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Abstract

ABSTRACT

With the increasing of protein sequence in the bio-macromolecule database,
development of new methods to extract structural information from amino acid
sequences becomes an important research topic in the post-genome era. More and
more evidences shows that the number of natural protein folds is limited, usually from
hundreds to thousands, which is much less than the number of DOF obtained by
proteins. The Anfinsen's principle suggests that protein's structure is mostly
determined by its sequence. While the structural database tending to completeness, the
problem of structural analysis becomes the one of fold recognition, which is, finding
the best-matching three dimensional structural fold. Systematic research of those folds
is meaningful to uncover the principle of protein folding, to provide structural
annotation for large protein database, or helping for precise protein structural
prediction. .

Currently, protein fold recognition mostly depends on experts, and different
database has different principle. By means of observation, SCOP classifies proteins
based on homology, however, for some fold, it is difficult to construct fold recognition
model since their secondary structure and its strike direction does exist difference.
The classification of topology in CATH is based on the similarity score of sequence
and structure alignment, which dose not directly show the similarity existing in
protein secondary structure and its space assignment. In fact, protein fold type reflects
the topology of protein core, which contains three aspects of protein space structure:
element of secondary structure, relative assignment of SSE in sequence and entire
route relationship of polypeptide chains (means direction of polypeptide chains).
Based on modern protein fold research and the conservative of protein domain
topology, we reclassify protein domains from three aspacts: the assignment, the
direction characteristics, and the connection relationship of protein SSE. Finaly, a
database named LIFCA was built, which formed the base of protein fold recognition.

A significant aspect of fold recognition is to develop new algorithm. For modern
research, there are mainly three kinds: pair comparison between amino acid sequences
(e.g. checking the sequences similarity by means of Blast and Fasta), model
construction based on multiple sequences alignment (e.g. Profile HMM method) and
classification machine (e.g. NN, SVM). Compared with pair comparison, HMM could
construct uniform model and extract the core of multiple homologous sequences, thus
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it has better recognition result to these sequences which do not exist high similar
template in those known databases. In addition, although classification machine such
as SVM could obtain higher accuracy, profile HMM has some unreplaceable merits,
such as more uniform framework, keeping informations of conservative locus,
detailed statistical analysis of amino acids in sequences, etc. Also for profile HMM,
sequence model could be simply obtained by a multiple alignment, which is more
suitable to further analysis and research. The main work of this paper includes the
following:

1. Establish LIFCA database based on the topologies of folding cores

Choose 2,406 protein sequences from Astral with sequence identity 25% or low.
The mainly o, mainly B, and o/B structure class are included in. Then reclassify those
protein domains based on the study of protein folding, which means the SSE contents,
their arrangement orientation and connections. This work laid the foundation for
further research.

2 Structure-based sequence alignments within topologies

For each topology, a structure-based sequence alignment are conducted, the
difference within each topology is researched too. The multiple alignment results from
this step are used for model building.

3. Profile HMM library

There are 74 representative topologies which contain no less than 4 members in
LIFCA, so totally 74 Profile HMM model are establishing. Using Astrall.65 100%
identity sequence database for test datasets, the classification accuracy is 74.5%, still
maintain a low false positive rate than other identification methods, the Profile HMM
library performance better in most topologies.

In this paper, data sets and algorithm has been improved both, the hidden
Markov model library based on this method gets a broader coverage and a good
accuracy rate. For related research work, it’s valuable.

Keywords: Protein, topology recognition, topology, Hidden Markov Model, structure
alignment
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1.1 EARGEHEEHRREX

JLPF— 4 LS AR | B SR ShAE M R I R, TR BRI 450 XA
ARDEATHNEM, MRRTREARN-REHTNATREQRN T 0L
H, MARBRAEEAED KRS FZRMRR. BlnREILEOBERET= %
GHAHENTERARELERDLERN, RAELLIRENRIE. TR
TG REREX AR . BREHEARNZEN, M TEAREMNS
IREXANFA. BEERIEXESHEIETLERN.

BERRNEHRERRRNE, 54— REM, ZREH, BREW, S5,
ZREH, BREAFRS TERFNELEH, ARRXRFRER SRR,
—HFIIRBAEEMPER, TUBSIXBEFRME: —HEMAFa, B L
M DR LR, RS —ERIEFERF A TIEMM A, B
RATLLAE] 70% A% SHMEERRBRAEENREMEM =R RINREH,
F A TR E R IERS IR 2R, Tl1H BEB LN G HEHITRA
AR EMERIRET B, BARDAES BRI,

—BRERT, —BRANEERES —MPRASHNEL AN, BildE
RAFEFREBINFIBECLEEL, BT THRIZEFI AT EEYFD)
e, MTRMRE QRSN EMERRIERE BTN, BRHTEHFRAEUL R
FHE, FRLRFRMNEECAREWREEME, FIERENRET KL B
FEREZ VA BRXTH, FEANTERER B MRS RNENEME, &
KBS HETENFEEERNEHMERR. EHITAAT, BEREWN®
HAT LA AP 84y —E, A X—ray, NMR FREFBINEEL L RN
SRGEHRFRLEES, REXEEEENEWER: 5H—TEEREMNHAZ
LLRBRTHE T, EHLBEE., B4, S AT EEFRMMR A
MEORZ AL, NTEL—ERAEYEARRAENEERBHEELAR
Rikik, WRERNEYFEIE,

BT EARTE RS GE 2, B BT ER AT E B RS A SN
e & . ERE—EXTEARMML, hESRENRARKRE, T
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EER, BEAREHOTRERENIN EMIEMFREANRTKKRE
B, EBRMEFZAEMRR, BZHRZMEEXFR LR, HEEFNHL,
EREERAFRAROES T, EARMHRFAIREBERIKRE, AR
Xt A& g B A R AIR .

12 EARGHER

BEORMEHRSBIRE, —REWEFS], B 20 MEERAR, fEHLE
RE LR T BARM SN, RE—EHEEN, XETREWNELEMR. B
BESBYRT ZREH, HMTEERNIIGE.

12,1 EARBEREBHENL

FEMEEORWERERALY, EEREHIEENENR, TE 1K
B, —/MBRE, —ANEERTHA—A R ZEAER (WE 1-D. - MAHAFEIA
KBRS, —)EARTEH 20 FEERWMRK . BERMEE R B/,
oAk, B, BREARMREILEEETESFEEER. BEERNNERGEE
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GR, £ 1-1 220 HEERNEENHES.

B 1-1 REREWRER

Fig.1-1 the schematic drawing of structure of amino acids
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# 1-1 20 EEBEIFS
Table 1-1 Symbols of 20 amino acids

BIHEM RS BER BT
A A(Aln) AR M(Aln)
FPENEER C(Cys) REBER N(Asn)
REEH D(Asp) iR P(Pro)
BAR E(Glu) BEB% Q(GIn)
FHNEE F(Phe) A R(Arg)
HE#® G(Gly) @ S(Ser)
AR H(His) R T(Thr)
RAER I(Ile) HER V(Val)
bk K(Lys) BEE W(Trp)

FAM L(Leu) B A Y(Tyr)

122 EBARBEHERX

0 T8 B A LSBT GR 2 B, FIETE ERSLIA LM & B BT
BEE T AFRE KRN A PSR, REEX A ERE TEARNSHER
MARZRRMFER. BEEEEQRENRE RS b —YEH . Q50 8%
G, S, =HERURINKER (B 1-2).
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Amino acid residues  a Helix Polypeptide chain Assembled subunits
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Fig.1-2 the structural levels of protein
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B 13 HEEBN—RSH
Fig.1-3 the primary structure of lysozyme
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Fig.1-4 the secondary structures of Protein

(3) BTREH

B _RERNTEREFZREWR =R 8 (55 8] 454, $RAE48M P
NRE BN REWMRICAEE R, BHATEH, HFIRANG, EERL
) EREMEHRAR —REME S, HRY=ZREMEE, EEABRE oo
Bap. BPR F. A 1-5 BILFELFE _L4EH.
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Fig.1-5 the supersecondary structures of protein

(4) S5l

G B — R BREE _REMMZREM AT RRIR, &
WBIEE RB_ AW E —REHNRE S NME_YAEMREE SR, —REX
THHUAEH,

Bl 1-6 S e BRI A R4 MR )
Fig.1-6 the domains of IgG protein

ERMEH BRI AL, EEE—SRKMERES T UREHFS AL
F#hsy, EMAZBFERAHENAR. NEAFFENAK, BIARBI—F
BRI BILES, TRAENS ZREMMR B TEE KLU BR
R, BEZEEWHRER, s KRS —E KERKERE, RA—
MEENEA LS.

RERARWESHERARRNE, RETHEROME, TR
BAERUS B TARN—EEE, BENT—EN=g40, MEEER/FEEAR

-5-



LR DAk KRR 2T L6 383
S L ———
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2 EAKERERAEMRLUGE, PTLL2 B R ST B S AR

e 1-6, RARMEE G (IgG), —RLEH L, AFELHENFEERFAM,
FRN—FFF). RELHIE. REZCBKELR, BTUNH 12 M46H
. BEBEORNEHRAR, SEEFONANFEHRAR. $ME fab 41
BARE T TN, RRRSHELS, BRAMI IR RHERMN.

(5) ZR&EH

SRS ERHNEREH R S, B REE D IR RS
BB =K, BE RSP REE KRB Z B LT LR, &AM
AR BPTE RFHZEAS . B 17 REEES TR =8%1.

B 17 REAK =55
Fig.1-7 the tertiary structure of Globins

(6) MELEH

B 1-8 M4 AR RE
Fig.1-8 the quaternary structure of hemoglobin
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B R DU 2 R R e W AL 2 2 (8BS Bk A S R A & PR
BRI E R L. WAEHHEARTSMRRESRF A LE, T
HEE AL IKEAR, BNAPAU NSk, BMFEN—BRTEY
E. B 18 E—ANMERKNALEHRE, BNEEREMEEeERULHR
ThRE.

1.3 BERRGEHTE

HBE 084N H, PDB MEEFAETH 4 HLEARLER, HA4NTFEK
EREMNSE (MR 1), SEERMABIIE, AELFALUXEL 9 AZI 4
Wi, BTFRERBNEZYE, NERUEH—NREEEDE. MRS
MR- ERNER, FE—FBESLENR. —NENEE K, SHEZ
4 FARBMI S S, SCOP“ X B4 M T RERMMEN THFNRT
THIEHINTT, FXFFANATYE, &HIEEHRU, TRRBHH IR
¥R LL SCOP % 5K 43 Blid i 45 38 0 B A BT o

* 12 PDB REMEARHA
Table 1-2 Current Holdings of protein in PDB
Exp.Method  X-ray NMR MElectron Other Total
icroscopy
Records 40066 6321 119 88 46594

MR E A RA S LK UERENEREA, M TEBHENSE, MR
BB SCOP (HRBRIENS ). CATH™ ™ GRELH . FIIALHEN 2.
FSSP™ (it &My it 4r38) SHRE. XEENS RNMBTFEER, HR
HFEARRAR. FREMNSIINGEN. Fi. SRS AR RN AT KR
AR EE. RRMSREFEEREERK, £—ENERLE, XXBHS,
FEHEEEHEXITE.

1.3.1 SCOP #Z£REF (Fold)

1 15 45 #94 K B0E BE (Structural Classification of Proteins, SCOP)Z % EE ¥
5% R 4 (Medical Research Council, MRC)/& T # MRC 4> FAM ¥ LK ZERME
B & T R4 L (MRC Laboratory of Molecular Biology and Centre for Protein
Engineering) T & & #H1, TRERBEMFTHEHUBITETIE, X B4 K
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SCOP HMZE R —FER M, IEEAREMEMEE A 7 NER: (1)
R(Root); (2)& P (Class); (3)I7 8 F(Fold); (4)# K & (Superfamily); (5)FK Ik
(Family); (6)%& H fii(Protein); (7)F/B(Species).

& 1-3 SCOP #2431 (1.73 IO
Table 1-3 Scop Classification Statistics (1.73 release)

Class Number of  Number of = Number of
folds superfamilies  families

All alpha proteins 259 459 772
All beta proteins 165 331 679
Alpha and beta proteins (a/b) 141 232 736
Alpha and beta proteins (a+b) 334 488 897
Multi-domain proteins 53 53 74
Membrane and cell surface proteins 50 92 104
Small proteins 85 122 202
Total 1086 1777 3464

MIFRF2F £, SCOP IR MNFRIFIEF R, FIIE—HART 30%HE
ERFITLAAA—NKIR, YEEREHIIRE LEIET KA, AT iR
PP E SR, KRS EGAKRFIILEX k.

EFRENBERZ LR BERIE: AFIEZEEMEEXTEUEIEE B, 8&
AR LB RGESE RBMATAT sk B L ER# L%, MBER—MEXKIK,
B FR MR 43 B 75 15 2 45 # LL Xk A0 2 (R R 2 19 TR

SCOP MiT & FREBKIKHERM b, B REHRELT 05 RRE
BRAT . EYENGENARE L, EEARHTEIED, B THNEHITE
FRER, FRVERED A A8 S0 LA LE, FXEER UMM
MPAESREZE, BENZ R RERAEXRN, HAAREGAHEN
BUXRRRPRIEIFER, HAI?E SCOP #, X—EMSLRBEKEETRNE
BATER".

TBRRIEM_RKEMTESH, B: ()2 o 2(All alpha proteins); ()%
B 24(All beta proteins); (3) o/f Z¢(Alpha and beta proteins(o/B)); (3) a+B LK
(Alpha and beta proteins(a+B)); (5)% &%, of JEA & H F(Multi-domain proteins
(alpha and beta)); (6)fEE A5 4 MR HE E FMAK(Membrane and cell surface
proteins and peptides); (7)/)N2& H(Small proteins).

SCOP KB gevt HdlE K LB M A E 1-3.
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1.3.2 CATH 73 &£ R $R1M (Topology)

CATH ¥HEEERAMRSEMMES 5 MEK: 1)FEHAE(Class); QHER
(Architecture): (3)#h#h(Topology); (4)F ¥ (Homology); (5)F%!(Sequence). CATH
HMABRRKET 4 MNERKNEXSHS.

SCoP CATH . & X

[ #ciss | €] 2% Class | —gmaphaR
.
B Fold €«> WHRE Tngnlngi o’ 1707 S

— BRI B, S RHIEH

[ pamiy |es |, Pmaxs | —ammien

Homology Superfamily

[ B &% Proten | €3 [ M5 Sequence ] AR R R AF 91 E a &
A MRS E &

] 1-9 SCOP 5 CATH $iE R4 it Br B K
Fig.1-9 Schematic representation for comparison between SCOP and CATH databases

& 1-4 CATH 424+ (3.1.0 D
Table 1-4 CATH Classification Statistics (3.1.0 release)

C A T H S O L I D
Mainly Alpha 5 305 652 1850 2329 3001 5587 19729
Mainly Beta 20 191 415 1860 2531 3846 6503 25537
Alpha Beta 14 496 922 3922 5303 6659 12998 47193
Few Secondary 1 92 102 162 200 275 403 1426
Structures
Total 40 1084 2091 7794 10363 13781 25491 93885

F-BREIEREEARHLEMNSERIS . BRIDHR 9D “K”: (1)
a (Mainly Alpha Class); (2) B 2¢(Mainly Beta Class); (3)/84& o B Z(Mixed
Alpha-Beta Class); (4)7& =445 #32(Few Secondary Structures Class); (5)% 45H)
B 2K (Multi domain Class); (6)TR 4 EL [ 8 45 #4918 2 (Preliminary single domain
assignments Class); (7)Psi-Blast 51 %K & (Psi-Blast sequence families Class); (8)
KTF 35% 755K %2 (CATH-35 Sequence families); (9)% 45 #18 F i 2%
(Fragments from multi-chain domains). X9, #74 KE2FHRFEEMEKGH, F3
EEET o+ 25 o/p K.
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B ANBEIRR CATH Gz 4, BRIRT ZREHMHZSREE, TAERE
—HREMZ EBEEFR, MRZH “ER. BRibiE, BRZETEART
B g5 ¥biik, BT EMHLIX 4> 3 B 5 3D SHWHIIESR. #lin, 3 E=Ai5(3-layer
sandwich), #&(barrel), LiFf(horseshoe), HBHE¥ (propeller) &, ATL5EMAEK.

E=BEWRH “RI”, 5 SCOP KIE_BR “HEF” i, ERMBIE_L
45 ¥ B TC(secondary structural element)I##MNEEITEQREMWHTHEN, H
RN FERET RGNS EE SSAPY, L SSAP BFEH KT
70, BZ#&HPKEN 60% L L5/ NEMITENEBREIIEIANR —HRIFIK.

ENUERA “FIR”, 5 SCOP ME=REIRK “KIik” %ML, CATH ZEsLiEst
FE5E(B B AR MBI A E B U B — M RAEERIET, {8 CATH BiE
B A

EREREHRA “F3”7, EAFLEETENEERFIBLE,
RS &R KT 35%, BRXEAREDE 60% SE/MEAFMILE, 85
EH MU LSRG, CATH S SCOP #5+FamE 1-9 Bi7R, CATH V3.1.0
SFRRAE 1-4.

1.3.3 FSSP BHaia2

FSSP & 45 FyAE{L. & B i & & (Families of Structurally Similar Proteins)f4g
E, SIIMEHFCRET PDB. BB FSSP #iEEH AR 330 FHMAFREREME
FE&MEER, BRT 3242 MFIIRIE, 30624 EER, WREEFRIIRHER:
1% B2 MR E M S L 30~70%, /T 30% M A A REER A, KF 70% ML
HERMAK .

FSSP HIERIZET: OWHAFHAAEARITEHUPRFEESZHEE: ()
WREHMMBEERZBIHXER: QHTEAREMAZLMY, MEHTE
BEEEAREE: (ORMAEEMTEROTRE: O)EBREWET .

SCOP Xt FifBFHAETLHATIRAM, M CATH i Topolgy W&t
SSAP EiET A& T HREHERBE], EERMBER LI T REHE AL

14 BERFSIEHSE, BHERL

MULE 1.1-1.3 FAELEH: EHFEZK (CLASS) BFX, &MEENTER
FRE MBI RBHER, S0 S HEE RN R S K, 7Tl
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EHBERBER, FHRRHLE -NBAEZEEE, KB arEELRY,
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BEANESEEMAX TR AIRI K B,
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StF— &R, Bid B R B A S B EIE E P B — &L RERFS
ERARRIE, R ENAFEERFIIRTR TR —MTRREN T EIRTH
B EE, HhBEEANFEEHRRE Smith-Waterman FFFIELXT (FFIHELL.
FFRIBED), HAXFE LK T RS Blast. Fasta %, JFEFWFE—FKT 60%
i, BEEMEEETNRRA—MEN, ERLFFIZE MR —EEDE, RAIHEH
FEREE R —E R SRR, BFFIR—ENT 30%, FFl. S, JIREL IR
RIXRIEEAAR, FILFFIHEREEERRMEA T,

1.4.2 Profile /%

HFFRFILLX FH SRR “—x—" ML %, N—EFIKEAER
MERREEMFA, ERRT “Sx—" Kk BA—NMrE8RRKBTHEF
FIREEREM R LR AER, ERAFIILLE. —HBARUNTIELE
S EFRFILLST, P=E— AT B R R T Profile, HEid— Profile
GHEUNMBRBENEERFIEREMA ETRRRERZAIBRE, KM ITEXIR
FRBUREAR A B EN L.

ConsA B ¢C D E P G H I XK L M NP Q RS TV W Y 2Gaplen

8 3-2 5 4 5 5 -424 0 1513 1 1 1 -7 2 2221-18 -6 4 100 100
13195 24 18 -1819 7 1 7 -7-41411 10 -1 9 29 3 -28 -14 15 100 100
$ 55 3 4 13 4 2 8 -4 1412 85 0 -10 1010 -1 5 2 22 22
171417 13 10 ~1229 -5-5 6 -14-91210 0 -234 19 1 -8 -15 4 100 100
15 322 0 -1 -512 -2 7 -3 -8-6 5 7 -8 -716 29 9 -22 6 -4 100 100
g§.112 -2 0 5 6 -419 -4 8 5-1 2 -8 «8 7 2219 ~15 4 =3 100 100
17 024 ~1 -3 11 8 -1 710 1-2 1«3 -8-14 8 5 9 -5 14 -7 100100
11 018 -1 -2 214 -1026 -4 9 7 -3 7 =77 21 10 31 -19 -5 -5 100 100
106 -8 15 ~11 =11 6 8 -7 11 -10 4 3 -7 0 -11 -4 11 S5 15 -22 14 -11 100 100
7 7-3 8 8 -311 120 -1 1410 4 2 8-5 0 5 26 -24 -6 8 100 100

B 1-11 #3hEA 70 /) Profile
Fig.1-11 the Profile of Hsp70

-]

4 04 N ¥ BBl

Profile &% — F 5347 % EFF| L Xt i R ILA: B BREE AT T ARG
BN, B S FFIst e —ETSEt, WEEMIE L 20 FEE
B IR, SR BE 1B B — N B E A HIF7 Profile. 41 1-11 NH Profile
FELEFFIERETF, #/H GCG TREF K PILEUP X3k B A REHAK
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B1E &R

#BhEE 70(Hsp70)3H1THEF, BZF GCG K Profile make F2FF4E &% T /71 Profile,
A RROLE, BIAR 20 MEERKIEN. T ERTHEITH. Profile RHIEERN
UL, BIEERAE BARF5 P IR SRR L ER X HUE. Ad—
B R AL SRR B KRB . Profile FYEEM T —HFFINENFRER, RET
BMLE LRREMES N, FRES THRARE, EFFHUEREEIKIR
B, {£f ferredoxin KIER K, HEHHE 96%, (HEER—MFTBERI @ —
ANE TS Profile A FiRHMMRILE BB, Bl Profile &5 M &&74
T Profile HMM J57%, Profile b AT LLE SVM k&, 160 SYM MR EB{F A,
REH 2R SVM 9 KR8 h.

1.43 NN A3

NN HiER—MEF S MR R AR LT EEAHENEHEAER.
RITE. BIHESHERN, SEFEEETFHET, BEPHINEMEMHRTNE
EFE. WK 1-12 BioR.

vy -
K TS

XESDESEES
,‘\( "o“/ :
%‘%?M@
O

Bl 1-12 HEMsRERE
Fig.1-12 Schematic representation for NN

HERMEE T E SRR GG REFRIERBENEEMS ALK, & BP,
RBF. GRNN. PNN %#2€, MAEEARSEWHAT, oLUHRETNERR
e, BEEARMTEBERBTA S, RFIBRL SVM BEE™.

1.44 SVM Fi%
ZFFMEHL (Support Vector Machine, SVM) & Vapnik % ARIEG 5>
HIRRH M —FYLRE I A, A THHENE I, SR SIHARA,

-13-



LR Tk K BEM A EALIR

FRIINAFEDEEE: EEMMAIIREER, HRREGR. BERRNE. &
ARTH M EL . EAFFEFIRAMEARNASHETE, 7 BRG]
HE, SZREREYEETBREFHMR™.

SVM B XfFmfiREZAE I HEER, MaFERNNGESEESBINRE
e ARIERS L AR HK/MRE . 5 5h, BT XFFRENEERE Ltk
W, FEiEHEREINAEREIE TPEEES . XERFRRREEIH
%, AR ML ST BRI RN . AR R BT A RMNE S BAETRER
Jy: B SCR NS 8] R A I S A AR A R K R R B — MR & [R] R (4E
BETREIE), TESLARAE 2 (B P A B A7 B P I AE PR A (AT HET B KM
)VEMAFAE S [B) PAI 4o BRES BR BN S A =2 B AR 4E B () B AR AR 25 [R] )
RAE K, SRR AT AN 25 (8] (4% R R B AX, SRR T AR 1 H AR A 2 (R
GBI, TABEW I ERFESE, FRETEe “gEHAHE”, N
PREYEASAE Ja

margin

=2
Aﬂl
A 1-13 XERENTEE

Fig.1-13 Schematic representation for SVM

MFEMTMER, XHEFAENNESBETHE 1-13 #H. B 1-13 %,
Sl EAEL MARBREE, H AHRK, Hi H DA EHEFE TR
B KRR A B AT T O REMES, T2 8§ FE B M 2258 B (margin). BT
ERRALEREERSLEREREHEERERDIT, TEMESKERE
Ko HHEETE, BLSBERBARMIER™™,

EEEROEMES LT E, XFRENMEEEXFREE L, FREXE
MENEROREEANR, TURAR. —REME, HWALURFIILIES,
WA LUEZ R BHEEEE, RRNFIERERIX TRAXREEFTROR
W, EFBTFER SMEEMAENKIEEERAIKT 705,
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% 2 # Profile HMM 37 &2 AR5

B2 E Profile HMM IFEZEI05

2.1 3%

F& I /R W] R A5 A (Hidden Markov Models, HMM) 2 —Fh 2 iSRS, X Fh 5 1%
ELMINMN A T2 MR, WEERA. AEFRIRHIE. HMM EAYE R
FHEHPUFEEENNA, WFF 0. ZEHEF%. £F7) HMM fER L,
SIANZ RIS N S E R ERME S, BIH A Profile HMM. B4 FFILL
XN HENTFFIIR—HMERES, TRA—H2RENEARERI LHERE
K, i Profile HMM ZEE AR KK, BFIKIRN LEREHHOHRE, BAEF
BRAFE, NAMEREZ™M,

2.2 Profile HMM #fiAk

BEORARENRD /R R NE P RE, G/RAIRKE R L/RAT KL
BRRERN, B NRENERER—RIIRENAEEE.

ZE—ANEBEENMREMEALS, S={s,5,....55}» 2 S S\ =, SH—F
ISR ARERENTE, BRERE. FTFENM1BSIHES, BI85
EREEFH—MREMEKR, HE, EEMARZ], XEEELTF—FEHRK T
WMECRA Xeo YENLXTFAEA P (S S, 8L 8 =P (S™)|SY), M S FBmi—
DR REE. BiEhE, RRRARROREUKE T LarkE, B nm
S, AIABRE|I—& AT MEFF] X, X HRIENZ t RAEMRE. —FL/RAR
BESEERE TR P(So)FEE B R P=P(S™[SY). RAUUTEHEREMT
RA R, BREHESRBERHEN MEXNE R XE. SREEHRERERD
F=(fy), £;IRBMRE X BEEEZURZE X 0K

EX— HMM R E—A=THM=(Z, S, ©), Hf:

(1) SRFBRMES, HTERERFT], £ 20HEERFHNES, B
2£={GA,L,M,F,WK,S,N,D,P,VLC,Y,H,R T,Q,E};

(2)S=1{S,, So, ==, St ARFEE, N=|S|RREME, X FEAHEK DNA, S

-15-



bR T K220 83

AELE. A, HBRERE, MNT &R,

(3) @ HIEES, BAERMEY: —BRREERBME fu (k. 1€9), KR
MRS k HHRIPRE 1 B8R, —REZFBHIEE, i£8 e(b) (kES,bET),
RRERE k FTERHEFER b FME. 4BB O=(x,, 1, -, ) BEHNK—
AMABREFET], X=(x), Xy, -, x) B—NFERHFF, H TR R REELM
ERMFRRERME: :

f,=p(m;=llm,,=k)
e, (b)=p(x;=blm;=k)

SHFAERBRABI, TURTRAARTE~EFF] X KBE.

P(x|ID=1, . 1:{ e, (x)xf, .

XE, 4 n) SERERE, 7o ALIERE.

SFEERFIIRRD/RBRER, RELRMERBNTIEBARE,
MR, LSRG EEHAERORR, TEFERRENREXMIA L
20 MEEBRK S MME, B SK Profile.

QOO000 —
ASO0O>» N
<TM<EN W

A 2-1 HMM 7R EE
Fig.2-1 Schematic representation for the architecture of HMM

Bl Krogh 2 A F 1994 ZE 5| NI K5 F P51 HMM #5261, B 716 (0).
2% (e)s ILEE (m). #A (). M (d) FAFeRE, HMM RENRERITE
b (begin) RAETFLE, Lle (end) RAELR, MAE2-1, =ARRARYMLER
R =FILEAL S (mls m2. m3) A, TRATEETHAAL 20 HEE
BRI S3A Profile (m & LEFHRED, Bl HMM MFRABEBRME, iml L
BRE C MIKEETEXTFHAMZE, XEASFILIMATERIN. EL
EAKMNERBAS 0. il. 2. 3), RAESMLAZ B ATREFERATA
Bt TIZEEABARIICEAS R by e ZIETT LB MERA (dl. d2. d3) &,
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% 2 & Profile HMM 78 28440 5|

R AR 13 FE LTI FFFI P AT RESR 5K o & AMRA 18] i 7 Sk 1, K BA RS,
FAET KA B .

BIE— N RE DB ARRE, FEEEBASTHE, HRTHE4
EERENESFS, EXRKFIFERBREBRERRN, —MEEHHEE
BRS—RIFERFIIENR, PFEZEFIINBEZKTFHAMFS, TEANE
BRIV, #RIG. %3 EE.

2.3 BIREM

%€ HMM, #4305 B SE PRt R DA T EANEEA o
B 1: SEMEBFF] X=(x1,x2,... xLYFER M=(=, S, 0), t{adH %
CWEAEA TR M A&H T REEMEFT] X MAEBER PM), BV .
C M2 BAE—ARDRTREN M=(Z, S, ©)M— AW
X=(x1,x2,....xL), ZEM FH X FHR—ELBRBEN", ZBEMEHRREHE,
HERTLRIDPRE, EBREPHE—MPREFPEFRBR—IZH, EXREB PX
mY&K, BH:

T =arg max {P(X|TD)}

B 4 e 328 4R S ) FE S A X _E R (RE B I R WL e 31 B R A 51 B
D A L

AR 3 WTREEE M=(Z, S, ©)MSEK, LMELAHHME PXMEX,
R4 7 1Al R

SHRLF HMM =A@ RAE, 754 HMM BN R F R =ANE ik R -5 |
Hi%L, Viterbi Hik, HEBRKXEMHEZE.

2.3.1 [EF-OEE*

BEFEM MN—AFRFF X, BiRF=E X OSTRERR, EXRiTEE
BM =4 X PR PXM). BB F—/ HMM BRI F A RIEE £, H8E
MR BRRISEEN. T ENBMBIZ A IR 5 B % (forward algorithm) 5 /5
Ir]) 5% (backward algorithm), HVEMIRFIEEZ 22X FEA 1SISL X kES, HH
B P(n ~kiX, M)o BE—MFF X=(xixo... %), 4 axDAHTRBE, B8
BRI (X1,X2,... %) JE BIIERE n =k HIHEZE.

(¥R '
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b Tl K22+ R X

Ayogin (0)=1
Y eegin®x (0)=0
Q% FE/A i=0,,L-1 REBAN1ES, HHIBMERN:

o, (i+1)=e, (x;,,) % D, 0 (D% £y

PXIM)=Y 0, (L)X f g

SR REEANRN, 88— NFF X=(X1.X2,....X0)s 2 Bu)AGERE 1=k
JE B (Xir1,Xivs . XORIFE MR . FREEWT:
(WA
Bea(LT1)=1
ViePi LY ena
QM FEA =0, L-1 REBA 1S, HHIBRMERN:

B (D)= £, x (X, ) % By (i+1)
10

PCXIMY=Y  Fieging X €,(%,) 38, (1)
1a

FIBRIAFE AEE, TLHES P(n=kX). BT HMM BIECh 1, =
REPRESIUK BT AT — MRS,
P(X, 7, =K)=P(X, 5.5, =K) X Py peres X [X 5o sX 57, =K)
=P(X,50-oX; 57 =K) X P(Xy5.,X [, =K)
=a, (D)% B, (1)
RFE SRR E S BEE:

P(r, —kgx M= TR

P(X|M)
_a, ()xB, ()
P(X/M)

2.3.2 Viterbi E%

g — N EREF] X=(X1,X0,..x)  BA ViR BFFIRIZ (x1.%2,... X)FIETF
RE KKES I <ISLWBRA R ZHNME, KBIBRWOT:

(OHFIEE:
Voegia (0=1

: Vebegin Vi (0=0
QM F BN i=0,++L-1 REA 1€8, BT RBTFERAL

-18-



% 2 ¥ Profile HMM #fr &8 /15051

Vi(+1)=e (X)) “'}ax Ve @Ox £}

O)BE, HEFI X KIETIRE “end” BATHMEBEE, B PXIITY
A :
P(XIT’) = max {V, (L) x £, g}

FERT R B I B, FERGHERNE R, X, EifEitEs
s, RERAEHEMNRRBEN . BEnEE2ES OLSh), FaEL
ER OLS), H, SIREREEESHKN.

LN AT ENELERXENRIEEEN 4R E, TLMER X $HE
BRI, Et, L vi)RBFIIRTR (x1.X2,. .. X) R IETRE k(K ES,I<i
SL)HE TR BB E, WYHEZRMTHRKE:

Viegia (070
Vksbcgin ’Vk (0)=-c0

BRI ERBEAEB/ ST ERRN:

Vi(+1)=loge, (x;. )+ max {V, (iy+log(£, )}

Score(X|IT )= max {Vi ()Hog(f, ..0)}

233 HHEREXEMEZX

FAMBR=KNFPEREER), BANEMNBEFERRENEE, SR
WE— HMM 8, RPEPRSEBRMENFFRBMBHR TN . RE
SR, FraniE R A e (UINE HMM R M(A, S, ©)FARFFIEI n N FRF
5 XD XD oo XOREL, TAMEM PHEAMERE. HEEEREATH
NEFFIIEM M, 8 MPEENE a MERFIAFERANBE. BTN
FRERMI AR, N

P x?,.. x"@)=[ | Px"|©)
i=1

HEAMERT, NEFREFH—A 0", #15:

®"=argmax {Score(x x?,...x"|®)}
(€]

Heh,

Score(x® x?,...x®[@)=> " 1og(P(X®|®))

i=]

KRR n ANFERFEF XD XO, XOWERA “UEFF”. FEREXEME
ERERDERA:

-19-



JE B Tl K2 P8 2 22 47 18 X

(DWIEE, 4 © S HUR FYIE;

Q@I E IR k EBPRE | AR, FRASHE PX, n =& R
S5, W ~
L =IX,®)= o, (i) x £y x ;1 (X)X B, (+1)

X)

SHTENEFF) XOG=1, n)BFTE L E iG=1,,LG), LG) R FEFI XV K &)

iﬁ?quﬁﬂﬁéfi, T EBAEE Fu:

P(w,=k,n

n Lo

1 . . o
Fa= 2 pxoy * 2.0 O xfuxe () < B 1)

=l i=1
Hep o O REXFY XOWMBTATESER, 8O )EERHHER. #
TR EAERE k BIFE® b FHAEIRE:
Ek(b)=,j§l;ol(7)x 2,500
QVEFE 0 IS HE Fu M Ex(b), TWXT 0 BRUUARMGETENR:
By
EZESEw
E (b)
Y E©
HTEEEME, LSUHBHRERDIFEARR, FTEX Fofl E)#ITEIE:
Fu=Futra
E'w(b)=Ex(b)+1«(b)
s neDYAREREEIETR, BEBLTA L.
GOREPITSEQR) 3), HE Score(XV,X?,--- X 0§ E/NTFAEH
—MERPNISHE e K1k
A B K VHARTE B AR R 3L Score(X(D, XD - X @) iR n, FHEMEMN
MHEBET 0, FRIEEHERS. FEAFE, BENFERBEHTLESR, O
SHETRESIRK, XEREFEEMBINERIEE.
A A A AT S [ A SR ST

f,=

e (b)=

24 Profile HMM T RIE AR IR A R L

BT Profile HMM JFiERILEE, HEXRKMBRIEKIRAF, CEBITR
BRI, EBEARER R SUPERFAMILY ™ $45 B f1 pfam™ ™ $HE FE .
SUPERFAMILY & SCOP ##EEI—MTEHIEE, T UL SCOP KRS L AE

-20-



% 2 F Profile HMM I & 2 B0 5

i, {£H SAM BMFEH HMM HEZE, WE 2-2, AEMNEMBFERFIR
WENMREFIINFNEAFTTF (seed), ZEFFIEIERE ASTRAL 4 Blast
BRI TFHREREFS, B REBIN—RFIE RFTFI X ER—M
FGEE-MEEMBD/REIRER, pfam 77 SCOP HA—3, BFH
7 HMM #4225 HMMER-plan7 LI 2-3, 1 SUPERFAMILY B8 5, FHMK
T R% HMMER, XK HMMER 1 SAM ] BU#IT—A KB R84k, HZ
EWT AR EFE & EIIEE R, SUPERFAMILY 7F 2001 7] LLA 45%K)40
EERNAE G RRMEFKIETN, T XFTH pfam 7] LUK EHIE 74% KT G CAE
BRFFRMEERE. SR, BEERIENNE, BFK. FKRSELSH
FHEENE, NEARSBRBES, WURLEER HMM i E 5 R KK,
BHRIER —MRE I RAARTE.

ERITRREYREEF, ~MEFXEEEEEMINT, B HFHRE—
AN HMM, FHESNMEFKRFESL D HMM KRR, 0 Globin B K, 7 pfam
FEE 107 MR, 7F SUPERFAMILY AL 101 AMSTAERL, SXPERRK
HIRAE T T A HERR B, (B R8E T Fl— AR IK T HF 3 2 8 0] R TR AE B R,
FENFERZ A HMM L — SR E L EEE R E T REm 5.

(D) —(D)—(D)—~(D)

A N A \\\ --
R\ cuslsuicudicus

| I I I

F4 2-2 SAM () HMM $R$M
Fig.2-2 Schematic representation for HMM Architecture of SAM

¥l 2-3 HMMER ¥ plan-7 #f #h &
Fig.2-3 Schematic representation for Plan-7 HMM Architecture of HMMER
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Je 5 Tk kS B2 AR+ 224 1

2.5 EEING

AEESNET HMM Profile Tk B K& TEEEHRXES. M Profile
HMM 7ZEFKEFBR R TR RESA, fEA—FBARRNASE, UEER
K 2 RPN HEAR MRS TS, EH. SR RN ZTITH.
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$ 3 & LIFCA: AT REL I EBIER

W3E LIFCA: EREEQNEZ O LEEE

3.1 318

SCOP. CATH¥4E e ) B F R A A XA R R WETE, AR EIHA
R BRI HORLA, AT IREEFRIRRIBR, BRAIVKBEES ML
BARTHEFEN - REMETFRONRANIETNRGWRIGEFRTTE
HarEk.

BHHFRERY, BARN - AEWEARLBHENERERER, BAR
MR RE T RERMSIAMER™, AR REMARARAER 5%
HR=g4mZ A EENKR. BARMTERR, Lhr ERIEHME R RN
REEARR, BT BEARY FERSMWARK =T, W ZREHETT

e, HR%). —HEWETHAM A ERR. HARADKREHED
BlXR, WIEARN - REMREERTR" . £ PR BRBRT
fER RSP R T RIS, EUL BT KRR ATI00 K AT B IR
B R R A 7T RE T SUAFAE .

a) b)
B 3-1 dlceqal, dlg5qa_and dlkjna B4 E. ) HEREED BELBEH
Fig.3-1 structure superposition of dlceqal, dlgSqa_and dlkjna. (a)carton (b) B sheet only

HBARENBAKNSMERIL, FEARABREINKOSHWA B, BltX

-23.



FEFR Tk K2 B0 R+ 2 32

FRSMETLR T B R BN BUE R4 . SCOP 1 CATH 43 F it {bAH S
S AENEERHIT T 4K, BEHREUFTEBZLONKIE, il Astral
%S4 dlceqal, d1g5qa_, dlkjna FI=A G HI47E SCOP F 4K 4 518 F c.2.1.5.
c.34.1.1. c.115.1.1 KK, EARRKHEFH, BRENOITEZO0EIEE—E
S| EEM LB AL, TN 3-1, CATH tiEZE B URITE M.

ATHREEFFTBREY RS RAE, BATANXENES AN ZATH
— A5, AXHET LIFCA (Low Identical Protein Fold Cores and Annotation
Database) $#EfE, HMNFEBRZOMNARNEARSTHE, FERHBFA—HE
B B A TR

3.2 |BERTNEAZ G HI(Protein Fold Core Structures)

3.2.1 EHRMZREHFT)

2 ‘\‘\
// ~

X .
] 6

a) b)
Fl 3-2 Oxygen Transport 21 (PDBARFS: la6m) HIARSREEMRIHT B LK EIHAR

a) labm MIRIRE M
b) — KRBT BERN o-helix BITREFAIER;
HEFESNRE o-helix FFFIMELEXFR:
o RN o-helix HEAEAE, x RN a-helix FHAKM A

Fig.3-2 The structure of Oxygen Transport Protein (PDB-ID: 1aém)
a ) The natural structure of 1a6m;
b) — represents a o-helix participating in fold core structure;
The number means the sequence relationship between a-helix;
e means down-towards, X means up-towards
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# 3T LIFCA: ENA/FEAFTBL LS LEIRE

BEEHRBEA UG A - H o B, pIHBAMERE M= “TE"
AT — R M8k, HP, o iEESRTHN BITEA RN —REMBT
(FrA R), MERGHETANEEMEREXN - HEH (RTH ¢). —
MEAR _REMFIIRR A

Co—Ri—C1-Ry—C2-R3—. . . —Rp.1=Cp.1~Rn—Cp
Heh n RZZEWRTTE . ZBEITERITASH, BN _REHFINEN: .

Ri-R—Rs—... —Rn.—Rn (RiZa BBIEEBLEH),

40, Oxygen TransportZ®EH (I PDB f{A84 lam CHnE 3-2) ) BRI
C ZEREHFFIRTA:

A—02— U3— AL 4— A 5— U ¢
322 EARNENZCE

ERRrEBHVER, FHRTERE, RRTEGRZOKHMMER, €
BEEAER: ZREMAEFRTT, “REWETHFI MG, —REHNE
B @] o

ERREHM 3D £HlF, HRREH _LLEHMATARSWTTHEE
ER(ER. . FaMEER. WEED. BUKER. BRN%) RikF
—&, BRI BEH. ERFZOFEEH, MKRZOX, BEANE«RERN B
WRAM, BFER—NZ85H. EXE"REMT, TRHSHEER
STRENE, MEEREF AL & AR v, REEMRERSESMEER
LR ER . EHRKFESR, —HEMERMEEERARZLOX. &
LT, BORKEMBREAERLRF IR AR AT FRTHHS, X
BREAMI T REKIE .

33 ZEARMEZOFBREEENHNE
33.1 #RIEHAZE

BAEEMEILFET. &K E ASTRALL6S HIEE™™, ASTRAL 2—/ME
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Jb2E Tl K2 A AR - 24 9 30

SCOP Al FREHIHIEE, W 3-3, HPMEHEFFIHAREREN=%
ZHF0 SCOP &5 8, RMHIFETUR FHERILE Blast FFFILLX EFHIR—E
ABRHEHATIRIER] -

(" scop Domain definitions )

f Py home i,
I . Y = ....-_'_._._:' P 7. r
‘- ( Fullgenetic Y| [ Full eriginal | & i, |
i W . r‘n‘;‘; | doialn J' istyle mMLJ | | Pram-A o e E e :
LI 5 neeset || e : HMM [ibrar | '
. | sequenceset || . sequence set b £ | " |
1 ity MohcAR 1[a;; AST v wrll ] o i P iy | 4 ’_'_' , ok, A
P | maniad coration Sedaiy] |\ [Fullorigstyle) | ASTRAL % i |
maix| |~ ATOMracord | | | HMMlibran N
| | POB ___l | | F rary - . =
;| files = i I |
i | o
PR — | Full genetic : :
\ | weal onece, Y | domain ATOM | |
—— 1 gl ~ 1. 5 ¢ sequenceset | |
1Y Ao ) ShtIe
/| seaa } | ;
e F
1o
| '
[ POB-Style

i L
100% 1D
subset

files Tor
SCOP domains

AR ——i=—i— \Ssecene
bl 3-3 Astral S35 /% ) B3 4 A LS
Fig.3-3 Data flows in ASTRAL database

IR T iEI T : A ASTRAL-1.65 $HE FEFIE R A HF R /N T 2.5A §9. FFHIA
— N F 25% M AETT A F4E, P o, B\ a /B EEEIL 2406 4. LL ASTRAL-1.65
AHERE, FIA PDB“ MR REIELEAFMEAERITY R ZREM TR
&, JEFIF DSSP ¥ FE ¥ B Xt PDB 3R FE b B0 RS BT E.

FIFH PDB ¥#E P80 R FALHR{E BAEL A R+ RasMol 4341 & A FTH)
FEEHIFE, HES—INEANFTERE, SEE—MrERNERLER
28 5 AL BARE X MEXHAEERRS ST BRI MR —HEH
AEMZ B, HAXRE (WFT. BEH), —REWFBXINNEER
FHlE B%. BREKR T EAK O BIEBHIEELIFCA (Low Identical Protein
Fold Cores and Annotation Database), H Rl ¥4 E 22 &EH 2| Web, ] LLTT A
http://biointo. bjut. edu. cn/LLFCA.

332 TEAIEERFEXH

UM EERNF-—ANEATSSHBABE RN LM BT TS
AL EbRE M0 LR BARE, LR EIREXH, WK 3-1.

Her, $ss H_RLEMgT, B H KRB, EARITE, CRRTUE
B site b _HEMBTERAR _REWFIIFHLE, 3 M ZRERETM
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3% LIFCA: FIURBOHFAE LI K AE

VHF ASIRKR ZYEMB TR TS 5RARTBAMIERELENER, V-5 5,
N-RZ 5; B 5 41% = %45 M 1 07 M B BCT T B E A R B RAE R Z M rh 4L
&, 27 0-1~9-A-B-C-D-E-F %¥%/R, HAKFREFTREAL, Hbh 1 (5%
A B E 7R R TF T C ARG BTN F 5% 5 BRI, Kb
PRRFIT. NRRRFAIT. VRREE: D ARBRBELELEHR R, &R,
HERRESERBMBERE, HP YREER, NREAR: len H-REH
BEHMKE (FREHE); stat W -_REMATHEZS O REERFEYFHES
R aas A Z_REM BTN ERERFF A K.

R 3-1 HE U B SHI2 E J7 RLE BAR B L5561
Table 3-1An example of annotation files about location & direction information of protein fold

core

$ss site A-B-C-D len start aas

VS | “N-0-N-N" 4 1 “AGLS”

W1 “Y-1-P-Y" 27 5 “PEEQIETRQAGYEFMGWNMGK IKANLE”
2 “N-0-N-N" 4 32 “GEYN”

"2 “Y-2-N-N" 15 36 “AAQVEAAANVIAATA”

" 3 “N-0-N-N" 30 51 “NSGMGALYGPGTDKNVGDVKTRVKPEFFQN”
"H” 3 “Y-3-P-N" 22 81 “MEDVGKIAREFVGAANTLAEVA”

" 4 “N-0-N-N" 4 103 “ATGE”

“H" 4 “Y-4-N-N" 22 107 ” AEAVKTAFGDVGAACKSCHEKY”

¢ 5 “N-0-N-N" 3 129 “RAK”

34 HEEHA

LIFCA X THBZ LM M AFEBRAERMRN, i “c_6 3”7, “ad 6”
FE, HFANTREDBA=ZR, HPE—RAEEE a. by c ZANFRFHAEE
=, BARFUFBEBENH BRERLET L0, 28 HHa/B, F2B
HHFRAZREME TN _LEHNEE, X T2« XEE, BERFTEZLL
BB, £8. a/BEFRZLLB FNEE, FZBRINBFREEEN
BX, BREMBRIZOFBREE —EMERT, %EERHFRKRSER .
BlanE 3-4, a4 1 Mad3BETLak, BHEMIERE, FAFELLY
B 4 MEREMIRL, RERNANMBIERINTFERXRAF, a_4_1 WL AR TFEA,
TR 75 2 A ) R, ERSI_EMKIRE 1234, T a4 1 MEER
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BRIk K ¥ AR L 260 3

Freaf Ik M2 1324, |/ LIFCA @ & &M —E M —REWEER . ZhFiH
FARRT R, VEH B3R o] S AR K S0

P 1
-
-
a)a_4_| b)a 4 3
Kl 34LIFCAa 4 152 4 3 ~EHE
Fig.3-4 Carton representations of a_4_1anda_4_4 in LIFCA

RI2RFEMFIE T RAKBEL M 741 LIFCAH BRR LKL RKER.

& 3-2 84 &k LIFCA TN

Table 3-2Some representative LIFCA topologies
LIFCA ¥ & & o] R IR SCOP 4345
al12.1 11  PVPVPVPVPVPV a.102 —#4
al22 6 PVPVPVPVPVPV a.103 —# 4
a4 14 22 PNPV\1234 a.45
ad6 11 PNVWI234 a.162.1.1 ,a.121, a.39.1 —&4}
as4 5 PPPPP\13245 a.26.1.3
a5 7 PPPPP\15432 a.127
a63 24 PVVPVW\I23456 a.l
a72 14 PPVPVVP\123456 a.123
b 101 6 PNPNPNPNPN\23496785 b.22
b 106 6 PPNPNPNPN\198765432 b.60.1.2
b 107 5 PPNPNPNPN\192745638 b.82.1.9 ,b.82.2.1 b.82.2.6
b 108 5 PNPNPNPNP\129476583 b.82.1.2
b_12.3 24  PNPNPNPPNPNP\12B4567A98C3b.29
b31 9 PNP\123 b.73,6.56,b.72,b.34.13.2
b41 8 PNPN\1234 b.40.6,b.92.1.6
b 56 13  PPNPN\12345 b.37,b.36.1.1
b57 4 PNPNP\12345 b.36.1.3 ,b.36.1.4
b 59 71  PNPNP\2354 5Pk b.40 Z:FR b.40.6.
b 6 11 10  PNPNPN\135426 b.52
b 6 14 21  PNPNPN\165432 b.55
b 616 5 PNPNPN\143256 b.84.1
b62 5 PNPNP\14563 b.112,b.84.2.1
b 65 28 PNPNPN\125436 b.43,b.49
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%3 & LIFCA: EILKRBOITRZOTERIEE

b67 4 PNPNPN\165234 b.45,b.106
b72 7 PNPNPNP\1567432 b.3

b 81 40  PNPNPNPN\12856743 b.6

b 8 14 23  PNPNPNPN\18765432 b.60.1.1 ,b.61
b82 6 PNPNPNPN\16785432 b.115,b.7.1.1
b83 7 PNPNPNPN\12543678 b7.HBZE b7.1.1
b9 1 33  PNPNPNPNP\127654389 b.1.11

b 92 23  PNPNPNPNP\127456389 b.2

b93 4 PNPNPNPNP\195674238 b.113

c32 4 PPP\213 c.58.1.2
c4.10 4 PPPA\2134 c.84

c 413 28  PPPP\2134 c.15,c.16,c.18 %
c47 12  PPPP\I423 c.45

‘c48 4 NPPP\1234 c.52 —&45

P c51 4 PNPPP\12345 c.52 — 8R4

. ¢512 32  PPPPP\23145 ¢.37.1.1
c513 4 PPPPN-21354 ¢.56.1,c.56.4
519 7 PPPPP-15423 c.46

c 520 7 PNPPN\12345 c.52 —#5
c521 5 PPPPN\32145 c.49

c52 5 PNPPP\12435 c.58.1.1

¢ 523 17 PPPPP\23415 ¢.37.1.12 ,¢.37.1.20
¢ 525 14  PPPNP\21345 .51

¢ 53 34 PPPPPMU325] . c3.1

c53 4 NPPPP\13245 c.48

¢ 55 17  PPPPP\I2345 c.14

c57 17 PPPNP\32145 c.47.1.10
c59 5 PPPPN\21345 c.53

¢ 613 11  PPPPPP\342561 c37.1 —#5
¢ 614 16  PPPPPP\213465 .36

c 616 8 PPPPPP\324516 ¢.37.1.11
c62 4 PPNPPP\432156 ¢.55.3

c 62 7 PPPPNP\324156 .60

c 627 4 PPPPPP\321546 c.116

€629 6 NPPPPP\321456 c.62.1.1
c635 5 PPPPPP\432156 ¢.100,¢.25.1.3 ,¢.25.1.5
c66 4 PNPPPN\165423 c.43.1.1

¢ 713 34  PPPPPNP\3245671 c.67

c714 7 PPPPPPP\2314567 c.41.1

c 716 6 PPPPPPP\3425617 ¢.37.1.19
c718 6 PNPPPPPW4321567 €.2.1.7 c.62.1.1
c_722 26  PPPPPNP\3214576 5 %kt B ¢.66.3= 5 c.66.1.6 ,¢.66.1.7
c723 9 PNPPPPN\2341576 €.56.2,¢.56.3
c74 6 PPPPPPP\3214567 c2.14
c76 6 PPPPPPP\3241567 © ¢37.1.10
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c7.7 7  PPPPPNP\3214567 €.66.1.7 ,¢.65.1.1 ,¢.31.1.3
c78 13  PPPPNPP\3214657 .68

c 811 8  PPPPPPNP43251687 71

c86 7  PNPPPPNN\12435867 .56.5

c89 6  PPPPPPNN\32145678 c2.16

c91 5 PPPPPPPNP\321456789 ¢.72.1.1 c.72.1.4

3.5 LIFCA 5 SCOP k3R

LIFCA W#T B0 R X S E KB ERITT 52, B8 2406 4
EARK, iX 2406 NEHE R SCOP 1B FHIERS LIFCA HLER 3-3:

% 3-3 SCOP il LIFCA i 8K S 4E Lt
Table 3-3 Class Statistics f SCOP and LIFCA

CLASS o B a /B Total
scop 84 74 86 244
LIFCA 44 70 145 259

WRIES KN T EFEANEHERLET FER AN, Tt R a B BAET
HF R 2406 MEAR, B SCOP FIRHE, HBHERM NN EAFR
FR—A fold (FrBHKM) NEZAE &, FRZRZEH, SCOP REMNE 3-5(a),
lifca S B INE 3-5(b).

a) SCOP b) LIFCA

& 3-5 SCOP 5 LIFCA #ET~EHE
Fig.3-5 Classify representations of SCOP and LIFCA
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% 3% LIFCA: FENRFAWELGOHLHERE

BT REAETLUES, 841 LIFCA 1 SCOP MMHMIEE RS, B
L SCOP ftk, LIFCA fEod REMRIMAEGHF, ZaBFREZHURI AR,
XEEFTRSLEBEANFRMAEIR, MESPEART, RAPERELETU

FEX AT

3.6 RE/NG

FENATRERSRFTBZ O RYIEE LIFCA, NoERHBHEEE,
KRR SCOP ERHM T BRAIAF. 7 LIFCA X MER L, "TLI#IT

T—Z ST R 2.
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B4E EFEHHITHEEOR Profile HMM iR

F45E ETHEHMLEFEEBR Profile HMM 23|

4.1 5|7

Profile HMM ZEXRMBE KK IRFIF B EBRT ZNEH, — M EELSRE
ERLEHIEED IR —HE R, TR F7I X8 3 — A a2 55 L
R, FEULERE AT RIS Profile HMM S BIBEAT TN : TZET B KA., B
TRIXK EFFIRR—H—MRRIE, FR$IT Profile HMM IR FH, ZEAICH, BIA
LEMHEXT T VERBIFIIHES, KRB REN T LIFCA 7 3KEIH 74 A
Profile HMM, HXEBKIRFIMREITTATRE, FRERH, LiIFSKBN
K18 BR8] R B AR LR, BT LUEIE 5 A 45 H EL ST B9 75 v 22 57 HMM B 3R
B, FEBRE, ER—TELBK, FIIZI6HEHEE—ERXEE.

SOECH R — LA, AXMARTAEFTUTILMEA: Bk, 5
LIFCA #HrBRAEXRANMKE, HEMRBREROSIRME, LR, BEHL
Xt# Profile HMM A% &, Rk T KA —YEF 51145 Profile HMM K jd &, &
J&, MTRINZE 35 MBI ERE, A3CEILH Profile HMM BB R % 3| T B K1
HH, EALHAREE.

HTENSREEAEEMLTT. HESESR, HEWE 41,

%  EeRRRe

ﬁI mlA

wagnsn maxs |21 swawn | ao b g |
LIFCA KF34? "1 (MUSTANG) toad? "I HMMER )

Mg é’ M

alprome HMMP

E .

B 4-1Profile HMM R ERiZE
Fig.4-1 Flow chart of Profile HMM Library
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FER T KRG +H2AR

42 HiRETRIE

LIFCA .4 2406 NEBEH, BE T SCOP F 244 NMFE T, #HBIHBEKL
5% 254 MTBRT., BFIANEARENREEGRANTTE, KBS
BABMAFRPYLG, MO EXBCETTRENRR, ATELHEUDH
Profile HMM &8, fFf mipIZvt B EAM, RAKENTF 4 1 148 MK
BATEE. FRE 106 MrBRBFEREMNEMLLTP, 732 MIEREZ
B AEMUEXEERFIARRBRLNER, Fit, BAFaK, BFE, o/B%K
R EERITBERS5E 8. 25, 414, HHBRAKALUZEIEEIMA 74 4,
BEMEBDRYE KN 893 .

4.3 GEHLLIAHIE

M LIFCA B EMHIEIEE, FHR—EHDT 25%, MEXMKBEHE S
RFFILLX SR X, X EREEEEMEN, HILERH HMM HEIHEHE
SR FIBRE.

HEMARBERY, SGHHFFIERY, #PEFEERERFIIRETEX
T, BARNZEEMTRRT, EEKKY, EAAFFIHAUEREHEE
BRI ARSI R ERE R, FIE S st a] Lo =5 8] k4 FAE
R B RIS 5. BTFE SRR BRIRRAE, FEEWAUE
AEEER TS, EEA P HATRA L S X EIE MUSTANG (A
Multiple Structural Alignment Algorithm) ¥3%, MUSTANG & Lesk % A% Dali
K LSRR IR B L Y LA | F 2006 ERXBH—ME &ML FiE, T
AR, HREEMEREBERIIRAIE S, WEMLERE DALLHY, £
SN RS HA— AN TAMEESRE TG HTAEN—4A4%
#, F MUSTANG ® U7 B4 M S & R &M X EAt ERFFIEEST,
LIFCA W b_8 3T BLAEE 7T/MEA, XERME 4-2. 4-3 FioR,

BE, M EEHEREEBERREIMN, T —SagmERE8 R
BAA, MUSTANG HARTRELHBHITER, £ 148 MR B KT 4 M 8%
Bep, # 32 MrBKAFH MUSTANG HiEREEHHTHST, XHERITERE,
FH T AT LAV E LY 4 4 Profile HMM BATTMMTERE, EAXH, XL
BARAPANE N NEREERMBEES.
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Ea2b 8 3 BAHE
Fig.4-2 structure superposition of b_8_3

dldcenZ. ent 1 LCCVHVSRE—EA——CLSVCF-SRP—————— 24
dldsya_. ent 1 RIVLEAEVT—DE—XI HVTV-EDAENL [ PEDPNG 35
dll4iaZ. ent i =N ERN i PGELEFTRE—— TLFNTP—— =¥ 25
dlpSvaZ. ent 1 -AENL SWEVD—GG— LIAER-PSP————F 28
dlgpzaZ. ent 1 -QDQL I LNEV—56——GYRIEN-PTP——Y 25
dirsy__.ent 1 G I L DERVEELCELQY SLDYDFUNN——QLLVG | -1QAAELPALDEGG 45
dlwho__. ent 1 P-EVIFTVE—ECSNEKHL AV VEYE—— = 24
1
dldeeaZ. ent 25 TVGSREGTLLILEVD-—— EA———1L.SVERRTPDGRNRPS —HVWILCDLP— 64
dldsya_. ent 3% LS—DPYVELEL]— PDPENESEQETET [RS————TIL NPURNESFTFE— 75
dlld4in2. ent 26 YL——TV-TDLEAG N ESLENTRVF POGEVTYN— 53
dlpSwaZ. ent 29 TE—NI-GELTFG K SIPSHYIP PESTRAFD— 58
dlgpxaZ. ent 26 YV—TV-IGLGGS—EEQAEE——— ~GEFETVEL.S————————FPRSEQTVE— 58
dlrsy .ent 46 TS—DPYVEVFLL- PD—EEKKFETEVHRET ———1L NPVFNEQF TFE— 83
diwho__. ent 25 GD—TN-AEVEI REH——GS D-ERVANTE-G LGCYWTFDSE 57
dldcea2. ent 65 AA——5SLNDQLPQHTFRVINT G ———————SDS-QRECY—IL | —————KDRP v
dldsya_.ent 76 LE-PSDE-———DRRLSVE INDWDRTTE—NDFEG-SLSFG——VSEL 118
dll4iaZ. ent 54 |-———————GCDITYET I —NDT——CA-LTEQVRGY —¥ T
dlpSvaZ2. ent 5T LP———————NVSWRI IN——DQGGLDR L Y SEN—V——— 79
dlgpxaZ. ent 59 SAN——— ~——YNTPYLEY | —HDY ——GG—RP-VLSF | ———(—N-—GS BE
dirsy__.ent 84 VPYSELC————CETLVNAVYDFDRFSE—HDI IG-EFEVP—ANTVDFGHY—TE 127
dlwho__ . ent 58 EPl ——QCPFNFEF] —TEE—CE-EN-¥YF-DDVVPEEY T—I1G 89
dldceaZ. ent 98 ECWC-EDSATDEQ——— 109
dlidsya_. ent 119 WYEL-LN-QEEGEYTNVPIFE 137
dll4iaZ. ent
dlpSvaZ. ent -
dlgpxaZ. ent a sE— 91
dirsy .ent 128 EWRDLQS-A — 1356
dlwho__. ent M. ATTAR——— e

Bl 4-3b_8 3 B T45#HI P51 Lxt
Fig.4-3 Sstructure based sequence alignment of b_8_3

4.4 i)l Profile HMM

I E =LA, TUFEH - MEXENED AR E—TINE
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JER Tl K BB e T

F: M REMKE, BREBEFRE HMM HKE, —RMBRIKRRHXBE
ERFIIKEAY; FRRSZ MRBEHRE, SNSrEETHEN Mk &
M MREBEE)  — RS TedE: B MER IS, BEIZAFEE
BRI AR, XLHER LR ERE—1 Profile.

O S R R N N30T S SN B BN A TN O B N T N N R R R )
|||||

B 4-3 b_8 3 Profile HMM #%! 7R
Fig.4-3 A graphical representation of the b_8 3 Profile HMM model

BRI A AL R T FRSH AR kiR, FERE, EB8F T A TR
MEERIFY|, HEAEEU=AZEZNSEEHRBI NSRBI, FitxF—
N HMM R, goetEER RS ERIAMBER. —MFHIER, NiZHEHN
PEMRTFAA, BABAMEARSEE, WA 44+ b 8 3 WEEREE™,
TR B R R HUKER P E; FRMERERY TAALT M & HHI
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B AE BEFEHHESHER Profile HMM iR

20 R EROME, BFRREEHRERGKMALIITHS, RABEERNA
BRI 2R, FEROADEBEREL, BMIGKEERLARPNEERIL
RS FBENI M ESR, BIRT: BERARL. HEF K L) 5 RniE
AR ERME, BREMEEEEZBATHLOME. KT SW 28Leus
36Pro S HI7E HMM 15 E (AT

st FikEm 74 MABAKE, F HWMER TEORAST BB LML 4R
BTG, WA RREGEE—RH#TA—LEE, 82T Profile HWMEF,
LMETF AT BRE B0 KT

45 HEREW

3 TR HMM ERIRBIE, %A Astrall.65 G 3E R HIEEIE MR
K&, RBEASEHWEFT 19095 &, WK A BEEHRBMRERFEER
I o

4.5.1 BIRELDRIM RN

BEARKE—AFAREE, RANERDA “B” A “F” W, mLL
HRUTHFERY, EXETFER:  AZXRERTUAENSEHE, LR
CREIRTNGZENBE,  AHMBERTIAEZRO S, £ %R
RIRI  Eo AR K, U
WHIF RETERR:

R SR TEAR:

S, = : t:f” x100%
Matthew X 2 ¥ (MCC):
(t,xt,)=(f,xf,)
\/(tp +£)x(t, +£,)x(t, +£,)x(t, + 1)
29 T KB Profile HMM KTIRFISR, AR MEREFFIEPHITRR, £
ARAMEENBESH E<10, £RNFK 41, X b 9 2 b 5 9 MEURMER
L0, BEEENAEHERS, F5l. EMERMERKX, EEHLEXITMATKE

MCC =
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HZERL, HWM YIZRP RAEAS E SFFINKERAEARF, LUK EEERK.

£ 4-1 BEIGTRE
Table 4-1 statistical test of single HMM model

LIFCA tp fp M fi__ MCC__ Sp(%) _ Sn(%)
a4 14 77 2 19016 0 099 9999 100
ad6 46 15 19034 0 087 9992 100
as54 29 0 19065 1 0.98 100 96.67
as7 44 1 19050 0 099 9999 100
a63 227 0 18859 9 098 100 96.19
a72 91 0 19004 0 1.00 100 100
b101 19 0 19076 0 1.00 100 100
b 106 34 1 19060 0 099 9999 100
b 107 17 0 19078 0 1.00 100 100
b 108 31 0 19062 2 097 100 93.94
b31 16 1 19068 10 076  99.99  61.54
b4l 17 2 19073 3 087  99.99 85
bS6 42 5 19048 0 095 9997 100
b57 7 19 19069 0 052 999 100
b611 20 2 19069 4 087 9999  83.33
b614 52 0 19031 12 0.90 100 81.25
b616 14 0 19081 0 1.00 100 100
b62 8 2 19085 0 089 9999 100
b67 5 0 19083 7 0.65 100 41.67
b81 153 25 18917 0 093 99.87 100
b8 14 125 1 18964 5 098 9999  96.15
b82 15 10 19069 1 075  99.95  93.75
b9l 670 63 18362 0 095 9966 100
b93 5 0 19090 0 1.00 100 100
c410 6 2 19082 5 064  99.99 5455
c47 51 0 19043 1 0.99 100 98.08
c48 15 0 19080 0 1.00 100 100
c51 8 0 19087 0 1.00 100 100
cS12 53 113 18921 8 052 9941  86.89
c 513 17 0 19088 0 1.00 100 100
c519 12 0 19083 0 1.00 100 100
520 21 0 19074 0 1.00 100 100
c521 15 0 19080 0 1.00 100 100
€522 20 0 19075 0 1.00 100 100
523 54 65 18969 7 063  99.66  88.52
525 25 1 19069 0 098 9999 100
c55 20 27 19034 14 050  99.86  58.82
c57 25 0 19055 15 0.79 100 62.5
c59 18 1 19076 0 097  99.99 100
c620 24 3 19068 0 094 9998 100
627 5 0 19084 6  0.67 100 45.45
c629 36 0 19059 0 1.00 100 100
c713 17 1 18977 0 100 99.99 100
c714 50 3 19042 0 097 9998 100
c723 24 0 19071 0 1.00 100 100
c76 33 12 19038 12 073 9994 7333

'

w
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c78 59 0 19024 12 091 100 83.1
c811 33 3 19059 0 096 9998 100
c86 23 0 19070 2 096 100 92

c89 15 17 19057 6 058 9991 7143
c91 11 1 19083 0 096 9999 100
b123 99 0 18925 71 0.76 100 58.24
b65 70 0 19000 25  0.86 100 73.68
b72 64 0 19024 7 095 100 90.14
b92 0 0 19005 90 — 100 0

c32 3 4 19088 0 065 9998 100
¢c531 9 0 19086 0 1.00 100 100
c614 32 0 19056 7 091 100 82.05
635 7 4 19084 0  0.80 9998 100
c413 76 0 19019 0 100 100 100
c613 17 11 19067 0 078 9994 100
c616 23 6 19042 24 062 9997 4894
c62 11 2 18976 106 028 9999 9.4

c716 13 17 19049 16 044 9991  44.83
c718 19 0 19058 18 0.72 100 5135
c74 15 7 19072 1 080  99.96 93.75
¢77 13 5 19070 7 068  99.97 65

c53 52 88 18930 25 050  99.54  67.53
c66 16 1 19078 0 097 9999 100
al2, 62 0 19013 20  0.87 100 75.61
722 65 23 18998 9 080  99.88  87.84
b83 21 0 19074 0 100 100 100
b59 0 0 18824 271 — 100 0

Y 086  99.96 84.83

4.52 £EFERMNYRNE

74 MEBEE—N HMM BB, B — & R B R B M F5 1R E HMM
HEEFHE, IRENCRAOER, NFFINFEERTMN. FERREFH
PR B LR, Sit4 R, L% HMM ERRE. 451 FPRERRKR
EFRFBEETBREERLRENER, BFIEFS, MLERRMNEE HMM
EHFEZESFHILRARESRT, £FBRRRA EH,

TR ESD, FH 4083 FFLE Profile HMM FEFRH XM 4r2K, FI4& 15012
ZFH TR, XEFAFEENEITR, REMUNEREERTEERL
B PR o

%FF 4083 £&1E Profile HMM FE 4 EMB B E, EX:

N=n,+n,+---n,
C=c,+c,+---c,

Hb N=4083, k=74; n, RT-RBREFH 1 BN . ng KILEHE: o R7
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IR REEEM 2478

1 KRR | — A REF TN, oo oo RILZEHE. ST FRAME
BE XGREEE Qi ’
S

Q, =

n;

T EAMERE, S RBEEPHGHENR, WoREEN RERRRER
R E A

R&RFE:

R ENSEEESETOLXIROEERUBSRETFINEE™,

W RS, MTHIEREEN 4083 £7F5), 3043 MEEMRTZ, 884
TR, 52 MEHIRS S MTREEREEESN 15012 £F5), A
e B RICALR 14821 4, LA HILELLE RIGH 91 A, MIAME R EME R 4-2.

& 4-2 Profile HMM MBI FEZEiH K36
Table 4-2The statistical test of Profile HMM Library

it & Sy(%) S8.(%) MCC Q(%)
1 82.97 75.49 0.82 74.53

453 HRIEE

Ding(2001)Z& A/ SVM K& NN J7ik, BEERAR. HiE. Gk =
REMENFLERE, 7 27 MIBFZEHHTLE, BINIEEE Q A4
56%, HRKIIZGE. RREERT, NNHRABES,

Chinnasamy A % A 2005 SE{# F N7 53 26 880 F LR BURERIT 4R, X
TBTHNLER, DEREERE QN 58%"™,

Yu Chen % A 2006 FFF B DB REGEIHE, R ERHIERE,
CAFFFIRI A LB A KR, AT & FIRBIF S, Tops HEME & & 45%, Topl #
HRL 30%",

MEET. BREAN 2006 EFHIFRENRMEPESCIN)AGTET, 5K
K Q MISERRE B A 61.04%, B ERH 69.35%,

ZEHIEE A E 5, Ding & Chinnasamy A J 2 78 T{E# & 3 27 4> SCOP
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B 4FE RFELHHBEER Profile HMM iR %)
&, VIEE313 %, MIRE 385 &, YuChen E AR TVER SR TIRRI 425
B, WG leave one out W%, W RBIMFTIEHA 379, A, YIgEls
AT 893 MNehitgsE, ALK 4083 4, ¥ K EF| LIFCA rBKA 74 /4, SCOP #7
BT 74N (BRFE33).
ZEU AR, TTLUAAHEREAK LIFCA 43657 R B F 4 M Profile
HMM 2 B ERRSE2EEN.

4.6 RANTTIERIEHSEIR

A ZEEH HMM $38E & HMMER T A6 N, ®iFLNEEKEF
BRBITM KA, HBAHKINAEERE EASY BLAST #ftheh, #iE M4 BLAST
S HAM AR, ATLLUE http:/bioinfo.bjut.edu.cyHMMER PhE F#iZ ik, A4
NAAE EFAFBLERRIE Rk, '

4.6.1 FHIhEE

EASY BLAST ) HMM #EHRSLIMI DGR, LA B fasta BB LR
FP3l (RTLLRBAREL L), WMHAH HMMER TAEAILEIN 74 HiFS
RAERIR FHRILES, WRAFILE, ENA TS BEMHITS, PR
BIRIFF 3 ST A 515 Be

462 FAIEBE5IfE

ZHAMFE LI £ B ) Microsoft Visual C# NET iE=%E, 7 Windows F
ETHE,

FF & T E—Microsoft Visual C# NET  69514-335-0000007-18090

BT # E—Microsoft Windows XP; .

T4 5k—CPU E 3K Pentium III LA_E(ZiIX P4 2.0G); H7F256M L b (&
WS12MD
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4.6.3 FHEIRIT

| Hver ST
i J- Hibuld

HMM search

Ammemit

! Topology classify

Fd 4-4 Easy BLAST SHiR& K
Fig.4-4 the main interface of Easy BLAST

K 4-5 #r BRI 57

Fig.4-5The Main interface of topology recognize
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hmmpfam - search one or more sequences against HMM database

HMMER 2.3.2 (Oct 2003)

Copyright (C) 1992-2003 HHMI/Washington University Schoo! of Medicme

Freely distnibuted under the GNU General Public License (GPL)

HMM file EAWinblast-0.1.5-src\bin\Debughb\duta\L[FCA hmm
Sequence file: Clres.fa

Query sequence. dlizka
Accession” [none]
Description: a1.1.2 (A:) Hemoglobin I {Ark clam (; i ivalvis))

Scores for sequence family chssification (score includes alt domains):
Model Description Score Evalue N

a63 1383 1.2e.040 |

Parsed for domatns”
Model Domun  seq-fseqt hom-f hmm-t score  E-value

a_6_3 n 9 145] 1 1700 1388 1.2¢-040

Alignunents of top-scoring domains:
a_6_3 domam | of 1, from 9 to 145 score 138.8, E = 1.2¢-040
*->Lseldaikgiv irtF ayP
L ta¥ K+ eswte g 4+ F 44

i 9  L----------TADVKKDLRDSWKVIGSDKKGNGVALMTTLFaDNQ 44

et eGqlasspDk 1 CPAGH
a+ yF Frrdts GH+++ ket el b+ deld +
dljzia_ 45 ETIG YFKRLGNVS----QGMAND -KLRGHSITLMYALQNFIDQLD----N 85

‘pgaanmmkx:.mu..‘,,r tkevlashigkef
prdie+ at+ H f: +k+viaser  f
dijgfa 36 -PDDLVC-VVEKFAVN-| H] T--RKISAAEF GKFNGPIKKVLASKN.--F 126
tpaakndwakafdvvazalisskyh<-*
b+ Awak e+ yeraal
diia_ 127 GDKYANAWAKLVAVVQAAL----- 145

/]
' U 4-6 % TTE HMM B OB FP

Fig.4-6 Output of a match Profile HMM search

hmmpfam - search one-or more-sequences-against HVMM database+
HMMER2.3.2(Oct-2003)¢

Copyright (C)1992-2003-HHMI AW ashington University School of Medicines
Freely distributedunder the GNU General Public-License (GPL)«

HMM file E\Winblast-0.1.5-srabin\Debugibin\data\LIFCA hmme

Secuence file: -+ - - - - Clnoixte

____________ e am e e araratm i mara aet]

&

Quety sequence:-dl diwas

Accession:- - - [none]+

Description:- - - a.1.1.14(A J+Protozomibacteristhemoglobin-+ {Ciliste+(P aramecium
-+ caudatum)}+

P

Scores: fuﬂequmce family- clasnﬁcamn(scoxe includes-all- domams) +

Model: - - - Description- - - s e <+« --Score - - E-value -N-+

e et D NP

- [no-lhits- éove-tluulnlds]d

¢

Parsed for domains:«

Model - -Domain seq-fseqd - -bmm-fhmmt - - score' - E-values
e e e+ et e e

-» [no hits-sbove thresholds]+

¢

Alignments-of top-sconng domains:«

-+ [nohits above thresholds]+

ite

[ 4-7 TITAC HMM B £ T
Fig.4-7 Output without of match Profile HMM searching

HApTRE R XK EE A, i HMMER AR A%, # (8] #9“ Query sequence”
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BRBMAKFIIRMER, 7 “Model Description” M HEE THRERFLERHN
BRI EEITS, WwE 4-6 [LEHZ a 63 rE&EHKA, 7 “Alignments of
top-scoring domains:” B ¥ FFU AR M ELXHE R, #Rd T LA B & MR E.

LRI EEMILAL RET, 7 “Model Description” I #EH: “[no hits
above thresholds], & 4-7. '

47 WE/NLE

Frxt LIFCA KT R DR, FEMFTBRE MM & B T KRR, HE
KR & &R BIRR BTN, BEETEWNFFILAER, REELT
BE 74 MERNIFTBRRT HMM B, MRFIBRBITTHRIARE, REATH
FERAMEHE, STNERERIIKGT, MET BEMLNEXRER.



BEARENEAREH-RXANTR BT EERARREGR K
DB, BEEENR¥EN, 200 TFEAREWEFT B ONZRFMT
AXFR, FERFAEUTILA:

1. KB EEARSWEEIRE TGRSR, ER R
Wl FF3)iEs. TEEREHHE, BRITEABSREEIEE, K
BEETRa, £8. o/ =EANHEL. HTFHBEFEMBHFINUG
B ZREWER. FrERHTT FARMEEER, CULIERRFI
TR B B E

2. LT R: EKMER L, FRASMEITE B MUSTANG, R
ERE LR BRI AT TEALLX, BAETEHERNKE
FFRILLAT, 55— Profile HMM JikAath, X FE#E BMSIAGEE
FHURRISLE, RAMRAEE RS Z B SR FER.

3. Profile HMM fE: {#f§ HMMER T K, J 74 MR REBI T H—HWF
TR, HENESEATERNES. MHEERHNERFTRERSA,
B R IR BURE 84.83%, HFR/E 99.96%, 4 Profile HMM 5y
HKBERE 75.49%, FF5FE 82.97%, RHIEE 74.53%, HRETFEAKF.

4. WAHEHENL: RERFERTEEEEATENSER.

EARKFIIEMXRRIEFE RS, FRATTRIRE. A&308 TIERE T ¥
SHER, ATUMNCTIL Rt — S R A:

. BTSRRI ERYE, TREHESE, SHLTNATRER

MRMEFEIEN, WNERAEE, ERPREENRE, fTUZR
St FR— M BRRET L MERBTIAN, SEREHEREERE.

2. FFBIH) Profile HMM, REEAHALHVIGEINBRERES M LK
BIHE, BRW FHEMETEEHYMLE BREHETHRNIZE,
PAET ST 3X 75 T R IR B I AL
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