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"" lJ'YI'YI 1 

lJ'YIlh 

. 
nlJ1U~~fl11lJthrlru'llB ,ruru'l11 

u u 

.. 0' ~I o'..,i.'jI <VQ'jI 
'lf1);1'1'.i);1'lJ L'Yl ffffl);1'm (Bioinfonnatics) [1] L u lJ ffl);1'm 'Yl11fl1V f)1 'j 'il fl LOU 'tHl lJ (I .. 

.. "'. ''jI~ 1 <V 1 1"'jI ... 'YlN'lf11'YlVl'illlJ1lJlJ10 'HLUlJ'j::uu ~Wmffm'Ylfl lJ (lVflllJ);1'l'j);1'lJL'Ylffl1Hl IT (Infonnation 

. .. 
f)1 'j 'Ill);1'n);1'lJ L'Yl fflJ11h:: vml' '*L ~ tl ~ fl f11'j tlU ~ tllJ(I 'Yll ~ ;1.fl1Yl U lJ ]j fl11lJ ~ lL ~ lJ . .. 

.d. tI .r:!:I .do.q ~ .q tI 
'lf1);1'n);1'lJL'YlfffflMl'j l1'jtl 'lf11'YlV1L'lf~fltllJYl1L~tJ'j (Computational biology) [2] 

~ ,.. Go' , " oQ IV ... 1 " .q "' ... I rI rI .qq.q " 
Lf1V1't1tl~OUf)1'j 'lfL'Yl fllJ fltllJ u 'j ::OtlUfl1V fI ru ~ffl);1'~ 'j u'j ::VOIPl );1'lJL'Ylffffl);1'~ 'j );1'fllPl 1'Yl Vlffl);1'IPl'j . 

'" 0' i1 -I '" 0'.. .. ...,j 'JIll] i1 ...., <V 1 
fltllJYl1LlPltl'j t1jt1jlU'j::flEJj LfllJ U(I::'lf1Lf1lJ LYltlUOI'tl t1jl11'Yll~'lf11'YlVl lJ'j::flU lJL(lfJ(I 

~ llJ 1~ V, lJ ~ llJ ;11'YlV1L ~~fltllJ~1L~ tl {]jfl11lJ fllUL~V1tllJ tlU~ llJ 1 ~ V, lJ 'Yl N;11'Yl Vl ~ ~]jl1 (11 V 

U'tIlJ~,,rftOEJ111'j::OtlU~1V f)1'jllfUUlJ1't1tl~~1~U (Sequence alignment) f)1'jri'lJl11VlJ (Gene 

finding) f)1'j'j1U'j1lJVlJ (Genome assembly) 01'.illfUUlJ1't1tl~ 1f1'j~);1'~1~ 111'j~lJ (Protein 

structure alignment) f)1HillJ1V 1f1'j~);1'~1~'tItl~ 111'j~lJ (Protein structure prediction) f)1'nillJ1V 

f)1m);1'fl~tJtJO'tltJ~VlJ (Prediction of gene expression) fI11lJ-alJ~lJ£'j::w.h~ 111'j~lJtlU 111'j~lJ 

(Protein-protein " 0 oQCV interaction) U(I:: f)1'j);1''jl~UUU'ill(1tl~'tItln1\PlJlJlf)1'j (The modeling of 

evolution) 



2 

41::$ "'!" d ~ .oJ dd 0 fV 

.:J 1 'U 'Yll.:J 'lf1~n ~'U t'Ylft'ft'l ~~) 'U 'U f11)fI'U '111 V'U t lJ 'U U'IJ 'U.:J '11 'U .:J'YllJ fl11lJ~1f1 t\! 

t~tJ.:J \llt1!il'Ut!'l1 ci.:J.,j' tJl.J"~ fI11mhfi't\! 1 'U f11) ~ \l ~t1 V'U ru,,~ fh)'tllYH1~ m) lJ~ N "l 'IJ tJWll""1L"~ 

#.:J iii1~ 'hii f1'j ~ lJ 1'U tln Yi Nl'U in V 1 'U I 1J 'U tJ Vl.:J i) 11" ~ Yi N l'U i ~ tJ VN 1) ~.:J U'U I 1J'U ~1 'IJl~ 
I 11 "'I iJ iJ .J 

'Ul~'U \l 'Uf11)ft'tlEJlf1'Ufl11U'IJ'U.:J'I1'U.:J 

)I )I )I 

f11)r1''U'I11V'UU'U ~v.:Jiifltlml1ml 'IJ'U.:J 111'fttllll 11.:J 1'U ff1'U'lJtJ.:Jf11)r1''U'\11v'U11.:Jv'U 

~" 0 ,~" 0 ,~ ..::t ~ "" e::t 
fI tJ fI 'U '\11~ 111 '11 'U.:J I) lJ~'U 11" ~ ~ 111 '11 'U.:J ~'U ~~ 'IJ tJ.:JV'U '11) tl tl n fI 'U '111 tl.:J fI1h ~ tltJ'U 'IJ tl.:J V'U 1 ~ v 1 'U • 
V'U 'IJ tJ.:J #.:J iii1mh ~Ul'Yl vfI111 tl~ \l ~ iiihl1'U ihfl~ 1 tJ 1 'Yl ~~ 1,j 1~1 ~1 'U tln ff .:jIm 1~ ,,;'11h~ 'U 

'U 

11 'Yl) tl tl v1 'U V'U ~ 1V 1 ~w \l ~ ii ttJ'U 19f,J ~ 1'W 1tl'l1 ~.:J~ Yi I'll t! 1~ \l fI ~ willi 'I1,j.:J 'IJtJ.:J f11) ~f1IUl ff1'U 
'U 

!'11 ci 1 if tJ tJ tll '11 ~.:J 1'11 'jll m lJ ~ 1 ~1 'U f11) r1' 'U '\11 v mr'U ii tJ V '11 m v 1'11 'jll f1'j lJ ii l'Y1 m1 fill" ~ 1~ 1'U f11) 
'U 

" d I Q.I "1 ... 1 ~, 
fI'U'\11'Ylll~tlm.:Jtl'UtJtJtl !u Ul'YlI'lf'U NNSplice, Genie, SpliceView, HSPL 1I"~ GeneSplicer [3] 

, )I 

rll'11 f'U tll) r1' 'U '111 ff 1 'U Vi 1 ~1 'U tll) ff.:J I fI ) 1 ~,,;'1 '11) ~ 'U 'IJ tl.:J V 'U U'U 1'U 'Yll.:J i 11 'Yl v 1 ~ llJ 1) () r1' 'U '111 
, )I )I 

I'ill1'11,j.:J 1~ tJV1.:J1I,j 'U tJ'U ll~ ~f1ViI1"11 'U tll) 'VI fI "tl.:JU'U 'U l'U lJl tl l1.:JU'U 'I11tlii 1 '11) lItl) lJ 
, 1 I )I 

fI tllJYhl~tJ{Vi '!bv 1 'U tl n "f1 ~ l'U 1'U ff1'U Vi I 1J'U 1 '111 ~Vi \l~ Yil f11) ~f111" ~ lJl~ tl'IJ tl.:J V'U U'U VtJlJ '!b V 

"f1f1l) ~ 1'U tln '111 'IJ tJ.:J U tl1'Yl Vlft'l~~ {".:J 1 ~ tlVN mt1! il'U f11) '11) ~ '11 Vfll1m 1 'U f11) 'Yl f1" tl.:J i ~ 'VIl.:J 

'11 ~.:J fl tl';;'.:J tll) r1' 'U '111 ff 1 'U ~ 1 ~1 'U tll ) ff .:J t fI ) 1 ~ ,,;'1'11) ~ 'U 'IJ tJ.:J V 'U J'U ii f111lJ rll fi't\! 1 'U 'Yll.:J 

"" .. ?t I "'I "" '" "' I .d "" J' 1 1 'VI Vlft'l~~) IlJ'U tlVNlJlt1!'W) 1~ \l~~lm) () ft'tlEJ1'Wt)~m)lJ'lJtJ.:J V'Ull"~tl" ! tlm.:J "l 'Yl!tlfl'IJ'U 'U 

~ 1'lJ'U lf111lJ ~lm) () 1'U tln Yi l'U lV'lJtJ.:J 1'11 'jll f1'j lJ GeneSplicer 1'U f11)'1;1 fI fl11lJ 

HfI'W nlfl 1 'U f11) Yil'U lVl'ill!'11,j.:J'IJ tl.:J~ 1 '11" 19f~1 'UV'U 'IJtJ.:JlJ'UEJ 61 11'HfI'Wmflt! tl.:J".:J • 

)I )I )I 

1 'U tln 'Yl f1" tJ.:JfI f.:J ij 111 'U f11) ftmll~i '11" 19f~1 'UV'U 'IJ tJ.:JlJlJ EJ 6 ~.:JU 'U H1,) V ~.:J 
• 'U 

I~ tltl1 ifi'U ~ ii ~ 1 '11" 19f~ tl V \l1.:J 1 'U 'Yll.:J i11'Yl V1 rll'11 f'\Jl 1J 'U .,j'UlJ" 1 'U tln 11 V'U ~ml ~ 'Yl fI ~tJ'U 'IJ tl.:J 
'U 'U 'U 



, ..,. 
'U'YI'YI 2 

, , 
..,...,...,. ~ v "'"'v 

'YI ~lJ -t)'YI!t1£J1 'lHl~ fl'U~ 111111 £J 

J' ,~cv ".::td d 

ilJU'YllJ'il~fH111(J~ "f)£jW~ 1f1Hn')N'lJfI~~WlJW (The structure of DNA) 'il 1lJlJ 

un:::VlJ (Genome and gene) m~UllJf1l)a~lm1~Mhh~lJ (Protein synthesis) n'~hJ"l'b'~ (Splice 

sites) IP1'lJi~f1l)~~iYlJi'il (Decision tree) MDD (Maximal dependence decomposition) u,,~ 
o 0' .ck dt ".% .d "i '" '" UUU'il1"fI~lJl)flflyJ (Markov models) 'b'~IUlJm1lJ~~lJ~llJ'Ylh lJ~llJl'il(l 

<V 1 v .oj '" 'tHUHlA:: fI·H'tJ'lH'UtH~1e)·\.H6 (The structure of DNA) 

ilJ'lil~'Ylftl))£j~ 1950 1~lh:rf)1'Yl(llft1n'~{~llJllJ'Hd~ 'il1f)U)::I'Ylft 

m1f~ flllJ1f1lU,,~ti~f)t)£j l~~(ll(lllJr1lJ fI~ll~fI i 'lJfll1lJ~UI~(llnU~IUlJm 'illJ m~~~ i lJU fl. ft . 

1953 l'illJLY 1~alJ U,,~yJ)llJcjfn' fl1f1fl 'lJfI~lJml'Yl(l1~f.Jllf1lJU1~ i~l~lJflnU1(l~~ 1m~n'r1~'lJfI~~ 

IUlJm (deoxyribonucleic acid) ':hli~f)£jW~I~lJn'lt11f)~(ll~ (double helix) 'lJlJl~nlJfI~ ~~~U~ 2.1 

1 ~ (l 1 lJ I" fJ "'IJ fI~ ~ IU lJ Wll~ ,,:: 1 lJ1" fJ"U) ~ f)flU i U ~ 1 (l 'H l-h (lVfI (l "l i1 (If) 11 'H tl l(lihfl ~ 1 fI i 'Yl ~ 
.... '" ""1"10' .ck. 1 "1.1" ' . . 1 .. 1 : "" 'H)fllJlfl" fll'Yl~ (nucleotide unit) 'b'~u)~f)flU lu~l(l 'HlJTifln'1Ti~ (phosphate group) lJ1~1"~ 

flfIf);i) 1un' (deoxyribose sugar) ~~U)::f)flU~l(lJWll"l1"~n'l)U)~f)f1ullJ 1ml'illJ~i1(lf)11 
m~ihfl~uf) (nucleic acid) [4] ~~)U~ 2.2 

" 

(http://www.bartleby.coml61lindexillusI0.html) 
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Phosphate 

- - - - - - - - - - - - - - - - - - - - - '- Nucleoside 

, H 7 H, '(deoxyadenosine) 
"5' ~ N- H : 
CH2 0 9 ~;l!';' 

4~,t< H \' 43 

H iii, H 

3' 2' 

" 

OH H Base 

, Sugar 
1 _____ _ __ _ _ _ ________ _ ____ _ __ _ .' 

. " 
fl'Hlihfl~flfl (nucleic acid) Vhrm'TtHhJu~lgUltJij ii 2 llUU ~tJlluul'Vi~ii~U 

" 
.J "'1 "df '" ,,, '" <> ... Is) 1 '" (Pyrimidine) 9f~lJ fl 'Hff)l~lUUllUU 1 'N lJtJQ1l1VflU 2 'lfUll fltJ Lfl \PI9fU (Cytosine: C, c) 11" :; 

Is) '" ",.J ... <> '" .J "'1 "df '" , 
L1ilJU (Thymine: T , t) 11":;tJfl11UU11WlfltJ11UU'Vil)U (Purine) 9f~lJ flHb1')l~lUU11UU 2 l~ lJtJQ 

$I Q.I .oC::l. ~ ~d QJ d QJ '1 .1"" 1 ",d 
1l1VflU 2 'lfUll fltJ tJllUU (Adenine: A, a) l1(l:;muu (Guanine: G, g) 1l~ U~uYl 2. 3 llVll1tJUltJ 

, " 
11:; 1 ~tJ lJ~ ml U ~ lV~ U 1i:; yJ tI'ffL yJ \PI (phosphodiester bonds»):; '\1'",11 ~t11\PI1" o'u 11 ~yJtJ 'ffLyJ \PI 111 fl 3 ' 

I " I I ., '" 11) '" I ~ QJ $I QJ do .at; ct '~I!::I.,\ \4 J 0 v .c::t ~ .c::t v .c:t I 

L U 5' flU 1 'lftJ lJ flU 111 V" fllJ tu:; U llJ tJlJ 011 Bl'U'Ul rl~ H) I 'YIVl VIllJ~l VllJ 'YI1flVl'U'U'U'U1l ~11t1fll1 

fll1tll'U1llfl 5' 1'l13' (forwad strand) (ylviJlfl~ltJ"~1'fl~1;tJlJ~tJO'Ul~mnVVll11:;iifl1){Yrl ~ 

b1'lViJ lfl~ 1 tJ 1 Yl'flUfl{Y1V11 cl ~ 111 vii ~ fllJ tu :; fflrl ty '1u fll) 1 ;tJlJ~ tJ (y1ViJ lfl ~ 1 tI 1 Yl 'fl):; W:I1~ o'U ~ tJ 

tJ~iju 11:; ~U~ o'U 1 Yliiu 11":; 0' l -ij lJ 11:; ~ U ~ o'U 1 fl1\P19f1-J1 (ylJ tI ~~ b1'lViJ lfl~ 1 tJ 1 Yl 'fl 2 ~lvifl~tJlJ o'U 
" " 

:~ OAN I 1 " III <>"'''' flH{Y)l~11UU L'Vi ) lJllU (Pyrimidine) 

I 
H 

Cytosine (C) Thymlne(T) 

Adenine (A) Guanine (G) 
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"''l '" iHlAlJHil::r.JlA (Genome and gene) 

d 1 ~" (V ~ ~ dd.c::!ro .&.c:i d .J d 1 ' 
'il L'\.JlJ fltl 'lJtllJ"'Yll'lYl'\.J1im';ilJYl'l'l1lJ~'lJtl'l"ff'llJ'lfl~ CJf'llJIYltl'l'l1'\.J'lI~tn '\.JLL~":: 

'U • 

~dd~" IV tI&d.:!t .c::td ~t ,..:iG.l IV I 

"ff 'llJ'lfl~ 'IJ tllJ" Yl1'l Yl'\.J ~ m ';i lJ'IJ tl'lm{fw CJf'l flfl tl"ff1 t.Jtl11'IJ tl'l ~ Itl'\.J Ltll u lHJ YlYl tJ 'IJ~ fl tJ tl ~'U'\.J 

" . " 
1m IlJ lCJflJl1'l 23 ~ l~tI'Ii'tllJ"'Yll'l~tJ1im';ilJ,yjI~'Ut1{j'UtJ"ff1t1t111'IJtl'l~lgtJLt1lr'\.J 'il::flfl~~I~'U~llJ cu 'U ,,'U 'U 

o IV .c::t d 1 " .d Q,I d ~ I ..a 1 "1 
'lJtJ l~LL"::" 1~ 'U 'IJ tl'l ~ I tl tJ 1t1 tl tiN m Yl1:: I" 1:: 'il 'I ~llJ '11 '\.J 1Yl LL ,,:: 'il ~ Ifl 'U I U'\.J 'I1lJ 1~ 'I1lJI Yl tl 'If '\.J flU 

'U 

"ff~N hh~tJ ~'lltJ'\.Jl~Q~'U~H'ff1'11i''Ufllni1'lltJ~1'l '1 'lJtl'lICJf"~'lJtl'l~'lii~l~ 

V'\.J,i'\.JltJ'\.Jfi1~I~lJiiflu1~I~tI lt1~tJ~tJ 1tJufI.fl'. 1910 [6] ~'l1~Ljtlfl~'l~lfi~ 
" 0'.J 1"'" OJ • • 1 o''''?t OJ' OJ 

'il1flfll ';i fI tJ Yl 'U 'IJ tl 'I 1m Ifltl ';i IlJ tJL ~" CJf'l 'If I ';i tlfl" mHlJ ~ 'IJ tl 'I 1111 fIl~ tl ';i Yll U tJ ~ 1m tlYl tl~" fllJ Ul ~ 

~N'l 'il1fli'\.Jvi tlllU , 11 v'! 'J fl'l101'\.Jt!tJlt1'l ~tllJl H{ii fll';i vtJ VtJfll1lJfi~'lJtl'llm Ifltl{ IlJ'\.JI~" l1W 
rI Cl I IV I .d I 

lJtl';illfl'\.J (T.H. Morgan) 'il1flfl1';ifl'fllJ1fll';ifl1t.JYltl~"fllJUl~~H '1 'lJtl'll1lJ"'l'l11 Yl'Ul1 

.J " " ~ fllJ Ul~ III Yl1~ 1 '\.J fl1';i ri 1 tlYltl~~ fllJ Ul~ Yl1'l~'\.J 1i fl';i ';i lJCJf 'l'IJ Ul~,r '\.J 11 t.Jfl -)1 II vJflllPl tl{ n 'Uri l-)lV'\.J,r '\.J . . . 
~ oI::l d Q,J QJ 

fI tl"ff 'll~ t.Jlfl '\.J '\.J '\.J 1t1 'I 

.... ''i'. 1 '" m::'IJllAf11'HT,lIl'l'n::'YI !1J1V1lA (Protein synthesis) 

1 " '1.1 "'..,; ... '" OJ tJ m ~ 'UltJ fll ';i"ff';i 1'1 L 1J ';i IPl tJ l';i lJ 'ill fl t.JtJ lJ m ~ 'U ltJ fll ';i fl tl ~ ';i 'I1"ff (Transcription) 
)J I I 1 

'il1fl~Wl'Uijlf1~ 1 tl' Yl~'lJtl'lVtJ'UtJ 1m IlJ lCJflJ ('IltJlPltltJ,yj 1 1 tJ ';i11,yj 2.4) 11 tlmnt.Jijlf1~ 1 tl' Yl~,yj .. 
"1" OJ , .J ?t OJ. OJ 

L~'il1flfl1';ifltl~';i'l1"ffl1 Pre-mRNAs (Primary transcript) CJf'lIUtJfl1';ifltl~';i'l1"ff'IJtl'101~'U 

'" ""1 "1 "''' 1" "! '" .1'" .1 "" '" d "1...?t 0' d '\.J1f1" tlIYl~IPl'\.Jll'U'UtltlfllJl 'I1l'\1lJtl'\.JI~lJ 11J"t.JtJll1J"'lIYlt.J'l~ltl'\.JLtllYllJtJIUtJtlULtl'\.JLtl 

(RNA:Ribo nucleic acid) ~tltl';i1c)f" (Uracil) 11~'l'il1flfltl~';i'l1"ffll"'1'il~iifll';i~~It11~1~'Uijlf1~ltl -
'II 

"1 0''''''1 '''1 "1 "1 OJ 0'1 d .J 1 .1 d •• OJ '" d LYl~YlllJ If! 'If tJm~'UltJfll';i"ff'llm1~'I1 11';ilPltJtltlfl CJf'l tJm~'UltJfll';itJ'il~~fll';itJ101~'UtJ1f1" 

1 tl I Yl~~ '¢{lJ1~~ltl1~1~'UiJ 1f1~ 1 tl' Yl~ LiltJ ~ Iu1 ~tltlfl l~t.J~l~'U~ iUI¢{1 ~1 tJ fl1';i~ 'llfl ';i 1~l1' 

111 ';i ~'\.J 11 t.Jfl-)l alA 'Yl'H)lA (Intron) 11" ~ ~ 1 ~ 'U ~ 1 ~1 tJ flU ~ 'I I fI';j 1 ~ l1'1 11 ';i ~ tJ 11 t.Jfl-)l HBflCJfBlA 

.c::J Jt 0 III ~ IV.d.J.q 0 ".d 
(Exon) l';it.Jflm~'UltJfll';itJ11 fll';i'Yll"ff 111"CJf'l (Splicing) ~'l~11Yl 2.S CJf'llfl~'il1flfll';i'Yll11'\.J1Yl'IJtl'l 

" . 
snRNA (small nuclear RNA) 11'1 Ul U2AF U4 US ll"~ U6 ,yjl¢{Yi1fll';i'il~~1~fllJUl~1l"~ 

m~'U1'\.J fll';i~~iJlf1~ 1 tl I Yl~~ lui¢{1 tJfll';i ~ 'llfl ';i1~l1'11h~tJtltlfl 1';i1'il~11 t.JflLiltJ~untJ ';i~'I1-)1'l 

11 tlflCJfUtJ 11":: fltJ Yl ';i U'\.J -)1"ff I 11" I CJf~ (Splice sites) 1 ~ tI"ffi 11" I CJf~~ fl1tJ 'ill fllltl flCJfU tJ 111 V'! 

fltJYl ';i UtJ -)11V1llABi'1 CJfvl (Donor site) II"~ 11 t.Jfl"ff i 11" i CJf~ ~e1'\.J 'ill flfl tJ Yl ';i tltJ I 11 V'! 11 tlflCJftltJ 11 

HBf1I'-lfYflVltl'l1"l1vl (Acceptor site) ~'l~11~ 2 .6 



Pte-mRNAs Se~nt of DNA 
being transcribed 

mRNA being translated Protein 

I I 

;~~~i 
o 

Nucleus 

_I.,l • '" 'I "''LI '" 
".ilrYl 2.4 U~~~fl1'.i'Vll~l'U'tIU 'HJ'U L'Ufl1'.i~'.iN LU'.iIP1'U [5] .. 

&on 1 E.on 2 Exon 3 Exon 4 
Promotor r--1 Inlron 1 r-l Inuon 2 r-l lnlron 3 ..-----. 

Intron 

Gene (DNA) 

Primary nrectipl (RNA) 

, Tran5CllptiOn 

Mature IraI1scripl (mRl'{A) WiiOiOlJiloiii:;.a;. ... 

, Protein .yntheSlS 

Protein 

_I.,l ... d"LI '" 
~'U'YI2,5 m~U1'Ufl1'.i~~lml~'\1 LlJ'.iIP1'U 

Start codon codons Donor site 

t.GCa,Ji<to[o[3i.'k~,tol,t~GAG 
Transcription 

start 

Promoter S'UTR 
I'····· 

Acceptor site 

Stop codon 

[<H iO[i(i("'"1 i<{i(3i JW tfIC't«i(3i iO! 

\ ........ . -----

(http://www.cs.cmu.edul-epxing/researchl .html) 

6 
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. " . 
hJm~u1'Um1LYiuC'lcJf,rw'U snRNA 'iJ~iJu'Ylul'm)fhnJln 1 'Um1'iJ1l~1~lUl1lj,~Yi 

'iJ~Yi 1n11 i1llcl1i U-U1fl~ i v i 'Yl~ ~~'iJ~iJ ~1'U 1'U -U1fl~ i v i 'Yl~1 'U n11 'iJ 11 ~lvtlll~n~l~ fl'U I U~llJ 
'U 

'll'-Ull'UV~ snRNA 1'lf'U 1 'U U 1 'iJ~iJm1 'iJ1l~lcl1iU-U1fl~i V, 'Yl~1 'U ri1'U'UV~U'U'Yl1V'U~ 11 ~11111lJ~ 

1IC'l~V~iJ snRNA flnmnV')j'iJll~iJm1'iJ1l~lU~n~1~fl'UhJ ~~ml~'iJ1nm~U1'Um1LYiuC'l~~1I~1 

i " 0 G.I "d 1 ,~ cv ~ 0 ~i SI 0 

'iJ~ llmllu'Uv~m1Iv'Um l1lJ flV mRNAs (mature transcript) 11C'l~'iJ1n'U'U'iJ~'U1 mRNA 'Yl lllJl'Yll 

mmUC'l1r1LY (Translation) I~VLYr1~cl1iu i U1~'UI~V 1,*ri111i'um~U1'Um1~1~ "1 fllv1 'U19IC'lrl 

Im~1'U~~iJ~i~~vlu 

il"tltl'91~ (Splice sites) 

" 
1 'Um1ffn'l:l1m1lJ~lJl:I'U£~1~ "1 'UV~LY' UC'l 19l~'ti'~'Uv~ illl'UV{IIC'l~IIVflI9lYH~V{ 

':hiJ~ n£Jtu~ri1fi'UJmh~ h 1IC'l~iJUUJ111~~V\I m1 m1 ilm1~"j 111fi1~vumJlJlnlJlV 1'lf'U i1~mtJ 
u u 'U 

lJ'4£JV'Yl11U i~mh~' 1i1ri1'U 111 1 'Ucl1iuiJ1fl~ i V I 'Yl~~I~'UIIVn9lv'U 1IC'l~ri1'U 11l~1~'UU'U'Yl1V'U 
'Yl11U '~i1IrlV 11l~~ '~i1llcl1iuiJ1fl~ i v, 'Yl~~ 'lJ1 'lfUvn9lv'U vvn 1IC'l~ 1 'U m~U1'Um1 ~~lm1~"j 

So' "" " 

i U1 ~ 'Ul1 'U iJ 1 r1 LY1 111 ~ 'U i11tl~~i11 U1 ~'U 'll'-Ulll1 'U "1 U1 ~nvu~ 1tJ1IVn9lV'U i'U 11111 C'l ~ 11 V~fl'U 

vtl1~h ~~llJ'UlrV~'Yll~~111J1C'lfJC'l~YlV1tJ1lJ111fi1~VU ~1vm~U1'Uin~1~"l 1'U'Yll~~11lJlC'lfJC'l 

i~V]jU1V~1V snRNA ~~iJl1u1~'iJ1l~1~n£Jtu~'Uv~n11fi'1l1~Vncl1iu-u1fl~1 V I 'Yl~~1 '*1 'U n11 

~\llm1~"jiu1~'U u~hJ1~V1iU1tJi1 'iJ~lilvnvtl1~ im~11~Vn'iJ1l~li~vtlN i 1 ri1'U1 'U'Yll~~1LY1 
" 1LY'UI'Ylft'fl'lLY~{ l~iJm1'Yl1lC'lV~tJ1cl1iu-U1fl~ 1 V i 'Yl~'UV~~~11~tJ~C'ln~1V'UlJ (Mammalian DNA 

'U 

sequences) U1I1tu~I~'UU'U'Yl1V'UlJ11~V~~Ln~U1I1tuLYiUC'll9l~ IIC'l~Yi1m111lrVtJC'l~~1'U1'U'UV~ 

-U1fl~ivi'Yl~~1~ "1 [7] i~Yminu~ 2,7 
'U 

The mammalian consensus sequences at the S' splice 
site and the 3' splice site in the pre-mRNA 

. " 
ltln 2.7 ~1'U1'Urvml~'UV\l-U1fl~iv imI1'Uu1I1tu'fflUC'l i9l~'UV~~~11~tJ~'Jn~1V'UlJ [7] 
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II) 'II)" dt 11).1 Ii) 0'"" " dI Ii) """ dI.1 "".,j..d 'I "'I 
1l"~ IlJ IfllU'UbY IU" l"lfmlflWJV 'O-llfllJfl1';jftflll1~Ul1'IJ'lJ11"~'VHllPlfl':i';jlJU'U '1 'YlU1'01'lf I'U 

fllHlflii'U 1 '011 'lJ1 nw 1fllfl'U bYl U" i"lf~H{~fll11U il-i mh-l i ';j ~1Vfll';j'VW1V1lJri''Ul11'Y'l\]~m ';j lJ 

'UU-l snRNA ~-l-n1l1,r1~1 'U fll';j 'ilflh~flllW~fll';jvlfllU1fl'Umu'Uflflfl 'il1flflnftfllll~lvl'IJihfl~ 1 fl 

l'Yl~~ snRNA l~-n1fll';j'iJfl~11~Uvlflfl'U'Yl';jU'UUUfl 1flm~flfl~'O~Yi'OnW1~lfi'IJihfl~1u i ml~u 

'il1fl1 fll'U u{l"lf~i U~fl 11 v1111l1'11-l 11(l~ l~Yi 'iln W 11 'U ri1'U 'U fl-ll1 flflL"lf'Y'l11Pl fl {l "lf~~ nm.m,r 1 

v1111l1 'I1-l~fl 24 v1111l1 'I1-l1Pl1lJ fll ';j 'ilfl ~l'Ufl-l U2AF65 11" ~ i ~'Y'l V1 V1lJftfllll'Y'l \]~ m ';j lJ 'Ufl-ll1flfl"lffl'U 

'Ufl-l i-ll fll 'U fl {i "lf~11"~ l1fl flL"lf'Y'l11Pl fl {~5 v1111l1 'I1-l~ 1V nlJi-l'Y'l V1V1lJ~ 'il~ ftflll1'Y'l\] ~ fl';j';jlJ 'Ufl-l 

'U fl -l ~ 1fi 'lJihfl ~ 1 fl i 'Yl1i'~ 1 fl 'U ri1'U 'Ufl -l11 fl fl"lffl'U flV1-l1~ V1 11" ~ ri1'U 'U U -l fl 'U 'Yl ';j fl'U U V N 1~ V 1 

U';j~ flfl'IJfll';j ftfllll 1 U~1V ~-l'l11 'il~'lhV1 M'l1111'U1'Yl1-lflnri''U 111v1111l1'11-lbYl U" i"lf1Pl1~ fl~ 11 1flV 

bY1Un~fl l'jl'il~~mnihvl'Uihfl~lu''t1vhe'U 91V1llle'j'91~fI'nJJ£Jl116 ~111'11'l1-l (f)ell~lll'l1'l1~ 

tf'U(;l'91~ 5 ~11l'l1'l1~ 'I1K~~lII'11U~tf't1(;l'91~ 11 ~11l'l1'l1~) 1I(;l~1llllei1l9l'YiIVle';j'91~f11UJtln 29 

~11l'H'l1~ ('H1rl~lll'l1'l1~tf't1(;l'91~ 24 ~111'l1'l1~ 'HK~~lll'l1'l1~tf't1(;l'91~ 5 ~111'l1'l1~) ~-llfl'U'lJ1nW 

I~V1tl'IJ~ snRNA H'1'Ufll';j 'Ofl~lti'flllW~'Ufl-lbY'U" l"lf~ 
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y 11 y .... "" "l 
VlU n.Jtn~VlVJi;lUI'il (Decision tree) 

l'i'ul.u' f)U 11 ~ -fflJ 1 ~ I ~lJ fll 'H1 VlJ l' 'U V'll fl ~tJ 'l (Machine learning) 'l1lJ ~ '\1 ~ 'l 
& . 1 .1 ., 31 ..,j ., '" ., ~ 31 131 
'll''lu'j~f)tJlJ'UlJ~lf)I'll''fl'UV'llJ'Vl (nodes) ll"~ IfflJl'l1tJlJ (edges) lJH~l'jV'lf)lJIUlJ'fllJ lJ 

I'i'lJ l.u'fll'j 11~ -fflJ 1 ~ ~'ll ~l-Jl fl ~ V'l jj tJ~ lJ VlJ 1 '*ffl'l1 i'lJ fll 'j llniJUJ'\111~ V'"H1U f) n ~ 11llJ f)ll" ~,)~ f)~ lJ 
u • 

~'l'VllJlJlf) 1 lJiJUJ'I1l'Yll'li'YlVlff1ff'fl {ll"~ 'Yl N ff1li 1'jt\J ff'U [8] 1 ~ mJ'Vl ~ ~ll ff~'lli tJlJ l'U fi1GllJ '\1 ~ tJ 
u • 

fll'j'Yl~ffVlJ~ l~ ih'\1lJ ~ 1 ~ ll"~ II ff~'ll fflJ l~tJlJ ff1'\1 i' lJfi1'fltJlJ~ ,fi~~lJ ~'lll ff~'l1~1 lJ 'j U ~ 2.8 
" 

., ~ 31 "I "I & ~ ., ~ 31 31 '131 
lJ'VlI'jlJ'fllJ'\1'jtJ'j1f) (root node '\1'jtJ initial node) 'll''lIUlJU'VlI'jlJ'fllJ'UtJ'l'fllJ llJ 

U'Vlfllv1lJ (internal nodes '\1~V test nodes) l~lJU'Vl~ijlff'Ul~tJlJ~lf)U'Vlllll (parent 
• >I. 

node) 1~v~~ijl~tJlJl'U fi1GllJ '\1~tJ llUlJ'Yl'flfftJlJ l\..JUWWlJ ll,,~ijlfflJl;tJlJ~tJ"'l 

luriU'Vl"f) (child nodes) 'fl1lJfi1'fltJlJ'UtJ'llitJlJl'U fi1GllJ'\1~tJlllJlJ'Yl~fftJlJ 
" " 

1lJ (leaf nodes '\1~tJ exterior nodes) fitJU'Vl~ijl'ViV'llfflJl~tJlJ~lf)U'Vlllllll,,~illij 

,ivlJ l'U fi1tlllJ '\1~mllJlJ'Yl~fftJlJ l~tJl1~-ff'U h 1 U~U'Vl 1~flf) '\1~tJ illij U'Vl " f) 
" 

I " I'" 

1 a G.I CIt. ,.. Q.I 1 Q.I 'JJ".a lI]'JJcv' 
lJ'j1f)'\1'jVlJ'VlI'jlJ'fl'U ll"~ lJ'VlfllV 'UlJlJfll~~~ff'j1'llff'UI'l1VlJtJVf) l~'fl'lll'fl 

fftJ'l'Yl1'l~'U i U 11~~lJVlJ 1 '*1'i''U l.u'fll'jl1~-fflJ 1 ~ fl'U lJlf) ~~I ~lJ I'i' 'U l.u' fll 'j 11 ~ -fflJ 1 ~~ ri'~llVf) tJ tJf1l ~lJ 
fftJ'l'Yl1'l'\1~ m1 Vf)';h I'i'lJ l.u' f)Ul1~-fflJ 1 ~lllJlJffM'Yl1'l (binary decision tree) ~'l ff1lJl'j flll ff~ 'l 

111tJV1'll'i'lJ l.u'fll'jl1~-fflJ 1 ~ 1~~'l~U~ 2.8 

x[91- "A" x[9J - "A" 

~ T\~ 
xI41 - UA"" Grollp 7 Group 8 

Group 4 

. 
• 14 .,. 31 '1 31 ., .. 1 

~'U'Yl 2.8 'fllVVl'l'UV'l'fl'U IlJfll'j'fl~fflJ ~ ... 
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~lm11~ 2.8 ,)1f)Ur:l~U'YHllV1lJLlTI"~~lit)'u 1 '\J ~~ 1lJ~1m.h~'Ii'1~~lJ1i1LTI"~~i1~ 
'U 

~lUl1l1~'\Jtl~th~lJihfl~ 1 tl i 'Yl1l1'l1lJ x [5] = "G" l1lflVfl11lJl1 l1'lti1~lJ-U1fl~ 1tl i 'Yl1l~~11L 1111~ 

~ 5 ij-U1fl~1tl1'Yl1l11llJ UGH ~1~ (T) hn11'Yll~,*lV'\Jtl~UYl U~l1'1'111'l111~tl11llJ1~~ (F) 111'111 

'Yl1~'\J11'\Jtl~UYl ri1lJ 1lJ'\Jtl~~lJ i~~tl Group ~tl~ri1lJ11mVlrlJm~ 

Maximal dependence decomposition (MDD) 

tr mhflty'\Jtl~ ~ 1U 1111 ~ ~ tl~~~tllJ11r:l~~ 1U 1111 ~~, 11' ~ tl~~fl tl lJ 1 fl vijTI"lJlJ~ j llJl~V1tllJf)1') ij 

fl'Yl~Ylr:l,)~1111~tllJ'\Jtl~~1111111~~tl~lJ1nru 1~v') tllJ'\Jtl~TI"1 11'1 '9fv1 [9] 11lf)1,)'\Jtl~f)1,)TI"~1~ MDD 

(1) li1f)1')rl'lJ111-U1fl~1tli'Yl1l~ij~llJ1lJlJ1f)~TI"~ (consensus nucleotide) 1lJU~ • " , , . 
'1~~1111111~ ~lf)trlJ li1f)1,)'YlflTI"tllJfld1lJllllJ fl TI"') ~ tllJ '\J tl~-U1fl ~ 1 tl , 'Yl1l Vilflf)Vi TI"fl Vi~ 1111111 ~ i tllJ • 
-U 1fl ~ 1 tl' 'Yl1l ~ ~ 1 Lll1l1 ~ ~ j 1 fl V 1.u~ 1 TI"() ~ X 2 1lJ f)1 ') 'Yl ~ TI"tllJ TI"lJ lJ ~ j llJ1lllJ V)l) N f)1 H ') 

(contingency table) '\JlJ1fl 2 x 4 ijf)~ft'lfl11lJllllJflTI"')~ (df : degree offreedom) ~r11lJ1ru '~~1f) 
• v v 

(r -1)( c -1) lijf) r ~tl~llJ1lJUtlTn~l1lJfl'\Jtl~V)n1~f)1') ~,)Ur:l~ c ~tl~llJ 1lJ TI"v)lJfi-n~l1lJ~'\Jtl~ 

\Pll)Nf)1') ~') ~~ij~l df = (2 -1)( 4 -1) = 3 U'1~~l P-value ~~llllJ~l,r tlV~,,!fl'\J tl~,)~~lJ 

trmhflty (a) ~~~li1111'11B1TI"1iTI"lJlJ~5!llJ Ho 
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v • 

'illfll1lJ¥ilf11'Hllr-H'IdllJ'UU-:Jril X2 
'UU-:J1l1U'I1U-:J i (S) 'illfl1l1U'I1U-:J j l~tJ-n 

i:j:. j l~tJ'CYllJld()1~tJlJlrJlJ'CYlJfl1d lfi'lrJlJ 

Sj = Ix2 (cj,Xj ) (2.1 ) 
j;<j 

( )

2 
r c -E 

X2 = II Om.n m,n 
m=l n= l Em,n 

(2.2) 

l~tJ~ Cj ii~llrJlJ 1 G'liJlfl~lUl'Yl~~1l11l'\1U-:J i ~Hf1lJiJlfl~lUl'Yl~~lJlfl~~~ 

Url:;UrillrJlJ 0 Irlul,j~Hf1lJiJlfl~lul 'Yl~~lJlfl~'CY~ • 

Xjfluihfl~lul'Yl~ (a ,c,g,t ) ~1l11l'\1U-:J j 

• ... '" 1 "1 " ",,; 1"; 0m,n 'illlJllJlJlflrl U L'Y1~ Xj 'CY~lJfl'Y1 n 'UeN Cj lJUfll'Yl m 

m= 1 n= l 

1 ,,; {I, C. = 1 
m Ufll'UU-:J~ldl-:Jfl1d'ild ~tJ'Yl m = ' 

2,Cj =0 

~ q ..!I 0 t .0:6 .ell ~ 4, 0 I t 

(2) 'illfllJlJ'Vi'illdtulmeJfl~lU'I1lJ-:J i ''If-:J S. lJflllJlfl'Y1'CY~I'Y'W'Y11fl1mlJ-:JflrllJ'UeJ-:J ,. . 
~l~lJiJlfl~leJ l'Y1~eJeJfllrJlJ 2 fl~lJ l~tJi lJfl~lJ~ 1 (D. ) fleJfl~lJ'UeJ-:J~l~lJiJfl~ 1 eJ 1 'Y1~~1l1U'I1 U-:J 

.. It 'I q 

i ~Hf1lJiJlfl~l ul 'Yl~~lJlfl~~~ 'U eJ-:J 11 1 U'I1 U-:J i Url:;fl~lJ~ 2 fleJ ~l~lJiJlfl~l ul 'Y1~~ 1,j~ Hf1lJ 

lieJlJ 1 'U'UeJ-:J D. (D.,. = D - D,. ) 
'I 'I I 

v 

'illfll1lJ¥il (1) Url :; (2) llJllv1rl:;fl~lJ (D. 1m:; D.,.) ~'il:;lfi'vi'lJl~flld~~iYlJi'il 
.. 'I 'I 

v 

vi'lJ l~fl1d~~iYlJ 1 'ilUfll1lJ~fl A-I -MlJ 

... I '" 

'Vi'illdtul'illflfll P-value 'Yl 0.001 
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~ 1'U l'U ~ V ~rl1 il u iJ lfl~ 1 V i Y1 ~1 tJ nri lJ U vvn i1~ 1 'U l'U ~ll1lJ 1:: fflJ 1'U n1 'j • 

~1eJcl1~~ 2.1 U1rl1iluiJlfl~1 V i Y1~1l1n[j'U~V~lJ'UfJV~1'Ul'U 1 ,115 [j'U~t1J'U 11l1'Uvfl9l~fll1lJV11 . 
16 ~11111,j~lJ1~1'Ul'U 5,709 rl1ilU [3] lJ1~1l11v~1,r~11m,j~ffhJrli9l~~Htl'U 11lV1,rff'Url'9I~~ 

"G" mJ1'U~11m,j~~ 6 1m:: "T" mj1'U~11m,j~~ 7 lrlm'11m'j'l1u~1'Ul'UiJlfl~1tliY1~1'Ull~rl :: 
~ ~ 

filll'l111~ (i) I n(a;) I n(c;) n(g;) n(t;) consensus 

1 1482 1573* 1294 1360 c 
-----

2 1539 1704* 1392 1074 c 
--_ ... ---

3 1833 2141* 1063 672 c 
--_. __ .. -

4 3416* 750 749 794 a 
._---

5 493 181 4616* 419 g 
---- ----

6 0 0 5709* 0 g ---_ .. _ .. __ . 

7 0 0 0 5709* t 
----.. --- .. _------

8 2770* 163 2643 133 a 

9 4007* 457 725 520 a 

10 386 315 4719* 289 g 

11 931 1021 1232 2525· t 
-- ----

12 1484 1232 2028* 965 g 

13 1119 1665* 1558 1367 c 
-

14 1050 1676* 1610 1373 c 

15 1043 1553 1797* 1316 g 

16 1169 1570 1732* 1238 g 

fi1'Ulruri1 X2 1flVll::LLffll~illmh~m'jfil'Ulruri1 X2 (C;,Xj ) 1'U~11111,j~~ 11'YiVUtl'lJ~11l11,j.:) 
. . . 

"" "" ""1 "" . Y1 2 (i = 1,j = 2) ffllJUtH~V'U~1'jl~fll1lJtl 'Um'j1~Y1 2.2 llrl::m'jl~fI1f11fll1lJ1V (expected 

value table) 1'U~1'j1~~ 2.3 
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. . 
e:I ..c::t I ..c::t cv 

~n'HrYl 2.2 ~l'H:jfl11lJm::;1111\1 C1 !'YlV'Uf1'U X 2 

Oab :~!: ntAz) " n(C,J . ~'t :z (G2 ) n(7;) .: 11lJ , 
. - ,~ "'" ' ",' ~ . 

c"; m,3' 

519 520 C1 =1 . 166 368 1573 
----" 
Cl'~ O 1020 1184 1226 706 3956 

~ 
11lJ 

'1' 
1539 1704 1392 1074 5709 

Ea,b n(~) , I, i; n(C2 } n(G2 } " n(Z;) 

C1 =1 1573x1539 1573x1704 1573x1329 1573xl074 
= = = = 

5709 5709 5709 5709 
= 424.04 = 469.50 =383.54 = 295.92 

C - 0 3956x1539 3956x1704 3956x1392 3956x 1074 
~ - , = = = = 

5709 5709 5709 5709 

.', =1114.96 =1234.50 = 1008.46 = 778.08 

2( ) (519 - 424.04)2 (520-469.50)2 (166-383.54)2 (368-295.92)2 
X C X == + + + -'-------'-

I ' 2 424.04 469.50 383.54 295.92 

(1020-1114.96)2 (1184-1234.50)2 (1226 - 1008.46)2 (706-778.08)2 
+ + + +-'-------'-

1114.96 1234.50 1008.46 778.08 
== 231.395 

rlll1~'U X 2 ~fl11lJ!~U~'U 99.99% 111U~1 P-value ~ 0.001 Un::;U\lfl'1f111lJ!~'U 
vff'j::;!'yhOlJ 3 ~lf1m'jl\1ijyil!'Yho'U 16.3 ~\I X2 ~1~'iI1f1f1nril'U1WlJlf1f)'hi'U~1'jl\1 ,r'Ufiu 

~lUl1l1 \I~ 1 Un::;~lU l1U \I~ 2 'UU\I f1cilJ'UU\I ~1~'Uij1f1~ i U, 'Ylfl'~fl11lJ~'UIPiUO'U UrJl\I~,rVrllrl ill 
• u 

~~ " ~ IV 

'Yll\1fftl~1l1Vfl11lJ!'lfUlJ'U 99.99% 

m'l::;!rlml1f)1'jril'U1Wl11~1 SI 'il1mmnlJ'UU\lrh X2 ~~l!!l1U\I j = 2, ... , 16 'iI ::; 

~~l!'Yho'U 341.61 rlll1~'U1'U~1!!l1U\lt'U "1 ~::;'~~1 Sj 1'Um'jN~ 2.4 



14 

. . 
q I d~~ 0 

V1l'nnl 2.4 m S; 'Yl I ~HJ1 fl f)l'Hl1 hl1 tu 

villll1tJ.:J (i) I S; vil11l1tJ.:j (i) S; 

I I 341.61 9 1206.50 
. __ ..... _._-----

2 348.58 10 *1920.51 
----.------- --

3 506.40 11 1482.07 
-- _ ... _ ... _-_._------_._. 

4 1836.85 12 536.65 
_.-

5 1693.36 13 697.18 
- - _._._--_._. __ . 

6 . 0.00 14 702.87 
-_._--------_._ ...... _ ... 1 .. __ ._---

7 
I 

0.00 15 817.67 
._._-_._._--_.'- --

8 1296.30 16 692.71 

• I I I 

'illflVll'jl.:J112.4 'il~'W'lJ':hl1vilUl1tJ.:J1110 ij~l S. lJ1fll1~V1 ~~ 1,920.51 'illflf)l'j 
I • 

I I I I " 

Tilh11ru~1 X 2 'j~l1il.:Jvil1ll1tJ.:J1110 tl'lJvil1ll1tJ.:JVhI "l111111'livil1ll1tJ.:J116, 7 11"~ 10 UhI~ltJ.:Jf11 

fl11lJl~hI~~'j:::'\JtJ.:J X2 ij~11'Yhtl'lJ 12 iVltl~~l X2 ~l~'iJlflf)l'jli1V1V1nl.:JI'Yhtl'lJ 32.9 ld~.:J'iJlfl 

~ 1~ i ~ 'iJ 1 fl fl U Til hl1tu ij ~ 1lJ1 fl flil ~ 1~ i ~ 'ill fl fl1 'j 1 il VI \91 n 1.:J 11 ~VI.:J il V.:J ij u tI"hfi' ru 'Yll.:J ~() ~ 
u 

" I " 

'j:::W)l.:JvilUl1tJ.:Jmj ~.:JUhl ~.:JYilf)l'j lWfl~l~'lJ{hfl ~i tJ 1 'Y1')l1ij{hfl~i tJ i 'Yl,)l1vil1ll1tJ.:J111 0 l~hI 
" 

"G" H1h1milJ~ 111"~~1~'lJij1fl~itJl'Yl,)~1111~mj1h1fl~lJ~ 1 1l1'Utlfll~~fl~lJ~ 2 lm~f)'j~Yil 
II <u q q 

l,x[IO)= g 

;/ ~ 
2,x[S)= g node 3 

/~ 
y'XI9~ 19)=~ 

8,x[81= g 9,x[4)= a node 10 node /1 

/~ 1~ 
16,xI4)= a 17,x[8)= a node 18 node 19 

I~ I"Z 
lIode 32 node 33 node 34 node 35 

. I.d 31 11) 31 ..... 1 'i ""'J'-
~1J'YI 2.9 \91h1llJf)l'j\91f1~hI 'il MDD '\JtJ.:J Ifllh1tJ'j L"lf\91 

l1".:J'illfl~ i~Yilf)l'j~1\:j~hI i~f)l'jlP1f1iYhI 1'il MDD U~1 fln1 ~.:Jlh1~hI i~tl1'j 
" , 

lP1f1iYhl1'il MDD UhI ljjtJijtl1'jf'lJ1tJl~l~ 'lJij 1fl~ i ~ 1 'Yl')! ,j'1lJ1 tlfllP11tJ Vl.:Jl'lihi ij~l~'lJij 1fl~ i tJ 1 'Yl') 
, " , 31 "'11)311111) 3111)31 ..... 1 1.1"' ..... "ataaggtgcgtgcatc" !'\JllJl'il:::'ilfi 11 hi 'lJ 111h1'\JtJ.:JVlhlllJtl1'jVlfl~hI 'il MDD hI~u'Yl 2.9h1h1 'iJ~I'jlJ 

, , " 
'iJlflf)l'jri'ill'jtul1h1D'W111 'iJ~'W'lJ11'hlvilll11tJ.:J111O ijij1fl~itJl'Yl,)!llhl 'g' ~.:Jirhl~.:Jitlri'iJntul 
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'9 Q,I d .oJ d 1 0 'd d & .., illtJ.q .cd Q,I d I" 0 I d ~ 
vH.ll'UlJ'Vii1 2 9f~f)'VilJ11~111'11'U~i1 5 11J'U 'g' ~~ l~ l,j'Vi~l'HU1i1lJ'Vii1 4 1I~ l'Umll'l1'U~i1 9 l'U'U 'c' 

t , )I, 

111il1"i'~~~1,j~~l'HU1~tli'U,r'ViYi 9 'VilJ ':hi'Uvhlml~Yi 4 11J'U 'a' ~1~ ~~u'U~~i,jriilJYi 18 'I15tl .. 
'1 _I"'''''· "'.. "'1 "1 .. ..,;. "" ""!II !II "1 !II f)m1 ~Uff~uf)fltl ~1~lJ'U1fl~ tlli1~ "ataaggtgcgtgcatc" llJtl'U1lJ1'Vi~l'HU1~~f)'llJ~1U~'U llJf)U 

, SI I I 

19i'~iY'Ui~ MDD i'U';j,jYi 2 .9 U'U ~~t:lf)~~l.,j'11,jtlcii'UilJ f)~lJYi 18llff~~1~i'U';j,jYi 2.10 # 
'U q,J cu ~ cu 

1,x[10]= g 

/~ 
~[51~~nOde3 

4,x[9]= a 5,x[9]= a 

/~ (~ 
8,x[8]= g 9,x[4]= a node 10 node 11 

16'X[~ ~I~ a E~~e 19 

j~ I"Z 
node 32 node 33 node 34 !lode 35 

U1J1J111tlMm1rHI'W (Markov models) 

• .. •. I.:jj· "" "" .d !II ,J 1'" .. 1 
U lJlJ ~ l~tl~lJU fl tll"f l'U'UlllJ lJ ~ 1~ tl~i1Nfft:l~i1ff';j N~ 'U ~ 1f) ~ f) 9flJU fltll"f .. 

(Markov chains) 'I15fll~Uf)Uf)~tl'l1rl~ ':h lIlJlJ~l~tl~~f) 1CJflJ1 {m.lYl 1~UlIlJlJ~1~tl~if 11J'Ul~f)1';j .. 
llm1::l1'Viq~m';jlJ~tl~19i'111,j';j~ff'Ui~i'Ul'I1lPJf)1';jruiJ~~,r'U (present event) ~ffm'U~ (state) ~tl~ 

, v 

l'I1f.!f)1';jru l~tl'ViU1mru'Viq~f)';j';jlJ~tl~I9i"Hl ,j';ju'U i 'Ul'I1f.!f)1';jru~tJ~tl'U1fl~ (future event) 1~UtJ1ftU 
~ ~ " Q.I" .q d' d'.d q ~ .d <d I;' Q.I 0 
~ tll.,!~'Vi 'U j 1 'U l'U iJ ~ ~ lJ 'U l'U f)1 nl m 1 ~ 'I1l 'I11PJ f)1 HU i1 ~ ~ 1 f)~ ~ 'U 9f ~ lJfl 11lJ ~ fll 'U tl~ f)'U lllJ lJ ~ 1 ~ tl ~ 

l ' tI e! Q,I ~ 1 Q,I.q tI Q,I.r::::I. ~ 
~f) 9flJ1';jfltJYl'Ut:lf)'Vi\PlJ'U1~'U ~U'Uf)flru~ft1ff~';j'lf11';jm9fU'lftl Andrei A. Markov i'Ufl.ft. 1907 .. .. 

"" 
~lf)lJi1'UUllJ 
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P(Xn+1 =klXo =ko"",Xn =i)=P(Xn+l =klXn =i) 

= P(XI = klXo = i) 

16 

(2.3) 

'j/ 'Ill 'j/ , OJ 1'" .. 1 '" '" OJ"" " • .1 mnll:: tlm 1 L 1111 X L lJ'U ~ tl 'b'lJl) 1'1 tln '11) tl X lJ 'i;llJ Ul1lJ n 1'1 tln (Markov property) U ('l :: 

'i;lllJ1HH~U'U Pik = p( XI = klXo = i) Lrltl (Pik;i E S,k E S) ~tlfl11lJ\.h~::LiJ'U1'Utl1mJ~u'U 

'i;lfll'U::'Utl.:j~tl hilJl{f1tlYl (transition probabilities of the chain) [10] 

~1'U1'U 
~lU'l1,j.:j (i) 

1 2 3 4 5 I 6 7 8 9 I 10 

f(ai) 232 227 255 233 227 229 261 243 247 243 

f(ci) 263 259 233 271 231 272 270 251 234 277 
-- --

f(gi) 247 256 255 255 277 254 227 257 259 232 

f(ti ) 258 258 257 241 265 245 242 249 260 248 

" 
ti' l'i;llJ lJ ~ ~ l'U 'U tl ,Iii111uiJ 11'1 ~ 1 tl 1 Yl ~ lj ~tl ~ 1U 'I1,j.:j iJ 11'1 ~ 1 tl i Yl ~1 'U U~ ('l:: 

~lLL'I1,j.:jLiJ'Ufl'i;l)::~tln'U 'I11tltl1lltl~111~'-.h ~lLL'I1,j.:j~ i i,ji~~'Unu~lLL'I1,j.:j~ i-I 'VJtl i 
" " . v1'1U~ 1 ~.:j 10 11'1tJ'Uti'lnl'l1'U11 ~111UiJ1f1~1tl1Yl~ atcggcgcaa L)1~::1f1" -.h fl11lJ,jl~::LiJ'U.yj~111U 

. " 
iJ 1f1~ 1 tl 1 Yl~.yjn1'11 'U 11 1 l1'lj ~::mn 'U tl~lJv11tlci1.:j ~tl ... . 

p( atcggcgcaa) = p( al)· p(t2 )· p( c3 )· P(g4)' P(g5)' p( c6 )· P(g7)' p( cs)' p( a9 ) · p( alo) 

=(1~0~)(1~~~)(1~3:0)(1~~~)(1~::)(1~:~)(1~~:)(1~~~)(1~~:)(1~~~) 
= 0.000000961337 

d ~ I .q".,d 
~ltl111)NYl 2.5 'U11 LlJYl)tl'b'LU('lU'U'i;lfll'U:: (transition matrix) 
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I Y , ,.. 

1l1fl~'HHh~Yi 2 .2 ~l~'HYlJlJ~lllJ 111 tlfl1{1'Yi1l11PJfl1 'HU ll:afill~lJ 1 mllJ 1fl~ 1l1fl 

"1 ..,. <9 ~ '" "d ..,.::It 0 " • .1'" '" .:.. 
1l1IPJfl1'HU lJtlll~\I-:ju'iJ~'lJlJ n 1l1IPJfl1 'HU flll:::I'WfltlJlJ U'lJ'lJ'iJ1~tl-:jlJ1'jfltll1tllJll'lJ n lJlJltl~ 

. ..,. 
~l'n~'Y1 2.6 

f(Xi Xi_l ) 

ai_lai 

ai_lci 

ai_lgi -

ai_lti 

Ci-Iai 

Ci-iCi 

ci- Igi 
-------

Ci_lti -----

gi- Iai 

gHci 

gi- Igi 

gi- Iti 

tHai 

ti_ICi 

ti- Igi 

'i_I'i 

2 

50 

65 

56 

61 

70 

68 

63 

62 

64 

57 

62 

64 

43 

69 

75 

71 

3 4 5 

68 46 51 

50 74 48 

62 69 71 

47 66 63 

63 59 60 

67 61 63 

58 60 74 

71 53 74 

66 55 59 

56 81 62 

66 64 62 

68 55 72 

58 73 57 

60 55 58 

69 62 70 

71 67 56 

~luml~ (i) 

6 7 8 9 I 10 

52 52 64 63 49 
.. _._--_._-

71 72 74 50 72 
.-

52 51 61 61 64 
-----

52 54 62 69 62 
_ •• _. ___ 0. __ -

51 78 66 59 57 

72 69 66 61 73 
I 

53 55 64 66 52 

55 70 74 65 52 

66 69 50 63 59 
-

67 58 61 68 73 
---

83 65 66 65 59 
-

61 62 50 61 68 
- -

60 62 63 62 78 

62 71 50 55 59 

66 56 66 67 57 
--------

77 56 63 65 66 
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, >I 

"'lJlJ~~'H)cil~ih~'lJihfl~ 1 fll 'Yl~ aaaaaaaaaa fll1lJtll~~1~lJ Yi~111'1nl~ij ~~ 

flci1lJt1~lJ~lflcil~~ 2.2 ~~l~lJ 
'II • 

p( aaaaaaaaaa) = p( alo la9aSa7a6aSa4a)a2al)' p( a9Iasa7a6aSa4a)a2al)' p( aSla7a6aSa4a)a2al) 

. P (a7Ia6aSa4a)a2al)' p( a6Iasa4a)a2al)' p( aSla4a)a2al)' p( a4Ia)a2al) 

. P(a)la2al)· p( a2Ial)' p( al) 

"'.. " •• 1 ?t • '" ",.J 1 "1" ~1t1"'lJ'IJ~lJ15flflTI U(l~lUlJU'IJ'IJ~l(lfl~fllJ~'IJ 1 'll'~151~~m-J ~m~tll5UJ lJfl~~ . 

p( aaaaaaaaaa) =p( ~o I~)' p( ~IGa)' p( Ga I~)' p( ~ la6)· p( a6Ias) ' p( aSla4 )· p( a4 1ll:!)' p( ll:!1~) 
.p( ~ I~)'p(~) 

_ n(~o~) n(~Ga) n(Ga~) n(~a6) n(a6aS) n(aSa4 ) n(a4ll:!) n(ll:!~) n(~~) n(~) 
- n(~) . n(Ga) . n(~) . n(a6) . n(as) . n(a4) . n(ll:!) . n(~) . n(~) 'Il(.x;) 

P (aaaaaaaaaa ) = (2~7 J. C6
:3 J -( ;:J -( ;2~ J -( ;22

7 J -( ;31
3 J -( 2:

6
5 J -( 26287 J. ( ;30

2 J -( 1~~~ J 
3570624512 

------= 0.000000387975 
9203245324668225 

# 

.q d d' 14 tI.c:t ct.c:9 I ~ ~ lIJ.J cv tI d 

lJ lfl(l1 fll 'Yl1l aaaaaaaaaa 'lJlJm~t1nUJ 1 lJflll~ ~~\lfll11UlJfl"'5~ llJ'\JlJ t1'IJm~tll5UJ llJ fl~~ . . 
'11 ~ m! lJ fifl1~lJ tll5 1 '*U 'IJ'IJ ~1(l fl~lJ1{flflvJ eJlJ fl'IJ 0 1 lJ tll5 ~llJ lUJU 'YllJ 



, .,. 
lJ'YI'YI 3 

, , 
~..., .,..,. v 

lelfliJl'Hm~ 'HW1'\ltJ'YIlfltJ1'tm-.1 

111tltl1'Jfftl1l1U 'Yl rl11lJ 'Yl1~ ;1rt'1'J rt''W1 'Yl tl~l~tl1nU tl1 'J fl'W 'l11~ 111 'l1 U ~ rt' 1 D ft 1 CJl' vl 

i ~ d' ~ ,.c::t t .J I i v Q..I ~ .dl ..:::t. d 

m tI 'W tI'W '\Jt)~ lJ'\..pW'W 'W 'YiU11lJ t) ~'l1 fllt1U'Yl rl11lJ CJl'~ II~" ~ U 'Ylrl111J 'lft)ft tlt)'J 'YllJ 11ft ~ 1li O1 'J 

1111 tlU I Vi tlUD 'J ~ ff'Yl il m'Yi '\Jt)~ Hft ~'Yi; ~ II~ tl ~ll~ n'W u tl~ 1tl 

1 D'JIItl'JlJ NetGene2 [II] ~~ 1~ii'I'Ylm1f1'\Jt)~ 1m ~'\htlD'J ~ rt'l'YlIVitllJ (Neural 

network) IIU U feedforward i'W 01 'J l'i 1'W 1 tI~ 11l'l1 U ~ '\J t) ~ rt' 1 D"I CJl'1'l 111 tl 01 'J I ~ t)'W '1114' 1 ~ 1~ i'W 01 'J 

" l'i1'W1t1ID~ftt)fll1~rt'1t1'\Jt)~V'W IIft~~'J1'ilrt't)Ufl11lJllli'Wih 1f1t1ii' correlation coefficient (C( X) ) 

.J "', ()' '" , • lit'" '" , '" ""I • CJl'~mm C X 1'Yl1tlU I lIrt'fI~11rt'llJl'JfI'Yll'W1t1 ~fI\ltl~t)~ 100% Ilft~1'Yl1tlU - I 'I1lJ1t1f1~'Yl1'W1t1 

NfI'Yif11f1 100% ~~Hft~'Yi;'\Jt)~ 1Dmtl'JlJ NetGene2 ~~1 C( X) lJ1tl~L!fI~ 0.9244 -ff1'11 ~U 

1f1l'Wt){iCJl'1'l IIft~ 0.83 -ff1'11~UIlt)tllCJl''Yil~t){iCJl'1'l 

-ff1'11 ~ U 1 D'J II tl'J lJ~ 'il~tlri 11i1~~t) 1 D MIt) HSPL [12] ~~ 1 ~~m'W 101'J l'i1'W 1t1 

• '" i i "" .".J i "'!';1 ." '" "" "" "" ." "" '" f11f1UIlt)tlCJl't)'Wmtl 'W 'WtI'W'\Jt)~lJ'4lltl CJl'~ 'lfYi~tl'lf'Wflrt'mlJlI'W'W~I'lf~Irt''W (linear discriminant 

function) ~'J1U'J1lJ'1i't)lJftl~tl1nU01'J~V1~ni''Wmu 3 '\Jt)~U~IlW~l~ '1 'Jt)U '1 rt'11.Jft ICJl'1'l IIft ~ 
" 
" ~ 1~UiJ1rl~ 1 t) 1 'Yl1lrt'1t1-cr'W '1 '\J t)~lltltlCJl't)'W II ft~ ~'W 'Yl 'J t)'W II ft~ ~ 'J 111 rt't)U rl11lJllli 'W ih~ltl C ( X) 

.J i 1 ,(\11"''''' '" ,(\11 ."..,; 
CJl'~ 'W fll'Wt)'J 1CJl'~ lJml'Yl1tlU 0.63 IIft~lIt)tllCJl''YiI~tJ'J 1CJl'~'Yl 0.47 

Utl1D';illtl'JlJ~U1rt''Wil1;jt) 1D'Jlltl'JlJ NNSplice [13] ~~I~l'i1tll';iD~UD1~ 

1_1 .J "" i '" "" "" u';illtl'JlJ Genie CJl'~111tllfllJ 'lfl'Yitl~I'Ylfl'WfI'\JtJ~ Generalize Hidden Markov Models (GHMMs) 

i'W 01 ';i 'Yl fI ft t) ~ 11ft ~D ';i ~ lJ 1 W fll1lJUl 'il ~ I ~ 'W i 'W t) ~ r1 D 'J ~ tlt)U '\J t)~ V'W 1 fI tI i i'fi1 '11 'W fI 01 'J 'Yi ft l' ~ 
" i j} '.cc.a I 

(dynamic programming) 'W01'J';i11J'J1lJ'\JtJl.;!ft'illtl 2 rt'l'Wrlt) 1'Wt)'I11111tl'l1f11t1 '1 rt'1'W LLft~'illtl 

"'''''''''' .J lit"'· _1"'.1 i' "' ''' '''''' '" ~l'JU~rt'tytylW (signal sensors) CJl'~ NNSplice ~fI'Yl101'Ju';iUu1~ 'Wrt'1'W'\Jt)~m'JU~rt'tyty1Wfl1tl 
I v y , 

1 m ~ ~l tiD 'J ~ rt'l'YlIVi tllJ 2 'J!fI Vi~m'W 1~'W lJlL 'I1li 1 fltliJY7'W 5l1'W 'il1tlfllllJG'\J t)~ ~ iJ 1rl~ 1 t) 1 'Yl1l 11ft ~ 

\PIn'ilrt't)Url11lJllli'Wih'\Jt)~ hhlltl'JlJ'f1'ltl 7-fold cross validation IIft~'I11ril'\Jt)~ approximate 

coefficient (AC) ~~I~'W'Yll~I~t)tlLUtl1'J'Yl\PIrt'tJu~~tlil C(X) 1\P1t1~1 AC ~iJ~lI'Yllnu 1 LLrt'\PI~ 
I 0 \II " " 'QJ .o::!t o.::::t. .J.Q, 1. 1 11'YllU1t1 ~\PIfltl\PIt)~ 100% Ilft~I'YlltlU 0 flt)'Yl1'WltlHfI'Yift1\P1 100% CJl'~111tll\PIlJ umtl'JlJ Genie 

" 
l'f1'~ml~u AC 11'1lnU 0 .74 11ft~lrltJl'iltl1'J1.J~UD'J~II~ll1~~~l AC 11l'W 0.79 • 
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I II) ,,'" ... 1t1 • II)tI II) .. '" J 1 I -:'1 
~H)1J1IfllJf1l1'Vl~'U1 mmlJ'I'11'U1t./LY I "ICJfI9l'lJfl~V'U'lJ'UlJ1 'U'lI'l~u fI.ft'. 2001 

~~ I~ 11lJ 11m 'Vlfli1f1 ~ iitl1 ~ ff'Vl fi f11'Vl~N "1 1'U mn; 1'U 1vlJl1 i'1 'U 1 tl111 01 lJ ci' ~~ ii~Ul1 
GeneSplicer ~ ~1 ~'U 1 tl111 01 lJ A''U ll1 v'U ~iitl1 ~ ff'Vl fi f11'Vl [3] 1 flV~ 1 tl11101 lJci'1 i'~'U i U'm 1 

IPlflff'Uh (Decision tree) ~lVl1i Maximal dependence decomposition (MDD) lv1urh111iU1f1l1lJ 

~'U ~uti'U 'lJ U~~ll111 tl ~mh~ii'l1 Vff1rlt1J iU lJ1lJiU 1 flV1 UlJ 'lJU~ffl tI" i CJf~ 'lJU~ 1 fll 'U U {i9i~ 111 U 

I1Utll9i'VlII9lU{ICJf~ [9] 11"~ 1 i'lllJlJ~ 1"U~1J1{flUvJlv1U1~lJfll1lJff1lJ1H) 1 'U fl11Yi1'U1Vff i tI" iCJf~ 

1 1
- "0 '" OJ I... I 1 <9.J 11)" 1" cO 

flV 'lW'U'lJU~lJ'IfiW\)l'Ul'U 1,115 V'U1U'Ufl'llJl9llUV1'1 'Uf1lHTtllJl CJf'llJ'Vlfll1lJ Ifll1fffl'l 11l11'U 

tl1~ff'Vl fi m'Vl11 ff11J1'J tlYi1'U1V~ 11111tl ~'lJU~ ffl tI" I CJfI9l1~iitl'J ~ff'Vlfim'Vl~ fll11 tI 'J 11m lJ~ flci lllJ 1 

,j'1'1~'U ~~I~'U 1 tlmmlJ~tl1\)~l-i11J1A''Ufl111m~Yl\PJJ'U1t1'J~ff'Vlfim'Vl'lJu'I 11h l1tl1lJ GeneSplicer 

1 ,r~t~ ~'U ~'I1 mh'U 'lJu'I1 tI'J um lJ GeneSplicer J'U I~Yl\PJJ'U 1f1l1lJ ff1lJl'J tl1 'U flU Yi1'U 1V 

~11l11tl~ffi tI" iCJf~'lJu~~ ~ii;ll9l'll'i1f1~'U "1 'U Utll11i1U\)lfllJ'4EJVUfl~lV 

q ""q 
1~!UtlU11i'Ue:l-.1 GeneSplicer 

a I 0 Q.I a'lI) c( QJ 1 ""I Yo' d lIJ ~ I QJ , .d 
19l11111'U'I lm~ff111'JlJllUt1l9i'VlII9lU1ICJfI9l I9lfl 11lflfll1lJV1l 29 19l1U11'U~ fl\)~ Iflfl"lJl9llUV1~'Vl\)~ . 

" l-i11t1'VlflffUlJ~U Itl \)~1~ VflflcilJlPllmh~Ul1flcilJff' tI" 19i~\)1 'I . . 
.::" "11)" "'''''1 .J 1 '1 tI ", \)lfl'U'Uff'J1'119l'U IlJf1l'Jl9lflff'U \) MDD CJf'l 'Uuml~ lJ \)~ 1~flUlJfllVfl"lJ'lJU~ • 

, " 
~llPllJi1 lf1~ 1 U 1 'Vl~ ff I tI" 1 CJf~Yi1 i'1 ~'U fl cilJlPl lmh~ \) 1fl'l1'U ff~ Nl1lJ lJ ~ 1" U'IlJ1{ flUvJ U'U IPl lJ 1 . 

, " 
(1 'U~11l11tl~Yi 1 'lJU'I ~llPllJ i1 lf1~ 1 U 1 'Vl ~ ff I tI" i CJf~'I1 'U \)~ ff~ Nl1lJlJ ~1" U~ 1J1{ fI uvJU'U fllJ 0 U'Vl 'U) 

" U"~ff111flJulJlJ~1"U~1J1{flUvJ'lJU~fl~lJffitl" iCJf~l'Yi\) (false splice sites) 'I1'U ff~l'1\)lfl~lfllJ 
"" "'1 II) ..... '" 1 I cO 1" 1 I cO .. .J 0 ... 
'Ulf1" U l'Vlfl'VllJ "GT" 'Ufl'llJl'Vl\)'lJU~ fll'UU'J lm~ "AG" 'Ufl'llJl'Vl\)'lJU~lIUfllCJf'VlII9lU'J CJf'l"lf1lJ 

i1lf1~1 U I 'Vl~l11ci1ci'llil~I~'U ffl tI" ICJf~ 1I~l-i1lJ1ff~NUlJlJ~1"UWJf'Ul~VltilJffl tI" iCJf~ \)1 'Ilv1u 

f1l11mVlJ1YiVlJ 

~lV1IUflCJfU'UtilJ~'U'Vl1U'UlfflJU ~~'~ff~l~lIlJlJ~l"U~lJ1{flUvJU'UfllJ 1 ~l'Ul'U 2 l1lJlJ~l"U'I 

11lJlJ ~ 1" U~ 111 tll~'U l1lJ lJ ~ HI U'I11U flCJfU'U 11" ~ U fllllJ lJ ~1" u~fi U11lJ lJ ~ 1" U~ ~'U 'Yl1 U'U \) 1 fllJ 11 liU 

'JUlJ "1 ff'tI('\ICJf~fll1lJVn 80 1'i11l11tl~1'Ull~(,\~~1'U'lJU'Iff'tI('\iCJf~ (ff111flJllUflCJftJ'UI1(,\~ 
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fl\.JY1'H)\.J~ij"tJ\.Jlflfl11lJV11UOtJf)11 80 ~'hmnl-1 ii01llWJ1\.JUOtJ~'Y'l'U) fl~I1\.J\.J"tJO-1ffhJ"ICb'vl~ 
" 

v11mnl-1 k 1\.J~1~'UiJ1fllPl~10"Ylvl 'il~fil\.J1Ol'iJlf)fflPl:i~01tlu 
" 

S( k) = S comb (k, 16) + [SCOd (k -80) - Snoncod (k -80) J + [Snoncod (k + 1) - S cod (k + l)J 

S( k) = S comb (k, 29) + [Snoncod (k - 80) - Scod (k -80) J + [SCod (k + 1) - Sn onrod (k + 1) J 
.,j ~I 0 I 11) . 1 II) .. ~ .. 

IlJO k 11J\.JlPll1111\.J-1"tJ0-1ff l1J" LCb'lPlllOf1ICb''Y'lIIPlO:i LCb'1Pl 

ifltJ~ S comb ( k, i) I 1l\.J fl~11 \.J \.J ~ 1~ 'iJlf)f11:i fil\.J1Ol "tJ0-111 'U'U ~ 1 (1 0-1m{fl ovJl \.J 1 'U"tJ 0-1 

~\.J1~f11:ifi'flff\.Jl'iJ MDD 

. . 
o I Q .c::! 0 I 

Cb'0\.Jfl11lJtJ11 80 IPl 11111 \.J-11:i lJY1lPll1111 \.J-1 j 

. . 
Q 0 I Q J:::I, 0 I 

0\.JY1:i0\.Jfl11lJtJl1 80 IPll1111 \.J-1I:ilJY1lPlll111 \.J-1 j 

'iJlf)fflJf11:i f11:i flflfl~1I \.J\.J ~1-1~\.J f11:ifil\.J1Ol fl~ II \.J \.J "tJ0-1 i tl:i 11m lJ 'iJ~ Iflfl 'iJlf) f11 :i 

,hv\.J ~ ~ 0-1 f11:i 'Illm Y1 flffO'UlJ 1 '111 v11 11 11 'Il-1 ~ I il\.J r:r f)ll Ol ~ "tJ 0-1 ff 1 tl (1 1 Cb'vl 11 ~ 1'1l1~1 ~ 'U iJ 1fl~ i o· 

1 Y1~~ fftlfl 'illf)v1111 11 'Il-1~'Y'l'U ml11f11:i ,yflf)~lJ 1 \.J ~\.J 1~f)n fi' \P1 ff\.J 1 'iJ MDD 11~1'1l1mfi 1\.J 10l 

fl~1I \.J \.J ~-1 'iJ ~ 1 ~fl ~ II \.J \.J 0 0 f)m i \P1 tJ~fl~ II \.J \.J '14\ 'iJ ~ 1 ~l \.J f11:i ri' fll~ Of) 11 ,; 111 11 'Il-1 ff 1 tl" 1 Cb'vll fl 

'Ill 'iJ~ I il \.J ff 1 tl (1 blCb'vl 'il ~ -1 U 1-1 'iJlf)fl~ II \.J \.J "tJ 0-1 ~l~'UiJ 1fl ~ i 0 1 Y1 ~ ti' lijfl~ II \.J \.J ff -1 Iflfl 'iJ 1 f)ij fl ~II \.J \.J 
" 

1 \.Jf)~lJ'il~ -1ff-1 11~oijmal \.J\.J l\.Jf)~lJl~ 'iJ~1 fl~1I \.J\.J ;-100f)lJlff -1 1I"~ff1 tl(1 1Cb'v11\P1~ijfl~l1\.J \.J~ln ,,'U II 'U 

I d 1 '''' '" 1 I d ..:k d I.c::!d 0 I 

\.Jl'iJ~lJl'iJlf)lJfl~I1\.J\.J \.Jf)(1lJ'ilH 'l'no fl~I1\.J\.J \.Jf)"lJlYl'iJff-1 Cb'-1'iJ~1'I1\.J11lJl'Y'ltJ-1I1'U'U'iJl"0-10tJ 2 
1\ .. 'U cu 

1I'U'Ul\.Jf11:i'lf1tJl\.Jf11:iYi'iJl:iOll ~-1I:ilm'iJ'iJ~I~lJl~lJf11:il11-11\.J"tJ0-1 itlmmlJ GeneSplicer hw 

fin l~lJl1 'U'U ~l"O-1~'Illff\.J 1 'iJ~f)11cl-1odl-1I~0'lf1tJ 1 ,rijf11:i l11\.J ltJ~~~\.J 



, 
q 

UYI'YI 4 

l~fll ,rlf)~fldllJl.ij'll ~ llJl~ fll'j~H'llJfll'j 11 VlJ ~lJlt1~lJ ~-:Ju""~-:J"mHu::fll'j 
" . ." 

YiNllJ'\J fl-:J hh Ut1'llJ GeneSplicer llJuYllJml'll1 4.1 U(1:: 4.2 l~flU ""~-:J'\JlJ~fllJ fll'j 11 VlJ f'\Jfl-:J 

hhl1t1'llJ 

.ij'fllJ(1~1~!lllJVlJ'\Jfl-:JlJlJ£j6~llJdlJ 1,115 VlJ ~1t1 GENBANK [3] 11(1::UllJ~l~U '" . 
i1dfl~1fliYlfl'~1t1 5' itl3' llJt1nfi'lJ1111~!lJfl{l9f~U(1::!wm9fl'l!~fl{l9f~ llJVlJ 

o d Yo, 
lJ1VlJlJlfllJl11~lU'I1lJ-:J "gt" 

F 

d 11)"'1 ,~ !'III "'d 
1t1U n IlJt1(1lJ 1~llJfl'j 19f~IYl~ • 

, 
q 0.::::1 d'jl 9 Q" I I 

l1NU.fIll'l't1 4.1 fll'j lJ1VlJlJl1t1U'\JfllJ(1llJ fll'j! 'j VlJ 'j lm::umt1(1lJ 
'" " . 

accessIOn number: U90224 

REGION: 555 - 1441) 

1 ATGACTCCCC TCTGCCCTCG CCCCGCGCTC TGCTACCATT TCCTTACGTC TCTGCTTCGC TCAGCGATGC 
71 AAAACGCGCG AGGCACGGCA GAGGGCCGAA GCCGCGGTAC TCTCCGGGCC AGGCCCGCCC CTCGGCCGCC 

141 GGCGGCGCAG CACGGGATTC CCCGGCCGCT GTCCAGCGCT GGCCGCCTGA GCCAAGGCTG CCGCGGAGCC 
211 AGTACAGTCG GGGCCGCTGG CTGGAAGGGC GAGCTTCCTA AGGCGGGGGG AAGCCCGGCG CCGGGGCCGG 
281 gtaggaaagg cgggggaggg gctccggccg tctggaagga atccacgcgg cttgaggctg t ggggaagta 
351 gggtggcgag cggtggttct gcgcgcgggg ggcggggggg tggggtggtc cattaggggc ccctggcgag 
421 ggggcggctt tctagtgtgt gaggcgacgc cctagaagct ccccttcaaa gttggcccca cgcgctgaat 
491 gtggaaagtt gactgggacc cagtagtttc ccatcccaaa cctgctttcc gagaagggct tcaaacccaa 
561 aatgtgaatc ccgcctcccc tctcaccaga actgtggact cgtcccgggg aggggcggtg ggtggggcgg 
631 ggctggcggg aaatttcggt tttggcgcgc tccctgcggc gacgctcatc gtgcgctctc ctcttccccc 
701 ggtggtctcc tcgctcgcct tctggctctg ccatgccctg ctctgaagAG ACACCCGCCA TTTCACCCAG 
771 TAAGCGGGCC CGGCCTGCGG AGGTGGGCGG CATGCAGCTC CGCTTTGCCC GGCTCTCCGA GCACGCCACG 
841 GCCCCCACCC GGGGCTCCGC GCGCGCCGCG GGCTACGACC TGTACAG 
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~';nlml'jyjlJ.wl~f1 1!'Y1'\.H11~lJihfl~1 fl '1'Yl~~llh.J ~'U'Yl'jfl'U 

1~lJ111f1f11'j111.,j'fllJ~'IJfl'llfll'Uflfl'lf~ i'U~1mh'l~ 4.1 ]jYllU'1'1l1'1~ihfl~lfl1m) 
" 

11l'U 'g' U~~YllUl1U'It1fl'1t111l'U 't' 1'lf'Ui'UYll1!l1U'I~ 48, 107, 171, ... ~'1A''U111l'llJi'll1lJfl 35 

Yll1!l1U'I 11l'UYllUl1 U'Ilfll'U flfl'lf~~1 'I 1 YllHl1U'IfiflYll1!l1U.:j~ 281 111m1.:jlfl~ '111~lfl i 'U~1mh.:j 
... • I'" '" "" "'i '~I '" "" '" d.J • d "1 vi '1 "'1 '" "" , flfllu(lt/'U~lfl~1l'llJl'l l1UHu'U~1l'llJl'lI~f1 'If.:j~~'UllJ11f1lJ 11 'Uf1~lJ fll'Ufl'j 'lf~~H ft'1'U .. . 

f11 'j A''U111Yll1!l1U.:j Uflfll'lfl'l l~ flfl 'lf~J 'U ~ ~ A''U 111Yl 11!l1 U.:j ~l'llJ 11 1fl ~ 1 fl '1 'Yl~ 'a' 

U~~Yll1!l1U'It1fl1t111l'U 'g' l'lf'Ui'UYl1Ul1U.:j~ 65, 83, 92, ... A''U111lJl'111~1'U1'U 47 Yll1!l1U.:j ll1'U 

Uflfll'lfl'l1~flfl'lf~~1'1 I Yll1!l1U.:jfiflYll1!l1U.:j~ 749 iY.:jlfl~~1f1~1yjlJ.wl~fllll'U~1yjlJ.wimY ~.:j~ ~ 

# 

~ . ~ 

~.:j 11 'U ljj mll.,j' fllJ~ l1.:j l1lJ fllJ 1 Vi 1 f11 'j A' 'U 111Yl lH 11 U '1ft' 1 t1 ~ '1 'lf~ ~ ~ 11i' H~ '11 fl.:j f11 'j 

vi'" fl'U111 'U~l'jHYl 4.1 

" 

. ~ 

~ljl '3'n 4.1 ~1'U1'U'lJfl.:jft'1t1~ '1'lf~ l1.:jfl~lJ~1.:jH~~fl~lJl~ ~ ~lflV'U'lJfl'llJ~1l6 1, 115 V'U 

1 fll 'U flfl 'lf~ 5,733 478,981 
------- -

H fl fll 'lfl'l 1 ~ fl fl 'If ~ 5,733 650,089 

o l.d", .d,.. 1 QJ.J ..:to l.dy 14 

~lH 11 'U.:j 'Yl fl 'U l'llJm lJ fl 11lJ tll1'Yl~ fl.:j f11 'J ~ 1'1 '1 f1 'U 'If.:j ~ ~ lJ~ 1 H 11 'U 'I 'Yl fl 'U l'llJ H~ lJ fl 1 llJ til I'll fl.:j . ~ 

rll~lJ11 1fl~ 1 fl1 'Yl~'1li~HmlJ.yj tlll1'U fl lfltlYllH l1U.:j!l1 ril'U ~ ~ Vilf11'Jrlflflflfl Hft'fl.:j~1mh'lf11'j 

ft'nfl '111i'U'Jt1~ 4.1 H~~ 4.2 
" 
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" . . 
l'YnrPl7'J 1'IJm}JJ1mmf) 

1ftJ-J TrPlmtJ:i)'lf~' -------l 

Ul'IJ'J'IJ 16 ~om'H'IJ-J 

';lUl1'1.l'I 1 2 3 ...... .. ...... .. 75 76 .. ....... 79 80 8182 ... ................... ... 88 899091 ............... ... 1591 60161 

" . 
l'YnrPl 11 1ump.llwn'lftJu 

1----- ~ ---l 
'IUN TrPlmf):i l'lf~' 

" . 
ffnrPl7'J1'IJn~ua'IJn:itJu 

1----- 'lJf)-J TrPlmtJ:i)CJf~' - - ---l 

U1'J.J'JU 80 ~11jJ1'IJ-J U1'J.J'J'IJ 80 ~llm'IJ-J 

" . . 
l'YnrPl7'J 7'IJn~mf)m1tJ 

1--_ __ 'lJtJ-JIWnlCJfrlmtJ:i )'lf~' ------i 
U1'J.J'J'IJ 29 ~11jJ1'/.N 

fllU11lN 1 2 3 

l'YnrPl7'J 'lJn~'uv'IJmtJ'IJ 
1----- ------i 

'lJfNIWnlCJfrlmf):i )'lf~' 
unIJ'/.J 80 ~11jJ1'/.J-J 

l'YnrPl i'J"1'/.Jn~·U/wn'lff)'/.J 
'lJfNllfJnI'lfrll~f):i )CJf~' 

U1'J.J 'J '/.J 80 ~m'H'/.J-J 

o '" 1 "'II) '" "'IIJ ",.J 0 "'. '" {Y1'H'jU f11'1H)'j LC)f\PIll" ::; l1tlfllC)f'Vil~H)'j LC)f\PI C)fH~'VI1fll1{Yfl'fl"1'f1U 

ihfl~1tli'VI11' fl11lHJ11 16 ~111'H'I1 'Hh'Hi'u1f11'\.W{'C)f11' 11"~fl11lJV11 29 ~l11'H'I1 'Hh'Hi'lJ 
d'''I rI..J 0 IV.q d,1 "I II" "J It) jJ Q.I 0 G.I I ~ 0 " 

lltlfllC)f'Vil\P1tl'j LC)f\PI C)f.:Jm'fllJ'U1fl" tl L'VI'fI'VI LfI'il1flfln{Yflflll"~'UllJl'ilflfl"lJ'U'U'il ~ 'U1lJl{Y'j1 .:J • 
" 

llU U ~ 1" tl.:J lJ 1 {fl tl'W U 111UJ {Y ill" , C)f~ 'j 1lJ 11.:J 'il ~ Vi 1 fl1 'j {YO' 'fI" lfi' U ihfl ~ 1 tll 'VI 11' fl11lJ V11 80 

~111'H'I1.:J l~Ul~i'UflrllJlltlflC)ftl'Ull,,::;ii'U'VI'jtl'U [3] \PI1lJ'j,J~ 4,111"::; 4 .2 ff1'H i'u {Yl,J" 'C)f~11~" ::; . ~ 

1h ~1.fl'VI 1 'fIV~"lfi'UU 1fl~ 1 tll 'VI11'fl~lJl1tlflC)ftl'U 'il~'Il1lJl{Yf 1.:J llUU ~1" fl.:J lJl{fl tl'WU 111UJll tlflC)ffl'U 

11"::; "1fi' 11U 1fl~ 1 tll 'VI 11' flrllJ ii'U 'VI 'j tl'U 'il ~'Il1lJl {Yf 1.:J l1lJlJ ~1" tl.:J ii'U 'VI 'j tl 'U 1 'fI V~" 1 fi'lJ U 'lfl ~ 1 tll 'VI 11' • 
" 'illfl~111'H 'I1.:J {Y i,J" , C)f~ 'il1.:J'\J fl.:J 11~"~,J 'j ~ 1.fl'VI fl~ lJ ~~f1 Hi 'U fl ~lJ 'il1.:J '\J tl.:J llU 11 ~ 1" tl.:J U'U "l 11" ::; 

'IL I lIJ '" d '" 11)"1 1 d .:: 1 ", .J '" '" '" 
'il1fl{Y LlJ" LC)f\PIl'Yl'il'il::;'il'fl L1 'Ufl'llJl'V1'il'Utl.:JlllJU'il1"tl.:J'U'U "ll'lf'Ufl'U C)f.:J~"m'fli'il1flfl1'.i{Yfl'flll{Y'fI .:J 

l'U\PIl'.i1.:J~ 4 .2 



"" 0 , ~l'W9fltJ 80 1'l1U'l1'W~ 

" 0 ff'.il~UUml1~fl~ 

lJ1fflflyJ-eJ'W~U 1 

\11 

l11J1J~lft~'1 

l1~n'll~'U 

ffn~til~1J11dfl~lfl I Yl~ 

t 
I ffll1~ 19f1Pl 16 I 

, .,," 
'b''\J~l,!ft 

" 't1.:j'HlJ~ 

n!l'l 

l11J1J~lft~.:j 

lJl{f1~vl 

V'Uf11J 1 

l11J1J~lft~.:j 

.. " 
nitlft i'll~'t1.:j'HlJ~ 

I 

, ,'" 
111J.:jn'llJ~1t1 

fi''U'1~m~ 

f1~ff'U''iln~'U 

'" '" l1ft1n~1.:j 

l11JtI~lft~'1 

lJl{f1~vlv'Uf11J 1 

l11J1J~lft~.:j 

n'1tlft i'llrl MDD 

25 

" 0' ~l'W'Udl 80 1'l1U'l1'W~ 

" 0 ff'.il~UUU1l1~fl~ 

lJ1fflflyJ-eJlJ~U 1 

/ 

1L1J1J~lft~'1 

fl'Um~'U 
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hJ';i1lfl':ilJ GeneSplicer ijfll':i'ff~l~U'lJ'lJ~TM)~~i -M'i lJfll 'Hl1lJlf,U fI::U lJlJ yf~'I1lJ~ '" 

8 U'lJ 'lJ ~ HI tlHYl '11 i''lJ 'ff i tl" i'lf~U~" ::'lh:: 1fi 'Y1 1 ~ VU ~ 'H.l tlfll illJ fl ~ ml1 ,w,,:: fl~lJI ~ \) . . 
, ~ 

fl~lJ":: 4 U'lJ'lJ~l"tl'l 'fi''lU'ff~~ifi'ilJUHlJm'Wii 4.21~v 4 U'lJ'lJ~l"tl'lihh::fltl'lJfi'lV U'lJ'lJ~l"tl'l . 

fl'lJ fl flll 'lJ 'lJ ~ 1" tl~ \):: i -M'fi'lJ i if fl1':i it ~ i1lJ i 11 MDD I ;J1lJ111 ~'l fl~ lJ 'ff 1 tl" i 'lf~i lJ i 'lJII~":: U'W ri tllJ . 

~ ~ ~ 

ilJU'lJ'lJ~l"tl'll1'l 8 UlJlillJU'lJ'lJ~1"tl'llJ1{fltlyjU~'fi''lJ 1 l1'l'l1lJ~ U~ilJ~lU'I1U'l 
~ 0 " • • 1"' ''' .9 '" "" i 51 .?I ll':i fl 'il :: 111 lJ II 'lJ 'lJ 111" tl ~ lJ1 ':ifl tl Y'l tllJ ~'lJ 0 'If '11 'tJ VlJ 'fflJ fl1 ':i 'tJ tl~ fl1 ':i fI ~fI :: U lJ lJ ~I ulJ 

(4.1 ) 

S(i, j) 

.... "" "'1 "I tI .d 0 I 

fltllJlfl" tll'Y1~ x (a, c, g, t) 'Y1~lU'I1lJ'l i 

f(x i ) 

.. 
.uUf1C)'Wm'JnlUltlvhm1l1.:.m,u~'9fvl 

fll':i -n1lJ 1 V~ 11l'11U ~ 'ff 1 tl" i 'lf~fi' lVfll':iii~fI::U lJ lJ \) 1 fl th'fi' 'lJ ihfl ~ 1 tll 'Y1 f1'~fll1lJ 

V11~1'l "l ifi'U'ff~'lilJUHlJm'W~ 4.3 - 4 .5 



• 'q 

\'11 mn U'l1 'U .:j 'VI 'Vi 1J "gt" 

U'lJ'lJ~lm).:J 
.. JI 

nit!" i'llllVl.:J'HlJll 

Scoremodel 

U'lJ'lJ~l"tJ.:J 

nit!"i'll~ MDD 

U'lJ'lJ~llHJ.:J 

fl'Umm.J 

27 
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L1UU~l'H)'1 l1UU~l'Hl'l 1LUU~l'Hl'l UUU~l'Hl'l 
" tI ff'tJ~ ''11~ MDD 

... 
lLf.Jn'11eJ'U ffitJ~ i'11~";'111lJfI eJ'UmeJ'U 

( Scoreexon ) ( SCOresplice ) (ScoreMDD ) ( Scoreintron ) 

I I I J 
~ 

ScoreaJl = Scoreexon + Scoreintron + ~ ( SCOresplice + Scor~DD ) 

t 
F v11'Ulf.rhil'U 

ffl11C'1lC)flPln'i11 

T 

Scoreall (i) = Scoreexon (i) + Scoreintron (i) + k[ ScoreSplice (i) + ScoreMDD (i) ] (4.2) 

Scoremodel (i) = Slme (i - k, i +!) - Sfalse (i - k, i + I) (4.3) 

<!I 11.111 .. .do I 0 

Scoremodel (i) flO fl~tt'U'U'jJ:JJ'\JO-:Jff IUC'I IC)f~'Yl\Pl1tL'\1'U-:J i 'illf1tLUlJ1l1C'10-:J model (exon, intron, 

splice, MDD) 

S false (i, j) 

Scoreall (i) 
• tI 

iio fl~tL'U'U'jJ:JJ'\Jo-:Jff'hJC'llC)flPliiv'htL'\1u-:J i 'illf1l1-:J 4 tLUU~lC'10-:J 

k,1 



29 

. " 
1 ~ tJ'Yiiif11f)_:J1P11 k, I ff1'11 f Utt~(l ~ f)~lJlllml_:Jii 

l~LtJtdl'll~ LLVnL'lIYlI~V{h~ 

~ I I I . '" .. 
rri1hli'll~ fltJmVtJ rriuft i'll~ fllfl-:jYl uvn'llvtJ tltJmvtJ uvn'llvtJ 

k 81 -2 -5 -2 I 81 26 
.. ---------.-.- .-.--

I i 

I -1 81 10 81 -1 I 2 I I 
I 

~1f)cll_:J~ 4.2 ~1f)v'\.Jl'\.JIP1Jflci1_:J~ 4.1 VlUl1~ltt'\1l1_:JfjJf1~lfl1'Y1~~ ]07 tt(l~ ]08 11l'\.J "gt" ~_:J 

'I11)J1-W~1'jUJ1ri1'\.JJUJ f1~tt'\.J'\.J'tIfl_:J 11h ttf11lJ GeneSplicer 

l~lJ~1f)~fi~~1IP1Uihf)~lfll'Y1~f)J1lJtJ1J 162 ~ltt'l1,j_:J ~1f)~111'11,j_:JVi 27 ~'\.J~_:J 

188 ~ ~ lf1' ~ 1~ Ufltl f)lJllll'\.J "gctc tgctaccatt tccttacgtc tctgcttcgc tcagcgatgc aaaacgcgcg 

aggcacggca gagggccgaa gccgcggtac tctccgggcc aggcccgccc ctcggccgcc ggcggcgcag cacgggattc 

"" . 
cccggccgct gtccagcgct ggccgcct" ~lm1'\.J ~~'I11~1~uii hlri1'\.JJUJ f1~tt'\.J'\.J ~lf)ttUU~l(lfl_:JVi lf1'~~ N 

" ". 1 Utttl'J.,jN~'\.J 11_:J 4 lIUU~l(lfl_:J l~v~~~fi~~l~ufjJf1~lfl 1'Y1~IP1-!ltt~~111'11,j_:JVi 27 ~_:J ] 06 ~l'\.JJ'\.J 

80 ~111'11,j_:J ("gctc tgctaccatt tccttacgtc tctgcttcgc tcagcgatgc aaaacgcgcg aggcacggca gagggccgaa 
" . 

gccgcg") '1111 u~~ f) ~ tt '\.J '\.J 1 '\.J 11 U U ~1 (lfl-!l tt fl f)C)ffl'\.J 1l(l~ ~fill~ l~Ufj lf1 ~ 1 fl 1 'Y1~IP1_:Jtt~ ~ 111'11,j _:J Vi 

.dl 0 0 I 

109 ~'\.Jtl-!l 188 ~l'\.JJ'\.J 80 1l1tt'l1'\.J_:J ("ac tctccgggcc aggcccgccc ctcggccgcc ggcggcgcag 

cacgggattc cccggccgct gtccagcgct ggccgcct") l~fll<M'~~f1~tt'\.J'\.Jl'\.JttUU~l(lfl_:Jfl'\.J'Y1nl'\.J ,!~l1'lV~~ 
" . 

~fi~~l~UfjJf)~lfll'Y1~IP1-!ltt~~l11'l1,j-!lVi 102 ~_:J 117 ~l'WJ'\.J 16 ~111'11,j_:J ("ccgcggtac tctccgg") 

.J IV "" 'I 0 11).1 "1 .. :: IV 0 11).1 "1" .. 
C)f-!l~~~f)~)J1f1~f)~II'\.J'\.J l'\.JllUU~l(lfl-!l~ lU(l !C)f'fl'Y1_:J'I1lJ~ f)UllUU~l(lfl_:J~ !u(l !C)f'fl MDD I't1V'\.J 

11l'\.Jll~'\.JmVlf11'j~fi1l1f1'1 '\.Jtt~'\.J.fl1Vl~ 4.6 

gctct. .. cgaa~ ccgcg gt actctccgg gccag ... cgcct 
27 102 106 109 117 188 

+ + 
U'IJ'IJ~lfttl-:j LL'IJ'IJ~lftV-:j 

U'IJ'IJ~lftV-:jUVn'llvtJ .. " rriufti'll~ MDD 
L!'IJ'IJ~lftV-:jfltJmVtJ 

( 80 ~lLL"1l1-:j) 
rriull i'll~'I1.:1'1nJ~ 

( 16 ~lLL"1\l-:j) ( 16 ~lu,.nl-:j) 
( 80 ~lLLl1tl-:j) 
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1~ lJ 'ill f) f) 1 'j ~ 'ill 'j tu 1 i 1 ~ 1 illJ iJ 1fl ~ 1 tl 1 'Yl fl ~ ~tl fllJ 1 fll '\.J 1tu ~ 1 V11lJ lJ ~ 1 C1 tl ~ 
" ~1,jC11C}f~ MDD U'\.J'il~UllJ1~'ilUtull,jtlVl'\.JllJ'\Jtl~~'\.Jl,jf)UilfliY'\.Jl'il MDD rinti'lJ 

'U 

lf11'\.J tlflC}f~ 1 '\.Jt,j~ 2.9 ~ 'ill'jtull '\.J~1111111~~ 1 0 '\Jtl~~lillJiJ1fl~ 1 tl 1 'Ylfl ("ccgcggtac tctccgg") 
,., I • I 

llJli 'g' il~u'\.J~~~fltl~l'\.JllJli 3 11C1~'il~li'llJ'Yl!f)9f'l,j~V'\.J~m'\.J~'\Jtl~llJli 31'\.Jf11'jfll'\.J1tu 

1'\.J ri1'\.J '\J tl~ f11'j ~flfI~l1 '\.J '\.J 1 '\.J11~C1~ l1lJlJ ~lC1tl~ 1,j 'j 11mlJ GeneSplicer 1~lnlJ 

llJ'Ylj f)9f'1,j~ V'\.J ~m'\.J~ 1 '\.J'j ,j'\Jtl~ C1tlf11j-nlJ '\J tl~mllJlll 'il~ltJ'\.J ~~ 1 '\.J 11~ C1~l1lJlJ ~lC1tl~ 'ildif11'j 
'U 

" 
1) l1lJlJ~lC1tl~~l ,jC11C}f~~~l1lJfI (ScorespliCe) ~flfI~l1'\.J'\.J l~ltJ'\.J 

Strue = (-1.28886) + (-1 .10886) + (-2.40853) + ... + (-0.906296) = -20.8091 

11C1~ Sfalse = (-1.39358) + (-1.10994) + (-2.26182) + ... + (-1.19355) = -22.0408 

" il~u'\.J 'il~i~ Scoresplice = Strue - Sfalse = 1.23165 

2) l1lJlJ~1C1tl~~1UC1iC}f~ MDD (ScoreMDD ) 'il~Ul1lJ'Yljf)9f'lu~v'\.J~m'\.J~'\Jtl~ 

1 .d !J/ llJ!J/ ... '" 1 1 1 d'llJ d' 0 lJ 'Yl 3 '\J tl ~ fI '\.J IlJ f11 'j fI fI ~ tJ 'il MD D '\.J fl1'\.J tl 'j I C}f fI fI1 '\.J 1 tu S true = -21.13 3 11 C1 ~ 

o 1 !J/ Sfalse = -21.796 'Yll 11 ScoreMDD = 0.662971 

3) l1lJlJ~lC1tl~l1tlf)C}ftl'\.J 

o 1!J/ Sfalse = -117.067 'Yll 11 Scoreexon = 4.85095 

4) l1lJlJ~lC1tl~fl'\.J'Yl'jtl'\.J 

o 1!J/ Sfalse = -116.034 'Yll 11 Scoreintron = 1.81696 

(Scoreexon ) fll'\.J1tu Strue =-112.21611C1 ~ 

" " 'illf)~~ 4 11lJlJ~1C1tl~ 'il~fll'\.J1tu fI~l1 '\.J '\.J rill1 i'lJ~ll1l111~ii 1 ~ltJ tJ 

Score.1I = Score.xon + Scoreintron + 1.. ( Scoresplice + ScoreMDD ) 2 
1 

= 4.85095 + 1.81696 + -(1.23165 + 0.66971) 
2 

= 7.61522 

.J 0 llJ. I llJ d'':llJ. I '" I I d' "" ~ I 

C}f~'il~'\.Jlfl~l1'\.J'\.J'illf)~ luC1lC}ffl'\.J lu'W'ill'jtul1lrn'\.J1f)tuCY)fI~11'\.J'\.J11'jtlllJ # 

" . " il~ u'\.J l]jtlU 1 ~ 1 1111 tl ~'\J tl~ ~ i ,jC11C}f~~~ f)ci lJ 'il j ~ 11 C1~ f) ci lJ1 ~ 'il1J1 ~ flfl~ 11 '\.J '\.J . . 
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14000 
~ 'd _l~llHl' 'lI~ll1\J 

12000 
-lp\I'Utl')'Y~\J'~ 

's;: 10000 
lI' 

-I'f. ., 8000 -;l ...-
J:; 
;:r 

6000 r 
;:r 
r-
'''' 

4000 

2000 

-40 -30 -20 -10 0 10 20 
"~II\J\J~!Hn'hJIl"'~'I!'" 

..::::t 0 11) jJd" 0 Q.J Cl -d "1 t/d. 
fl~lt'IHJ'Vl hhUf11lJ GeneSplicer m'U1UJ !~'U mm~U'U1fl" 1~ L'Vl~lJfl~U'U'U 

lJlf)w:i1tf)UJ en a fh~ l'i1'U 1 r.rh~1~UU1fl~ 1 ~ 1 'Vl~'ffl 11" '9fl'1'if 11 1 'il~tll'U 'ff ilJ" 19f1'1' 'il1 ~ 
fl11lJ N ~ 'Vi " 1 ~ U'U t n ~ 'ill f) f) 1 'j l'i 1 'U 1 V 'il ~ Vi 'ill 'j UJ 1 ~ 111 'j 11 f) 'j lJ l'i 1 'U 1 V 'ff 1 11 " 1 9f 1'1' 'il1 ~ 111 'U 

'ffl 11" IClfl'1'l'n'il 11 Vf)i1 false negative 11"~ f)1'j 1 11mf11lJl'i1'U1V'ff1 11" IClfI'1'I~ 'ill11'U 'ffl 11" 1 ClfI'1''il1 ~ 

I~Vf)i1 false positive U'ff~~fl11lJ~lJ-W'U£'IJ~~f)~lJ~N "11'U~11'j1~~ 4.4 

'ff111"IClfI'1''il1~ (true sites) true positive false negative 
-------~r_------------------~---

'ffl11" 19f1'1'1~'il (false sites) false positive true negative 

1~V~fl11lJN~'Vi"1~'il~Vi 'il1'jUJ1r~V"~'IJ~~ false negative (r ~V"~'IJ~~ ~1'U TU 
,. . 

false negative lliVUtlU~1'U1'U'ffl11"I9fI'1''il1nl~'HlJ~) 9i~~6lUll~'\IeH1f.lfll1 false negative 

" ". "" "'. ~.I ~ 01 d 11"~HW"~'IJ~~ false positive ('j~V"~'IJ~Wil1'U1'U false positive t'VlVUf)U'il1'U1'U'ff !U" !Clf~I'Vl'il 

:: """ q, 01 "". ,.J.J"'; 'I" 'Vl~'HlJ~) 9f~V16I1Jll:;'\I61'HJf)11 false positive 'il1f)1f)UJ"Ylfl~U'U'U'Vlf)1'H'U~m'H'U~ "1 9f~llJ~ l'lf 

01 " "1 <1'lIl"" ""lIJ" 'I .d 1f)UJ"Ylfl~I1'U'Um~l~ "1I1U~f)'llJ ~1'U~'j lClf~11"1~,m'Vl!~11'ff~~ 1'U~n1~'Vl 45 
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. . 
.ct ., .." I I 1 "lIJ" VIl'H:.I'n 4.5 false negative fill false positive 'YIlfiruCVIfl~lI'U,\Hl1'1 'Ufl'lfi"lJ fll'Ufl';j l"l$~ • 

" d, 'jJ I 

I fi ru CVI fI ~ 11 'U 'U 'YI '}f 11m false negative (%) fal se positive (%) 

-8 .39 0.10 38.07 

-5.97 0.19 25.64 
------------------------+-----------t-----------------

-3 .94 0.80 17.18 
-----------------------------1------------1-

-2.00 2.01 10.87 
------------------------+-----------+-------------

0.43 7.00 5.37 
------------------ir------------I--------------

3.36 20.00 1.81 

-_-_-=-___ ---_-~~_~-~_4_~~-___ -_-~_-__ -_~:-_____ ---+'____--__ -___ ===2~~9=. 9=9========~C-----------0-.90-------
6.05 I 39.99 I 0.50 

"" •. 1 " d , • 1 d 
ffllJl';jfll'Utl'UfiHn fal se negative fill fal se positive 'illfi~l ';j l'l'YI 4.5 'UtlJ'YI 4.4 

60 

50 
r--. 

~ - 40 ., 
·5 
-Vi 
8. 30 ., 
Vl 

J§ 
20 

10 

10 20 30 40 50 60 
fal se negative (%) 

..J. cv Q.I rI I Q.J rI , 
l.u'n4.4 ml~lIfffl'lfl11lJfflJ'V'l'U'Ii';j~'I111'l fal se negative fill fal se positive 'illf1lfiruCVI~N "l 

ffl'l11ll lfll'Ufl{i"l$~ 

" 
H"'Ufl'l hh 11m lJ GeneSpIicer U'U ~';j1'ilffflllf111lJlIl_i'UVllfltl''*1~ 5-fold 

cross-validation ijl~f11';jfifl'il~lIti'l'li'fllJ"~ijflflf1l~'U 5 ri1'UfltlH~lJlm~',* 1 ri1'UlnllHlftm~'U 
~ . 

ficilJ'YIflffflll lm~' '* 4 ri1'U~l'l1 ~ fll~'U ficilJ' 'U f11';j l1 tl'U ~ 1 fl tlfl111JUl_i'U Vl'U fl'll1J';j 11m lJ'il ~ lnfl 'illfi . . ~ 

f11';jm~tlH"'Ufl'l false positive 'illmr'l 5 fi~lJ~'YIflffflll ~'IffllJl';jflllfffl'l1~''U~1';jl'l~ 4.6 
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~ ... v 0 I ilL I ~ "I .,."" 
Yl1':iN't14.6 false negative f)1J false positive ~lf)f)1';jfl'\.J'I1WllU'l1'\.J 'Hl' llJ" 1C}f~ ~WTIi 

v v "" " 5-fold cross-validation ~JV'IJtllJmJ'\.J'lJtl.,:jlJ'\.JIW [3] .. . 
false false positives (%) 

negative (%) part. 1 part. 2 part. 3\ part. 4\ part. 5\ ave;~ge 
UtlmC}f'YH~tlf1C}f~ 3 7.18 10.57 13.22 7.17 8.34 9.3 

'-

(f)~lJ~~.:j 5733 ~lU'l1U.,:j) • 5 5.31 6.90 5.64 4.94 5.97 5.8 

7 4.31 5.21 4.99 3.91 5.16 4.7 
.--

8 3.76 4.78 4.43 3.64 4.71 4.3 

10 3.16 4.10 3.80 3.22 4.16 3.7 
-~---

15 2.34 3.12 2.55 2.13 2.89 2.6 

20 1.60 2.48 2.07 1.46 2.17 2.0 

40 0.50 1.40 0.73 0.56 0.92 0.8 

1 fl L'\.J tl f1 C}f~ 3 16.63 12.00 21.39 9.10 14.16 14.7 
----_._---

(f)~lJ~~.:j 5733 ~lLL'I1U.:j) • 5 5.98 6.66 5.91 5.21 8.02 6.4 
--

7 4.46 5.45 3.78 4.04 6.48 4.8 

8 3.96 4.34 3.45 3.39 5.58 4.1 

10 3.34 3.73 2.99 2.93 4.36 3.5 

15 2.41 2.65 2.02 1.99 3.39 2.5 

20 1.85 1.87 1.44 1.49 2.41 1.8 

40 0.75 0.52 0.51 0.66 0.99 0.7 
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," ", 
~ tI ~ " '" "'I ... ~ "1 " " ... '" '" OJ '1 "''' 1 " " ~ I (119fIP!'Utl~VlH)'W '1 'W'W lIP! 'li'Utll.!(1'Vl~'I1lJlP!'VllJLU'WfHllJ 'Wf11'H 'lV'W~ U(1~ 'li'Utll.!(1'Utl~ 

lt1mf),jlJt'W '1 1'Wf11'1'VlIP!~tlU u~~mml~'W~tI~ 4 .5 

8.-----~----~----~----.-~N~N~S~P~LCC~E-------ro 
aeneSpilcer- ... no fRter ------­

GeneSpiloor - . " . "' . '" 

7 

(I 

" 

:> 

\-. "', 
'\ .... 

" . 
.... - ....... _----

.. _------.. --- .... _-- ..... 

.... ~"" .. , 
" ........ _-- ... _--.. 

--------- -----
...... 

- '- _._.- .-... . _.- ._ . ...... . -.- . ........ . ... . - . ... . _._ ........ _ . ....... ... - ... . .. . .. - ~'-

oL-----~----~----~----~----~----~ a 1 0 , 5 20 25 30 3~ 
Falae negativ •• (0/.) 

ct G.I Q.I fI I Q.I 0 Q.I ~" 
ltln 4.5 mWhmlP!..:jfl11lJ~lJ'V'l'W1i)~'I111..:j false negative f1U false positive ~l'11)U l "H'Wtl) L9f1P! 

'Utl~ lt1)umlJ GeneSplicer ou lu)umlJ NNSPLICE [3] 

.cl ".J "Ii] " , 'il1f1lP!l)l~'Vl 4.5 mtu"Yl a 'I1'W~LOtu"Yl'il~ l'flfll false negative OU false positive 

.J "'1"" °1'" ~.::t 'Q,I 'I1'W~'l!'fl L)lf1l'fl'l11~ 'I1Lf1tu"Yl a 'Vll 'I1f1l false negative U(1~ false positive (1'fl(1~ LlJtlL'VlVUfIlf1U 

false negative 'I11tl false positive 1'fl '1 L~V10'W ~~J'W'I1lJlV~~f111lJ~'fl'V'lm'fltl'WLfi'fl'il1f1 

1 1 4 CLI do 0' ~ 
'Utl~f1~U'W'W 'WfHllJ'Utl~ false positive 9f~V~f1~lJfI~U'W'W'il1f1UUU'ill(1tl~f1'llJ'ilHlJ1f1 

v • 

'111 tlLLUU~l(1tl~f1rilJLYl'il,.j' tlV ~~11 'W ~liif1ntlfutlN~r l~UUU~l(1 tl~lJl{ f1tl-W tl'W ~U 1 Yi ~rl~ 'ill f1 . . 
ii1~uij1f1~1 tll mIl 'Wf1~lJ false positive lJ1'Vl'flU'Vl'WUUU~1(1tl~ 1 'W f1~lJLYl'ilL~lJ 1'flviil~uij1f1~-

• v 

1 tll 'Vl<fi'l'flYiii"f1lJtu~ false positive tltllJiifl~U 'W Wl1f1UUU ~l(1tl~f1rilJi1 ~ ~ Lm~ii l~uij 11'1 ~ 1 tl i 'Vl<fi' 
• 'U 

.d 0 <Q 0 J' ~ I rI " .J cv 
'Vlfl1) 'W llJl f1'flfl~ U'W 'W 'il1f1U U U 'il1(1 tl~ 'W 1'11) lJ 1'1 ~ U'W 'W P-l1'W LOtu "Yl a lJ 1 U (11 9f ~ 'il1f1f)1) tI1' uti H • 

" 
UUU ~1(1 tl~ 1 'W f1~lJL Yl 'il U'Vl'W 11'1VU UU ~1(1 fj..:j 1 '\.,I f1~lJ false positive 11'\.,1 'il ~ 'U m1 VOLL U U ~1(1 fj..:j 

" f11)~'flfl~u'W'Wlm,H1 ':h Enhanced GeneSplicer 
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ScoreEnchanced (i) = Scoreexon (i) + Scoreintron (i) + ~ [ ScoreSplice (i) + Score~IDD (i) ] (4.4) 

Scoremodel (i) = Strue (i - k, i + I) - Sfatse positi!'e (i - k, i + I) (4.5) 

S (i J') ~tlfl~IL'W'WnlJ~lfH1UU~lml~i'VIJJ~'ff~1~~lflfl~.·lJ fal se positive ~~l'Wlflillcyf fatse positive ' 

f1~IL'W'W~lfl GeneSplicer 

ScoreEnhanced (i) 

, 
~ oQ' .c::t 0 1"" . 

IlJflOW~1':iill1fl'llJ'lJfl~ false positive 'Y1~~'WllJ1 'lHl':iNI1UU~1~tl~ Enhanced 
" - , cv Y ~ .Ct, .q, .c::t a'.c::tQ.l 0 , 

GeneSplicer 'W 'W ~ ~~ fl ~ I flfl ~ 1 fl fl1 ':i fI fl fI ~ 11 'W 'W lfllJ flfl 'W 110 ~ lJI fl ill "YI a 'Y1 fI fl fl H)~ ~ 111 'VI 'W ~ 'IJ tl ~ 

"1.1 "1 ",J . "'" "1 • • '" <!i. '" 1 " 'ff llJ~ lC)f~C)f~ll~~~mill"YI a ~~f1flW1 false positive fltlfl llJl'Yllfl'W 1':i1~~'Y11fl1':i'Y1fl~tl~l~tlfl 'If 

".. 1" !'ltl tI ~.q d'<Q.c:t ,% f Iflill"YI a 'Y1 -5.97 'W lfll'Wfl':i IC)f~lJ1'Y1fl"fl~IOWtlOW".!~'Wl'!ifl1':i Enhanced GeneSplicer 'W11'ff1lJ1':i() 

I ..:!I 11') ".q ..:!I lI) I 

"flfll false positive 'VI':ifl false negative lfl~H'VI':ifl III 

" llO~U1~lfi'U{J1f1~1 tl i 'Y1fi''lJfl~fl~lJiilJ1'ff~l~llUU ~l"fl~ Enhanced GeneSplicer lm~-W~l':i ill 1U 1 

'i' ""1" .. ,,,. • 
1 fll 'W fl ':i IC)f~ I \l OW 1 ~ 'Y1 H1 'WLfl ill "YI a = -5.97 lJ 1 fI1 'W 1 ill fI ~ II 'W 'W ~ 1 flll U U ~ 1" fl~ Enhanced 

.J " O.Q. d' 0 

GeneSplicer 'Y1'ff':i1~ llO~'\.J1lJ1OW~l':iill llflill"YI ~lflfl~ll'W'W 'lJfl~IIUU~l"fl~ Enhanced GeneSplicer ... " 
4 • \LI '" .,tI.", •• • '" '" 

(9f~~HII'UiI::"Hll';j'fJfUflW'YI1'HlJ'U11IflW'YI,B) ll"~'VI1f1l false negative flU false positive ':i111'Y1~ 

'Y1fl"fl~U1lJ11111t1U1YitlUnU~1 false negative nu false positive 1'W GeneSplicer 1~1l lfltll~flfl 

ImtiUIYitlmm~lfl~l false negative l~tl1n'W 

,J.. . 1'" .1 • 
C)f ~ 'ff1lJ1':i () I'IJ tI'W 1l~'W fl1 OW fl1 ':i lJ ':i U lJ ':i ~ II U U ~ 1" fl ~ Enhanced • GeneSplicer 
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hhl1fn'lJ GeneSplicer 

Enhanced GeneSplicer 
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lIN'\un'Y'f~ 4.611'\.J1~~m'jui'U1J~.:J lu'jl1mlJ GeneSplicer 'lJU.:J lu'jllmlJ Enhanced GeneSplicer 

~n\11flflUl-MLflWcn a = -5 .97 fi'~Lul'ih~'Uihfl~lu 1'Yl~1Jlft'fl.:Jll'U1J~lnU.:J 

Enhanced GeneSplicer lIrl::~~fI::I1'\.J'\.J \11fll1'U'U~lrlU.:J l-mJlln:: I-Mlflwcn f3 fi'~~1~'Uij1fl~ 1 U 1 'Yl~ 
~ . 

flflfli'.:J lIff~.:Jl'\.J~UN'Vi 4.7 

. 
.ct ... t-= d IV 

Y1l1H't1 4.7 false negative lin:: false positive LlJ'jtJ'UL'YltJ'U GeneSplicer fl'U Enhanced GeneSplicer 

..,:" 0' ') o'IiJo' 
'Ylft''jl.:J\11fllflWen a = -5.97 'lJU'll~L'\.JU'j L9f~ 

0' 

1 

Lflwen f3 false negative (%) false positive (%) false positive (%) 

GeneSplicer Enhanced GeneSplicer 

-5.06 0.19 25.64 16.78 
---

-3.76 0.80 17.18 9.74 
--- ---

-1.8 1 2.01 10.87 6.04 
I 

-0.36 7.00 5.37 2.83 

1.22 

-I 
20.00 1.81 1.00 

----------_._------

1.99 29.99 0.90 0.55 

I 
-------------

2.61 39.99 0.50 0.32 
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~,m1'Um:iN~ 4,7 h)U'UiJ'UU'Ulfl~1'Uflullfu1l1~11lmmlJ GeneSplicer tlltJ 

l~fl1:i'tlfl'llllmmlJ Enhanced GeneSplicer l111,rrh false positive ij,;hn~n~fl'h 11lmmlJ 

. "" 
GeneSplicer Viijfl1'jfl~fl:::U'U'UlVltJ~flf~l~hn "lflir'U~~'tl~tJltJllJ'Yl~nfl~'\.hlflwen a ~l~ <") 

... I Q.I .. I 0 d 0' ~ 0' rI 
lJl'Yl~nfl~LJ:iULJ1~UUU111nfl~ Enhanced GeneSplicer flfl'l1ft1tJ1flW"YI1~fl'l111flW"YI a Un::: lflW"YI 

f3 ~1,r~1 false positive n~n~itllJlfl~"l~ rll'l1fUfl1:illl'1tJU1VitJu~~l false negative l~tJln'U 
&",31 .i "'.... 0' 1 "" °1 311 
11~ t~l1""~~~n'tlfl~flU'Yl~nfl~ 'lf~fl~lnflfl1flW"YI a ~tJ~"UWl111flfl1:i'Yl1 '11m false negative 

1 '" 1'" .d .i1 31 
UlPlfllPll~fl'U ~tJ1nflfl a'Yl -8.39, -5.97, -5.29, -4.87, -4.43, -3.45, -2.00, -1.28, -0.73 'lf~ '11 

1 1 0' ?t 
m false negative 111fllllP1n:::lflW"YI1U'U 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3% Un::: 4% 

IPIllJth~u 11""~~Y,mflnfil'U1W1'U\Pll:iN~ 4.8 

1 

q d '" 

V1nl~'YI 4.8 false negative l'YltJUflU false positive ''If)fl:::U'U'U'tIfl~ Enhanced GeneSplicer 

.d3lJ' 0' 1 "'11 o'lqo' 
'Yl"":il~'tI'UlPIllJlf)W"YI a IPIl'l '1 f)'U 'U ~l1'Um 1'lf1Pl 

" false positive (%) 'lJt)~ Enhanced GeneSplicer Illmmucrl a 
false negative 

-8.39 -5 .97 -5.29 -4.86 -4.43 -3.45 -2.00 -1.28 -0.73 
(%) 

(0.1%) (0.2%) (0.3%) (0.4%) (0.5%) (1.0%) (2.0%) (3.0%) (4 .0%) 

0.2 20.53 16.78 - - - - - - -
-----_." ----

0.5 14.68 11.17 11.71 12.37 14.30 - - - -
-----_ .. -------

2.0 8.57 6.04 6.35 6.40 6.63 7.35 9.28 - -

3.3 6.56 4.77 4.76 4.93 5.19 5.61 6.06 6.72 -
--- ----

5.0 5.20 3.53 3.66 3.92 4.08 4.56 4.73 4.92 5.24 
---

10.0 3.01 2.05 2.16 2.30 2.51 2.99 3.33 3.33 3.32 

20.0 1.54 1.00 1.07 1.19 1.36 1.84 2.30 2.35 2.36 

30.0 0.82 0.55 0.58 0.67 0.81 1.23 1.70 1.81 1.82 

~ d, d~ Q.I ~ I ~ rI 

'lf~111f)1PI1:il~'Yl 4.8 m false positive 'YllU'U1PI1'l1'U1'U'U1l""~~111ftflfl1f)W"YI a Un::: 

tI .cia 1'" 4'.d".d I .c:I <V ~ Q.I l.d 
mw"YI f3 'Yl'Yll '11m false positive lJm'Yl'UfltJ'Yl"l~"lf)m false negative l~tJlf)'U 'lf~111f)lPIlfltJN'Yl 

1. I d .1"'. 1 d 1 31 31 1 

11""~~ LJ:illmlJ Enhanced GeneSplicer 'YlLJ:iULJ1~lJm:ifltJn:::'tIfl~ false positive 'UfltJml'tlfl~ 

"1" ~ 0' o'.c::i I Q.I I" 

GeneSplicer t~111f)f)n1ftflfl1f)W"YI a lln:::lflW"YI f3 'Yl!'l1lJl:::""lJm~ '1 fl'UIPIllJm:ifltJn:::'tIfl~ 

.d" .cf"1"o .c:i Q.I I 0' 
false negative 'YllPlfl~fl1:i ,,~ t~'Yl1f)Ul't1tJ'UmwJ false negative f)um false positive 'tIfl~mW"YI a 

ll~ n::: 1 f)W enlll'1 tJUt Vi tJu 'I111flW en f3 ~!'I1lJl::: ""lJ'tI fl~ If)W en a 1 ~ '1 ~ 111' ~ 1 false positive 

UfltJ~"l~ lrlmmtJU1VitJutlltJ~1 false negative l~tJln'U 11""~~1'U~1l~ 4.6 
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\1/ 

oJ '" v. 'I .J 
9f 'I ~llJ l'HH'IW 'U 11H'U fll'VHll'H1' n:Jl1 'lJ 'lJ 111 ,'It) 'I l'U t LH 'U fl1 'YfVl 4.7 11 (j:; 4.8 

lhvi1U'Hlh~'U"{l '9f~lJ1~n~~h1i''lJiJ1fl~lfl ''Y1~ 

11~1fl1'U1Wfl:;11'U'U GeneSplicer 

t 
I 4 ~ , I mtlfHf1wcn a 'H"{l1t1fl1 

\1/ \V 

.J '" v 1. 1 
UH'Uill'Yfn 4.7 f)1 'H'W'U~'lJtl'lllJ'J11f)'jlJ Enhanced GeneSplicer 

o a . GJ t •• 

'U1 IlJ1fl~Umf1'llJ false posItive 

U'lJ'lJ~l"{ltl'l 
~ JI 

~1u(j 19f1Pl11'1'HlJlPl 

. 

U'lJ'lJ~l(jtl'l 

~'U(j '9f~ MDD 

.c:t 0 rI Ij/ 0 , 

IIH'Uill'YI'tl 4.8 f)1'J'U1tmucn a lJ1~'JV1U'lJ'lJ111(jtl'l111f1f1'llJ false positive 

39 



, 
.ct 

Ul1l1 5 

/1 

'Olfli~fl1'JufU'lh -:j'Utl-:j hh um lJ Enhanced GeneSplicer ~ i1i'flcil'l i u1 U 

1l'Yl~ 4 Ju lrlm.h~lUl1,J -:j'Utl-:j ~1 U(l i9f~'Utl-:j,j'tllnl~1 ~1 Ufll'J 11 tJu ~ lJ1fl~fl:;UUU1~lJ1W:; 
~ ~ 

fill1U~lflrucn a ~1i1tlflHmjN1l1lJ1:;~lJU~1 tl'1~lUl1,J-:j'Utl-:j~lu(l19f~1~~~lUlflrucn a U~1 

~-:j'\.hlJ1fl~fl:;UuU111li'OlflLlllll~1(ltl-:j Enhanced GeneSplicer U(l:;Ii1tlflLflrucn p ~l'l11,.r~1 false . .ct" \/)31 " I d cv I 

negative ~llJ'Yl~tl-:jfl1'J n U~~-:jH(l'Olflfl1'J'Yl~(ltl-:j~1tJfll false negative l'YltJllflllfll false positive 

1um'Jl~~ 5.1 

.,j V <V 1 d'\q "_~ od <v .. 

VIl'll-:j'YI 5.1 HltI(l:;'Ufl-:j false negative flll false positive 'Utl-:j ~IUfl'j 19f~I1J'JtJlll'YltJllH(l(lYl1i'Utl-:j 
• )J 

1u'JUfl'JlJ GeneSplicer tlll Enhanced GeneSplicer ljjtl1~,j'fll.!m'r-:jl1lJ~1ufl1'Jl1tJutl1(l:;'Yl~~flll 

false negative (%) false positive (%) 
.. 

If) f.U "li' P false positive (%) 1f)f.U CV1 a 

GeneSplicer 
I 

Enhanced GeneSplicer 

0.2 25.50 -5.97 -5.06 18.48 

0.5 19.06 -5.97 -3.34 11.l6 

1.0 15.40 -5.97 -2.06 
I 

8.49 

2.0 10.88 -5.97 -1.81 I 6.07 I 

5.0 6.67 -5.97 -0.75 I 3.53 

10.0 4.05 -5.97 0.16 I 2.05 

15.0 2.62 -5.97 0.72 
I 

1.42 

I 
20.0 1.81 -5.97 1.22 0.99 

40.0 0.49 -5.97 2.61 0.32 

I ,., ... 1..::1 d Q.I rI Q.I 

fll'JtltJ(l:;'Utl-:j false positive lu'JtJlll'YltJllH(l(lYl1i'Ufl-:j Enhanced GeneSplicer flll'Utl-:j GeneSplicer 

.J 1 yd. <v" ... ~ y <V .f ~ od • v 
9f-:jU~~-:j l1l'11U11 H(l(lYl1i'Utl~ Enhanced GeneSplicer 'Yll~YlI'JJU1'UUUUlJfll'JtltJ(l:;'Utl-:j 

false positive U'tltJfl ··.hi~'Utl-:j 1umfl'JlJ GeneSplicer 



41 

40 

35 
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~ 25 
'+=l 
'r;; 20 
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Genesplicer 

Result 
p.. \ 

~ 15 
I 
I 

:cd 
\ 
\ 

~ 10 

5 

10 20 
false negative (%) 

30 40 

. 
_t..c::l .. .I <V Q.I tI I" Q.I 

J1J'YI 5.1 mlY'l!l~Hl'lmllJ'fflJ'Y'l'U1i'J:;'I11l\l'HW);l:; false negative fliJ fal se positive '\Hl'l 

1flt'Ut1fl'lf~l1J1tJiJtYitJiJvH'l '\HN hhumlJ GeneSplicer tliJ Enhanced GeneSplicer 

. 
..:!t 0 to" 0 

U);l:;tlJ tlVllfl1'JI'l'Jl'iHYtliJfll1lJUlJ'U tJl'IJtl'l Enhanced GeneSplicer ~ltJfl1'J'YIl 

I '" ... 1- I _I'" '" .d ~ y.a "" " 5-fold cross validation l'lflH~tJlfliJ lJ'JUmlJ GeneSplicer tm:;tlJ'JtJiJtYltJiJy.j);l'YI L~t'V'Itl'Y'l~'iJ'U 

D'J:;iY'YITIm'Y'l'IJtl'l1D'JUmlJ Enhanced GeneSplicer mY~'ll'Ul'll'Jl'l~ 5.2 ril '11 i'iJ 1~1'Ut1fl'lf~ 

~1'jl'l~ 5.2 5-fold cross validation 'lJt1'l Enhanced GeneSplicer l'U 1~t'Utlfl'lf~ 

false positive (%) 
false negative (%) , .d , .d 

I 
, I , .d 

I 
, I 

'" '" fl'llJ'YI 1 fl);llJ'YI 2 fl);l lJ'YI 3 fl'llJ'YI 4 fl );llJ'YI 5 Average • • • 

0.2 27.08 23.15 22.95 19.58 21.00 22.75 

0.5 12.94 13.97 12.85 12.66 12.92 13 .07 
---

1.0 9.68 9.08 9.32 9.35 9.85 9.46 
----- ----

2.0 6.53 6.53 6.48 6.37 6.51 6.48 
---

5.0 3.44 3.75 3.68 3.67 3.67 3.64 

10.0 2.10 2.17 2.12 2.05 2.07 2.10 

20.0 1.04 1.04 1.08 1.00 1.03 1.04 
--

40.0 0.31 0.35 0.34 0.33 0.33 0.33 



~nn:.t~ 5.3 lmtJU1VitJu~Cl~fl.:J Enhanced GeneSplicer flU GeneSplicer lrifll~ 5-fold cross 

validation lvttl'Y1~H"flUfl11lJll,jlJihih~fl.:J hJ'.i 11m lJ 

false negative (%) 

3 

5 

7 

8 

10 

15 

20 

. 40 

false positive (%) 

(GeneSplicer) 

14.7 

6.4 

4.8 

4.1 

3.5 

2.5 

1.8 

0.7 

false positive (%) 

(Enhanced GeneSplicer) 

5.1 

3.6 

2.8 

2.5 

2.1 

1.4 

1.0 

0.3 

42 

llCl:arifllu~ tJulVitJur"mflU hh llmlJ GeneSplicer llJ ~lfWIl'.i1.:J~ 5.3 II 'N11.:J hl 
d '1 ..J 4J ~ ~ d I 0 1 1 

l'HlJ11 UmmlJ Enhanced GeneSplicer 'Y1YlWJ'U1~'UlJlJlJfl11lJlllJ'UtJ1f)11 UmmlJ GeneSplicer 

l'UYlf) "1 fhrfltJCl::~fl.:J false negative ~lf)tU~ 5.2 ~1l'N11.:Jh1'l~lJf)1'.iCll1M~~N~llJ1lJ~tl.:J 

vi 11111 tl.:J 'Ni UCl 'CJf~~Yi1'U1tJ~l1YlCl1111~rll1Cl.:Jf) ':h~ ~N GeneSplicer 

. 

16 

14 
___ 12 

~10 
~ 

> '.p 8 ..... 
Vl 

o 6 
0.. 

~ 4 
~ 

2 

o 

--------r--------r--------r--------r--------r--------r--------r--------I 

- -- - - -_~ -- I I I I I ______ --I 
1 -- GeneSplicer 1 

------ -r-- -------, 
--b- Enhanced GeneSplicer ________ 1 

1 1 1 1 1 1 1 1 
--------~- ------t--------~--------~--------~--------~--------~--------1 

________ l ____ _ -l-- ______ l ________ l ________ l ________ l ______ __ l _______ j 

1 1 1 1 1 1 1 
---- ---- ------t--------t--- - -------- t --------t- -------t-------1 
________ l ________ l_ ____ ___ ________ ___ _ ___ l ____ ___ J 

1 1 1 1 1 

3 5 7 8 10 15 20 40 
false negative (%) 

_ f.e:t ",.I cv IV ~ 1)1 Q.I 

~'U'YI 5.2 f)Hnll'N11.:Jfl11lJ'NlJYl'U1in1111.:J'.itltJCl:: false negative f)U false positive ~tl.:J 

1111'UflflCJf~IU~tJU1VitJu~Cl~tl.:J hhllf1'.ilJ GeneSplicer flU Enhanced GeneSplicer 
, • '1/ 

~1f) f)1'.i'Y111'NtlUfl11lJlllJlJtJ1111tJ 5-fold cross validation 



I " , 0 ~ .q" 1" I 

L'Jl ~'Yl~""UlJfll1lJLLlJW.llLYllJL~lJ~lVfll'J 'Iff'll precision 

" 
ffllJl'JtlfllUltu l~fi'_:Jii 

true positive 
recall= -----"-------

true positive + false negetive 

true positive 
preclsIOn=------=--------

true positive + false positive 

43 

LL rl ~ recall l~v 

'lJU_:J""llJrl 'C)f~ 1J1.:J~ LU.:J LrlU 1~L1J1 VlJLliVlJLL~lYllJ ,.;ilfh precision t_:Jn~llJlf1i1ullnfltufllYl 1 U 

fllnl1Ulv~~ 1U~l'Jl_:J~ 5.4 '~LL""~.:Jf1l'JLtJ1VlJLliVlJ'lJu_:J ltJ'JLLf1'JlJ Enhanced GeneSplicer OlJ 

GeneSplicer 

. 
q I <V 

Vll'Jl'l'YI 5.4 m precision LLrl~ recall 'lJU_:J Enhanced GeneSplicer f1lJ GeneSplicer 'Yl~""UlJfll1lJ 

miUV1'IJU.:J ltJ'JLLf1'JlJ 1u l~LUUflC)f~ 

fal se negative (%) recall precision of Gene Splicer precision of Enhanced GeneSplicer 

0.2 0.99809 0.0414 0.0620 

0.5 0.99503 0.0548 0.0900 

0.99006 0.0667 0.1146 

2 0.97993 0.0909 0.1527 

5 0.94991 0.1368 0.2299 

10 0.90002 0.1978 0.3277 

15 0.84993 0.2648 0.4001 

20 0.80004 0.3297 0.4712 

40 0.60008 0.5738 0.6762 



44 

31 '1 31"'''' '1 ... 31 ., 
~lt1fll'j l'llllifll'j Enhanced GeneSplicer IUfll'jl'jtlU!11Cl~i'l~fffllJfllJ 

"111 .. I ... ., '1 1 "111" ., ..... 111 31 '1 31 31 ...., 
11flfll"1fYHVlfl'j I"1fVll'llUL~tllfllJ IU I~LUfl'j I"1fVl rlClCl'W1ii'l1~1l1flfll'j 1'll'\n)lJCl'll~l~tllflU 

'U • 

Gt d V ~ .I dd I 

I U fll'j l'j tlU! 11 Cl ~ i'l ~ fffllJ l'W fl 'I11Lfl ru CV1 a 11 Cl ~ f3 i'llJ fl1 false positive 

rh false negative L~tllO'U 11ff~-lrlCll~'uV\1n:)~ 5.5 

I 

... 31 ., I 1_1 ., 
YIl'lHYI 5.5 'jfltlCl~'Ufl-l false negative fllJ false positive n'l11N IU'j11mlJ GeneSplicer fllJ 

'1 "'111 .. 4'13131 ...... " d 31 
Enhanced GeneSplicer IU11tltlL'lI''WLVle:J 'j L"1fVl LlJe:J 1'll'Utll.JCl'l.!~L~tllflU IUf)1'jl'jtlU!UCl~i'l~fftllJ 

false negative (%) 

I 
false positive (%) 

I 

0' 

ltlUlcv1 fJ LtlUl"l'l a false positive (%) 

GeneSplicer Enhanced GeneSplicer 

0.2 38.14 

I 
-11.53 -14.86 34.28 

0.5 23.00 -6.70 -15.78 22.58 

1.0 14.58 -3 .62 -12.01 13.42 

2.0 9.50 -1.49 -9.9 8.60 

5.0 5.41 1.08 -11.52 4.81 

10.0 3.17 2.63 -5 .77 2.76 

15.0 2.13 3.89 -5.20 1.83 

20.0 1.55 4.63 -3 .73 1.28 

40.0 0.49 6.38 -0.18 0.37 

20 

";: \ 
j 

- - _. GcncSpliccr 

~ 12 . 5 \ _ _ Enhanced GencSpliccr 

5 

2 .5 

5 1 0 1 5 20 25 30 3 5 40 
false neg3ti~'e (%) 

I 

_let .. .I Q,I tV.I 1" Q.I 

l'U'YI 5.3 mll"1LLff~-lfll1lJfflJ'WU1i'j~'I111-l'je:JtlCl~ false negative fllJ false positive 'Ue:J-l 

LLe:JtlL"1f'WLVle:Jf1"1f~LU~tllJL'ntllJrlCl'Ue:J-llu'jlLmlJ GeneSplicer O'lJ Enhanced GeneSplicer 
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.J ., .. .d "1 " 1-1 d., 1 "d I "" 9!'.:JYHHIYlli'Yl Lfl111fl u'Hlfl ':ilJ Enhanced GeneSplicer flV.:JU'fffl.:J 'Hl'l1'\.Jl1lJ 

U)" ~ iY'Yl~ fnw 1 '\.J fllnl1'\.J lV~~ fl11 GeneSplicer ffl'H i' 'UW) fl19!'Yllm:l'tl9!'~l 'lh.H~Vln'\.J lnl~ lrl vyh 

fll)"'Ylfl'fft)'Ufll1lJ11lhHhut).:J lu)1LmlJ~lV1'YlfliJfI 5-fold cross validation Hn~Yln~i~11'fffl.:J1lJ 
.d 

IPll)"l.:J'Yl 5.6 lnl~ 5.7 

m'lH~ 5.6 l1'fffl.:JHn~'Vin 5-fold cross validation 'lJt).:J Enhanced GeneSplicer 

false positive (%) 
false negative (%) I 

I .d .d I 
. 

I .d I "" I d 

flnlJ'Vl 1 flnlJ'Vl 2 flnlJ'Vl 3 flnlJ'Vl 4 flnlJ'Vl 5 Average • • • • • 

0.2 52.63 31.12 30.43 30.04 34.28 35.70 

0.5 46.94 18.42 17.55 19.40 19.29 24.32 
-_._-------_ .. _-_._----

1.0 25.35 12.76 13.10 12.45 12.74 15.28 
---- -----

2.0 17.00 8.14 8.25 7.96 8.30 9.93 
-

5.0 4.44 4.22 4.32 4.33 4.34 4.33 

10.0 2.32 2.33 2.33 2.34 2.38 2.34 
-----

20.0 1.20 1.06 1.05 1.10 1.09 1.10 
--

40.0 0.31 0.34 0.32 0.31 0.32 0.32 

. , 
d _I':! "" ., "" 1" m'an1 5.7 lu)"V'Ul'YlV'UHn'IJV.:J Enhanced GeneSplicer fl'U GeneSplicer llJV 'If 5-fold cross 

false negative (%) 

3 

5 

7 

8 

10 

15 

20 

40 

validation 1~m1fl'ffV'UmllJ11lh.J~1'IJt).:J lummlJ 

false positive (%) false positive (%) 

(Gene Splicer) (Enhanced GeneSplicer) 

9.3 8.8 

5.8 4.3 

4.7 3.0 

4.3 2.6 

3.7 2.3 

2.6 1.5 

1.9 1.1 

0.8 0.3 
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11(1~lrltlltlj VUl'nV'lH,m flU 1 tl'j llfl1lJ GeneSplicer hJ 11 1 f)Vl1'j 1.:J~ 5.6 11 'ftfl.:J h1' 

llhr;h 1 tl'j 11 f)'j lJ Enhanced GeneSplicer ~~ 1'lJ'U 1~'U,f'U ijfll1lJ11l-i'U ihvl f)',h 1 tl 'j 11 fl1 lJ 

, ." .1" .. ,,,d 
GeneSplicer 'U'¥Jf) "1 m'j{lV(1~'\Jfl.:J false negative 1l1f)~1J'Yl 5.2 'Yl11'ftfl.:J l1l'l1'Uf)1'j(1fl(1.:J'\Jfl.:J 

~1'U l'U '\Jfl.:J~l11'l1'1l.:J'fti tl(1 1 9f~~Yil'U lt1~fl'Vimfl i ~(1fl(1.:J f)11'\Jfl.:J GeneSplicer 

10 ··········1 .· ... ···T ..... · .... r .................................. . 

...... . L ....... L ....... J..... --- GeneSplicer 
1 1 

... ·1········· .. ~ ..... 
1 L--r---'--~-----'r---....-J 

--"--'-. -
. · ····· · ···· f ·· · 

1 1 
.. I········· l 

o +---~I----TI--~----r---T---~---r-w~ 
3 5 7 8 10 15 20 40 

false negative (%) 

. 
_I.ct ... .1 Q.J Q.J fI I Y cv 

~lJll SA fl11TI11il'fl.:Jfll1lJ'ftlJ'Vi'U"Ii'j:!:'I111.:JHlV(1:!: false negative f)U false positive '\Jfl.:J 

llflf)l9f'Vil\P1flfl9f~ltljtlUl'ntl'lHm'\JtN ltlmfl1lJ GeneSplicer flU Enhanced GeneSplicer 

• 0 " 1I1f) f)1'j'Ylfl'ftUUfll1lJ11lJ'Utl1fllti 5-fold cross validation 

. 
.c:t. , • • cv 

fll'H-111 5.8 m preCISIOn 11(1:!: recall '\JU.:J Enhanced GeneSplicer f)U GeneSplicer 'Ylflil'UUfll1lJ 

tll-i'UV1'\JU.:J 1 tlmfl1lJ 1 'UtlUf)l9f'Vil\P1ufl9f~ 

false negative (%) recall precision of GeneSplicer precision of Enhanced GeneSplicer 

0.2 0.99809 0.02179 0.02418 

0.5 0.99503 0.03552 0.03615 

1 0.99006 0.05464 0.05908 

2 0.97993 0.08072 0.08842 

5 0.94991 0.13004 0.14392 

10 0.90002 0.19463 0.21726 

15 0.84993 0.25356 0.28335 

20 0.80004 0.30524 0.34726 

40 0.60008 0.51036 0.57989 
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"" U'Yl'Yl 6 

~qU~HlU~~,j'elnrl-H)U'U~ 

hJ'.i umlJ GeneSplicer 1 ~'U hh umlJ 1 'U f)11 Vi1'U 1V~lU '11 'll 'Hl hlCl 19f~~ ~ 

11h U f) '.i lJ 'I1-ct.:J U ~ 'ill f) H C'l1 'U lJ 'Yl ~ 5 hi' W~ 11 '11 11\ ~ 'U fl V H .; 111 'il w:i 1 h11 U f) '.i lJ Enhanced 

GeneSplicer ~ H{U1m-h'lf11'.i Vi1'U 1V~lU'I1'll.:J'Cl'l UC'l 19f~'il1f) hhumlJ GeneSplicer l~lJ 

l~C'lllfjl1lJ ~1l'YlC'll1l1 'U f)11 Vi 1'U 1V~lU '11 'll.:J 'Cl'l UC'l I 9f~1 M''! flVC'l.:J f)i11~lJ l~ 11lv 1 'U 11l1'U fl {l9f~ 
o 1 "'lIJ '" d lIJ 31 ~ ci.. '" 

'Cl'llJl'.i()C'l1lf11'.i'Yll'U1V 1l1'Ufl'.i 19f~H'Yl'il11l'il1f11lllJ'YlHll'YlC'll1l 25 .5% C'lll , W'I1C'lfl 18.48% 'il1f)f11'.i 

Vi 1'U 1V 11l1'U fl{l9f~ 'il ~ 'I ~1l'YlC'll1l~ 0.2% UC'l~ Uflf119f'Yl1\Plflfl9f~ 'Cl'llJ1H1C'l1l f11'.i Vi 1'U1VUflf119f'Yl1\Pl fl{ 

i9f~l~~ 'il1f11~lJ 38.14% C'l\PlI'l1~fl 34.18% 'ill f)f11'.iVi1'U 1VUflf119f'Yl1\Plfl{i9f~ 'il ~.:J ~1l'YlC'll1l~ 0.2% 
y y 

111 V m';4 'Ylmw.:J tllJ'Cl' I U(l I 9f~"tJfl.:JV'U lJ'UlJ VlJl.:J~1'U I'vhw'U • 

fll'.i'lfl false negative 

l~fl.:J 'il1f)tJ f) :lhi'YlV1'Cl'llJ11() '\1l'Cl'l UC'l 19f~ 'il~ 'I i~ () mi'fl'lu(l~ull'U iil 1V; v.:Ju~1 ~ ., 

11C'l11'U f11'.i 'Yl1l 'Cl'fllJ~'U 1'UU (l~~lU '11 'll.:J"tJ fl.:J'Cl'1 U C'l I 9f~ 'il ~.:J 'il~vi'fl.:J lj fl vm lJ GTU 1 'U v'Uu\~.:J 'il ~ ., 
lIJ y. y.ok 1.1 . 0 31 ci • 1 

'Cl'llJl'.i()'\1llllflVN\jf)\Plfl'l9f.:J umf1'.i).J Enhanced GeneSplicer 'il~'Yll'l1'U1'Yl'lflVC'lllfl1'.i~ 'Uf11'.i 

Vi 1.:J 1 'U "tJ fl.:J f11'.i fi' 'U '111 'Cl' i UC'l i9f~ "tJfl'l V'U I ~ 'ill f) f11 '.i C'l1l ~ 111'11'll.:J ~ ill'll 1 'il ~ 1 ~'U 'Cl' I U C'l i9f~ C'l.:J i~ 

rl1'11 1lJ f)1'.i 1 ~.:J 1'U 1 U '.i 11 f) '.ilJ '111 f) H'1.ffvi'fl.:J f)1'.i 1 M'1 U'.i 11f)'.i lJ 'Cl'llJ 1 '.i () Vi 1'U 1V'I11~ 111'11 'll.:J 'Cl' i U C'l I 9f~ ., 

'il~.:J i~mlJl'Jf)~lU'l1 'll'Illlv~m~ ty1\Pl1 M'lj'Cl'i U(l 19f~1~'il'l1'llllJ1 I~J'U 1 ummlJ Enhanced 

d 0 lIJ 31 ci 311 31 31 lIJ 31 v • '" 1 GeneSplicer f)'Cl'llJl'.i()'Yl111l\PlllJ'Ylfj 'If\Plfl.:Jf11'.i 11l1l1V1'lf'Uf)'U llV'il1f)HC'lf11'.i'Yl1lC'lfl'l'l11fH'.i1 . . 
o , <d01 Y ' <d 01v 

f11'11'Ullm a = -18.37 U(l~ f3 = -22.15 'Yl'Yll '11m false negative 'Yl 0% 'Yl1 'I1C'l1l false 

positive C'l.:Jl~'il1f) 98.6% l'I1~fl 90.17% rl1'111lJ1'Ul1l1'Ufl{I9f~ UC'l~1'UUflfH9f'Yl1\Plfl{'9f~ 

ti1'11'U1l~1 a = -26.35 UC'l~ f3 = -36.33 (l1lC'l'l'il1f) 78.68% 1'\1~fl 78.53% U'U'il~Vi11M' 

tJ f)~li'YlV1'Cl'llJl'.i() ViN1'U ~lVfjl1lJ'j 11l1~ llJlf)t'l~'U 1 'U f11'.i \Pl'.il'il'Cl'fllJ~lU '11 'll.:J'Cl' i UC'l 19f~ 'il ~.:J 
• y • 

11lVl1~111'11 'll'I'Cl'l UC'l i9f~'il~ 'I "tJfl'lV'UtJ 'U nV.:Jfj.:J 11'111' tJ f)~li'YlV1 i~Vi1f)1'.i'Yl1l'Cl'fllJ 'I11~111 '11 'll.:Jl1 

()f)vi'fl.:JflV1.:JU-n'il~.:J '~~fl i U ., 
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11~l'cttN'il1f1fll·Hh\.rJill'Ufl\l iU'JllmlJ Enhanced GeneSplicer J''Ufl1'il'il~)jfll':i 
• • I ~.I ~ ".II IiJY <!i ~.II ·l YY l Y 1 . 
fIl'U'1illfl~11'U'U'il1fWI11111'U\lbY LlJrl LC)f~l1'W\I "l L~mf1\)\1 2 f1H C)f\l'Yll l1~fl\l 'lH'1m 'Ufll':ifll'U'1ill 

mf1f111 iU':illmlJ GeneSplicer fl~l1~'1 11~lcifl\l'illf1l':i1~\lUr'lJU~\I iUmmlJl~flrl~f1'11lJ~~'Yim~ 

-el'Uln~'il1f1fll':i111'U1V~1111111\lbY! Url!C)f~~~~'Yim~ 111l..r1':i1~fl\ll ,*nm 1 'U fll':i~':i'1'ilbYfl'lJ1Wf1111 
" .ufl~~'Yim~1l1 cilU 'U flVN 'lhv ill!~ 

. 1"'. 1 i· 1 .d I 1.1 .II '" 1 fll':ilJ':i'lJlJ~\I lJ':illmlJ Enhanced GeneSplicer 'Yl'U1bY'U 'illJ':i~fll':il1'U\lflfl 'U 

l~fl\l'Ufl\l f11':i f11'U '1 ill f1~11'U 'U ~\I ~ll':il~fl\lfll':irl~f1 '11lJ~~'Yim~ 1 'U f1n111'U1V~111l111\l bY! Url!C)f~ 
" ", 

1..rrl~rl\lf1111~lJVf)U 'U bY1m':i \)111 i ~i ~Vf11':iU r 'lJll 'lJ'lJ~lrlfl\l f)cilJL ~ 'ilU ~'1vi1i fll ':i l~lJV f) 11 rl~ 1,yj lJ • " , 
f)l':i ii ~ fI ~ 11 'U 'U i ~V f)~ llJ ~fl\lf)l ':i 11~ U'U VfllJl1lJ1VfI'11lJ 11 1 '1rlll 'U f11':i f11'U '1 ill 'U fl\l i U ':i lLf)':i lJYi 'il ~ 
.1"'.1 I l Y .1 1iJ.IY I '" 1 I '" ~ ".II '" Y l Y 
lJ':i'lJlJHVfllJ 'lH'1mlJ1f)'U'U~llJ LlJ~'1V ~fllJ1f1fl 'UbY'1'U'Ufl\lrlrlf)'lJllflf1lC)f'Yil~fl':i LC)f~C)f\lV\I~fl\l 'If • 
11 'lJ'lJ ~lrl fl\l 'ill f1lf)ill cy] a~)j ~ l'U '1'UWfl~lJ1f) f1n U r 'lJUH i ummlJ 1 Wl'1'U 'Ufl\ll1 'lJ'lJ ~lrlfl\l~ • 

" 14 lml ,*I'i'~m fl\lfl1'il'il~~fl\l)jfll':i-W1'lJ'U1n'U~fl! U 1 Wl'1'U~~..rlvu i ummlJ GeneSplicer )j 

fI '11lJ bY1lJ n \) l'U f) n 111 'U 1 V ~ \I)j ;i~ ~'U "l 'U fl f1l11 {j fl 'illf1lJ lpHli ~V f1 fll'~i1 'If'U Arabidopsis 

Thaliana 1~'U~'U ~'1V1'Ylfl'l1f1'Ufl\l i UmmlJ Enhanced GeneSplicer 111'il~ i~)jfll':i'Yl~rlfl\l~fllU1l 

bY1lJl':i\)rl~f1'11lJH~'Yim~ 1 'Ufll':i111'U1V'Ufl\l i ummlJrl\ll~I'lf'Ul~v'1n'U 
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~ rI .Q Q.J Q,I.o::::ld IV d. 
lJ 1 V 1:1 'lJ fJ" f)l qJ 'illJ '1 f)';j L mil lJ 'YH] 111:1 'lJ ~ 'Yl 2 1 'YH]lHil f1lJ 'Vj 'Ylli f1 f)';j 1 'If 25 24 'Yl 

~~ W)~YllJ tl! 1" 0 'il'lJ on ffOlJ 1 fI ~ f111:1\P1 {1J ill eVi \P1 1:1 1 '\Jl1'lfl 0 n I:1U lJ fI W \P1 f111:1\P1 { .f1lfl1'lfl 

lJli VlJffOlJl f1ill~mf111:1\P1 { 'ilWl"~ f1':j ill lJ'I1l1'YlVl~V 1lJ iJ Ol'J ffOlJ 1 2545 vi UlJlL tlw~r 'lJ'YllJ ~ WJlJ 1 
q q IIU q 

Ul'ill'l vm'\mJl~Ufl"lJ '\Ju~lh ~L'Ylf11'lflflW\P1f111:1\P1{ 'illOlJ'I1l1'YlVl~ VlJL '.if11'.i 1'YlV1L '\J\P1I:1l'J I:1lJL 'Ylf1 

'YI~ Wl 1lJ iJ f)l '.i ffOlJl 2547 L ~ U ffOlJ 1 vi U 1lJ '.i ~ fi' 'lJiJ1 UJUJllJ 'I1l1J ill eVi\P1 1:11'\J11'lfl 1'Yl Vl f)l '.i fI ill lJ 1 .. .. 
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