>

Vol. 37 No. 6 HHABE ARG June 1996

BA<IAT7EFIERENTIVIVILICES
DNA E5|h > FFIvixa — it

% mo# £ o\ s AP
moh F %P & o

412, DNARFIBEDIS L VP A8y — L ¥ ABMICME T 2FEERELL. AFETR, ¥ 7
FRUY — L R HERBWEFATHAHENTLIZTEF L (HMM) 12X TRAL TS, HMM U,
BRAET/ - FEEFhO 28T AHAMNATHER SN ARy b7 -7 LTRRAINS. HMM
AL TFUNY— L ORBAEELTHVAEE, UTO2 AV BEELFRELS. (1) RUIFIL
Wiy FT—7 F RO Y—-0O®RE, (2) HMM ZBET 2285 2 — s ORlift. AT, RIZHT
LTy X4 (GA) & Baum-Welch 7L T X2 (BWA) THEENE., FEOTOL I XI3ET
DEENTHD. (1) GAIE DAy hT—2 bROY— LT X — YEDER, (2) BWA I
Y28 A— yEOREIL, (3) GAILL A A Y b7 =7 b ROV - L RBEILINIIIT X — Y ED
. I, TAEAOESE L HEEMONARES S A RMIERERE (AIC) FEAL.
BEDTOL T v %40 ET L >T, DNARHBICEINA L VP L3y — 2Rk REFIC
£BTAHMM &y b7 — 2D b FEUT =N A—SENEONE. A3, AFELYERETD
T SERICHET ALV F AN — L OMPIER L. AFERICL VARSI HMM &, &Y
EHICHONTOARRO Y 7T VIR EA TV, 8512, SOHMM 2HVWT70E-Y#
BOFHEITo 4R, 84.3% OMETT/OE— YFEBMLBBT S I LR O LN ZOMEI,
AEFECERSNT HMM 70 E— YHROL 7V F A8y — L F RIFIIRBIL T A I &R RL
Twa,

Signal Pattern Extraction from DNA Sequences
Using Hidden Markov Model and Genetic Algorithm

TETSUSHI YADA,! MASATO ISHIKAWA,t2 HIDETOSHI TANAKAT3
and KIYOSHI ASAIt4

We have developed a method for the extraction of signal patterns from DNA sequences.
In the method, signal patterns are represented as a stochastic model called Hidden Markov
Model (HMM) which is described as a network composed of some nodes representing states
and some directed paths connecting them. In using this model, problems are attributed to the
following two: (1) determination of the most preferable network topology; (2) optimization
of parameters associated with this model. ~ The method consists of a Genetic Algorithm
(GA) and a Baum-Welch algorithm (BWA). The procedures of the method are as follows:
(1) generation of network topologies and initial parameter values using GA; (2) optimization
of the parameter values using BWA; (3) evaluation of the network topologies and optimized
parameter values using GA. Akaike Information Criterion (AIC), which gives a criterion for
the balance of adaptation and complexity of a model, is applied in the evaluation. By repeat-
ing the above procedures, the topology and parameters for the most preferable network are
obtained. We have applied the method to the extraction of signal patterns from primate pro-
moters. The method has generated an HMM representing signal patterns in the promoters.
To validate the method, we have applied the above results to promoter recognition in primate
sequences. We have observed that the HMM can recognize promoters with an accuracy of
84.3%. This indicates that good representation of signal patterns has been obtained by the

method.
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-111

HUMHSP90B: CCGTTGCTTG GGTTCTTCCC CGCCCCCTCT TTTTTTCGGA CCATGACAGTC AAGGTGGGCT
HUMACTSA: GAAGAGACCC AGGCCTCCGG CACCAGATTA GAGAGTTTTG TGCTGAGGTC CCTATATGGT
HSH2B2H2: CTGATTGGAA GTTACTCAGA TGACGTTAAT ATCAATATAG TCCAATCAAA ACACGTATAT

-110

-51

HUMHSP90B: GGTGGCGGCA GGTGCGGGGT TGACAATCAT ACTCCTTTAA GGCGGAGGGA TCTACAGGAG
HUMACTSA: TGTGTTAGAC TGAACGACAG GCTCAAGTCT GTCTTTGCTC CTTGTTTGGG AAGCAAGTGG
HSH2B2H2: TCAGAAAGCT CATTTGCATT AAGAGGAAGC TGCAAGCTTA GCCAATGGCC CAGCTTCTTT

-50
HUMHSP90B: GGCGGCTGTA CTGTGCTTCG
HUMACTSA: GAGGAGAGCA GGCCAAGGGC

31
-1 +1 +10

GGCGACTTGG GGCACGCAGT JAGCTCTCTCG
CCC TTCAGCTTTC AGCTTCCCTG|JAACACCACCC

HSH2B2H2: TTCGCGCCCA GCAGCTGCHNEENTGCGC GTCCCTGTAG GTTCCTTTCA |CTCACTTTCT

. CAAT box

nn»

mRNA
transcription

I TATA box

B1 7O0E-5HBIHODoTWE L Y F L85~ O
Fig.1 An example of signal patterns found in promoters.
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HENDDNA Y- 7 7uvzs b (DNA
sequencing project) DMERIZE b %\, KED DNA
BCFIBDGER SN TV 5., 2 DNA BHIBER BT,
EYFEMICEELZMEL RIS TRy — L %
HEW I 3 2 RAid, BKIEVWRFFRBELE LT
W5, DNAESE, A, T, C, GO42>DT7 LT 7
Ny FTHEINS L RTEOXFEFELTESZ DD
LNTED., SUFAMNS =L Eid, Bl A EFIELC
HBUFETEHXFN (07 FVES) »ERT
BINE =R, DTFNNT— i, BEEH DV
GELIC BT 2 A EN I EELHREEATVE S
ERBV. 0D, TF N — L OB TR,
RIZIHRO R LB % BT 57012k 2 &
DTELVEREREZ->TVWE, T2, 2 F /s
7= VIl 2EYENHREIA T TH LB ELE
Wi, M ENTS TR — ST A
WX, HEFIERRE SN LTRSS S
nTna,

R1is, > 7y —CnBE&HE LT, BIEF
HUMHSP90B, HUMACTSA, HSH2B2H2 o 71
%—% (promoter) FHIR® DNA E¥5% 77+, DNA
RETIMT I, L#M 2 HEEEET 5. L¥F % K
12, BEFIR OFRCTER SN, —%% 5 K%, ik
% 3K L IES. DNA ORFIERIZ, 5 KEH»0 3%
WMOKFANIFZEND., D20, b BERD 5 Kisfl
b, 3 KmBlE TR LIRS [ Tk, &A%
messenger RNA (mRNA) DB BISIRAI T EFY X
¥, mRNA &E R A S Filc 170 8%, Tkl

Electrotechnical Laboratory

10 38# 0 DNA % %% L T\»2. HUMHSP90B,
HUMACTSA, HSH2B2H2 O 70 & — ¥ $§1% (21,
TATA box, CAAT box & IEiZh 2 2 HEN L 7+
VEFIOFEFMOSNTWAS, M1 Tid, % DNAR
FUIDOWT L 7 F VRSN ST 285 XFh 4 tig
DTERRLTVE, ThHDL 7+ VEFIE, HEIC
EH LG, BIEEHO mRNA ~OEE % 154 (2
HLTwad. mRNA ~NOEL, BRGNS
TRED > TITbR, ZOREBICRIEFAEELT
V5. mRNA ~OEEHEIL, &RIZHEROREBHE
BEOEEL -H5THEZENHLAT VS, —f
W2, YT TN =3 SR AVEFIOMTH Y, N
1 Tix TATA box £ CAAT box KR OLNZ. 22
3, o T oE—- yEFITHS ATV GC box X
CT signal %2 £ 7+ VEFHIHRE STV VA,
YTFNRY = EBT A LI ST, Th5D
YT T VERIDEE SN BTN D B

TP =DM FIETIE, EorHICLTY
THNNRY - DOSMARBT 200 EELBRET
bh. DTFNISY - DEEME LT, oY F LA
DIGERLT, © 7 FVEFIONE, © 7 LVEROEL
BT HEHMSHONTVEDD) . ChenSiEtt
122oWT, 1 %262 L THBET 5. TATA box DiE
EAFNEET % L, HUMHSP90B Tit TATATAG,
HUMACTSA Ti: TATATAA, HSH2B2H2 Tii
TATAAAA L5 Twh, 7, mRNA 55
L% Hi#E L | 7: TATA box O &2, HUMHSP90B
T—27, HUMACTSA T-30, HSH2B2H2 T-32 &
%o>Twh. E512, HUMHSPY0B Tit 1 29 TATA
box & 1 2% CAAT box, HUMACTSA Tiz 1 >0
TATA box, HSH2B2H2 Tix 1 > TATA box & 2
DD CAAT box B"HFEL TS, Dl kHiz, 3
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Fig.2 An example of promoter HMM.

7+ VERFIOERES, (B, MedlRToE—- Y&
FIZLIZEHTHD.

SRMICEL L 7TV -V ORBRFEELT,
HEZHETNVIAENTHA. FL L, V7T N5 —
YOERBFELE LT, BERWETVO—HTHLHEE
<13 7%E5V (hidden Markov model; HMM) ¥
\ZiEB L7:. HMM Tit, ¥ 7+ VEHIOE LAY,
B, A5 THERFIONEL TSIV -2 D
By, BELYHVLILIZL-TERIIKRRATL
EHTEETH B, YT TN — L OBEEN L KAE
Fnit, BWERET DNABFIRICFET LAV 7L
N —RBRETAIEBHONTWS, ZD2D,
DNA R 7 3 / BOBEFIMIT I HMM 2@/ T % A
PERICHFR SR TV A,

HMM i3, /— F& /- FEZHEICEEST LA
INATHREINSFy b7 —7H:EE LTEARSIND.
J— REHM/SAL, FRENIKELIKEERLRL
TwWh, &/ — Fidhy v FViE$E (output symbol
distribution) & #HHIKREERER (initial state distribu-
tion), BAHM/IAIZIREBBESE (state transition
probability) & IEIN /87 2 — ¥ THEMFITORT
WA, HMM 2BV T 7 H ARy — 2 RBT 2%
&, HMM D& 5 iKEEI1Z DNA BRI 0 5 HB
TIE OB AERB LTS, Y YRV A
T, C, G k7Zih, REEEBII DNA BFIHOMLED
BBERL TS,

M1IRLAETOE-YEFIBICEINL LT
% — %, HMM W TERBELAFIEZE 2 (IR
T, BREEICEEINABFIIREFS 2 RT. CAAT
box ¢ TATA box DIEXEFIX, &4, KEER
Sa =+ S3 + S4 > S5 £ S7 = Ss = So & Sio
TERINTWS, THTRINKELZ, BOV—
TEETAHIEERT. M1 IZHNS CAAT box D
RS, EEC O®R)ELBESRIICLDE
A, Thit, KEE S, OEHCIV— TOIREEBHE

K TRIBEXNTWAE. T/, TATA box DiEEAY
RO AIERE TA O# )R LEIMOHERIEE G
DL, KEEB So o Sig RIKEE S0 DD
SURNVHEETRBEEINTWS, V7 F VRSO
Bit, >/ FVEFIEOHLHEREE L TRES
NTwa, 72k 212, CAAT box & TATA box ®
EH P IREE Se OHONL — 7TOIKEEBHERIC
KBS Twa, 7 FLEFOEEREIE, KE S,
Ss, Se PG TAKEERBIZL - TRHAINT WA,
1 2® TATA box & 1 2 CAAT box ¥"HET S
HUMHSP90B Tit, ¥ 7+ =0 2RMRT LK
HEERIE S 5 So - >85> S > S7 - &
%t A. 120 TATA box L2 fE L %\ HUMACTSA
TIE, Sy 9 S = Sr o L% 5. 2200 CAAT
box £ 1 2 TATA box ¥ % HSH2B2H2 T
3, S1 28 =228 >S5 >S5
Ss = Se =+ Sr—= - £k b,

PEoEHiz, M1IRLA-4 KD T oE— 7B
EINAS TRy — i, K2 2R L7 HMM
DAy FT— 72K TRBEEIN TS, KFFETIE
I NE{ODNARVBELBITOMRES LD, ¥
FFNIY — L DEEMEIIV - F DY, KM
RHEXHET A HMM L EICR 5.

K2 OB THHEL,R LI, HMMIZHFET S/
5 X—%13, PTFNY — 2 DOIERAEY, VB, HE
HOBMAYRBLTVWE, ThH5n7 x5 fE%, 5
2N TF—vty ML TR#LkT A7 L T) X
Lk LT, Baum-Welch 7V T Z L (Baum-Welch
algorithm; BWA) DA S Tw 5.

BWA #* 8+ 54, HMM O % v b 7— 2 FFDO
=T A—sOYHERX 5 2 HLENHSH. HMM
#HVT DNABHBEOY Y F A3y — 2t T 5
B, HMM O A4y b7 —2 b RO Y =3 s 7 +Hu3
y—JIKEMKTET A, 2Fh, Fv b7 -7 K
0y —4%&s 501213, 52 517 DNA KR8
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WKEINsL 7P VES RN NN KVE, B
MR E) R0 7 VEFIMOME (EK, H4en
E) LT AT RMRPLEL RS, L LS,
RKEIDL TNy — 2T 2388, /8y — i
My 5% 2mAIMFETCEL2w. /2, BWA R
KIREY % BoBIE~/ST A — F WK 5 L 2R L
TWhWwiw, /37 2 — 5 OMPERESTEET 5.
PDEXY, HMM 2BHWTY 788 — Ot %
RADEE, BiFe Ay b 7—2 b Rud— L
TA—YEDORENEELMEL 2 5.

Fv bT—2 bR —-OBEBMREREIFEE LT,
successive state splitting 7 )L 1) X L (successive
state splitting algorithm; SSS algorithm) ! & iter-
ative duplication ¥ (iterative duplication method;
ID method) 'V AERE N TV 2. BI&, left-to-
right €E7VDOMFRO Y -2 BT 2D EFRHE
DFHTRESN, 73I/BEFOSTKEICGHS
7219 left-to-right EF N7 T — UL — T % E-
2V, ZD7z%, SSS TN T X L % DNA BF|D
TrHn3y—ABICERA L7354, #9EL DNA
BV OB 2 Y F N8y — 2 RBT L MR
OY—OXEFIVREELD. BEIL, T3 BRSO
TF-T7HHDZOICRESI N SSST LT X 4
EHETZHE, IDERI) KM FROY— %24k
AT ENTES, ID#EiIZ, HMM TR KEER
BOKEW/ - F2BERTLEIlLoT RO Y -
RERT LS. CORBINL M ROY £, b
VETH R CHRMLZFEFRLEERL TR0, b
03— DR BRI TR AT V. SSS T T
VALRIDHEILE ST, Bl FROY —HAERKS
N7 LTH, "I A5 0OWENEIrBI - T
¥TH5.

FHHANEHIZ, DNARFIBIFETLLVF N
NWE—CORBETNE, BBIMICERT 5 F%H
BEYDBIETHD, ZITR, PV FMns -0k
RETNVELTHMM 2B L, HMM % A 5%
WL A2y b7 =2 ROy — L g/ 8T5 £ —
FEDHERN L BBILFEXEE L 2. K413, 44
HHEORBMIEFENDVEOTHAHBIEHT LT
X L (genetic algorithm; GA) 91D D 4T, b
RO — PN T A — s EOBBILRIEZ L 52 %
CEERAART. BADFEIL, GAILXBLa1— R
TAY 7 EEOICEY AN PR Y — L oS
A= S EORBLFETH L. KAFETIE, SSST L
TYVXLRIDED LI & bRO T — KOOI %
{, BFEO RO - DERNTETH 2.
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2. F &

GA i3, Pt BRE LB L EET LV T) X
LTHD. EYELIE, BRMBIK (natural selection)
ERIZEROERIZL WIFLED SN, BRIBIKD
WExi2Lh, HHHM (generation) I2BWVT, &b
REE L CREEHR BOMEKY, LSO TFHR
RERIIRT L L d, F70, BIGHERAER X
NAHZEIZEY, EAFIEZTH LV RZEHRE
RELCEEISEL SRS, Choo@iicky, B
B L CRE 2 BRIGIERE ok, s L
CEHAPIZLELZ LIRS,

GA T, B4 (individual) THR X 2 £H
(population) WEZE SN 5. SREEKIZ, fEKk
(chromosome) L IHIN 2 1 RTEOBRFI*RET 5.
Feta kb i3, MBI T 2TEELBA LY a— F
SNTVE., CORIIREERE L THRYEDILS.
GA TI3, WIKOEIEL L THEICE (fitness) L T
NLZEZXEHRT H. BILEIL, BEISRET BN
TA—TAXRLTWVAS, GAIZBITARkTut
Al%, BICEEIZIE U 73 CMEMkE % %A (mating)
S, RtROERMEAERT L LICE-TiTbh
5. BIZEHROAEB L, 2 (recombination) %
ZIRER (mutation) EIRIN BEEL, TEBSIZHE
FTIEILoTiTbh s, ZhonfElL, iR
(recombination rate), ZRAXZERZE (mutation rate)
EMHINB3F X~ S ETHIE S N AHEN L BET
H5.

AFikiZ, GA L BWA T ST A, FEOBRE
A3 IR, ADF—%LLT, H2H57TY—
B35 DNABYIBENEZ ShE, KFEETIE, 2 ¥
FANs =% HMM OFKXTEB L, HMM %@
hERLLEREERT S, FEOTTL Vv il
TFIZET. BUHIZ, GA (MBI IBIECRRLRR
) ZHWT, SHMM O Ay b7 —2 bRuy—¢
NG A—SDPAEXERT 5. 7275, It o
LHTIE, AL THEET S, HWVT, BWA %
By, 52 547 DNA BEFIBE 244 L T& HMM 0%
7 X - EERBELT S, BHEIL, GA (Bik 7ot
A) THOWTEHMM O b Rod— L BEi{fbk s
INT A= SEDOFE AT ). BFiEE, U EoEE:
MOVBRTZEIIED, ANWEBEBEOL ZF 88—
ERBTLOUBROEL PROI -85 21— 54
THEEINDHMM v b7 — 2% 4K+ 5.

KHAPOEMEKIL, HMM O F o2 — L 985
A—SEIZET B 158y BIGEHRE LTRAE LTV 2.
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o Optimization o/
HMM parameters
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Fig.3 Schematic diagram of the method.
Matrixes
Topology (Connection matrix)
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An HMM

State transition
probability .
Sj

v/

Si

A 08 A 07
T o2)|T 02 Output symbol
C 00 C 00 dl.\lnhuuonA T CG
G 00 G 0.1
/ Si
.qi‘(:!n'g ¥ L
[ﬂf’;mn il
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KEKIZ, FEOY— KRESBEEOMNIE, LD
Sy RNBEOMPELEET 5 3 DOGBKTHEK
2R3, T ITIE, MRIREEER EE L 72 7s o AR
HXROMPBEYIRET A REBARIERL 2o 7.
Falt, SHED/ISTA—Ly bESFREHEKIIT
va— k3 AHAIE LT, i#fEEd (strong specifica-
tion method) '® G L7z, fgERH L, —2—F W
Fyb7—rOrROY—ICMTHELO-FT 4T
HEIL LCiRE N/, fsEEEIcA L/ HMM @
Tya—F4 %4 2R T. HMM hRod—
DIy IA—FA4 Y TFEIUTOEB)THE. —K
2, fEE0 P RO V-3 8175 (connection ma-
trix) \CERT B EHDTETH L. EETHFHOE
FML W, /-Finb/—F j NOHRIADK
BYELTWS, 22T, HMM 2B BIKEE S,
D HIREE S; ~NDOIREEBBOPHFLET IR SITHINOE
#F ML 21, REEBHFFELZVHEIZ0 LLT

An individual

Y
n
v

Chromosome of output symbol distribution

\H
7; s R
\- _/

defoh~HO HMM D> a--7 ¢ 2 7
Encoding of HMM network based on strong specification method.

W5, bED Y- gk, EETHIO &Y E MR
SGFTDLIEILEoTHALTOND, F07:8, KEE
¥ m © HMM D354, RE S »S5KE S; ~O
BRI RO Y —gBkO m(i—1)+j FEHOEEL
2B S ENBI LIRS, WIEEEIEED MK
0y —%TLya—F$hIENTELID, AL
KOoU— T AT RTOFEREMELEET LI LN
TheTHDH. KEEBHRXOMPEL LI -FT 5
g ikiz, bHEOY—fEARLEEOFEIIL>TH
HITHND., 72151, KEBBEFITHOEE M
AIREE S; DOIKEE S, ~NOBBHERERT I LR
D, MS ORRERIIRS. KEEBHEERL, BIZH
Koo — BT A ERESATVSY, ZITiE, b
Koy —ERIlBOTREEBSHFET 2HEDA
KEEEBERREADOMICHT*SBI LI LELL
ToEHIT AL, FROY gkl REEBEE
get kDI T HBEE L HIToEDS, KEEBEXOD
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BHEOERXRT L% s. WY v EVERONIE
I a—F3a8mks, B KLEEITHO
BHIAMRERT A LICE o THATTOHRS, &
DITFIOEE MJ 12, KR 2B 5% j Ol
HBEERLTNS.

FAld, BICEOHH I RibiFHREEE (Akaike
information criterion; AIC)') %IEH L7:. €7 LA
HWHEZ DL, 520N L TEF LY EE
BT HILHFHE SR TVS2, AIC I}, EF L0
BEE MO NT L AIIET A REL 52 TR
5. HMM £[/i2 B 5 i HH O HMM OH@E G
B W, &, x8c5z256n5.

N
Wi = w,;/ Zw,- (1)
=1
with ’
wi = [~2log L(6s; f) + 22p] ™" (2)

IIT, Ni3EHHO HMM ¥, log L(6;; f) i BWA
THH SN S i HFHO HMM O#ER A BLE, p;
2 HHO HMM OBHH/SS A -9y M ThHAH. BL
HEALEIZ HMM O@EaM%E KL, HB/ ST 4 —%
I HMM OFMEEZ KT, M ILEAN L BN
TUARRAET BNT L ANT A5 ThEH, O, i1
i HHO HMM OHE/ 85 2 - 9flit v b, fIXAN
DNA fl5B % 4. HMM OB/ S5 A — ¥ ¥ L i3
HMM 2 HET 557 A — ¥ ¥ %L, SIREIZBE+
HHH/NT A -y BOMTHIL SN B, &IKEEIZ3510
HHH/ST A -9 HIE, (V5T A —YED 0.0 LSt o
REEBHEEOK-1)+(/F A— 5 fEH 0.0 Do
WAL P RVBEROB-1) CHHEINL. 72k 218,
X4 \27RT HMM OHH/S9 X — ¥ 8i310 T 5.
ek, Lk b= b Rud—a %t 2
ZEOIHBZBRIEL 3 BEOBRERBREL B L
720 RARERIE, MAZRKRZER (insert mutation)

mutation) %% 5,

EARAEERRE & REAEREREEIZ, HMM ©
BREIIOVWTEHSN, PO —OKE & §8
252823, HMM FROY -0 E L §FBOBI %
B5 179, LR, #ARKEREREC L2 HUM
ROV —DOBRRERT. IREE S, (I AZKRER D
RUL75E, S LRICIREEBB LA T 58 L ikE
S; BEBTAH. 2Fh, S BIKES;, LOBBLA
LTWItHE, S 6 S; LOBBEETAI LI
5. S MY 2 REEBREIL, HIET S S Dk
EREERLZFLVbDOERE. F72, SUIZHTAED
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Insert mutation

Insertion

Delete mutation

LA

Deletion

5 HMM FRa2--Dufé fild
Fig.5 'Topology growth and contraction.

DERVEERIT, S OB T D ERELHEERESE L WY
NDELDH. S BALCV-TERKL TVEE, S
BHOAV— 7 A2 L, S & S BICHEIRGER 2
RS A, MEKEEBHSE, BLMICEhivEsh
b, WARKERBIEIZL > TERSNS b DY —
B, LI TOMROY—2EATWE, ZOBEIZL

D, MO SRR RET S L h s, B A
RRBRBEEL, IDFEIZE S FRD Y — AR E
BULThL, 22720, IDEDSROIKEEEBED A X
VIRRE(Z 3 U TIKREDBER 2172 ) o LT, Fk4
DFERXTRTOREIN LT EOMETIREEDIE
REAT). ZHud, BH% bED S — 2L, R
BBl KT 52 L 2B <0 Th A, FRIL, &
KRERBEBRMHEIZL S HMM Koy —oB %R
I.OIRRE S ICRRERERVELLEES, S & S,
VERTLIREBB IR, 20#%, S, #8T
EE LTV 2 DOIRRERICIKEE B Y R+ 2. 4
BENBREIZT IR EHREEIL, -tk
EIND.

MU PR(E L TRRERREL, M RO —nE
REEEBEEEIHTT 28E 22> Twah, HMM
ROV —DEILOBI*R6 (R, EXIT, Mz
125 HMM FRO Y -0 B e RS, MRz e
B, KEESELV 2200 HMM BiIZoWCEH S
n, RO -FEEOEFEHZEOZHRLIT. St
HhD i FHOERIZHRZPELBE, i+1 5%
HLURBRORSEH* 2 o0 HMM TR+ 2. 6
D ERTIX, Gefatkdio 2 S THIRZ B4 U4 %
ARLTWD, TR, SZERERIZLS HMM kKo
VDR ERT. HERAREEIR, FRoY -
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Recombination

Cross over

00

Point mutation

N \

I —

Point mutation

6 HMM Firoy—on%ift
Fig.6 Topology change.

RO ZIKEEERBICOWVWTEHRINS. KEHE m O
HMM i22oWC, bFRoy—#EEnomi-1)+; &
HOBEEICARREENE LSS, ZOEEOY Y

FAREET S, ZOHEIZLD, KEEB S - S
AEIETIUTIREEBBAHRL, Si— S, PHEELR
FIUDIKEEEB AR SN S, REEBPAER I
Ba, WIET AREEBEERBEROBERVAD L %
5. K6 OFHETI, AERERICEVKREEB)E
RENTHEERLTVS.

Faiz, HMM /35 x — s O#E L BBt d 5 7:
DI, KEEEBHERREEAKL MDY LRV G
THMBBREE BRRERBELHRE L. IS
OEEE, EdRo PR T — (BT B EEL M
Fbh s, g, KEEOE LW 2 >0 HMM M
OWTERSN, RERKORTEXRORBEIT).
BEIL, REKOBZEROEIIERLEFIZREIT. K
bk E S, EABMCL->THRESINS.

3. ¥ — %

Faid, FEOFMEERETT H70010, FEHAT -
g7 AMBT -y ERERL. BiEE, EREOT
OE— RO T FN39 — % KRTHHMM &
T AOIER L. %E3, EB L BB THK
S, SN HMM 25989 — P ORBET VL

HMM & GA 12X % DNA RFID L 7+ N8y — > fiilh 1123

LTEYDE ) RS 5720 fER L.

% 4 13, GenBank Release 76.0 )k b feature ta-
ble (- TATA box ¥ CAAT box #MHE SN TV 5 E
B ) (entry) 2B L. VT, 2O
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Fig.9 Process of HMM generation by the method.
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