D000 http://www.cqvip.com|

HEVIBIZE 2007Vol. 34No. 5

EF g E"EiEN HMM/SVM B RIRBIR B R A )

TEE KB

FJK 400067)' (P WL A¥EFESITEAE¥ER SN 510275)°

(ERIHAZHENHRESREIRZER
B E RE-#FEATRLIRTAEVLMHEMM & L HGENEVM G ELERHN A%, BRBERD RT B
Gy RRASEHGFALLESALEERRNHE FEE S L “REEYRFRERE—ARBBE" &, 4
A HMM st A% A4FARst 2347050, Bl ot 8 T LARRA € 4R RN ERKG NS, FA LH G T
Fookinflidg, I-BUALRTAERE—- HMM B3 57k R, 507 HMM f SVM 4L E 4L, £ K
9, Al HMM/SVM it 47 % £ 77, £ FH AR KB T 90%, #4172 £75], FH AN REH T 91.5%.

XKEIW HMM/SVM R, “Big g 7% %, N4 TR B3 T35

An HMM/SVM Mixed Recognition Model Based on “Fast Voting ” Algorithm and Application
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Abstract Propose a kind of HMM/SVM double layer filter recognition system. According to the characteristic that the
L value is different while the sequence structure is different in the HMM training, improve the traditional “voting mod-
el”, put forward a “Fast Voting” algorithm, First, use HMM models to recognize human intron and exon, meanwhile,
for the part that L value range has part overlapped, use SVM for the second recognition. This model overcomes the de-
ficiency of the traditional single HMM recognition method, realizes the mutual supplement with each other’s advanta-
ges of HMM and SVM. Experiment indicates that carrying on recognition of two kinds of questions with HMM/SVM,
the average rate of accuracy is up to 90%, carrying on multiple classifying, the average rate of accuracy is up to 91.

5%.
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1 5l§

SEFREAFATHRB—EBE LR E DNA
FFL RN EE R R R R LB, HRE R
RNAZBRFF: W& FREEE FMIEREFES, a RN HE
BHMFFEF =Y LR, MR St 8 H R XN RF
I, RS E5BARMEBAR. BHTFREMTEMER 5 %
L ##H— B DNA F 51, B 1 T2 8§ (holoenzyme) RIAEAR IE
WA L RNARAEE Bl BEER. EHMKSNE
FHRTFRESTRIIRGZEEAR A MBI EHEER
B, THRNAWEFRXWAR, HBREARABIRRHY
W X F T AR E TR RR A G RE R AR A #
BEMBEAFEESE X,

BGRRERM BN ETFRITEIER. B
AR R AP I W EEER, BRI EE) ZHNA,
HATZEE SR BRI SR A RIS
B X RmENET RN I 8E, E LRSI A
HERHAEE; MRS /R RER B TR TR A
Rk R B A AR R R B RAE WS B Sl 0l .
EREMEE ARRMAREA.

A3 F) F B 5 /R 1] R 4% B (Hidden Markov Models,
HMM Il L 4 7 Bdesk 354 HMM 428155

BB AR AT RO, LR “HuR R R B B B R & TR
BFX4; R X F L EXEA XX R RN,
B A % 1 & Pl (support vector machine, SVM) #E47 # — 5
SRR, X —TERRT R —FRFENAR, KB T REF
FIRFIRR .

2 BORATREKR

2.1 HMME&#R

B /RA] KRR I A= (S, 2, A, B, o) # L, Hh
S:{Sl ’Sz ""’SN}j‘J){ﬁﬁﬁ‘%’ 2:{01 ’OZ [ ’OM}%XWA%
HFERREBHES A= (a) WREFEBBRER, KT
R o, BIIRE S HBERSE S, WHBHER LK o, =P
(Gt :Sj |q:=si)’1<i’j<N§B=(bj N FARERSE Sj B
FERBFS v € DR BEBRME (v BB BELE
BMEFEE (v BEENUERE)EK 5 (W)=P(ulq=
Si) s 1IN, 1<M v= Gy ) BRAN IR S A0 A 55 B, o b
5 =P(g;=5;),1<G<N. s. tm; =20, Xm; =1, /KA k4
HMeBEBEENREESEE A, B r, —EERFEICH A=
(A,B,m), M1 HMM #8347 1 5] 10 B 42, & 56 A
EM B ¥ 28 AL B, o AT EM . RER AH SERHE
P2 AT B RERR 9 XU (log likelihood, L fH) , B4R #E L
ERIRFIFT R IR,

O EFXARBFELEETHE No. 10371135), FiF# @4, FEHFT I EHSEISEAPGL. AMERE. XBE R.E#1L4R

UE, ERHITIT I RABCE RS TR LA
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2.2 EETNER B

SR A R OF O5 -+OF HIRERE .

PO Of 08 |A)=d§mmbl O )ai b (G5 ) > ar—1bs

(0] -1

PRSI Or O; O FimitEEE OGNY & N=10,
BFFIKELR k=100, 10°H i BRI EILERAER
W RO 3 Bk #EAT B B X R R R o (DI

a@=PO O3 O 1,q.=S5! |D (2-2)
HEETIWAHRIE PO DM AT LABGH R -

OB 2o () =m:b: (Of ) ,1<i<N,

QR a1 (D= (S (Day ) (O,
1<r<h—1, 1<G<N 2-1)

@KL PO; O 0F 10= (), (2-5)

BLETAL, BoE RS, REZEE A OGNS, I
EEGHRTE OGN , KB W B REHEBRY .

B*»x*). Baum FIEH™ HE :maxQ(1,2" )=%3P(QIO,A)

log{ P(O0,Q[A* },lI& PO|A*)Y=PO|A), EHEERAE —
NRHBBKME. HP O=0{ 0 O AMREF Q=qg
g. ARFSFFH , R0 ch EAG R BER A AR P51 O R 1Y
FIY BRI A BB P51 O BEREL K, AT L {HE
LK

i F AR DNA ZEHE AR NS, BMA AR L
{65, R IR L M E X 4 A& F R 8F 5 1B 7T R
# LK 2 E W AR R £ DNA 3, X 25
IR RBER R AR . SVM FI R R UV BB 2 AWK,
AR HMM 5 851 AR Y8 L B 1 219 B AT LA Rl 53
ERYE XRPRA L BE AR
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3 HMM B“BRiERR"H%

&% HMM #4172 KRB 7 ik 2R AT E “BRIR
W7 BB SRS KEMYIGE —ARNS Y, NE
A N REEE, VGRS N ARESH, BRAE 8 HRKE
HATBRRBRR” FHREHT N K%, N KEFE, 3N+
N R, BZRBER OND), BRATA LB X KB R BRI g %
FER”, BAE—RERE SR BESE N KRG 46
REPTRAK.

EXRITE R TR RTS8, RS —RERE
Sremt RE— R ] P B B BTR A5, AL B
“DRESRHE. HEEPRE.

Stepl: A% H— DNA f¥51;

Step2: BRI PR —TBE N VI GREEH Stepl KR
HitH LE,BHERARM LAERE;

Step3: FHERM M AL H A Stepl MR H L 14,
B LEFEFABEETD;

Step4 : 1R Step3 HI 53K

T RBATFEBYILG 1+N JGERE NK3E 2N+ K,
HEERLH ON),

4 HMM/SVM QBB A%

BB L VBGHEN R B R"RE, A THAET TR
Fi RS RATEWE 1 it NEd BRE.

AR SR EHATFFIRS L TR

Stepl: f§ EM 83144 & F DNA 56 HMM & -
#;

Step2: AR E T JA 31 F 55 B — T 4 BB 1E R Y 4 3
#ith Stepl WA E L 8,8 H&SRRER L ENE,

a’:—-l SVMw%I

%

£

SVM #H

HE o LBRE
P e

b e

B1 HMM/SVM R s

Step3: BN & F. B 31 F 5 B A Stepl B
BRE LE,F LEEEFLAREER;

Stepd : #3218 Step3 I HMM BRI 7 55— KRG 432K,

Step5: MM Stepd FIRFIZIX BB R, WH A Stepl0, &
%A Stepb;

Step6: FASREIEHAT SVM YII% ;5

Step? . BRIV GIF 8 SVM ERIX} Stepd 8543 B SLIE
BT KRGS

Step8: {R Step? IR FIZRIX B FR, WFE A Stepl0; &K

W% A Stepd;

Step9: FISE R ABRE A BRI BB — KB SR E1E
F i EINGREE s A TR Stepl;

Stepl0. {5 1F %45

DNA #4BFS5EARERE, MAST A2, Ef]
BERRBRIFFIEH, AmigeE HMM a] LR AR L E
T EE R BA AL 9 A T B T DNA o 58 2 ] FR AH %, {f
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/Mo BAETREE R, 5 R HMM BRI Gim =4 LK
ZILHMEIRHIR. BHFRIRATRELE, # HMM
B L {84 223 HMM REERSIB 34 BH SVM Mgt sr
KBV E YRR HATHE R, AT LU RFI R B
EHRE,

ERERRRE, WRELZMEF M EMRREEIR
B EIER > WE LB AR E A R A

5 XEHER

5.1 DNA F3IRy4aa

DNA FF3IERE L. A G T.CHATHEHER F 5, TR AT 3E
T HMM VI T E R R 4FE M &, 3B DNA B3 #4%
eSS R M & 2 B i AT X0 IRE, B4 A4R—4
DNA F3HIF4E? S. Kundsen 258} 5% it #2 48 5 51| Motif 4
FE R 4BT7, 4o A LARE T 7 50 A 004 Bb X 7 o 4 B 3 00
A1 (B X MmN A A R A S WHFIE R,
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BiE S8 ARITEGIRAN BT RS, 7E3R B DNA 7331
J5TE s B AR BA — A AR R R AR .

RATAR  LERBL K ) DNA 73 (Flin A KB R A
DNA %44 3X10° MER (bp) , HRFFIME R EER
BEFFIAGTH. B TFEFFIREBRAECECHEGSH, B
(HFIER HBEL BESERUBEMCESS Bk 4
XHBEVURFIIAGENERMNSE, AG.T.C IABES
¥ 1.2.3.4 R, lI—A 7315 . TAAGAGGTTGCT,
Al LA &

X=(,1,1,2,1,2,2,3,3,2,4,3)
kFn. TEHXHRREFMEBDRAREE B RTH
A AR B B By et [ 751 S BR S AR WY R ISR, 4
HEPIRE B R LS, FRIEHR L EK5HREEH
SE 5 AR 2k, AT R 5 DNA 51,

5.2 BIARAETFMINDFRHHIIRZIER

MNEBBZBM L KFEYFE R ¥ BEHTEMBE¥H
(bioinformatics and proteomics/genomics) BPG & FF14h i
FE B E (http: //www. meduchio, edu/bioinfo/eid/index. ht-

mDFTRABHEFAIEFFI, ZREESH EBROHD

BHERERE , ETF GenBank, AN built 2, Wik E L
K2 P& B d > (NUS Bioinformatics Centre) B Xpro 335
ETBRESEMABDWRBELR 14 SHak ERNE
FHS5h B F B 5 (http.//origin, bic. nus. edu. sg/), XA
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FASTA #1 XML ##i, {43 F GenBank, 4 139. 0, i
PSR & F RIS B FF 51 166555 4> (2006-3-3 D . &
I & B 1000 £AE B BIREE, 5350, W BPG BEET R
JURRER A 3 H 75 Anadara trapezia B REBHZEN, o
BREIOLER, FARER, FREERKANE TSR T
FHI%& 5 RIERBESR.

B TFAMERFIIEE K, RITBHE PR 230 bps fE4E
— MK, LT NG, LAAZE R & F 800 AR
S48, R A 200 MBS EYIER, YIgR i HMM RIS 50 R A
“RERRH S, AR TRAXNE FHSEFFFI% 200
O KBAE FHABFRFIE 100 KRN RE, 5B, 20
B AEFEHEF5 Anadara trapezia BERE HEN, « EREBEHE
A FAREN, FREERKN T FRSEFFIIE S &
WAERPIRE . RATHEIETLABR K “— RN, ZRE
r”,

AE2H DNA A& FRS 8 FFPIARER L EE
B, XS TE LT — 1R BARSE S CGORTRRSF
AEBKE %, FFXA B E R, BT RS E#1T
Wik, B2 1 FIRIRGISR.

WM 1A LLE S, H L0 HMM ATt , A #2650
IR, Bl RA 8020 {HR LHE—KIEA SVM IRFIE
BT ZIRAE SRR AR R TP 2 A E L )
B HMM/SVM IR& R AR RS LR AL 55 B R4k B A B

(1 BENESTRIRTAFAGEHRSE

DNA 2% R EFHFIE
WA (HMM (550) 25— iR HICHMMA-SVM) G &)
intron exon inton exon
Human 200 90% 89% 93% 92%
Mouse 200 88% 85% 90% 88%
Anadara trapezia beta globin gene 5 80% 60% 100% 80%
A. australis gene for alpha toxin 5 80% 80% 100% 100%
A. astacus astacin gene &) 100% 80% 100% 100%
Aedes aegypti white gene 5 80% 60% 80% 80%
T : SVM 5 2648 K 2 [ A% bR 3K
5.3 M &% DNA 515 HM8H - Lok
FlABERA XYIGmA R EA L ETEE#HTTE 1 DNA 1 ]
R Z RS2, W LR 423 (The Swiss Institute
for Experimental Cancer Research, ISREC)4: {5 B 4H 1 EAZ 4
PAE L 48 3 F 3B JE (The Eukaryotic Promoter Database,
EPD) TEG 31 FF5I3dE, S8R ERE TR 4 FAYsE
1% (European Molecular Biology Laboratory, EMBL), H g3l 010 20 30 40 0 6 0 80 %

EHZ MR 4809 g3 F73 (http: //www. epd. isb-sib.
ch/), (2006-3-3 B H ¥ MW ILA 2540 MEIFALEF
FA 18714 . Pk 198 4, 55 5, B A 28 H (Nematode)
Bk 3 (Molluse) R iz 26 359 (Echinoderm) 45 )5 31 T 31
PLAZEJE BF 100 AN 551, e ALY BORL 100 4 48 31 (Nema-
tode) 18 51, 8K B2 26 3541 (Echinoderm) 20 45 51 43 B4 K
WA, KBS —M 230 bps, LI HMM BERI#T L
HRRAMSE —BR ST 58, B 8% 2 IR KGR, B
FHIEZER T 91, 5%,

HMM #AAHLE R EE B3 1L 40, BARRATEE
T 200 MBI EZEER P3RBT 73 SRR T R E .
RS R AR . B 2 R =ARIIGR 5 Ml SR IR

AR K M (times)
B2 Y% LIEHRsR

MR RAT AT b & I, B 230 )3 35 F (Echi-
noderm promoters) % — K HMM B & LR 5 (% 2),
HERW LEERZ2E5EALRNT FIEGN LEREZ
W’ﬁ

(—420.2,—425.6)C(—402. 3,—426. 8).
AR, X FEfe L EEBREMFF], HMM 488045 K30,
Bl FH SVMEE R4, 7T R ER 45 80k,
X2 HMM/SVM X2 R L s B —#h HMM S 551851
FERRSE.
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(E#%F 217 1)
H3% 2 B3 HMM/SVM BRI R B RBIBCRE B ¥
K. {BHEIFF, B0 Nematode promoters 223§ —WiRHI /G
BREF-RKBERE T RIMR, BIHRRE 88.8%,

EHNN F=MTHIER, - RFNFRFFIRD, 2K
LS R MR ES , 0 T IRFISR 55— R A 5 FFIHIER
JEH , i R WBR S I FF7EBF LR E R R
W RE Rt — .

%2 MERABEM#AITDNA 3 R#ES X

DNA 2% L{E¥EE WK 8B—WiRS &%) (HMM) 5~ WP G AED (HMM+-SVM)
EFHRINH RFIR ERHRFIK R
Human intron —402, 3~—426. 8 200 180 90% 186 93%
Man promoters —433.3~—480. 8 100 87 87% 91 91%
Plant promoters —285. 6~—305. 9 100 88 88% 91 91%
Echinoderm promoters| —420.2~—425.6 20 OCEBRTD 0% 17 85%
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