazdnuAD WogasliTIuIUNINA 40 JUuDY shmsnaaswudon
dnvaziamzdie3s crs  Taeldllsunsy WEKA  $1u9u
FAMAULMMENAUMIADNAI8TT CFS 1AAIRIaIT19N 5 Tadana
° o A A Y aa Ay oA
S1IUAAEULRIILNHIUNTERAAIET CFS zliAioaninnse
Vo o 4 g & & Y
WAUANHAZIRMIERa 9T UEYe (M < R) HMuag
a =3 A 1w 9 1 a = dA
63 Hnalendlal M iy 11 wee 103 Hanale Indian
" @ Y a a L= 1w Y v
M Ay 12 M1e1a 203 HadTe lndlar M m1dy 13 wazniiang

S o o oA a g "o
VI\iﬁ1ﬂ‘]JulﬂﬁI’l’]vh/]ﬂ1Jﬂ1 M Imnu 4

A o a g A A Y aa
ATWN 5 ANHUSIRWNISINAUARU-LNTUNHNIUNITLIODNAIYIT CFS

Y Sowaamzirumaiden DRI
1IN o
A2835 CFS (M)
up G up T dn C dn G up AT
63 up GC up CG up TG dn GC 11
dn CG dn CT
up A u T dnC dn G dn T
103 up AT up CG up TG dn GC 12
dn CG dn CT dn TC
up A dn A dnC dn G dn T
203 up AT up CG up TG dn GG 13
dn GC dn CG dn CT dn TC
addu dn A dn G dnC dn T 4

o ~ o
4.4 YUADUN 4 MIMUE TIS
. - ,

msnaassuaazuuulanilaenssuiasaviedszain

WenuanaenuazseiuNalyy  3-Fold Cross Validation Iag
v
a a a o Aa 2 a a
wsanlseanimmuesiuno s lussaulseaninmvesviuia
Y (f/' o v A a2 o a a A @
niheaiadwuiinale Ind Uszansmmveamsaendnyazinme
#1895 CFS  wazdszaniainveanaimsadauuuiiaoade
2

swazideane 114

4.4.1 YszanEmuvesvinantheanssduiionale Ina

Ea

MINAABIVOIHTNAN 63 103 203 uaziadvuiinna le'lndang
o A ¥y g 9 1
9015199 6 wanInaaeaad lFIiNIINTNARY A 1HAINN
gNAoUMIN 77.05% 77.84% 80.17% 1@z 99.88% AWAWY M3
naaod B IiAAnugnAeuiu 80.21% 84.51% 92.79% uaz
98.07% @wd1AU MInaass C  IiA1nugnAounIny 80.91%
85.19% 92.31% WAz 99.02% MUAAU tazminaasd D lianny
gnAe Iy 76.50% 78.92% 86.02% 1Az 89.06% AWMEINY 91N

' Y 1 Ao A A I ' v
ﬂﬁﬂﬂﬁ’ﬂ\W‘I‘]J’J']‘HHW]']\WIiJﬂ']u’Juu'mﬂIf)‘lT]ﬂll']ﬂﬂ']ﬂ’J']ngﬂG]ﬂQQQ

214

M31N 6 MANUYNABINITNAADIVBIVLIAKITIAIANA1Y

\ v Y
MANNYNABIVOIVIIANTIN (%)
MINAang USR]
63 103 203
(MAX.=299)
A 77.05 77.84 80.17 99.88
B 80.21 84.51 92.79 98.07
C 80.91 85.19 92.31 99.02
D 76.50 78.92 86.02 89.06

Y

4.4.2 szanEmnveamsiaenanyaznmz@e3s CFS

o w

. F
WetSeviieuninaugndesveanididiaiadiqy
17310 MAv99MINAGBI A B C 1Az D HaAIfInIs19i 6 Hams
naaoaliimnugndeunimy 99.88% 98.07% 99.02% 1Az 89.06%
MUdIFD HamIneaeaaa i uINdendnyanmzd1e33

v A A 'Y qu
CFs ldwanminaaoafigaqann 99.88% (Msnaaod A) uaalld
mwiz LF Taglildimaiia crs  azldnanisnaaeaiios 89.06%

) o < A Y U o
(M3naaea D) @ wmsulszaumaaenl¥ LF sauny CFS
(M3naasd B) fanalinamanaasanafe 98.07%

A Y I R o ) A o v
a17190 7 uaaalfiiiudadudnyazminghadaldnn
v . Y
VUIANTIAINUANAIITY §I08105 U 1HaNITUITIG 1A
inale'lndveananmsnaasd A B C uaz D 1S wudnvazimme
1w o W = '
Y 4 8 44 naz 4 JUuuy Awd1ey wziuldinsnaaes A uaz

D ﬁi‘i1muﬁﬂymzmw1$%a

A _ o Y 4 o yy Y 1A o
ATNN 7 mmuaﬂym:mw15%ﬁnﬂ'lﬂmﬂwmmmmnmqnu

NUIUADHULIAN
NMINAADI R
63 103 203
(MAX.=299)
A 11 12 13 4
B 15 16 17 8
C 44 44 44 44
D 4 4 4 4

4.4.3 YszanEmmveanamsaauudiaes
El = Y o Y \ :ll o %

WFeueuna1mMsas 1 uIIaeIveIuTIANNE 1AL
a s o y
inalelndvoamsnaastA B C  uag D HAAIAIAITIN 8
wamasnaasaldinal 41.11 61.42 146.38 wag 46.73 1 awdey

Y 3 ] Y A A P °

uaasliiuiiminaass A ldnaniesngaiiosninldansiuau

ANBULANIZAN




A15199 8 L’Jiﬂﬂﬁ’ET%JNLLU“UFE1ﬁ1ﬂﬂﬂlﬂﬂsﬂu1ﬂ1’iﬂf16h\mﬂﬂﬁ1dﬁu

NAIMIAFNMVVIIA0 9V IVINAKTNAIS
Gui)

MInaaed o

NIg
63 103 203
(MAX.=299)

A 76.06 57.39 67.25 41.11

B 88.53 75.50 77.66 61.42

C 157.78 153.72 159.23 146.38

D 41.50 39.64 4142 46.73

5. unaqy

v v
unaNuiiauemsmiemIined it asTudums
@ @ 0o v A d v I o [ A
wlasdariugnssuveshiduAuedaIinszgndunds Iagniaiaen

o Ao o o 9 ' = -
anvazmmzRFuiusnuazaeuaelaseelsraniiey vise

Ed

upU$Iaes  TISP-CFS-NN  wanisnaassdwisoayylldaai
= P A o 14 a y A '

D wihduaddauiingle Induneziidinnugndeiigand

A o Y ax o v Aaay

2) mIenanBuzMMIEdI83s CFS i ldauisoaniiadeyaua

daneiidszansammsinneduisiudumlasiaiugnssuga

3 msdenansmzmnIzdledt CFS  grsaanarlumsadi
HUUIIADIAY

k4 v

aatumstedumuasudunsulasiaiugnssuves

o v a g o o v o= ya  a ¢ 3 o w

drdvdouedailinszgndundedends1dinalo Inandrdu

E L
nnudenanyazmnzde3t CES ileanlateyatazannains
a$rusasluvazndenadilszdnsammsine TIs galagli

Foald Local Feature

a a
6. naAnssulszmea
a o dy Yo L3 O 3 o a =
ﬁunﬂu'lmunuﬁuumguuﬂﬁﬂyﬁmuummmﬁnm
I | o oaw X Ao
Lﬂué’mnumﬂﬂ (Research A551stant)ﬂﬂ15ﬁﬂy1 2550 91NNINUIVY

AMLINeIMans wnInedvasuauasuns Imenuavialvg

19NE15919949

1Y v oa J o s 4

a o < o 4 4
[11 9131 ANATIUUN, WUFMaATUYYE, VTEN 1NAY LeUA 1993
Wa Wudndu 9100, AgUNNA, 2542.

a -1 =] a o
glirssa Answna, Awwemalulad, augInnmansiay
maTulad, aanfusisignyadansw, 2545,

M. Kozak, “The Scanning Model for Translation: An Update,”

Cell Biology, vol. 108, no. 2, pp. 229-241, 1989.

(4]

A. Cigan, L. Feng, and T. Donahue, “tRNAi(met) Functions in
Directing the Scanning Ribosome to the Start of Translation,”

Science, vol. 242, no. 4875, pp. 93-97, 1988.

215

[5] M. Kozak, “How Do Eucaryotic Ribosomes Select Initiation
Regions in Messenger RNA,” Cell, vol. 15, no. 4, pp. 1109-1123,
1978.

M. Kozak, “An Analysis of 5’-Noncoding Sequences from 699
Vertebrate Messenger RNAs,” Nucleic Acids Research, vol. 15,
no. 20, pp. 8125-8148, 1987.

R. Saidi, M. Maddouri, and E. M. Nguifo, “Biological Sequences
Encoding for Supervised Classification,” Springer-Verlag Berlin
Heidelberg 2007, pp. 224-238, 2007.

[8] F.Zeng, R. H. C. Yap, and L. Wong, “Using Feature Generation
and Feature Selection for Accurate Prediction of Translation
Initiation Sites,” In Proceedings of the 13th International
Conference on Genome Informatics, Tokyo, Japan, pp. 192-200,
2002.

H. Liu, H. Han, J. Li, and L. Wong, “Using Amino Acid Patterns
to Accurately Predict Translation Initiation Sites,” In Silico
Biology, vol. 4, no. 3, pp. 255-269, 2004.

[10] M. A. Hall, “Correlation-based feature selection for discrete and
numeric class machine learning,” In Proceedings 17th Intelligence
Conference on Machine Learning, pp. 359-366, 2000.

[11] R. O. Duda, P. E. Hart, and D. G. Stork, Pattern Classification,
A Wiley-Interscience Publication, USA, 2001.

[12] A. G. Pedersen, H. Nielsen, “Neural Network Prediction of
Translation Initiation Sites in Eukaryotes: Perspective for EST
Sth International

and Genome Analysis,” In Proceedings

Conferences Intelligent Systems for Molecular Biology,

pp. 226-233, 1997.
[13] A. G. Hatzigeorgiou, “Translation Initiation Start Prediction in
Human ¢cDNAs with High Accuracy,” Bioinformatics, vol. 18,
no. 2, pp. 343-350, 2002.
[14] Loi Sy Ho, and J. C. Rajapakse, “High Sensitivity Techniques for
Translation Initiation Site Detection,” In Proceedings of the 2004
Symposium on Computational Intelligence in Bioinformatics and
Computational Biology, CIBCB '04, pp. 1553 — 1559, 2004.
[15] Agency for Science Technology and Research, Singapore,

Avialable: http://sdmc.i2r.a-star.edu.sg/rp [May/1/2008].



The 12th National Computer Science and Engineering Conference (NCSEC 2008)

wva Y A anwy ¢ a L4 3 a
‘]Jﬁg'e] E!mﬂu‘ﬂﬂﬂ')13~l WA.A3.ATTAN 28 Teua 919150U52 41013

a

= a5uns awwdl WndAnp1lSygrIn nindn

oy

a S a s
’J‘VIEHﬂWiﬂ’l’]lJ‘W’JLﬂ’l’]{ AUTINYIAITAT

14 a 4

INYINITABUNIAGT AUTINYIAIAAT PWNINOEs aevaruaung envaalvg

yInedeasvaiuasund Inonvarialvg nuidenaulaldun  Data  Warehouse,
av a Y .. .
auiseiaulalaun Neural Networks, Data Mining, GIS, Parallel Computing

Bioinformatics, Data Mining

a s a s °
WA.A5.30191 1IndUseanT 0191595280
MATIFINGINITADUNNADS ANEINGIFATAT

¥ InedoasvaiuaIuns anenvaniala)

avenaula1dun Knowledge Management,

Neural Networks, Artificial Intelligent

216



110

AMANRKIN Y

Wa9wIVBN lasun1sGRanlwaulsezaInanas IEEE ICCSIT 2009

a
L389

muﬂs:a;a\lfimms

o A
IWN

q01wN

The TF-IDF and Neural Networks Approach for

Translation Initiation Site Prediction

The 2ncl IEEE International Conference on Computer Science and

Information Technology (ICCSIT 2009)
8-11 RIn1AY 2552

ﬂga'ﬂﬂﬁa Uszinaan



The TF-IDF and Neural Networks Approach for
Translation Initiation Site Prediction

Tarintorn Kongmanee

Artificial Intelligence Research Laboratory
Computer Science Department
Prince of Songkla University, Thailand
t_kongmanee@hotmail.com

Abstract—The precise prediction of translation initiation site is
an important task for the analysis of genomic sequence. This
study aims to increase the accuracy for the prediction of
translation initiation site using a TF-IDF-NN-TIS model
(TF-IDF and Neural Networks Approach for Translation
Initiation Site Prediction). This study creates feature using
1-gram and 2-gram techniques for both upstream and
downstream. Determining feature value uses TF-IDF approach
and feature selection by correlation-based feature selection
method. Evaluation prediction results use 10-fold cross
validation. This study performed experiments on three
different datasets that are Vertebrate, Arabidopsis thaliana,
and TIS+50. The results of the study indicate that the proposed
model gives highest accuracy with less processing time.
Keywords-translation initation sites; neural
correlation-based feature selection; TF-IDF.

networks;

1. INTRODUCTION

Gene is an important basis constituent of any living
organisms. In general, genes are portions of the
deoxyribonucleic acid, or DNA. DNA composes of several
connecting nucleotides. The DNA has four bases that are
adenine (A), cytosine (C), guanine (G), and thymine (T).
DNA sequence has two ends called the 5’ and 3’ end. The
DNA is transcribed to produce messenger RNA (mRNA),
which is then translated to produce protein. For the
translation process according to the ribosome scanning
model that is ribosome scan mRNA sequence from the 5’
end to the 3* end until it reads a translation initiation site
(TIS) which is conserved ATG codon that has appropriate
context. Then the translation process will begin and
terminate when stopped codon is read which are TAA, TAG,
or TGA [1]. The left-hand side nucleotide of TIS is called
upstream region and the right-hand side nucleotide of TIS is
called downstream region. The aim of TIS prediction is to
correctly and efficiently identify the position of TIS in
genome sequence.

This paper is outlined as follows. Section II is the related
work and background. Section III proposes the TF-IDF and
Neural Networks Approach for Translation Initiation Site
(TF-IDF-NN-TIS) model. Section IV is the experimental
result. Section V is the conclusion.

II.  RELATED WORK AND BACKGROUND

Kozak [2] was the first researcher who proposed weight
matrix to model the conserved motif around the TIS in

Sirirut Vanichayobon
iSTAR Research Laboratory
Computer Science Department
Prince of Songkla University, Thailand
sirirut.v@psu.ac.th

Wiphada Wettayaprasit
Artificial Intelligence Research Laboratory
Computer Science Department
Prince of Songkla University, Thailand
wwettayaprasit@yahoo.com

c¢DNA sequence in 1987. The conserved motif derived from
this matrix is GCC[A/G]CCATGG. Within this conserved
motif, the nucleotide A or G in position -3 and nucleotide G
in position +4 are the most highly conserved, assuming that
+1 is the position of the nucleotide A of the conserved ATG
codon. The first automatically system for TIS prediction is
NetStart system that proposed by Pedersen and Nielsen [3].
The study trained feedforward multilayer neural networks
with window size of 203 nucleotides. Whereas, Zien et al.
[4] combined support vector machine with specially
developed kernel function. This study carefully designed
kernel functions for the purpose of achieving higher TIS
prediction accuracy. Another method based on artificial
neural networks was proposed by Hatzigeorgiou [5], who
combined two neural networks that analyzed the conserved
pattern and the coding or noncoding potential around the
TIS, along with the ribosome scanning model. The study
considered an input window size of 12 nucleotides around
codon ATG.

Rajapakse and Ho [6] proposed a technique of encoding
the input window of 103 nucleotides to neural networks. The
encoding is based on lower-order Markov models.
Zeng et al. [7] used feature generation with n-gram
frequencies that the total number of generated feature quite
large. Feature selection methods were used to find the most
relevant feature that evaluated on a variety of standard
machine learning methods. In later work, Liu et al. [8] used
n-gram amino acid patterns instead of n-gram nucleotide.
Tzanis et al. [9] improved accuracy with a novel TIS
prediction based on component that mapped the biological
problems identified. While Zeng and Alhajj [10] proposed
approach which used multiple agents, each of which
investigated some distinct biological perspective.

A. n-gram

Let sequence S = S;S,...Sy and alphabet Sj & {Ag,Az...,An}
where i = 1,2,...,N, where N be a length of sequence S and
m be a length of alphabet Sj. An n-gram of the sequence S is
any subsequence of consecutive alphabet sj which long n.
The i n-gram of S is the subsequence SiSj+1...Sj+n-1, There

are total possible formats of n-gram equal to m" formats.

For example, give a sequence S = AACCAGT and
alphabet Sj ¢ {A, C, G, T} where N equaled to 7 and m
equaled to 4. Then 1-gram are A, C, G, and T, 2-gram are
AA, AC, CC, CA, AG, and GT. The total possible formats of
2-gram equaled to 16 (4> = 16) formats. An n-gram used



for a long time in a wide variety of problems. There
are four good characteristics of n-gram. First, it is
straightforwardness that is relatively insensitive to spelling
errors. Second, it is domain independence which is
independent from language and topic. Third, it is efficiency
of one processing. Finally, it is simplicity which no linguistic
knowledge is required [11].

B. TF-IDF weighting

TF-IDF is the most common weighting method used to
describe documents in the vector space model. The TF-IDF
function weights each vector component which each of them
relates to a word of the vocabulary of each document on the
following basis. First, it incorporates the word frequency in
the document. Therefore, the more words TF (Term
Frequency) appear in a document, the more significance of
this document is estimated. In addition, IDF (Inverse
Document Frequency) measures how infrequent a word is in
the collection. This value is estimated using the whole
training text collection at hand. Accordingly, if a word is
very frequent in the text collection, it is not considered to be
particularly representative of this document since it occurs in
most documents, for example, stop words. In contrast, if the
word is infrequent in the text collection, it is believed to be
very relevant for the document [12].

C. Correlation-based Feature Selection (CFS)

One of the problems that has to be overcome in
classifying tasks is high data dimensionality. High data
dimensionality affects virtually all classifier neural networks
as well as the others resulting in less accurate classification
of high dimensional data. The CFS method performs when
the classification is done by a multilayer perceptron. The
CFS requires less computation time and provides very high
statistical significance [13].

The CFS algorithm is a heuristic for evaluating the merit
of a subset of features. This heuristic takes into account the
usefulness of individual features for predicting the class label
along with the level of intercorrelation among them. The
hypothesis on which the heuristic is “good feature subsets
containing features highly correlated with the class, yet
uncorrelated with each other” by the heuristic formula
as in (1).

kit

Jk+k(k+Drg

where Merits is the heuristic “merit” of a feature subset S

Meritg = @)

containing Kk features, E is the average feature-class

correlation, and a is the average feature-feature

intercorrelation. This will give maximum value for the
subset of features with high relation between feature and
class and low relation between feature and feature of each
group [15].

III. TF-IDF-NN-TIS MODEL

A TF-IDF and Neural Networks Approach for
Translation Inititation Site Prediction model, called
TF-IDF-NN-TIS, composes of 5 steps that are 1) sequence
segmentation, 2) n-gram feature generation, 3) feature
selection, 4) consensus pattern, and 5) TIS prediction. The
details of each step shows in Fig. 1.

A. Sequence Segmentation

For each sequence, select all ATGs codon then segment
sequence into subsequence with window size of 303
nucleotides. This means that the selected subsequence should
have the number of nucleotide in upstream and downstream
less than or equal to 150 nucleotides as shows in Fig. 2. The
subsequence will be divided into 2 groups that are positive
group and negative group. The subsequence that has the
position nucleotide A of target ATG codon matched with the
position of TIS will be classified as positive group while
other subsequence will be classified as negative group.

Step 1: Sequence Segmentation

1.1 Select all ATGs from each sequence.

1.2 Divide sequence into subsequence with window size of 303
nucleotides.

1.3 Divide subsequence into 2 groups that are positive group
and negative group.

Step 2: n-gram Feature Generation

2.1 Letnequal to 1 and 2. The DNA sequence composes of A,
C,G,and T.
2.2 Create all possible formats of 1-gram and 2-gram in
upstream and downstream, separately.
2.3 For each subsequence, there are 40 features, determine value
for all features as follows.
(a) Frequency value: count the frequency of each feature that
appears in subsequence.
(b) TF-IDF value: calculate TF-IDF value of all features in
subsequence.

Step 3: Feature Selection

3.1 Select feature that creates from n-gram technique by
correlation-based feature selection (CFS) method.

Step 4: Consensus Pattern (Optional)

4.1 Count the frequencies of ATG codon that appear in the
upstream (up_ATG)

4.2 Count the frequencies of stop codon that appear in the
downstream (dn_stop)

4.3 Consider position -3 as whether to be nucleotide A or G
(up_-3A/G)

4.4 Consider position +4 as whether to be nucleotide G
(dn_+4G)

Step 5: TIS Prediction

5.1 Specify the number of input nodes of neural networks equals
to the number of features needed.

5.2 Predict TIS using MLP neural networks

5.3 Evaluate prediction result using k-fold cross validation.

Figure 1. TF-IDF-NN-TIS model.



AATGAAGCCG...TCAGAGCGATGCCGACACTCT...TCTCTGAAGC
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Figure 2. The sequence segmentation with window size of 303 nucleotides.

B. N-gram Feature Generation

We specify n equal to 1 and 2. The DNA sequence
composes of 4 characters that are A, C, G, and T. Then
1-gram will have all possible formats equal to 4 (4' = 4)
formats that are A, C, G, and T. The 2-gram will have all
possible formats equal to 16 (4° = 16) formats that are AA,
AC, AG, CA, CC, and etc. We considered on upstream and
downstream, separately. This means that upstream will be 20
features (4+16=20) and downstream will be 20 features
(4+16=20). For example, 1-gram in upstream terms denoted
by up_ A, and up_C, 1-gram in downstream terms denoted by
dn A and dn C, 2-gram in upstream terms denoted
by up AA, up AG, and etc, 2-gram in downstream
denoted by dn_AA, dn_AG, and etc.

Let T = (ty, ty,..., tm) be features created by 1-gram and
2-gram techniques with the total number of 40 features
(M=40). Let f; s be the frequency of feature t in sequence S.

We used 2 ways for determining value of feature t in
sequence S which were frequency value (denoted by V; )

and TF-IDF value (denoted by v'i) [13].

1) Frequency value: This approach uses the frequency
of the feature t in the sequence S which can be calculated

by (2).
Vis = ft,s 2

2) TF-IDF value: This approach takes into account the
distribution of each I-gram and 2-gram throughout all
sequences in the training set which can be calculated by (3).

N .
figxlog—; if fig>1
Vig=1 oy ® 3)

0 ; otherwises

where N is the number of all sequences in the training set,
and n; is the total number of times feature t occurs in the
training set.

C. Feature Selection

The total features received from 1-gram and 2-gram are
40 features, but there are only some features that are highly
correlated with the class, but uncorrelated to each other. The
CFS method was applied to keep the most significant
features for the prediction of TIS (denoted by R) which can
be calculated by (1). Note that the number of features
selection from the CFS method will be less than or equal to
the number of all features (R < M).

D. Consensus Pattern (optional)

Consensus pattern (denoted by CP) creates feature from
the ribosome scanning model [1] and the conserved motif [2]
from weight matrix model. The features created from the
consensus patterns have the total number of 4 features
(CP=4) as follows. 1) Count the frequencies of ATG codon
that appear in the upstream (up ATG) [3]. 2) Count the
frequencies of stopped codon that appear in the downstream
(dn_stop) [1]. The stopped codon is TAA, TAG, and TGA.
3) Consider position -3 as whether to be nucleotide A or G
(up_-3A/G) [2] and 4) Consider position +4 as whether to be
nucleotide G (dn_+4G) [2].

E. TIS Prediction

The prediction of TIS used feedforward multilayer
perceptron neural networks and sigmoid activation function.
To specify the architecture of neural networks, the input
nodes are equal to the number of features needed.
The hidden layer (denoted by H) composes of 10 nodes. The
output layer (denoted by O) composes of 1 node.
The evaluation of k-fold cross validation is used for the TIS
classification.

Classification performance is measured by sensitivity
(Se) and accuracy (Acc). Let TP be the number of the true
positive ATGs classified as positive, TN be the number of
the true negative ATGs classified as negative. RP is the
number of the total true positive ATGs in the dataset, R is
the number of the total dataset. Se is defined as TP/RP, the
percentage of the correctly-predicted positives in the total
true positives. Acc is defined as (TP+TN)/R, the percentage
of the total correctly-predicted instances in all instances
[17].

IV. EXPERIMENT AND RESULT

The experiment was tested on personal computer with 2
gigabytes of memory, Intel(R) Core(TM) 2 Duo CPU T5550,
and 1.83 gigahertz of processing speed. Experiment
composes of 4 methods that are A, B, C, and D as shows in
Table I. Method A uses all features of 1-gram and 2-gram.
Method B uses feature of 1-gram and 2-gram that passes
through the selection by CFS method. Method C combines
all features of 1-gram and 2-gram and consensus pattern.
Method D combines feature from n-gram that passes through
the selection by CFS and consensus pattern which is the
proposed (TF-IDF_NN_TIS) model. From Table I, M
denoted by 1-gram and 2-gram features, R denoted by CFS
feature, and CP denoted by consensus pattern feature.

TABLE I. THE EXPERIMENTAL DESIGN AND ARCHITECTURE OF
NEURAL NETWORKS
Consensus Architecture of

Method CFS (R) Pattern (CP) Neural Networks

A X X M:H:O

B v X R:H:0

C X v (M+CP):H:O

D v v (R+CP):H:0




TABLE II. CHARACTERISTIC DATASET

. #Pos. #Neg. Positive/

Name Min. | Max. | Mode ATGs | ATGs | Negative
Vertebrate 169 299 299 3312 10191 1/3
A thaliana 169 299 299 523 1525 1/3
TIS+50 197 1112 469 50 469 1/9

TABLE III. COMPARISON THE ACCURACIES OF FREQUENCY VS. TF-IDF.

Method Vertebrate (%) A.thaliana (%) TIS+50 (%)
Freq. | TF-IDF Freq. | TF-IDF Freq. | TF-IDF
A 93.97 99.53 89.40 91.11 88.95 89.36
B 92.18 99.73 93.52 97.41 90.39 90.80
@ 96.81 98.73 94.78 95.17 92.02 93.86
D 98.05 99.76 97.41 97.51 93.26 94.89

TABLE IV. TIMES COMPARISON FOR MODELING OF FREQUENCY VS.
TF-IDF VALUE ON ALL DATASETS.

Vertebrate A thaliana TIS+50
Method (seconds) (seconds) (seconds)
Freq. | TF-IDF Freq. | TF-IDF Freq. | TF-IDF
A 697 400 191 64 74 6
B 172 79 16 7 14 2
c 799 360 210 20 72 4
D 256 102 28 8 17 2

There are 3 datasets for this study that are Vertebrate,
Arabidopsis thaliana, and TIS+50 as shows in Table II. The
Vertebrate and Arabidopsis thaliana were constructed by
Pedersen and Nielsen [3]. The datasets were originally
extracted from Genbank and checked for suspicious
annotations. The possible introns (noncoding region) are
eliminated from all sequences. The upstream parts of the TIS
are limited with at least 10 nucleotides and the downstream
parts of the TIS are limited with at least 150 nucleotides. The
TIS+50 datasets were constructed by Nadershahi et al. [16].
It is a standard EST dataset which contains 50 EST
sequences. For each sequence in the dataset, there are one
ATG as true TIS and other ATGs as false TIS. The
Vertebrate composes of 13,503 ATGs which 3,312 (24.5%)
of ATGs are true TISs. The Arabidopsis thaliana dataset
composes of 2,048 ATGs which 523 (25.5%) of ATGs are
true TISs. The TIS+50 composes of 519 ATGs which 50
(9.6%) of ATGs are true TISs.

The 10-folds cross validation is used for this study by
dividing data into training set and testing set. The data will
be divided into 10 equivalently parts. Then 9 parts will be
used for training set and 1 part will be used for testing set.
Data will be rotated 10 times for different testing set and
different training set. The experimental results can be
concluded into 5 issues that are 1) the efficiency of TF-IDF,
2) the efficiency of time for the TF-IDF, 3) the efficiency of
CFS feature selection, 4) the efficiency of consensus pattern,
and 5) the efficiency of TF-IDF-NN-TIS model.

1) Issue of the efficiency of TF-IDF value
Consider between TF-IDF value and frequency value,
the experimental result shows that TF-IDF value received
the accuracy higher than frequency value as shows in

Table III. For example, method A of Vertebrate, A.thaliana,
and TIS+50 dataset, TF-IDF value received the accuracy at
99.53%, 91.11%, and 89.36%, respectively, while the
frequency value received the accuracy at 93.97%, 89.40%,
and 88.95%, respectively.

2) Issue of the efficiecy of time for the TF-IDF

Consider between TF-IDF value and frequency value,
the experimental result shows that the time for TF-IDF is
less than the time for frequency as shows in Table IV. For
example, method B of Vertebrate, A.thaliana, and TIS+50
dataset the time for TF-IDF are 79, 7, and 2 seconds,
respectively which is less than the time for frequency which
are 172, 16, and 14 seconds, respectively.

3) Issue of the efficiecy of CFS feature selection method

Consider between method B using CFS feature selection
and method A without CFS feature selection, the
experimental result shows that features through the selection
of CFS method (method B) gives higher accuracy than
1-gram and 2-gram (method A) as shows in Table III. For
example of A.thaliana, the TF-IDF of method B gave the
accuracy at 97.41% which higher than method A at 91.11%.
The time for method B is 7 seconds which is less than the
time for method A at 64 seconds.

4) Issue of the efficiency of consensus pattern

Consider between method C with consensus pattern and
method A without consensus pattern in the case of without
CFS feature selection. The experimental result of the
consensus pattern shows that method C gives higher
accuracy than method A as shows in Table III. For example
of TIS+50 dataset, TF-IDF of method C gave the accuracy
at 93.86% which is higher than method A at 89.36%.
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(b) The sensitivity of TF-IDF-NN-TIS
Figure 3. The accuracy and the sensitivity of TF-IDF-NN-TIS model.



TABLE V. RESULTS OF PREVIOUS STUDIES.

Study Year | Vertebrate | A.thaliana TIS+50
Pedersen et al. [3] 1997 85.00 88.00 -
Zien et al. [4] 2000 88.10 - -
Liuetal. [8] 2004 92.45 - -
Rajapakse et al.[6] | 2005 96.10 - -
Tzanis et al. [9] 2007 97.26 97.07 -
Zeng et al. [10] 2007 96.68 - 91.82
Our approach 2009 99.76 97.51 94.48

Note that the consensus pattern is optional. This means
that if there is no consensus pattern available from the
previous researcher then the TF-IDF and CFS feature
selection from method B also give high accuracy as mention
in issue 3.

5) Issue of the efficiency of the purpose TF-IDF-NN-TIS
model

The experimental result shows that the TF-IDF-NN-TIS
(method D) gave highest accuracy and sensitivity than other
methods on three datasets as shows in Table III and
Fig. 3(a). For example, with TF-IDF of A.thaliana, method
A, B, C, and D gave the accuracy at 91.11%, 97.41%,
95.17%, and 97.51%, respectively. The sensitivities are
82.79%, 90.06%, 90.25%, and 95.41%, respectively as
shows in Fig. 3(b).

Table V compares the accuracy of the purposed
TF-IDF-NN-TIS model with previous studies [3, 4, 6, 8, 9,
10] on three datasets of Vertebrate, A.thaliana, and TIS+50.
For Vertebrate dataset, our approach gives the accuracy at
99.76% which is higher than Tzanis et al. [9] at 97.26%. For
A thaliana dataset, our approach gives the accuracy
at 97.51% which is higher than Tzanis et al. [9] at 97.07%,
For TIS+50 dataset, our approach gives the accuracy at
94.48% which is higher than Zeng et al. [10] at 91.82%.
Therefore, the purposed TF-IDF-NN-TIS model gives
higher accuracy than previous studies of the three datasets.

V. CONCLUSION

This paper proposes TF-IDF-NN-TIS model which aims
to increase the accuracy for TIS prediction. The proposed
model composes of the feature creation from 1-gram and
2-gram with TF-IDF value using CFS method for feature
selection. The experimental result shows that proposed
model received highest accuracy than the previous studies on
all three datasets that are Vertebrate with the accuracy at
99.76%, A.thaliana with the accuracy at 97.51%, and TIS+50
with the accuracy at 94.48%. Moreover, the proposed model
also uses less time.

For future work, we aim to apply TF-IDF-NN-TIS model
for splice site and transcription start site prediction in
genome sequence.
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