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Abstract

Foot-and-mouth disease (FMD) is a highly contagious disease affecting cloven-hoofed
animals and it is deemed as economically important diseases of livestock worldwide. The
causative agent is the foot-and-mouth disease virus (FMDV). The first priority of suggestion
in the outbreak was to develop effective FMD vaccines. Accordingly, identifying significant
antigenic determinant sites and understanding its important physicochemical properties play
an important role in protective vaccine designs, immunodiagnostic tests and antibody
production. The experimental methods for determining B-cell epitopes are time-consuming
and expensive. Therefore, it is desirable to develop computational methods for reliable
identification of putative B-cell epitopes from antigenic sequences.

This study aims to establish a computational system for identifying antigenic determinant
sites of foot-and-mouth diseases virus based on specific subclasses of B-cell epitopes of
FMDV. We retrieved training data from the IEDB database and used the annotation of B-cell
epitopes experimental data about FMDV. We transferred the training sequences to feature
vectors based on the physicochemical feature index and then combined a feature selection
method to improve prediction accuracy. An inheritable bi-objective genetic algorithm is used
to maximize classification accuracy of the investigated problem and minimize the number of
selected features to draw out significant information from our objective dataset. Then the
selected feature set was spanned to identify hot points of the antigenic determinant sites by
screening pathogen proteins. This method assigns a scale tendency value using the selected
feature set and sliding windows of the query fragment. Moreover, we analyze the
physicochemical feature set to mine significant biological findings to aid improve vaccine
designs.

The results showed that the prediction system could obtain high performance (training
accuracy 89.33%, and test accuracy 72%) and identify promising putative antigenic hot points.
Moreover, the feature selection method could provide much useful information for biological
analysis. The prediction system is capable of identifying antigenic determinant sites from
pathogen proteins. The system not only could be used as a tool for investigation of emerging
pathogen strain of FMDV but also provides a conception to improve B-cell epitopes
prediction effectiveness.

Key word: foot-and-mouth diseases virus, FMDV, B-cell epitopes, antigenic determinant site
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Pﬁ%gu ;}@:mf )" ’ l ‘E: #-b"f"‘ﬁﬁ;xe‘.rr Ellpluﬂ é"u

#:‘ R KBy o

R2[12] -

i

1

Bk Bl B N dh R

ik BATRE SR 7 L e 2
FOU R R ELAp e HAR R > LY EE Y R T Bwie Uk
LEReEr

IF > B B

R ] g

= ©

TN
ERARE ML R I
t B ime PR 4 78
“i“lj‘pé‘*%?



13 31 P REs

PR OLE FREEI - BATOILRPE > LA KA E SHIUR b bR i
(epitope)srif#ic B > & 24 3F 5 Ap bl o & 5 FURBAR S 15 ;ﬁr} o tsed i
9B B e 2 i (serum) R A it %;; gg o 7 Iarg) dhdre g (antiserum) o e G &
5 x4l (polyclonal antibodies) » 3% 5 S5 = & AT 3 - fI¥ i p ok y TR
A i A R AT G a‘m%’ﬁ‘b FERAZE o - SRR A R TR
PEO AT E®E s B E g Rk 2 (antigenicity) > w £ FE LG o E £ IS

Fd A 4 £ R (Immunogenicity) P 2% & 8- H a7 R kT e

Immunization Assay
B,
$ A P Symbol Key
B | A Antibody
" # Immunogen/Antigen
oy ¢ Antigen/Epitope
O B cell

Bl 5 % B im® & 78 pe 544 A [24]

RS 5A* B&N gl FTaNpRE R f#”«r;fi? o AL ERBAERXET
A2 ffd Bliwfe o gt X B L L& R (immunogen) b ot X FARFRE B FER T AR -
R GRS LA RRIEER M FER Rt 8 2 AR o NP REp LR P
d & TR PR SR BT A R B iy o 45 Dt AE A TR g 1 A Rk DI R ok
B B

14 =% p 4

g B AR MR ] raE 2 AT T 0 & % o R A (FMDV) 4 B Bl % FuR 4
TAEFTHR > BEBREY 2 N 220 R B DL R Rt F AR RAR &
B LR A RS Y Y o L1 P R FABRM TR FE & m#ér
ek "E MR REFF L AL E R AN R M REHT R
FEHEY HR N AR PMEEFALR Y P F AR B AR REIF] -

A B R G R KR AR AT — TR FMDV S edu R 2 p A



ﬁr?ljﬁ’ﬂﬁ"‘% o d - F:,_% B ﬁ}; 2 ﬁ%; 77f§_n_ iﬂ]m#}r} , LLLflL\ i\ﬂ M’/ﬁ’lbéf' -
FehRlpingt s R EHF G AT Apk g 2R e iwﬁ%ﬁT,@%_xg
FIAp 2 B e 38 Blde ¢ R (alignment) A A e N T G ¢ FERIFRIDH L o gt oh o R

BR- B 4 Ak Mk ST R R SRS B ] FI R R

KSR EHOR A o F - 2 6 0 d SR RS G R LA J 0 B S R BRI
T ERCEPRE) LA ARSI LA R E L IERE 2 L ER B E(L R
$) iR e AR AL L pind T are AR kP E R A i
P .f‘fu[25] °

d gt At A 46 ik 44 (physicochemical properties) § At i e s £ 0 AP
VR ) S R B AR P T b andp iR T 55 £ 4 iE P (feature selection) s 5
e LARRIEFER o WU TED A R ke BV ER/ - Bl itz s 0
;Z;\ ~ NP-hard A28 o 5 7 f&id-t + B 2 8ch iE V4L > AR * IBCGA 7 $ 4 1t 34 o

TR SEERR PR CERE A RFHERELL ST A PSP
7 ME& o A 'F“?ﬂﬂ BEB N - 2L B chp P FPEHE S SYM A B T
AHRFER BT WA A 2 B 0% PUR A TETERIL - Lo B g A Bt e
LR EFRE S /H‘rlf“ RELDPAHAETEH N ER DL PR & o

F- 26 S T HEAPTENL VTSR o APy PR ETRTRNEAT
B p R FASA Y S APR Y 2 R L RFF T o (sliding windows) % &
«);? % Bcdy 2 45 4'}?‘5}3'1‘?@'.} Bt e e F N B o RS E 1Y AT E A TR
ERB - ph g e fr et EHEE - R KA A AR R e A
mﬁ%{ PR - md MRS CETAFTHAS I ER LR A AR A
Foot & ude st B R i B A R Y AR Rk

LA HET T P 0 AR E — Bt eh kTR LR e T T T R
—ﬁ'f’z‘_m VAR~ = *B‘rf";:giﬁxma‘\ux S M E R - e LM e B AT AT — B
SPEHEEE AL B A BRSNS T LSS - e TR LR
PRI PR R B o A e R AT 0 0 A erek 2 g R A R BRGS0
Bk v WABF Bl LB IR 0 kBTG @««g%%%:«:){%&@g}é A
Rkt e koo @ % RE T A S A R N % s & R Y SRR i s
LR RS A R T T S S R R S EE S R
oo gt P;ﬁd &35t e de v ’F.‘r"' ] { B — -)-5]?*‘}'&}{ E{F“}Ij:,},agg#:b]ﬁ;jrilim%g,ri o



>PATHOGEN PROTEIN
YRGYSLGNWVCAAKFESNF

—~ J
e Independe
dataset nttest
s i
G [tTw Q
Subsetdata Q - l:nllxe
— - model
< Ny .
Feature
space Screenthe
L pathogen
28 gt
Feature
oz .
Rational Vaccine Design Identifying hot point

Almln valomolnisnbune e hEon B DR Oh e
ANAMERaBRRAB R EARRRISREERERT S

B 6 FMDV & 73+ 5 ok iz e & W)



SN PEYMAEY

21 FTHE

B4 e B lwie £ TR e fT 3 2 SRR AT 7 B APF X & w Fk (hepatitis B surface
antigen) ~ Ji R n 52 (mfluenza hemagglutinins) - %Ji&-}?;» enn 5% % (fowl plague virus
hemagglutinin) ~ + 27 % 3k 4a % 4f & #8472/ (human histocompatiBility antigen HLA-B7) ~ «
%+ 4§ % (human interferons) ~ ~ % {& 7 (Escherichia coli) ~ 7 §* % & # (cholera
enterotoxins) ~ 9% % i 47 J (ragweed allergens Ra3 and Rab) % ééﬁi ff](streptococcal M
protein) - 443 iR phle & f W LHT[26] c H i o FE1F LT 1"&’* KT AL B
fm e 4 B ‘mF‘;L s A AP A s BILRY KPFERMEB. m”ez EIR: ng 1'&

Bcipep :

Beipep AgiE = * »v g B 2 B e £ EAp M A7 7 > Beipep - BEFHME R * F %D
kBl Bwe oo o@ 5 LEREFTACE D 7 FEé}J%Jeﬂfr'.}ifé N S A
X’WAWEﬁmmp%E% zhth%ﬁiwaﬁ?ﬁogégwmm@ﬁ
A2 BB G he,}kfrx Bk Jiﬂ‘g‘»n Jﬁa/ﬁvﬁm\ AL R P fold s F %2 50
s TR LT K %m‘ff'%mb‘a FHE L2 EETFFA -‘f;'rfwﬁaﬁvﬁf i 4 #%qu:/?a% s m

- Neah SELE ! [27] AR 202005 £ 0 HisF S B ATEIERIFT T &
T 4 b 2 L

}& i =

’
#

ELET [ =)
\—3 —13— W

o8

o

IEDB :

IEDB (Immune Epitope DataBase, http://www.immuneepitope.org)* 3 4 & 2 d % § LIAI
7 3 #7(La Jolla Institute for Allergy and Immunology) = f £ i & jiee" 3 484 % F & 17 8
Al P AR PR AT R TR~ FREYa = SRR IFTHE
B G R e R TR 0 e gaﬂi%pfmﬁmm

22 B ik

BA EBIFERBwrs ik g A g2 2 hd A R RS R TE IR F
(physicochemical properties)si4 47+ » H i@ * [ 5 < R 97 ;2 (propensity scale method) »
BRINEHIPETRRERFES BreAfaiie » 21 R ERdp s 5B p Eix
AL B 7| ik 0 F o (sliding window)zt & T 3ol 5 e e AR 0 RSB F R T
v s PR R A R B ET R R A e 0 ot G BT R B R pR A
F ¥ ae A Biwmre & T8 (e Bl7) ©
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http://www.immuneepitope.org/

2.46
1.86
1.64
1.50
1.37
1.28

128 ....LISTFVDEKRP 3SDIVEDLILKDENKTTVL....

0.87
0.30
0.30

0.11

0.03 (-2.78+ -1.27 + 2.46 +1.86 + 1.26 + 0.87 + 0.3)/7=0.39
-0.78

-1.27

-1.41 Prediction scores:

-2.45

-2.78 0.38 0.1 06 0.9 1.0 1.2 26 1.0 0.9 0.5 -0.5

-2.87

-3.00

SFrM—Z2<<>POITIAXOONWZMO

Epitope
Hydrophilicity

BI7 2o i % TR R g

% — B AR R D 2 R Bz £ 75 £ d Hopp % Woods # Levitt#73& ) el k4
125 = & (hydrophilicity propensity) 4 jﬁo M B35S & BIRAFR[26] o iofh 7 2 A
Bk AT 2 DI TR 7 § R e ﬁ%‘ frﬁé'r} TR GRARE A e B
o B SB e A EERE YRR B £ FAE AR B s
s PR R R AR $RIT 1 F[29-82] o 2 @, » PREDITOP + PEOPLEE - PITOPE % BcePred
FRIAMEBmZ 2B 0 E S HPE FE IR > B 3 Eikig B e iR 2
[33-35] - (4~®]8)

GRAPHICAL RESULT :: SEQ 1 to 60

Values

\ | L \ .

t t + t t

10 20 30 40 50 60
Amino Acid Sequence (Residue Number)

Hydrophilicity Turns Surface Flexibility " ! t Combined

B8 % BcePred serverit fﬁrgjﬂlj i ey 0 %
o REAEA A AR TR R Tl B R A T AR SRR g

20 ¢ i e 7 1245 Blythe and Flowers= 3 # iﬁ DR R0 R IR RN % Rt
R SRG > HERABAB R e & A2 B m#ﬁ MR T M RS A AR
Frfe iz ¥ cna M Blmre £ 78 crdicdy B 50 3-v %‘r  HEF R H - ARA R DT e 2
fo RIFPIATBen B o TaEIRR Y A L AR cnP Rl B en L FER en 5[36] o 13d54p

11



BT T ehBp iR ¥ oA i B - M 2 R SRR A i hBaw e £ 7R
P EFLERS AT B AT 0 2 2 b R o Fla A4
SR T

i

B 1R PR A e SRR e R R 0 - e e 5L x;l] S R

B 7 ¥ éradn R % AAPHL 1R[37] - BepiPredp| 8 = — SERIHCAI @ * (RS 7 £ 407
WMW4€%Lﬁ?ﬁ%%*§&%ﬁfw¢rﬁBﬂ ABCPred i * 5 @ yfsgsd ‘o

B (RNN)$H>S FE iR 542 2 E 8 * 700 BBiwnvs 4 76 2 700 % 2.Bim" 2 H 1 * 512 2 * %%
PP B~ B R0 201 MRA AR A 0 (BT T ORI R ok E 0 1166904
Brgdo b %“—@n&ﬂdfﬂﬁ%w%&Té&&mmfA%BmEmwwaﬁmmw
PIEFERIARME 2 BEEERDLTBT L > % 5 £ 5 Y 51 % string Kernels:£ 7|3 i e
i%zéi}i % 67.90%% 65.49% % p & [40-41] - COBEproi¢ * & p¥ g chif 4270 P R M4 B b2 4
N - P - BSVMA SFBAL @ % KA 3 A B il B R LLSVMmﬁ%J
» - fl?wﬂ AR BT Ltéia:] rER B R A R R B e B 2 PR B — BB
Bk A2 MBS - RAAARRETASSYMAe Bl & - PR o BRa o
COBEpPro ;= #4 i * -4+ 4 ybih K2 bR [42] - ¥ Bl 2 BIgpeh1 245 - B
- Rpant g Vo gt RAER L BARRIE S DiRY o Ao A NE I ZEE TR e e
gt e Fl2o - 0 e E F BRSREIR RIS S 9T 7 2 T [15] -

Arrsd L b ARMAT L ORI AR A 5 A BATAIGTE R 5 - S PRRILR
Btk %S & - B E C s o g llﬁ/v\ﬁz? L A R % AT A
FEEE R R V- BRAST - P RATT s AR

VIV ARMAR L Y 4 T e g (4 et L ABimte & TR enap R b o e Rgtec kR E
MeBime £ 78 AR DRk AdpeF P vEEY 4 o Sollneretal. BiTA 7 7 F * enif
BlenFLRME ~ B o R o i3 A7 Bl A TR R E R REBme £ 78 0 s P b
A4 A ke ’}fr}; i * £ERARS - B B F o 3 R R 2Bt £
TAERIEE o o A HBwE &R mﬁﬁ;i‘,fs‘—;-g S G OT AT TR PRELR
»e Kt

PP P
R M A ")ulsﬁﬁﬁ:ﬂ s B e TEaR e+ [15, 43] -

iy

—

¥-2% 334 d 503 BEERM - RS ERJF BL L
LA RE Sl i@tt&ﬁaé_;%ﬁ:;ﬁ A RREHABEZ AR -
P EFEL s SRR AT 6wty o AT B g R SRR B
Z H:'n”lﬁ;f] DN E FIEEEE SIS E o Blde - B A PR AIRRY RES F
Ao RPIERISEFERHREEATRP DA FIELe HIWAT AT G B A B
BN AIFRY S NI T RE A I - iz'ttmﬁe:] AP o v AT S0 b FIEE A

*

v
EH - RS R et - RPIERIGCREE F O A TR RR T AR Y [16]
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225k LTEAER

Prediction
method

Prediction
result

M1

Non-epitope
epitope
epitope
epitope
epitope

Non-epitope
Non-epitope
epitope
epitope
epitope

M3

Non-epitope
Non-epitope
Non-epitope
epitope
epitope

M4

Non-epitope
Non-epitope
Non-epitope
Non-epitope
epitope

Consensus
method
0% epitope
25% epitope
50% epitope
75% epitope
100% epitope
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31 A Flw k2

L F]% B i# (Genetic Algorithm )€_John Holland % # 4 4 >t 1970 # & 2 4 & &

T ARFGEITE R ETF RIS AR AR D RfEER G R FAEE
‘l%%uiﬁﬁgﬁﬁ%ﬁiMM°§UEﬂéﬁn%;iﬂgﬁﬁéﬁﬁﬁ“ﬁﬁ
2% FRFART D FFREER O E - P AL TR ﬂgﬁ N R
Relbss g A B0 3R E BT A p RiGisEd € B kBB hEf o
HWMdméﬁﬁﬂmﬁﬁiﬁiii#%éﬁﬁﬂﬂﬁ’4—ﬁi%ﬁ%&ﬁiﬁ*
A b - WA TR AR g F - R R FOTE L R ) o i) i
4 Adpie- RO TFIRFEN - R TR e A2 b - R BTRB

Gl ke

(1) 23t K s ah oy 7 X (18 88 R 0k) «[
BETET T

L (3) 2% eh il FL o B 0 H A e i
B IHER JE R 65 AR
1. A4l 3% 8 09 S )
2. MHEH
3.8 HMEH b4 o e gk
1. P H
5. # b fR S
6. BiEEH I (5) 5k 3z e i T ek
T. R ELEH
B R & - (6) R AR R RE

(7) ik R &k fi 1

ARRBEE AR

—
—
—
—
_1
—
—
£

BO AFFEZTIE

Flob 2 Bl B2 A5 A B i R M-RATET G R S RS S 5 A T
Flr B BEL FFt kP PhafEe B0 ARG R R5d AR REEIF
sk o fpt IR A % 7 fic (real-code) A FIE B KWL S R L E G R MAr s
i i (binary) 2 {+ 5L3] (symbol) 2 Fliw B 2 F E B (TR F & B S 2 R N &
FHP O FEFLI MRFTPEIF N E ok o
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32 %R AME - FNF A

321 & % £

® % % (orthogonal array) &#_¢ R.A.Fisher <L 11eh> B o7k LA eng L E T i
(balance) A # ;& & (mix) > 7= L2t Foanfh > (statistically independence) » F]t & % 4
¢ & gens ok E (level) NI EAF o R E AL R HF @nmwﬂ%
7 2 (fractional-factorial experiment) - %]t 5 # > %1% F % (full-factorial experiment)
FECERGOPERT P ERFRET ARIEIL DM F R G EINR ﬂ‘?ﬁ%}f}
¥ ou B B iF fReniT 02 f# (near optimum)[45] -

MARE S ZFFEUARY FRREFRIFEFHR ZE AL FHR(2°=8) 4r

TERANZ F,,‘f'é?“l’éﬁ‘f’rlfl X e EE Jj%‘ Bk e p ‘:’”’gjf#“

L (2°) P2 2 & > 4o £ 90T 0 T OERR A w F o iR enBE @ % 353 0 HHfLas

Pk ip) 220 S i i 2 -

%3 FRRBEZTFZR>F %

LTE =

F1 F2 -

1 0 0 0

2 0 0 1

3 0 1 0

4 0 i 1

5 1 0 0

6 1 0 L

7 1 1 0

8 1 i 1

24 1A REZTFEE LY %A
N & Eak ik

F1 F2 s
1 0 0 0
2 0 1 L
3 1 0 !
4 1 1 L

15



322 F R %K

# 2§ 53k 3+ (Orthogonal Experimental Design, OED) » § & 2.7 & ¥
FCRRGFDFZRE UGS ADFPRL LI RRTEF RS L
ﬂﬁﬁﬂi“ﬁﬁﬁﬁﬁwﬁ%%%—oﬂﬂﬁégﬁﬁiﬁm—r:EQ

(Orthogonal Array, OA) £ F]% 4 17 (Factor Analysis) & i 3|t »2 % [45-47] - 7 LHEE 2
2044 h ¥ i:”]'g\_‘l‘m—‘i- - BFE R ,fﬁ\;i & — B F1Z & 47 4 ehi 22 % (Main Effect) »
da2cddimE - BFREHEEZTIRSSNRT o FIPt e LK REEE P 4ER
Rieh- BLAKTALEIFHY h- BFE > @ L85 Fl & vk B (Level)iE - = >
¥]% 9 % (Complete Factorial Experlment)g TRICREE e LT E % 0 @ OED
FBXMP 7o s - MixpkBEFAITE %o T»qurs i» %1% § % (Fractional Factorial
Experiment) » F]pt & R 5]k SLE IR i e N AR TINGF]EF EQJIM TLAE R AT
¥EZF P B d et i fE(Near Optimum) » 7 &8 < R (7 -

21

7 =%

R

IR TS
R

>

—-m-n!--

1 1 1
2 1 1 1 2 2 2 2 Yz
3 1 2 2 1 1 2 2 Y3
4 1 2 2 2 2 1 1 Y4
5 2 1 2 1 2 1 2 Y5
6 2 1 2 2 1 2 1 Y6
7 2 1 1 = 1 1 Y7
8 > 2 1 2 1 1 2 Y8
Sj1 Calculate Sj1
Sj=2 Calculate Sj2
|Si1 —Si2| Calculate|Si7 —Si2|
Factor rank Rank the |Sil —Si2| value

B 10 52 2 Fokkt

) Sig |34 & SjpeniE 5 Yit Yo+ Yot Yy o Spenie 5 Yst Yot Yot Ygein
TFEL Sip | » #8186 1 pt Big & o) A Fl R g B4 o

33 EANATRE 2

LA Pl A Eehwindowsize B AR L R E B LEF P AL E > ML Slh
CRIRE o o R BRI AR A A R ATEAATIREY 2
(Intelligent Genetic Algorithm, IGA)[48] & & i3 it ch1 & » g B B iV 7 B 2 & 5 feacd

B HAER B DR -

16



%”'Jz&qzﬁl’g FHBAATFE RS2k 0 2 EUFEA RS - Rl
g"k”&ﬁc‘f' "-L‘Lﬁc"*ﬁ‘@ %qzﬁ—nzfmiﬁo"‘ FEEFTL LS iﬁilﬁ;vﬂ‘mlgi s
2 R pegE A M N A L o #Ran ]9"\43’@“’"?—25%?%%%#&5‘ BT EA A
Fliw B A 4 AL B ARAL b — f8 713 F S (factor experiment) o #-k p A A B %
RV SRR EF et B VAL B AP EREW TR o A LS R
BT R T A kR B0 Sk R RAL D BRI
Mg 7 4R e B

1.5 A2 3¢ 87 By N F PR FHRFF 5 BXFF8P 20>

TN BATG ER LI LT i R s
ollog(n+

2.5 %% ] rﬁJ\-@l BORBE2 AT R AL I P EP, R BATF]FER

3_*&3;}%_@ VRO E LT R e LR HROEEG B yio t=1,2,....0°

4335 3 »ck Sjk ’ 1‘1’ “‘ j=1,2,..n>k=1,2-

57‘5—3;);‘« Flg ek iz okHE o AT S'ﬁxii"‘ F‘-‘** CPIEHE G R B 2 R A
PR IS kL LR K e S 2

S,1>S,2’ B %)% jendo kL 1 F\EJ&I* kG
6.49%5 & F1 & chb ik 8 w%ﬁ%mﬁ4éwﬂméﬂ oy - B
SRR
I%ﬁﬂ%*fﬁ%i“ﬂﬁrﬁpw*?’i%ﬁ**ﬁ’ﬁ$°
gy - B+ AL F MM N R bFlF  BLAEBRLELDTFE > FHESE
- B AR AR RIT AL S S R SR

[ Begin ]
—~

| Fitness function design I

| Chromosome encoding I

| Initialization and selection I -

—
-mm-mmm-
; " Fitness evaluation
2 1 1 1 2 2 2 2 Y2 —
3 S I IR O I 3 | selection I Change the number of
4 1 2 2 2 2 1 1 Yy E selected features
5 2 1 2 1 2 1 2 Y5 | I
I crossover
6 2 1 2 2 1 2 1 Y6 > 1
7 2 2 1 1 2 1 1 Y7 —~
8 2 2 1 2 1 1 2 Y8 | mutation I
Sjt CalculateSj1
Sj2 CaleulateSj2
[§i] =812 Calculate(Sil —5i2|
T
factorrank Rank the [Si] =Si2| value

Bl 11 7 A £ A Rl B B 4
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331 FEI 2 p
FEAIRELLZLTARBEIFHEIMREL > i RFTELEG RA T
BOEARTAS M KA PR LyaR") EARRFENIMPEE AR AT
é:ﬁﬂgi_ém%ﬁf%#bﬁ«&r"f :
ﬁg—.@gwwaﬁiﬁkﬂm5@4aﬁpprpy;w%m\mpﬁ%ﬂ,a
BE AN AR ELI P DATIHEFILI A BpHREHIA
f{]o
KA ERRA T S[N/2]BAFV R FBAFIPRE RAD LA G- B
FlZ PP % JBAFIFERE AATFE ey - BRBEE PR AL S
B-rkEE -
HHEZ FEEVAY A BRI WP L N e o t=123, N+Le
HFE 3 E AT Ak S0 j=123,.Nk=12>
HHI AL F ARk Gk a3 Sl A RIER D K B 2k

BT S B R PR Db RS A sk BRG] 2 KB o et
Sl < 2 Sp>Sp o RIFF ek iR ES 10 F 2RIk iRk EG 20

HEA U SR R EEHBAAR I MY Dl B MR- B
R A

HH - ML FHhA R LR L L BAR F P AR

T R UL R ST AL R L SRR R S
Bodb-BFERIpF  FAL G - BTN

332 RRFEHE FiL gk

R YL G P AGEE I EA S LS N B
FELEPn RIEXahRPEY > "Fi8d 49 57 E D rN*PmJ ’I?"""’*";J‘lé“ﬁbﬁ;:
feArig ¢ ehge it R ol o

ér‘]@’% ER e D L =R ARNAN T I {i\mﬁﬁﬁ}irﬁ C - At eni®iE B R R g
ERE I il SR UYL P -l 2B ML LI\ A L = S EIR E ] = g =N N L - LA
B TR B b 13 v B B0 S

34 MGV P A FIF R

EHEH - EBo) OV B BT e £ (informative feature) 0 2 £ x & £+ it
TRpenBEEr R M 5 - BER ﬁ—%&xi © Rt R o — B oA m%a;\%ﬂ A T g2
(Inherit Bi-oBjective Genetic Algorithm, IBCGA)A4#[49] 2% i* * % iz 435 F° 48 -

IBCGA ¢ 7 - BAEINAFIRH 2 5§ Bl d] - LA EINARF R 2R * &
1) f% 4B 48« & ( divide-and-conquer strategy) % & X % (orthogonal array) 4*- %+ /L #]¢03
%ﬁ"’b:%ﬁ*/i‘“ R ¥ E I Rt AR o i BAY ¢ AAEAAT BiEv 4 (S
240 & 7 & C(n,r). IBCGA ¥ & C(n, ril)%ggi k- BEES F'“ C(n, r)e #1
o IBCGA T MR - g R el - P F T i rAdp- BAPG A
e P o
18



2 ¢ R Yarg

AR D RS WA S - B BT R AGER 2 o P A g
BofE- FHcA T KB E SVM hddic o higam ik F](gene) 2 4 ¢ %8 (chromosome) =
Ao AR AATIFE EY e pt 44 8d n=b31 B - i Flere > &
- rﬁ‘tztU?(b)xl« AVREF T FALPEFT > pbiBe 7 AR TR KK
SVM th% 8 C % o fEde b=0 W”lﬁmM?$#$¢SWWﬁbﬁ$ﬁ’F1M$é
P o 3 SYM ey2: C S8ckhid s 16 B 27, 20,28

o [ e o [ [ e YT

o 1,23, 4,5,06, 7 e, ,931,532,533

B 12 5 IBCGA 4 ¢ § 5 ™ 5t

e BETSVM A R R S - B S BATINE S MR TG o 3 e
FER— B Fed FFVEERR 7 0 RIS B B A 3% B S P G el AT H R aaindex P
Prit R nlcE o RIS R Y T30en e AR M chdp iR A gt 1 d Y and T
iia F QBT e F i el 0 d 20 E — B oaaindex ¢ ATHRF e iR Ap
MR- ER T 0 E D] 531 B T e B oo RIS (S R T BRI e SNy b
EFRE4d enPFie £ 0 R S HE[-1, 1]z F e

RIS MR S Bcd 4 IBCGA 3] 4 A% & enfids ot vHE i ¥ ch it SVM &
10 3 ch% 3 S % ™ (10-CV) - ﬂ&&&ﬁ%Jﬁﬂﬁw’Bﬂyhé*i%&&ﬂmﬁ”
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& IMMUNE EPITOPE DATABASE

More IEDB

Search Support

welcome! Resources

Swine Flu Analysis: The IEDB has performed an analysis of swine flu epitopes. Click here
for det. We have provided a variety of resources to

& Any analyze our data and enhance your IEDB
. experience:
© Linear Peptide: [ [Exact Matches =] The IEDE contains data related to antibody and T cell epitopes for humans, non-human
 Di t Peptid: primates, rodents, and other animal species. Curation of peptidic epitope data relating 3
SSpHNtEMIOH: SentiDe to all infectious diseases, including NIAID Category A, B, and C priority pathogens, NIAID e T Cell Epitope Prediction b d
© Non-Peptidic: |10 oo | Molecule Finder Emerging and Re-emerging infectious dissases, allergens, and autoimmune diseases is B Cell Epitope Prediction
current through December 2010. » Epitope Analysis Tools zo
Epitope Source « Database Export
Curation of epitopes related to transp\antfalloantw%en eoltop%s is xr;govc\gresdsv Curatlog of non- « IEDB Ontology
Source Organism: i peptidic allergen epitopes is complete. Curation of non-peptidic infectious disease an
) — | e S * Data Fekd Descriptions

» Video Tutorials

Source Antigen: [—o——————— |Waiéeuie Finder
Summary Metric Count

i Disease A: iati Peptidic Epitopes 81933 News
perimertal Non-Peptidic Epitopes 1021 -
Disease Name: [ = Disease Finasy Her e :S'Eys 2l e Newsletters =

Publications

B ®

Immune Recognition Context B Cell Assays 123829 -
¥ B Cell Response ¥ MHC Ligand Elution Assays 2726 i Upcoming Events
7| T Cell Response 6 MHC Binding Assays 202431 # Meta-Analyses
¥ MHC Binding Epitope Source Organisms 2702 & Compendia
¥ MHC Ligand Elution Restricting MHC Alleles 581 # Release Notes

Host Organism: [———————— |Grganiem Finder References 12624

See all Metrics
p Restriction: o e 1 N F(nuerl
MHC Class: ~

search | Clear
+ Help With Common Queries? -~
Provide Feedback | Help Request | Solutions Center
Supported by a contract from the National Institute of Allergy and Infectious Diseases, a component of the National Institutes of Health in the Department of Health and Human Services

Data Last Updated: May 31, 2011
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1 Deltavirus (247 structure(s)*)

=1 B ssRNA viruses (35008 structure(s)*)
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© Tymovirales (21 structure(s
Picornavirales (2372 structure
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Aphthovirgs (1089 structure(s)*)

| = Foot-and-mouth disease virus (1083 structura(s)™) 1
& & Foot-3 type A (111 structure(s) ™)
+ B Foot - type O (481 structure(s)*)
+| s._zFuHI and. type C (446 structure(s)*)

Foot-and-mouth disease virus - type SAT 3 (2 structure(s)™)

-+ Foot-and-mouth diseas: type Asia 1 (18 structure(s)*)
4l [ Foot-and-mouth disease virus - type SAT 2 (6 structure(s)*)
4 F type SAT 1 (1 structure(s)*)

& [ Equine rhinitis A virus (6 structure(s)™)

Enterovirus (676 structura(s)*)

= scoviridae (14 structure(s)*)
#1 [ Hepeviridae (1011 structure(s)*)
<1 [ Benyvirus (10 structure(s)*)

+] [ Luteovirdae (1 structure(s)*)

15 5 44T 1k

&~ 4t FMDV 4 E 55 (80 &2 FMDV AR B LB F7 T T35 B @ Z structure(1083)
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F TP (S enlicF AEAHE FFHEE BTl d A ZAPLERF DF N
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£
"z 2 MHC Bindi &Hr Fa Tl R LT PRRE G R D F BAPT I
257 Twe 4> 5- 4 v i3 s FERE >FLEIDUE  VvARH
BB R BTN R R TR LR S 2 gk o Reference B ?‘#'IE P AR B 2 fren
# # o source antigen R iz B FTALE © F KR % ¥ S R A ook (strain) i e
MHC Binding(21)~B cell arra(2540) 2 T cell array(590)F| & §_* % e H 3% Bk T&
i dp B FLR IR P o

Source Organism Information

Source Organism
Source Organism:| Foot-and-mouth disease virus
Source NCBI Taxonomy ID: 12110
Parent NCBI Taxonomy ID: 12109

I Structure (1083) “ Reference (140) " Saurce Antigen (75) l MHC Binding (21) || B Cell

T Cell Assay (S98)

1 to 25 (c

the c

olumn hea

) achjust th

sorting)
BEliz|[3][4][s]|[el[7][a][e]..[43][44|[next»]| [GoTox |[i

Export all results: B (full)

Epitope ID *|Structure Source Antigen Source Organism

1190 AETIHELLVRM Genome polyprotein Foot-and-mauth disease virus (strain A12)

1232 AEWILKTLVNTEHAY Genome polyprotein (1 more) Foot-and-mouth disease virus - type O Isolate OfUKG/35/2001 (1 more)
1453 AGARRGDLAHLAAAHARHLP vP1 Foot-and-mouth disease virus C3

1722 AGVRRGDLAHLAAAHARHLP polyprotein Foot-and-mouth disease virus €3

1768 AHGVFNPEFGPAALS Genome polyprotein (1 more) Foot-and-mouth disease virus - type O isolate Of/UKG/35/2001 (1 more)
1971 AIKGVOGLDAMEPDT polyprotein (1 more) Foot-and-mouth disease virus - type O Isolate O/UKG/3S/2001 (2 more)
2080 AISGGSNEGSTDTTS Genome polyprotein Foot-and-mouth disease virus - type O isolate OfUKG/35/2001

2180 AKEWLDNTRQVCLKS polyprotein Foot-and-mouth dissase virus

2665 ALKLMEKREYKFACQ polyprotein Foot-and-mouth disease virus C1 CS8

2666 ALKLMEKREYKFTCQ Polypratein Foot-and-mauth disease virus - type O isolate O/UKG/3S/2001

2791 ALNNTTNPTAYHKGR polyprotein Foot-and-mouth disease virus C1 C58

3307 ANHCSDAMNIMFEEY polyprotein (1 more) Foot-and-mouth disease virus - type O Isolate O/UKG/35/2001 (2 more)
3574 APGLPWALQGKRRGA Genome polyprotein (1 more) Foot-and-mouth disease virus - type O isolate OfUKG/35/2001 (1 more)
3593 APHRVLATVYNGECRYNRNAVPNLRGDLQVLAQKVARTLP VP1 protein Foot-and-mouth disease virus (strain ©1) Kaufbeuren

3594 APHRVLATVYNGECRYSRNA polypratein Foot-and-mauth disease virus (strain O1) (O1BFS 1860)

age2 AQKVARTL capsid protein Foot-and-mouth disease virus (strain O1) (01 Kaufbeuren)

3993 AQKVARTLPTSFE unnamed protein product Foot-and-mouth disease virus (strain O1) Kaufbeuren

4009 AQMHSNNGPQIGSAV Genome polyprotein (1 more) Foot-and-mouth disease virus - type O isolate O/UKG/35/2001 (1 more)
4104 AQYRNVWDVDYSAFD Genome polyprotein (1 more) Foot-and-mouth disease virus - type O isolate O/UKG/35/2001 (1 more)

B 16 51 & @ * caFfLsE p
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d structure 7 Epitope ID 58 » » Apv g FF B RBEL L 0 ¢ 7 source

IMMUNE EPITOPE DATABASE

ND ANALYSIS RESOURCE

Home | Browse

Tools Support More IEDB

Epitope Information

Distinct Epitope
Epitope ID: 1453
Linear Sequence: AGARRGDLAHLAAAHARHLP
Source Organism: Foot-and-mouth disease virus C3
Source Antigen: VP1

Source (1) | Reference (3) | B Cell Assay (S) | T Cell Assay (S)  Links (3)

1 itemn(s) found, displaying 1 to 1 (Click the column headers to adjust the sorting)
Export all results: Iﬂ (compact | full)

Source Antigen Source Organism

VP1 Foot-and-mouth disease virus C3)

1 item(s) found, displaying 1 to 1
Export all results: E (compact | full)

Provide Feedback | Help Request | Solutions Center

Supparted by a contract from the National Institute of Allergy and Infectious Diseases, a component of the National Institutes of Health in the Department of Health and Human Services

Data Last Updated: May 31, 2011
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IMMUNE EPITOPE DATABASE

AND ANALYSIS RESOURCE

| Browse Search Tools Support More IEDB

Epitope Information

Distinct Epitope

Epitope ID:| 1453
AGARRGDLAHLAAAHARHLP
oot-and-mouth disease virus C3
VPl

Source Organis
Source Antige:

Source (1) Reference (3) B Cell Assay (S) T Cell Assay (S) Links (3}

S item(s) found, displaying 1 to S (Click the column headers to adjust the sorting)
Export all results: ] (compact | fuill)

B cell ID [Reference Epitope Host Immunization Assay Antigen Anitigen EPItope | ossay Description
M M Garcia- ACARRODL AHLAAAH Foot- and mouth disease Protection after Challenge
Briones; . Bos taurus Administration in vivo with AGARRGDLAHLAAAH ARHLP wirus C: . | Antibody Binding leading to
1480929 |vaccine YPL(137-156)  seesse  |Hereford (Epitope) Foot anctmouth dissase | S0Uee Oraanism - [SESEY SRORG
Vinus C3 wirus C3 Positive
e ﬁgﬁprGDLAHLAAAH Foot-ancbmouth discase gzagg&z;{éﬂtr‘;y]’ Inhibition of
1481315 [Iviel VP1 (137-156) Bos fauns et onlin /e WU ACERBCOLN A EE BLEARELE AL S Source Organism | Antibody Binding leading to
1997 Foot-snd-mouth disease  Hereford (Eoitope) Eoobaebmottichoess) Biological Activity
wirus C3 PO:
o Tabiona; AGARRGDLARLARAH B 5 Foot-and-mouth disease Protection after chalengs
g Bos taurus  Administration in vivo with AGARRGDLAHLAAAH ARHLP virus €3 antibody Binding leading to
Eae1318:4 B Vol P A37-150)  deoses  |Pereford (Epitope) Foot-and-mouth diseass | SOUC® Organism  fgioiogical Activity
Fooa virus €3 Positive
Ceclaplacd; AR AR Administration in vivo with AGARRGDLAHLAAAH ARHLP o zi?‘g::;zfgr“"l S
1484415 3 wirol WP1 (137-156) Bos taurus . i Source Organism | Antibody Binding leading to
2003 Foot-ahd-mouth disease (Epitope) to prevent or reduce disease 5:33; and-mouth disease Biological Activity
wirus C3 Positive
Cecilia Tami; :g':\prGDLAHLAAAH = H Foot-and-rmouth disease pl’GthgDﬂ AgtEl’ CIhEgEnEE
= . Adrministration in vivo with AGARRGDLAHLAAAH ARHLP wirus C3  Antibody Binding leading to
tasewize | Pl e s ] =) (Epitope) to prevent or reduce disease Foot-and-mouth disease | SPWCS Oraanism  eioiogical activity
virus C3 virus C3 Positive

S item(s) found, displaying 1 to S
Export all results: BEl (compact | full)

B 18 % Epitope ID p 3 &038

i
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% p ot Beipep e AT FTHAERP TR E R RAOGFOBERMAELAMFIL P T H AT
@ FFE EAE o ﬁ]“} R TR A E 2 i Pl e T

1. %Bcipep® #73 & Bwme 2 FAph ey (T F RFH > B L LB A M4BRARE R
mﬁ}im; FF <A AR RPR A TREY 54200 7 D]122305 5 5

2. B EAFOR 2 A AP 0242543 80% T o Flt E s )T 9340k A 7 ¢

. M5 P SWISSProt:EB-E 30 F RFAE FLF BT -

4. &t 17 3)1868(934/934) 1% £ 71| o

FLL S A A K f ot BCipep AL 51 e e ORI A0 SE[40] < 2t S

EL-Manzalawy dataset:r 5 B~ {8 = 3¢ o
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4.2 # 1 12T 40 1

FH¥Pt - P A 77 B inre & TR AErk(peptide) B B AL ik e T2 1L B BT
(physicochemical properties) » 1245 iz s $F{daE = p] > Ko7 Blwme £ B 4 2§ b
TRRIARSS TR FER R TR E m;gaa* v Bwe AT E o BREFTARE
- Hengd F NGNS AR LE ] II’%‘* v g o

A AAindex g (7S e b Fitdp e ot m&ﬁﬁz;}ﬁ #7542 Amino Acid Index
Database (AAIndex) » & z M A ent @it F M T2 4 Faveflpp i 5 - B
iR AR - AR T R 7 BB AN R R

B AT AAINdex 9.0 ¢ 7 562 Btk - Bt 4 it F 2 7 4 5 & (molecular
weight) ~ 1 -k £ ( hydrophobicity) ~ .-k 4 (hydrophilicity) ~ -k & &+ ( hydration potential) -
% %3174 o o ## (average accessible surface area) ~ p d it & 4% ( free energy transfer) ~ 582
( flexibility) ~ 7 X %8 ## ( residue volume, mutability) ~ 'z 2L( melting point) ~ & £ & | (optical
activity) ~ f?lj&é&*"af%( side chain volume) s &4+ (polarity) 2 & T 2 isoelectric points o % pt
AP gt e AR B k0 20 BARARE R 0 B {8 4T 531 B A 1A
® g g YT TR g 1 g R [57] -
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7 AR

PRAFITL Y TR MR e B BT RR 222 LR ﬁf‘“ - Ehmeh
BN RSN R TJ}%‘F”TL** mﬁ’_‘ g AP AT 3 v iR “E‘p’bpq‘kmv
& * 2N ey A enge Qb rJ—%‘rj\ T ENELTFE B }P‘?}g,,gé‘ré MR HER N o B s 2t
PSR R

AT

Independe
P 'n'tvte's; .

Immune
dataset

Subset data G

e

Feature N B e
space Screen the

g pathq;en-
Hl””””li\l\[Hmmnm...” Q

Feature

extraction

algorithm i

B 20 £7 A7 B EFEZE R aie

TSI

5.1 A B WA 2 % 3= e 2

BEBATE Y AP d LR TR E I G BT R R DR R
Who fFo Lot § TR P A RFR > BRT ]S IE 2 A PO
(1) #ATiR Plenf 5] 3 i 5% positive = 5 147 > negative £ 5 0 47 -

(2) #“ ST 18 Bl e GUE L 2 aaindex P e 531 B A 1L g o

(3) WE - P EEEREG ] - BERE I DR DN -
]b B a-1~12 -

(4) M aEdezis > % BN EPRAFFE Z2FEBRLR P L X T
1% Behe™ D Npop=30 ~ Pc= 0.8 ~ P = 0.05 ~ rgan =40 % Feng=10 % 10 & ch3 3 %%
7. (cross-validation) o

(5) ftadplr a2 T o100+ Pk B ERDIREMAE BB o (EA
P end & HA o
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APini hh A REE Y R LN R A R BREY S Ao o
A E TR FIA A SR AR RATAIAT R AR 2 LR
Vo 26 o v AR (accuracy) AT A s LT S SR 5 4 ek
ﬁFMDV:}rﬁ}E!ﬁ"‘ B im¥e £ TEorig 2 e IR 4L ?'H’—?ﬁ— .

Extract the
subset data

:

Transform
to feature
space(s531)

i

IBCGA to
feature
selection

B 21 1% IBCGA % & 4 it a2 = 44 #3+ L W

PR AT E PR B RRE I DEET G i T R R R R
Az & (sensitivity or true positive rate, TPR) : TPR=TP /P =TP /(TP + FN)
#rx & (accuracy, ACC) : ACC=(TP+TN)/(P +N)
¥ 2 1 (specificity or True Negative Rate, TNR) : SPC=TN/N=TN/(FP + TN)=1—-FPR
Matthews correlation coefficient (MCC) : MCC=(TP*TN—FP*FN)/(PN*P'N")"2

PLh ST b A A B e £ TR A ST B E & e 1V R A 2 enicd)

2R EE AR 2 PRRETRERPRBER gl T BH TS RAAMA T
RN Fop RAMATERE R Y A R E 2 iR B e £ 7F ST ROt R
(BCPred %2 FBCPred) -

BT Y - BERL o I ;wyuﬁ;@ﬂ::;);g)mgﬂ ¥ & ﬁ#&ib,}i?‘%ﬁgéi%’ﬂ::}%
R A Thind o d AR T UG LA SRR I A ATl

Z‘»
RATEAEG PR REE - FRRFRRN RS JELRY SRR
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http://en.wikipedia.org/wiki/Sensitivity_(test)
http://en.wikipedia.org/wiki/Accuracy
http://en.wikipedia.org/wiki/Specificity_(tests)

3

I E N LTy o RS ek & - 2/ E (threshold) » 12 gt kb w2 i

AR Y ARE S TR R R N AR P }?’vm#wé B R
B fa A7) & il # % v (sliding window): - B T 3o Fife 2 A RA LA TR 0 RS
AEE T o pRaURARMA LS B RS B4 35T kR or ot
kDR R R AP Rk A PR SR B EF - RESRHT D NGRS
B B B @ P PRTH Y BT R R DT R SRR DPFIL R FE
AFFEE s Mokt es o

LB R R TR R AL RBT Sz BRI
B TS > R @R P B FE TR R RS

(1) FI* 0FAY DA T H IR bp RUWA S| izl o d A
E2PRFHEY > A NCBI P T Rp R dd TR 2 L7 baifd g e s
Wi 3:5:729211+13+15~17~19~21> p» fd § v R % ALk R
AP PUR AR R ER20ER A ]

(2) 7 d3enf 7|k 0rE Dehfe WP > RUSBKE - BABE 5 A1l
%‘r °

(3) #ASTx & hh 7] % Aporz s FMDV 4% H3 k28 LR i &
SRR o RREBERF - FRF cB2ERE G ALY - 28 FMDV LA fs_
AFERPRERAZFEET O SR BEL FAPEES B0 AL
g bd A RFsE e <) T HRAMA L e AL B A e
AR Fhk- FEAIRFET O LR G RO R B(F 22) -

...LISTFVDEKRPGSDIVEDLILKDENKTTVI
\ >~ window size from 3,5,1,9,11,13,15,17,19,21

= CIEICEIE B EE R
B3| |
[ CI I AREEEE
[ M A EEEL]
LI LIl IR ELEE]
LI I CIE R EEEL]
I%EEEIEIIE
]

|

Prediction scores:

0000110000000000001

0|
Bn/nnnannEn

EEEEEEEE
EIEEE L

Epitope
Bl 22 54V PEE TR T BEOP A
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(4) REBLZEBEFFS%Y =50 FMDV 4 i § B4
PRRFE L A BpURIEE B
L 5 (] 23) -

Experimental result 3 5 7/ 5 11 13 15 17 19 2]
1 1 1 (0] 1 1 [0} 1 1 1 1 1
2 1 0 1 1 (0] 1 1 (0] 1 0 1
3 1 1 1 (0] 1 1 1 1 1 1 1
4 (0] 1 (0] (0] (0] (0] 1 0] (0] 1 (0]
5 (0] (0] (0] (0] 1 (0] 1 1 1 1 1
6 (0] 1 1 (0] (0] 0 1 (0] 1 1 (0]
7 (0] 1 (0] 1 0 1 (0] 1 (o} 1 1
8 1 1 1 1 1 [0} 1 (0] 1 1 (0]

§W3§%ﬂ%$ﬁ?ﬁﬁﬁ
PEHEE L RIIRA LB £ R B W ik %
PR R hE L HE é””ﬁ?ﬁ%%

KIS L RE A FUR B A PSR fR 0 bl - B T SRRILE 2 2R
BEFFEEFOLREIA N AR FHEC TIRARE L5 FERDLE A P AL
B2 AP MBI EEDEE S LT FLERE R NS AP AT
ﬁ%%@wﬁﬁ’wﬂﬂmﬁﬁwah@$,«ﬁ’@aasﬁoa%ﬁmm,ﬂwn
A AR S BRREETERESNEE T R AP P hE S fpiT i
Bk digdrahle s > Td 2 RFEE O Nk RESE S A A R
(] 22) -

(5) B AP * B M hATmMB BT o iEze - RIENZEEHIFF R
BERERL S #TFEUATFL A b Gl

(6) A £ A FUF B 2 onif b S dic(fitness function) &0t 3% %5 £ ¥ IR ehiE
PVV=TP/TP+NP > &-¥}*118 TR RLE & BE g B - RS AP PIE SR A

o

7 ke

(7) APXLEFINREGHIPHF Fhizd > S A Rahd i s s » R E
FRHRELAAPTEE S MG APHF RPN SR S AT g A
PSS RN n”:fﬁ-"f‘ o

PRI R chfu R # gk(hot point)e gt i BER PR F R S B E
L itz mF o TRU R %ﬂ%ﬁTﬁﬂm&%O
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ﬁ%;:%

IR A AL S S EPIPER 451 = Y 9#]%],1\.,]“,2;,3;”%/ TR BRI E
e f ooy (TR

iz Lrﬂ%a F o

(9) #&7 &k ﬂ"ﬂ’# Y e &

AR R ) 2 19 5] D T
L g

Aol g IERP AR ) B S 572l AR BT T RE
/ﬁ“@??f AU RV AN L BV e S0 N AU L WA EI 3 8 i IS i hadl= £ B ] N

(1O> .8 ;U 13;%: 51%5'Jﬁ%1§]’|§f‘%m@#@\2 i ; 721 1 v — féll’"’-r;fg_,,,m
B o TR A Y Edhfangigh TR AL AT j\%)\#m/%.@v v
iy (T ad TE o

(11) e R kR a b A2 3R 2R % L ABDEE W H

#rﬁ],@’#i\yuj_
TR LT kR A3 ER AP RS RRLT

B g EEigaiizef X g2 >E AALE L R SRR o B4
TGESADPVTTTV %2 TTGESADPVTT - ";5 «ﬁ—‘r Tt s RE AR AT kR
EA L Sy FB.,LE-l:‘i B - f{ » e q,\\? T3 1[3; r‘] miﬁ-“‘ﬁx thJ_FEL_-ﬂi = /P]F?‘

R R BB Gl BT LA G R

LT R AT R At o ARTHRBIET A L L RIER L E T EETE
B - RATERIS R RIRT 0 TR RATAWR R ] R R P R ARL T R
RA h2E o R A5V RATIFRLE RA N KDL T2 By o F hp A PR

M 2 e Bt s S AR Y 2 RE T H R R B2 UL 0 v ORI

FAP R* AR LIETANETRL R ww;w TEF A BIRAFBA ARG
TR FE 0 B mARL 5 TR P45 2E[58] -

...LISTFVDEKRPGSDIVEDLILKDENKTTVI....

Real Epitope

Deduced epitope 1 ——> NO
Deduced epitope 2 ——> YES

Deduced epitope 3 ——> NO

B 24 5350 Tk AR B ona i g




5.3 4 1t 444 A 45 38 )

R PFHCED S N N VR BAE 2 B R R AP TR o AL
Hitdee AT N ER P2 F R & AP AL KLY BAITH TR k&
AP AT ) dnge Y GRS B A T
1. 231004+ =< (100 runs) ™ 4~ it M 3 JL AR 5 DR dRA #4531 i 1 P 4t 100
B o A enenge (LR TR g TR U S A 030t g S g )
7R G de P T RY SR B
2. 1 % i »t% A 454 7 (Main Effective Different, MED) % 4~ it |+ %’Tﬁ*“l»\ S g
POk AR T E&ﬁ*g, B3 1 r}%‘rﬁ/é_fiﬂ.h mJ/,,\[k\P Fems F enk o] o AR
g chp P TRE AT o NS LRI B RF RAFF AT LS T R
fg_fSJ o

3. HEEpILEE 1}%:}“‘?# DESEA 1Y E d M aaindex T4t ik chdata of aaindex1 format
AR P > SPEDEATHE P S N H TR KR /J?Jcér“fﬁ 22 P2 xR
Befg  ¥ehd CIEPBEH T & EAp F&? ZEECRLEER AR R RIE R ":‘0.85’!71;'_'!1\?% o

4o RAFE P RFHG ] AAF RS BER b R S E W
L ﬁ,&ﬁ g oariE j\m*,,, L %‘r B2 }:t

5. i RARL TA Y S PR L D HEMDV R R AR 0 T 0
Tosg AP FEE oo 8 ar T RE A (data mining) B end B it E ok g
BT I R e S FERR S A P g R &

# 8 aaindex Lf# ;¢

(Data Format of AAindex1)

KEAAKRAAKRAAKRAAXAAAAAAXAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAhhdhhhhhkhhhkhhiiiiiiiikx

* *

* Each entry has the following format. *

* *

* H Accession number *

* D Data description *

* R LITDB entry number *

* A Author(s) *

* T Title of the article *

* J Journal reference

** Comment or missing

* C Accession numbers of similar entries with the correlation *
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*  coefficients of 0.8 (-0.8) or more (less). *

*  Notice: The correlation coefficient is calculated with zeros *
*  filled for missing values. *
* | Amino acid index data in the following order *

* Ala Arg Asn Asp Cys Gln Glu Gly His lle *

*  Leu Lys Met Phe Pro Ser Thr Trp Tyr Val *

*// *

KEAAAREAAKRAAAAAAAAAAAAAAAAAAAAAAAArAAAhAAAhAAhAAhhrhhhhhhhhhhhhihhiihiiiiiiikx
Bfs B8 1 E AT 0 BINRR T REM S R OE I el (LR

MAELY LI mEe o (- HFEHNLTF AT EL LS LA -

Immune data

|

Feature selection
method

\

Set up immune model

Literature of B cell epitopes
research

RO S TR Pathogen Ranking features Main effect Literature of
epitopes features frequenc different selecting features

Integrate analysis result

—

What finding about result?

W25 4 7 4 i AL 2 45 i Az

TSN PRSI TP EATIRE A ER S R o EenR g
VREFL P AN FERRREY R AR AL o dof o B PR LA
B iwre & R 0=k A B j\;\*ﬁzk Mg B R R AR LA 7‘1: v oge L g vy 7 4B
BMREED & & i IBCGA F I B cF et o g e Yiooe % 4. F - ﬁ P h AR E bR
}’F'fr’:]m}?‘s/%'@ R SYM AR L AR AT T2 4B A PERLAEFY
P ¢4 EL-Manzalawy AL & #7 ¢ 2 enBiwm®e £ 782 B 5|k f 3t Beipep s v el A
[40] -

Btk Sodeie * fivefold s = sV kot eom dgersc ko 6 % LB E R TARE R

FUO R R P AE PR SR (T a e Y B e o E

mﬁ? 7 2 5 v g B AR & (sensitivity ) ~ 3 2 {4 (specificity) ~ 2 Fx & (accuracy) %
Matthews correlation coefficient (MCC) -
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http://en.wikipedia.org/wiki/Sensitivity_(test)
http://en.wikipedia.org/wiki/Specificity_(tests)
http://en.wikipedia.org/wiki/Accuracy

6.1 =G did L7 E 2 4p Fﬁg)\;ﬂii T E

ztk*éwﬂ'mftﬁxmw Rl R e Y o R AT Y R 2
prg o Bk Aom ) IBCGA A 3feina g ¥ 10 j »xenfl et S fF b 57 e enfP 3L o

% 9 IBCGA #*t EL-Manzalawy 7 chas #10 fiss &

Performance of different method on homogy-reduced dataset of EL-Manzalawy et al flexible
length data set using fivefold cross-validation.

Methods Accuracy (%) Sensitivity (%) Specificity (%) MCC
AAC(2008) 63.31 70.90 55.73 0.269
CTD(2008) 60.32 59.66 60.98 0.206
DC(2008) 63.78 63.05 64.51 0.276
AAP (2007) 61.42 62.85 60.00 0.229
FBCPred (2008) 65.49 68.36 62.61 0.310
IBCGA 70.39 72.37 68.41 0.408

pREEY AL TR PELTREAEORIITH Y 3 - Rk
(feature) - AAC(amino acid composition) & i * "=zl i el = §F tadF e » CTD
(Composition- Transition Distribution) ¢ * 21 i feature £t 7 F £ B ch /B 7| pk 84 3] H T
+ B e £ > DC(Dipeptide Composition) i * g4 7<%+ i - AAP(amino acid pairs) i¢ *
positive 2 negative & 7] % = b &) 5 (743> FBCPred i¢ * string Kernels - & {é {8 3] & %
v LR 4% IBCGA B & 47 i (v r Jled o g eee o

6.2 FMDV g P #-3] e R 2 B3R

AR e R £ A ﬂzﬁﬁ‘ﬁﬁ FREE 2 LR AR RIECE] > % % FMDV

iﬁ F R L ok FIebaE 2 LB i) o 21004k F %P 0 & - B IBCGA T A

& ”I;IBCGA 158 5 Npop = 30, Pc=0.8, P =0.05, rgart =40 % reng=10 2 10 B 1% 3

T (tenfold cross-validation) » ¥+t &% — B2 R H3| ¢ i fclicr > IBCGAE# - B m

e’v’ﬂﬂﬁ» L 8 e B (feature set) 12 2 &7 SVM e ficid o 2N P A S E# % 99 2 T
RF TP aE B A (4B 26) o
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89.5

89 /

———training accuracy

accuracy
o
3
in
>

— mean accuracy

a7 the highest training accuracy

86.5

86

85.5
1 4 7 10 13 16 189 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100

100 runs

Bl 26 & 100 BT AraE 2 g SR P A

1995t Ao BiT i B —% Roenfcdl Y o B EH m=36 i LT AR - F
3] SVM .mC—8.00 2 y=0.25> F {7 3| & A4F 0T 358 gr & (Mean of Accuracies) = 84.83%
P 2 i} i%léili(OverallAccuracy) % 89.33% - B2 AR Y — il m=26~ F 40§ B 0
FERiE ] 84.80% 5 e At wm g K T EREF IR E o AP AREE m=36 sk
B e s ag e i (R 27) -

84.7
84.6
84.5
84.4
84.3
84.2 -
84.1
24
83.9
83.7
83.6 the highest accuracy
835
83.4 \/ \/ fffffff all feature set accuracy

accuracy
w
w
0

all feature accuracy

10111213141516171819202122232425262728293031323334353637383940
different feature set

Bl 27 B % 2" ra i 2 47 1 41w

pU b T et B ehaT R R (sensitivity) 3 75.23% - 3 R {4 (specificity) 2 94.43% -

Matthews #p i# % #(Matthews correlation coefficient, MCC) 2 0.720- d p* 5 4 #3207 e
B R MRS > TR AE L F TR s R R Y MO i F RO -
d bR 2 B rn:]% ;rr'ﬂ IVRER- R A %L— oL B RV i E R R
EFFRNFUR AR E > AR B A AT ATTCE AR e RSB
émméw’mﬁaEMBm%a VENFIREZ Jay o F AT A i RSER] 0 T A
i 6 PP L0 20t A o i T endp LT 2B BP0 A o AR
T RADEFEREH éﬁﬁ%ﬁ%#ﬁ}%’i SRLES VNl R R S S SRR
ﬁ??lj#ﬁﬁ?'ﬁi??/?lﬂ fo xR B AT R Bk enBuR AT o

I

_E!

v

SOLRA A B e A TE A SEHATE B L R e (L enE 2 i) 0 R
PR Rl E KPR R ey T B W ApR ATy frE 2 TR B dmre & TR en



Bl Rt o AP E R AT o RO A TR g TS 2 ] RO SO 2 RIS %
% APt 2 b PRETHE o

PR RREFTHEAY - Rt HA K 7 BIA S - BIAA -‘,}%}EU?E#B
MRS poricha ko d FHRTENE §RF RDTHE JF BT L 5 26
% 24 0% B 2| o A% A poaraE 2 TR v gt Bepred ~ Fhepred 753+ Beipep FALE YA

;sz* * REA[40-41] > & HRE R E BB LR E MERIEEF o AP A FMDV

B TR T 2 e At ,5' | PPl R R 5 72 %> Bepred 2 Fbepred £731.25% %
4583%;4 Aottt A FMDV #A) s REF R M J’K ARG AR ¥ ¢k
T A At RRRFT AL T o A 2B 2 K R P 03] Focpred xﬁﬁ“ Bepred 3t FH 2 & & P
BB A o (% 10)

%\10 m)&’ JF?‘F"}I@&‘L %?&%Ji}%%‘;}ﬁ*@?%?ﬁ\‘j
accuracy sensitivity specificity TP TN FP FN

Bcpred model 31.25% 41.67% 20.83% 11 5 19 15
Fbcpred model 45.83% 62.5% 29.17% 16 7 9 18
FMDV model 2% 70.83% 75% 18 18 6 8

V- Bz R R —«‘L%tk%?ifp BAT T P o I L5 44 FMDV #73% 3- 69225 B 7]
1* B FHPTHLTE G FRE T AAR k0 FMDV s 2 Srifed] 8 2] o
BlRERER 5 6L76%E Bcpred % Fbcpred £1148.53%% 48.53% % p (% 11) -

lk\

Q.—m

1)‘;‘8/’,\" i\m—&k FRACE T L F DR i e Bt IR A vl i b (e FAr At ALt
jﬁ”ﬁ?"'#f‘a@i B 25718 B eniplid B AR fémlﬂ"}i 'V ied A"\i\’f’avik‘?ﬂ}fﬁfﬁg?ﬂ‘ﬁ*ﬁ
ﬂi’ﬂ‘ﬁ—’”ﬁéf‘%ipu DVI’%}'\?%EI'—%TEQ,{ JiEf > EH DR *Q’?»?T"'Pﬂ}m}'g:
AT anrt R RLWHILLG E 3 el B e R ) ORI A D
FeARE e LS SRR ffﬁi%!%ﬁ#‘rt&i BRIl emplia 2 v it < 0 ) v 5 g 4
FVUEESR ) o R A MR 4ot 0 BT ARG - & FMDV i B chage (4 971
AP plER i % 5 2R iR Bepred 2 Fbepred gl enit % o

2011 G RIR T EEH T R RS KRR

accuracy sensitivity specificity TP TN FP FN

Bcpred model 48.53% 56.14% 9.1% 32 1 10 25
Fbcpred model 48.53% 47.37% 54.55% 27 6 5 30
FMDV model 61.76% 59.65% 72.72% 34 8 3 23

0 R i T Ll (ke ke 6) 0 LA ST RSB R B B (4
L7) » S0 2 SRR T Y R e L R LR Rt RS
PR R DL Fod Y B DNk BB P iR Véﬁ@rﬁz S 71.42%
Pf#?v 2% T Fé-?r)i = 73.53% - ‘F'.;T]‘&Sp m,ﬁ‘ljﬁé,g—rﬁiﬂx %%«:& J’ﬁ&-fv B84
ﬂ*ﬁ HRAREN LR ﬁfm IX_E‘}F T if#‘?vf“z‘ ?Lsifﬁ‘?vf“%m}ﬁ' rr‘HF' Bl o
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6.3 - B F © & ¥ IGAHLE i 52 LR T eh 2

FUPpA g e VR B I BYIURE P mog TR Y RAATERE
LA BdMA A PFERSRAE S 973 806 # training data ¢ ir%é"ﬁxﬁ—*%ﬂ e x
%y&&%ﬂgﬁ?WF%&ﬂmvmﬁngwhﬂL _Nﬁﬁ COHRIRE bR

- .|+)$;|]:‘ 4 ]}'ﬁ%‘:}-%mﬁiljé’IFﬁ'\l]’Bm:J'l,‘ﬁF‘}' BisEHET 14 1',«&1 z OAC
A3|a SAT1 = ,3‘-“'] % VP1-VP2-VP3-VP % nonstructural part # 3 § 5 =% % 556/806 -
- 5L ABI16232.1 £ G Bk 18T BR AL S APFPERLAFIZHRE Y & 724
20 B APRAF B * g AT AR NRA T A Agh Rfdd At
FpE AL o g i 5721 F 17 i IGA-voting method chd K B T o0 0 AP
Fehif o ez, PPV % 0.559322(TP=33FP=26) > &= B¢ v 4 M H L 2
RAfRT AN 2 R AL B SRR vt AN 3 R T
MRREA N E G EE 2RI

PPV

@]
u
o —

accuracy
@]
[91]

— o — o =
— =4
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= = L T L T e B v L= B B N
(] (an] =< wy " W WO M~ ™~ ©J ©cJ oy O

101

B 28 IGA % 100 # p cnitrr

T BIEE T A ANiper g Z N RBE LT HEF T LB M T ABEF AN

Rengk  Ed AT L ﬁ'%iﬁq’im _%ED*%,'/%E%\TH*B%?;,:_B&°.f"/~§ft::}zj5*%%\'7‘]‘~}fn
o FREREEE F‘PJ‘*% AT APRIET LB FHREE- BT 4
o FEREEE S AT #Em&mfwﬁo

4

3

M experimental result

vote number
=

0 B voting result

b M M
DIIIS LN
—

residue site

SES

101
151
141
151

61

1

B 29 i@ % IGAE TFd 4 v & ehfe
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ELPA N A @’W‘z TR Rl EPE B I PN a BEn IR B T RE A i
PR R0 E A H PR B € 0] ﬁ“r)}%},%z%*ﬂ"‘.sﬁn%fma no 6318188 -

Risw 1 Ti%ﬁf'\?%ﬁi% TH A Fehde ] > & IRk AR R TR & DR
Gilde BB R R 5 1455 AP E gt 4 f‘ < 2L TYTASTRGDLAHLTATHARHL 3 3%
121 B“*ﬁsﬁxﬁé Ao 2 GDLAHLT #3% 2 7 B gi?ﬁﬁfriii‘i& » 143DLAHLT 148
)3

Pl ZFEF kS o T k> AP p PDB ? 35 41 no 6318188 H ﬁ#h’% v FRS T
U B ’? | * m/ P melﬁméﬁ/w\%“r”ﬁi’?”')ﬂ: DA - BREP RS 5
R AR HEY LR R

e B

® 30 R T %% 5 no 6318188 2 Fir
EUF I AR AT E I PR A e 0 % JoA[59] R MmN A 1

BT APURROGHERNGEARAPR Y PLL S TR N PR R
FERIfREF AT R T U AN A Y N AP AL ¢ ’Ffri% A
f#_tﬁ;;?ﬁ,r,m»rz, ,a|00p’ “—f'—“‘rfﬁ‘% r‘s]v}nkzl_\ﬁ&,npkzﬁygg 83
ZARiT -

11* §

fs
j\m’_‘!:'-} ;—L
g

B 315 ﬁ;u,aam& @3k & 0 6318188 2 Hf
LR ML T BB SR

40



PR R URFRY B AIFLR R R PR T A E D0 B R R
B IGA-FE = VAT MBS R L e s o BT R IF AP jp pRET R TR
RERESFE LA R gtk o T RS NRETHY 0 R AR G LR D
MLEFHET R 2 B % o LA RIBEEY Ao

FI# AL BE R U R AR A 55 4038547 F R chig k it ¥ § T
VSNVRGDLQVLAQKAERALP » #% {5 #-# 8L4E 7 iz d + B0 o

TTSAGESADPVTATVENYGGETQVQRRQHTDISFILDRFVKVTPKDQINVLDLMQI
PAHTLVGALLRTAAYYFSDSELAVKHKGGLTWVPNGAPETALDNTTNPTAHHKAPLT
RLALPYTAPHRVLATVYNGSCKYSDARVSNVRGDLOQVLAQKAERALPTSFNYGAIK
ATRVTELLYRMKRAETYCPRPLLAIQPSDARHKQEIVASAKQLL

4038547(VP1) type O

2.5

2

1.5

T

m experimental
0.5

o
A1 B TR
o.5 i

L

-1.5

283554648(VP1) type O

. ovote

HF

B N W
n

Foo 0k
R N R TI R VI I

Tl ‘ il A T NWMMW Ll

B 32 p@RErY e s kadighiz g

|
=

MBI T LR FHROBICE S EI N SRR L AL
g f Bl a0y FHFEREG D o T S0 RIREEIRLE

Annotated according to the program DSSP. "H" for alpha-helix, "G" for 3-10 Helix, "E" for beta-strand, "T" for turn, "X" for
residues not in PDB, space for loop. 1% FTpt L j&- T 3R = & _— B looport # v i ¢ * IGAPH L %
PN PR R E RN T G P g A LR R RS P IR
RO G S ehE o ¥ - BRABOEE B HEEAL L d SR et T a0
5 - BREEBERG DU S -

41



® TTSAGESADPVTATVENYGGETQVQRRQHTDISFILDRFVKVTPKDQINVLDL
MQIPAHTLVGALLRTAAY YFSDSELAVKHKGGLTWVPNGAPETALDNTTNPT

AHHKAPLTRLAL\PYTAPHRVLA'I VYNGSCKYSDAR' =N QOVLAQK
RAL TSFNYGAII(AM‘EL.LY’RMI(RAET’YCPRPLLAIQPSDARHKQEIVASAK
QLL

B33 Zzpldy TRNDEEHT AR RSHET

dOFT O A AP SRR ) g B

oy

MAPRR R T N T AN BT RS PRARE S

1%
i

STl Bk B - R 0 VbR

ﬁé’wﬁbﬁ A 2R ESRRIENA TR %1—»5?5\ PTIRR S R B E R R B
j—p@ s F RSP gL N2 - s e Bd —s"-’ﬁ?%; %ﬁﬁ: S A Y Koo gLy
Wﬂé%ﬁr“%w%wﬁﬁmﬁﬂ°

p e

sk

—=

At B LB IERIAPM e £ > 5 Bepipreds ABCpred ~BcePred 2 LEPD -
Jw%ﬂv%ﬂ& I ﬁ BIRRIEF DAY F o T g BT RS RER
Ca
ABCpred > window length of 16 residues threshold = 0.6
Bepipred » threshold=0.35
BcePred - default is 2.38 chose hydrophilicity, flexibility, polarity and exposed surface
properties
LEPD - without

IGA-\oting > 5,7,21 windows size vote

212 AR pEEY AR BFRAMLZ A AR Y AR L2 T

ABCpred Bepipred BcePred LEPD IGA-Voting
No0.4038547 2/19 1/9 0/6 2/10 7/20
No0.283554648 3/18 1/9 217 2/18 8/32
True positive rate 12.22% 6.3% 17.64% 13.4% 28.85%

GG R T e d 2 B RWASTER O RG LS  hAp R
Ltﬁih”:—; AL 1)}:1"‘“1;1,?] %c‘ ERBIHPHI A NE e BAROR A

(A E FL PP FI R S TP PSS S T A BIRRET > T FPHArd gt i
CARNRARRE R A L X T/‘%E/FJJ.EL .

42



Flot {07 L B R FMDV L2 TS0 Bl e Rk A RS R nA ST
E%W@ﬂmﬁ%ﬂ%% mrvumaﬁr%ﬁﬂ*Bmwﬁﬁﬁwi L -
Hp g TR ENATHEE AN p R THA L T A N R
B F R Lrldm*-‘%“rkix Nend B g G f&ﬂ - R Bon I FHCE R L
Fed Sme b B RAR ATV NRIBITE R 2 ot

6.4 3 1 WL A 45

DR T OB R TR S S B B 0 g P AR AT
25 A4 FMDV ol ik R ena 3 2 &b o 970 R R A PR fim e {7 i
Pl F g NG R R RT AP A RA T P R E o

AP F T AN AT M B A LBy o T U s

- Mf#m#w[%] S ERISRAL[26] ~ R S B W A R G T ARG R AR

[30 34,60] o 2 ¢h p FREFLR LT (EH AT Y AT A IS SR AL P L

FTOERMA S A TINS5 - B HRE REA S ‘L]E"#J N 1

FM BRI F B B hp i o Aok mAp AT L P TR o I H - SR AP M P

ity ]%;‘ria;u? |5 T 22E> L AL APy SEFTT 2B S é ES S N i
;}F]Jfac* g’*ﬁ;ﬁ o bﬁ&rirﬁ_m%;&,[gﬁ] o

Gt AP ApB B R A A ST R Y IBCCA #rif d - e it &yt e 3
36 w R R Bt PSR RE N T AR B v ph o AT o A
SE }gJe/Mfr? VU IR AR A 36 g L L E R s 2 o &u—ﬁ# s BRI R S
Tt~ 50 AR Y P AR 0 ity feature P o] E 2 o gt 4524
BE e iR T % 3R ReriE Ok o feature ¢ (17/36) PEPUR A TR ap A P

ARSI S Iﬁa.,loop 2oturn F-v B A G R dendia s ot B 2R A alpha- hellx
% beta-shee e &_fx > 13 {& beta-shee 7@ & [61] o gr kK /AR AR EE § 305 4

A S U «'frw;;,%wwgg BI 3%z 5B (LU36) B v iRiEE b0 4
RIEE S 33 BfE- At hd FTho Gp e it BF -

FEv e s LR o ’%ﬁﬁ‘ L AT T ¢ A KIEP B wre & m‘}‘ﬁﬁl— v ot
HOPT810101 g (v B F 5 Hopp 2 Woods ] #* Levitt #74% &) ek 2 B
( hydorophilicity propensity)[26] - BHAR880101 - KARP850102 f| & L = ] * % & |+
(flexibility) g 2|3 /] B fw#z % 72 [30] - *’—ﬂ H-dptevm g e x L Api & 1 ehk
IRIE (B ’Pshﬁéﬂz\“'aﬁ’ﬂ‘h’ﬂT'? G AT HREFI LS T o

LIRS AR (9 N A - K &%ﬁﬁ%nw FPHCET 0 X 78 (T RITRCE §

Pl {E #ﬂ*ﬁ’-“ﬂ% g i AN ]FB%%?ﬁL%}ﬁggg\,ﬂﬁ iaﬁ’t?%}fﬂ—“ & *3—&&3%3&51-% ;h ST
A e iU H-_?fr

43



2 .
15 1 ‘ H . experimental result

1 i ] I voting result
. | : "h H‘ il
201

| | ;
M

Bl 34 5 97 enge it ’Fﬁﬁ J}LF] [ = el

Hydrophilicity

mm experimental result
v oting result
Retention coefficient in HPLC, pH 7.4,

BT RAPE- A LR 0 ® O MEDE A snk AT AT L L R R A
B chB R TR B & e feature s B A 4 L (40 B135) o 7 12 4 ILBUNA790101
£ 7 BB HMED#E - A3949 0 < VS R O S EE T & p H-NMRY g2 £ R 412052
1A O Aok AR P A e L AT Bl ende 1Y B F BicE 0 2t ‘EBUNAT790103£7
< J*HB B e wMED$E & @ k5 90 5 224527 4p B erfeature - 4 %]+ & £ random coilip
B [62] %7 &k cAMONM990201 ] ¥ &7 % %9 [ alpha-helix F turnip b e it £ 5 [63] >
RICJ880106 2 ONEK900101 3 27 alpha-helix i = 4p Bf 4 it 344 [64] - QIANS80110%
QIANB80114 | & 2 alpha-helix * beta-shee= % 1£4p b [65] - NAKHO20104 7] £57 7 "
B N R AR ende s o B R R R AR B -

PSR AT B R BRGSO S B AP R 36B
Fakyetsggt > 2 % # £2turn ~ loop ~ alpha-helix % beta-shee= s .4 B 4~ 1 12
Fapth eMED# £ @ fwn 738 ¢ ik 7 678 » 453 £ P L % - chE &rrandom coilip B e
L 2 FE %o F AFMDVELR 2=+ & F random coﬂﬁéﬂ' & EH FUR T S
BT e 0 22 FAUJBB0112% § T i w rgg e G A MED® 1zt ikf ende 1
PR ol s @FApd % nl e @300 BEAP - Hth o

44



50

40

30

MED value

20

10

(=}
04 | e——

EEEE

o =24 W = o S T M = o = L T T S s B =2 == B B B O o = oM oS N oo
o oo 4 4 40 o O ocococod oo o oc O o & S o o - o o o © & < o oS
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
O 0O 0O 0C oo Q9 0 0O Q00 CcC o0 o0 o 0o 00 Q@ O 009 o o9 o0 oo o o o o
@ W 9 00 00 ¥ N O WO NWm M~ O = 0w~ 000 MmN = 0 @ e W~ S =N
r::mm@mmﬂm;%@ggm;mmmm@aggggmmﬂmﬁml\mmig
g X =z =2 T = T - x = o o 3 S

= 2225533252252 832535536002282285882285

=5 5 ~ = = et =
%% 0o+ z23eNg0gFrz220z2z>+3506068*svsF235%asx

feature no

Bl 35 MED # £ 5. 3 BRI RE S 7R it f

% 13 < MED =+ 30 ch»a 7% %

BB Fo it v pRE &

. . . . = NMRP;}: peptide
alpha-NH chemical shifts (Bundi-Wuthrich,

n o
BUNA790101 1979) S Al aokiR R
random coil g &
Averaged turn propensities in a transmembrane 4 17 %39  hturn &
MONMS90201 helix (Monne et al., 1999) A (b a B ER)
Relative preference value at N3 i A a o
RUICHeLE (Richardson-Richardson, 1988) L E
. - A4 5 R
Delta G values for the peptides extrapolated to . ], . % 2 jg" g i‘
ONEKS900101 0 M urea (O'Neil-DeGrado, 1990) Mo DG § o 2 am
’ A 7 (o B % 3K)
Weights for alpha-helix at the window position -
QIAN880110 of 3 (Qian-Sejnowski, 1988) o R S
Weights for beta-sheet at the window position .,
QIAN880114 of -6 (Qian-Sejnowski, 1988) beta-sheet ﬁ >
FAUJ880112 Negative charge (Fauchere et al., 1988) Negative charge

5T d AP Bt A 100 44T g 1 R 0 I S (4o ] 36) 0 g S i g o)
7R e e LR Rt > i@ % aaindex @ 3xf#4n B correlation coefficients 0.8 - £ v gk
AR B o AP B FriE B 100 =0 T B ALE Tl enge i R A R 3 e 1L T
RFF MBS FEAPPEL AL LA S LR PR TR RS R A
AR R LR TR

it g A 30 =8 4 b e it A IFﬁ’k,E: A e sg A kot 36 (PR e %‘rmﬁg 137\(«&r%\» 13) o
# ¢ KLEP840101 ~ MEEJ800101 ~ BUNA790103 # COSI940101 £ 2 36 4~ it {25 ¢ =
>ple o FrEaagt L% - 7 KLEP840101 - &t i i * MED # & eife it (25 ¢ & {7 3

45



B ehiE > b L% - e QIANBBOL38 B2 2R 2 A i pt 36 Hr L MH Y m R 2 AP D
e F gt iR L ZcoilAp Rt A MED# A ¢ % - 7 et i 2 F random coil
o Ap A o A ¥ b 138 VINM940103 p) H_3% e :E 1 e 1o I“i%‘r set ¢ 'ht%frifﬁiir s A
correlation coefficients 0.8 # 3 = » A 4730 S & Finfs A2 15%%55 Fen? e e { B
LR L

Zo 14 R R A pt st 4 100 g4 T o < 30 e 1t R

the correlation

Feature NO Data description Frequency coefficients of 0.8

Net charge (Klein et al.,

KLEP840101 1084) 38
Weights for coil at the
QIANS880138 window position of 5 35 *

(Qian-Sejnowski, 1988)

Normalized flexibility
parameters (B-values) for
VINM940103 each residue surrounded by 34 *
one rigid neighbours
(Vihinen et al., 1994)

Retention coefficient in
HPLC, pH7.4 (Meek, 1980)
Spin-spin coupling constants
BUNA790103 3JHalpha-NH 31 .

(Bundi-Wuthrich, 1979)

Electron-ion interaction

MEEJ800101

COsl940101 potential values (Cosic, 30 ¥
1994)
A r e AN Denfeatureset dp e o kA AP AE <308 xEk T A oo

15
10
o Ml \ J J
50 100 150 200 250 300 350 400
Physicochamical proparies indax

B 36 7 100runs 4= i |2 F ) TR eHE 5

46



d L B ane AR Y R A S g (AR e e B LA
Fofpd ERRpLi e a AR o 1% Xray 2 NMR A= 7 FAFk B 4p 3 #en
é@[% 67] ¥ - %é ‘Lﬂﬂ +H %f‘-‘f—‘ 5 #Ei%#m};}' b A 155 % e }?5—&- fﬁ%m};? AT
LRy o

e pyfRT] 0 it G-Hloop ~ B-C loop ~ E-F loop ~ B-B knob ~ C terminus
o - BHD ml:i;'l‘.h“ @‘aﬁ fuf A7 o 2P VP } e G-H loop #4415 £ & e
RGHEFAE(B3T) - 2 55 3 R LA RiE(immungenic) 2 3f &8 & & foilld o A&
G-H loop &4 ¥ fﬁIOOp x:*f% B2 AL - Bl wiss Bd - 4B i Bosheet 0 5
(6 d A rRpL-H AL -x P 4 R (RGD) = ¢ RS ﬁ— i 31087 *[68] - ¢ 133~160
i v g die ul E g alpha-helix ~ B-sheet ~ loop #£3] » #* 44 %F FMDV S5~ 35 o)
RGD 2R i+ & 4 v # & 12 (flexibility) 2 J 42 84 m%ffﬁka’ g Ay enge i R -
* » & MED ,% f;ﬁn—aﬁ;&xﬂ o | {f_vm HG-H loop . “f#pm ¢ 3 7t loop ¢h
BRI REH T 12 (disorder)[67] &5 o F ¢+ loop chEF iy 31T random coil it
Bttt AMED Y £ 2% - o

3, HELIX @130

— __@-SYs4
/ — )
——— /jn\g/

] 37 G-H loop &4+ e
310 & alpha-helix & & # - 1 loop X {5 4% — 1 PB-sheet > % loop + 7 RGD & 7(145~148)

¥ - B @ E B g 1 F 454 Negative charge @ 4% FMDV 4k % & o) (7 pfgg
T e T O A LR AR R E R [69]° A i AriE B AR S Asp -
Glu~Arg~Lys~HisS(D~E~R~K-~H)> 27 Arg~Lys~His# & & Asp~Glu# § &

APEREFSRCFIAEFTEIRARAL R PR AR BI38 AT ﬂ'.—%'i’
F R AEE AR M e 'Fi?*" VAT B AR IR PR AR BEAR T £ & S € (%

X o REARTZER 2 R oo

47



70

60
50
o 40
E 10 _ﬂ . experimental result
20 fl\ fal AL ™ 1 . R rf\\ I voting result
P AT A= =AY

mj \.-—J‘U L LA | =T ‘_‘f \ H \JJ Y = I
0 at |
SN oMM AN MmN

HHHHHHHHHHHHHHHHHHHHHHHHHHHH

residue site

B 38 3 %7 gl (polar)dr i L e R g sk R %

P A PR ALY R e A (R 30)T A T HIRAM AL TR AL
SPARTRI f ARE A RAFF B THIRBR AR AT L LR R A L
A5 FR A ST e L 2 - o

10

9

8

7

6

5 H nonepitope
4 H epitope
3

2

1

0

R K DENOQSTGI L V A CPMTEFEFHWY

B39 RFAY 272 LTS

o HEHEE AP AT RN 100 3 R S g R ¢ 0 (AR - e )k en feature set 4% 5
“TA R 0 ¥ kit ehtraining set 17 3] 36 B 7 e o features 45 % 0 2 R E cnig & AT i 17 )
{5 - Ribehigem o d BT g 7 dp i * fuzzy-c-mean s 32 38 44 531 4
Fiit— #Hehadt > B7 a3 531 B it dn R o & A & A & 20 HApiT e
FPoo T dvig Bt 100 #4=% F B 77 3 feature set A A G hg % 0 BRI Tl ehR -
#= feature set ¥ it 7 — 4% » & 4 & hfeature B £_A fF fw » 4 chcluster # o

48



120

100

80 -

60

frequency

a0 -

20

7 9 10 16 18 14 17 3 6 11 8 12 5 19 1 20 15 2 4 13

cluster 1D

B 40 pt 100 =% 9 =k #7117 7| feature set 4 ¥ & i ek

5

i

B & chitraining set 822X (9 3] 36 1 % Fe chfeatures dp 4% > F ' F d gt 2 [F*Je kgt 36 B 7
e features dp iR 2 & & 5~ # g ¢ [70] - 2 iﬂ psCr~C9-Cl0-Cl6~C18 2
Cl4 -

%15 5 4 i LA 3

Cluster A B C H P (0] TOTAL
C 1 1 2
C, 2 2
Cs 6 6
Cy 3 3
Cs 1 4
Ce 1 1 1 6
C, 47 7 2 74 14 3 147
Cs 3 3
Co 51 1 3 50 6 21 132
Cio 38 30 2 42 9 2 123
Ci1 6
Ci2 2
Ci3 1 1
Ciq 12 2 1 15
Cis 1
Cie 1 38 4 43
Ci7 3 3
Cis 3 17 8 28
Cio 1 1 2
Cyo 2 2

TOTAL 141 38 47 217 58 30 531

RATE 0.266 0.072 0.089 0.409 0.109 0.056

S 4N s A R AARM S RO STRIT A e B

"‘*‘5 i TR A AT B R 0 T i 1 FMDV FuR b 1 kR 0 Z s
hi ’?ﬁ'{‘_@r}j #'fﬂ?fﬁk ,'Eiim}%'/i_klﬁm'ﬁ?riﬁ/z{ﬁg?ﬁ '”E—'H_’Ffr

,Af]’% 2% i ek L,}v}%ﬁ@_@ iﬁ«}'—x{-ﬁ‘i“’,‘ﬁé}m‘*-‘% pLrk e XJ?KFMDV#L
G AR T &3 loop & wmﬁ?*a:%*ﬂ?rmmmmnﬂ?
?K{‘J"fﬁp flexibility 1+ 5 # g chp = o pL b A PIE S ket LT RS R &
R T f}?ﬁ-ﬂ-mB‘m"E*"?Po

ﬁ%

m“‘@ \T >-L G

oy B ke
I 3
,\T..(ﬂ}ii-

t\t

49



0\

\,
J
it
-
é\

7.1

B Y o SRR - B G REP TR R TR AR Y o RARE
B AR FHCE B o AP % &g—r d At s Al B R
ETRE PERIEFER b Biwne 2 HeniER 1 B9 o4 R ET Y AT LR
B T T e P P T s
— B3 o

HY AR MR DR RIEF RS R R L0 RRG RROAHLT 0 AP
BB R ORGER A R R A ;:a:é I% ?5
B EF LA N e TR NP BT B % Pk
GEREE R L E R EET ‘%ﬁmﬂ LR -

?‘?J ok i R AT i
Reni=% 2 B 7| ERT Uik

§ S AT D A B w4 T A A R )"ﬁx‘”"lm#w“ (EN RN I &
Np R LR PR RARG FHE G R RRET S RTER A

7 FuR ,rigr{— EARE A R %o AP HBER LA P TR T s R
* D ONRT H R R e Ap 004 (B R pe[25] 0 ot R R
L;n]%ﬁi?‘]-ﬁ"&’r‘% s ko FIL R RS R et e i EE pEBFRT
; R ERE FSFURA LT R BEFRENE - LR S DR o

F AR el T E DA S TR AN PRI TR Y 30

5 A~02 Cu F31(29/38) T 1 Il Bl % » HILp 305 B At Z S Pk 7 iy
v S

bt
=i
(3«.\%

BLI
G T BRTE UL A GRR LS AR LKA KT i e ]
B A Ae

72 A KB

PR KF R > d LT RET BRI BAGERSS AT U RS E L
FERF B b TR D enF 0 g ?AH#E\ FE LR A kSR E AR R LA

- B o bde kg B AR R 020 SR B R 8 3 e g
i s N ~L_5 BE AR L - REDE S (40 2)[16]
BT L B EE DA P @ D TR R RS F R Rk AL
PR B P ik B Hm RALE TR §E > B J B0 2 R b
R AR R

=0

Be o AvdRis

%é;\mtﬁr

50



10.

11.

12.

13.

14.

\\\?{r

3 <

Grubman, M.J. and B. Baxt, Foot-and-mouth disease. Clinical Microbiology Reviews,
2004. 17(2): p. 465-+.

Doel, T.R., FMD vaccines. Virus Res, 2003. 91(1): p. 81-99.

Rodriguez, L.L., et al., A synthetic peptide containing the consensus sequence of the
G-H loop region of foot-and-mouth disease virus type-O VP1 and a promiscuous
T-helper epitope induces peptide-specific antibodies but fails to protect cattle against
viral challenge. Vaccine, 2003. 21(25-26): p. 3751-3756.

Taboga, O., et al., A large-scale evaluation of peptide vaccines against
foot-and-mouth disease: lack of solid protection in cattle and isolation of escape
mutants. J Virol, 1997. 71(4): p. 2606-14.

Kim, S.A., et al., DNA vaccination against foot-and-mouth disease via electroporation:
study of molecular approaches for enhancing VP1 antigenicity. J Gene Med, 2006.
8(9): p. 1182-91.

Shao, J.J., et al., Promising multiple-epitope recombinant vaccine against
foot-and-mouth disease virus type O in swine. Clin Vaccine Immunol, 2011. 18(1): p.
143-9.

Su, C.X., et al., Heterologous expression of FMDV immunodominant epitopes and
HSP70 in P.pastoris and the subsequent immune response in mice. Veterinary
Microbiology, 2007. 124(3-4): p. 256-263.

Du, V., et al., Enhanced immunogenicity of multiple-epitopes of foot-and-mouth
disease virus fused with porcine interferon alpha in mice and protective efficacy in
guinea pigs and swine. ) Virol Methods, 2008. 149(1): p. 144-52.

Klein, J., Understanding the molecular epidemiology of foot-and-mouth-disease virus.
Infect Genet Evol, 2009. 9(2): p. 153-61.

Feigelstock, D.A., et al., Emerging foot-and-mouth disease virus variants with
antigenically critical amino acid substitutions predicted by model studies using
reference viruses. Vaccine, 1996. 14(2): p. 97-102.

Cox, S.J. and PV. Barnett, Experimental evaluation of foot-and-mouth disease vaccines
for emergency use in ruminants and pigs: a review. Vet Res, 2009. 40(3): p. 13.
Zhang, ZW.,, et al., Screening and identification of B cell epitopes of structural proteins
of foot-and-mouth disease virus serotype Asial. Vet Microbiol, 2010. 140(1-2): p.
25-33.

Sirskyj, D., et al., Innovative bioinformatic approaches for developing peptide-based
vaccines against hypervariable viruses. Immunol Cell Biol, 2011. 89(1): p. 81-9.

Reineke, U. and M. Schutkowski, Epitope mapping protocols. 2nd ed. Methods in

51



15.

16.

17.
18.

19.
20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

molecular biology,. 2009, New York: Humana Press. xiii, 456 p., 16 p. of plates.
El-Manzalawy, Y. and V. Honavar, Recent advances in B-cell epitope prediction
methods. Immunome Res, 2010. 6 Suppl 2: p. S2.

Yang, X. and X. Yu, An introduction to epitope prediction methods and software. Rev
Med Virol, 2009. 19(2): p. 77-96.

Rao, K.V., antigen. ENCYCLOPEDIA OF LIFE SCIENCES 2001. .

King, A.M.Q., G.J. Belsham, and A.l. Donaldson, Foot-and-mouth Disease, in eLS. 2001,
John Wiley & Sons, Ltd.

Frank, S.A., 2002.

Mason, PW., M.J. Grubman, and B. Baxt, Molecular basis of pathogenesis of FMDV.
Virus Res, 2003. 91(1): p. 9-32.

Lea, S., et al., The structure and antigenicity of a type C foot-and-mouth disease virus.
Structure, 1994. 2(2): p. 123-39.

EPM Teurlings, A.K., Foot-and-Mouth Disease Virus:Structure and Antigenicity. 1998.
Oem, J.K., et al., Development of synthetic peptide ELISA based on nonstructural
protein 2C of foot and mouth disease virus. J Vet Sci, 2005. 6(4): p. 317-25.
Greenbaum, J.A., et al., Towards a consensus on datasets and evaluation metrics for
developing B-cell epitope prediction tools. } Mol Recognit, 2007. 20(2): p. 75-82.
Haydon, D.T., et al., Evidence for positive selection in foot-and-mouth disease virus
capsid genes from field isolates. Genetics, 2001. 157(1): p. 7-15.

Hopp, T.P. and K.R. Woods, Prediction of protein antigenic determinants from amino
acid sequences. Proc Natl Acad Sci U S A, 1981. 78(6): p. 3824-8.

Saha, S., M. Bhasin, and G.P. Raghava, Bcipep: a database of B-cell epitopes. BMC
Genomics, 2005. 6: p. 79.

Vita, R., et al., The immune epitope database 2.0. Nucleic Acids Res, 2010.
38(Database issue): p. D854-62.

Huang, J., S. Kawashima, and M. Kanehisa, New amino acid indices based on residue
network topology. Genome Inform, 2007. 18: p. 152-61.

Parker, J.M., D. Guo, and R.S. Hodges, New hydrophilicity scale derived from
high-performance liquid chromatography peptide retention data: correlation of
predicted surface residues with antigenicity and X-ray-derived accessible sites.
Biochemistry, 1986. 25(19): p. 5425-32.

Kolaskar, A.S. and P.C. Tongaonkar, A semi-empirical method for prediction of
antigenic determinants on protein antigens. FEBS Lett, 1990. 276(1-2): p. 172-4.
Pellequer, J.L., E. Westhof, and M.H.V. Vanregenmortel, Correlation between the
Location of Antigenic Sites and the Prediction of Turns in Proteins. Immunology
Letters, 1993. 36(1): p. 83-100.

Saha, S. and G.P.S. Raghava, BcePred: Prediction of continuous B-cell epitopes in

52



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

antigenic sequences using physico-chemical properties. Artificial Immune Systems,
Proceedings, 2004. 3239: p. 197-204.

Alix, A.).P., Predictive estimation of protein linear epitopes by using the program
PEOPLE. Vaccine, 1999. 18(3-4): p. 311-314.

Pellequer, J.L. and E. Westhof, Preditop - a Program for Antigenicity Prediction.
Journal of Molecular Graphics, 1993. 11(3): p. 204-&.

Blythe, M.J. and D.R. Flower, Benchmarking B cell epitope prediction:
underperformance of existing methods. Protein Sci, 2005. 14(1): p. 246-8.

Chen, J., et al., Prediction of linear B-cell epitopes using amino acid pair antigenicity
scale. Amino Acids, 2007. 33(3): p. 423-428.

Odorico, M. and J.L. Pellequer, BEPITOPE: predicting the location of continuous
epitopes and patterns in proteins. J Mol Recognit, 2003. 16(1): p. 20-2.

Saha, S. and G.P.S. Raghava, Prediction of continuous B-cell epitopes in an antigen
using recurrent neural network. Proteins-Structure Function and Bioinformatics, 2006.
65(1): p. 40-48.

El-Manzalawy, Y., D. Dobbs, and V. Honavar, Predicting flexible length linear B-cell
epitopes. Comput Syst Bioinformatics Conf, 2008. 7: p. 121-32.

El-Manzalawy, Y., D. Dobbs, and V. Honavar, Predicting linear B-cell epitopes using
string kernels. Journal of Molecular Recognition, 2008. 21(4): p. 243-255.
Sweredoski, M.J. and P. Baldi, COBEpro: a novel system for predicting continuous
B-cell epitopes. Protein Eng Des Sel, 2009. 22(3): p. 113-20.

Sollner, J., et al., Analysis and prediction of protective continuous B-cell epitopes on
pathogen proteins. Immunome Res, 2008. 4: p. 1.

Holland, J.H., Adaptation in natural and artificial systems : an introductory analysis
with applications to biology, control, and artificial intelligence. 1st MIT Press ed.
Complex adaptive systems. 1992, Cambridge, Mass.: MIT Press. xiv, 211 p.

Hedayat, A., N.J.A. Sloane, and J. Stufken, Orthogonal arrays : theory and applications.
Springer series in statistics. 1999, New York: Springer. xxii, 416 p.

Dey, A., Orthogonal fractional factorial designs. 1985, New York: Wiley. viii, 133 p.
Taguchi, G.i., S. Konishi, and American Supplier Institute., Orthogonal arrays and
linear graphs : tools for quality engineering. 1987, Dearborn, Mich.: American
Supplier Institute. vii, 72 p.

Shinn-Ying, H., S. Li-Sun, and C. Jian-Hung, Intelligent evolutionary algorithms for
large parameter optimization problems. Evolutionary Computation, IEEE Transactions
on, 2004. 8(6): p. 522-541.

Shinn-Ying, H., C. Jian-Hung, and H. Meng-Hsun, Inheritable genetic algorithm for
biobjective 0/1 combinatorial optimization problems and its applications. Systems,
Man, and Cybernetics, Part B: Cybernetics, IEEE Transactions on, 2004. 34(1): p.

53



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

609-620.
Chih-Chung Chang and Chih-Jen Lin, L.a.l.f.s.v.m.AT.0.l.5.a.T,, 2:27:1--27:27, 2011.

Software available at http://www.csie.ntu.edu.tw/~cjlin/libsvm

Yang, D., et al., Identification of a conserved linear epitope on the VP1 protein of
serotype O foot-and-mouth disease virus by neutralising monoclonal antibody 8ES8.
Virus Res, 2011. 155(1): p. 291-9.

Cooke, J.N. and K.M. Westover, Serotype-specific differences in antigenic regions of
foot-and-mouth disease virus (FMDV): a comprehensive statistical analysis. Infect
Genet Evol, 2008. 8(6): p. 855-63.

Gao, S.-d., et al., B cell epitopes within VP1 of type O foot-and-mouth disease virus for
detection of viral antibodies. Virologica Sinica, 2010. 25(1): p. 18-26.

Ma, L., et al., Preparation and characterization of neutralizing monoclonal antibodies
against FMDV serotype O with synthetic peptide antigen. Hybridoma (Larchmt), 2010.
29(5): p. 409-12.

Yu, Y., et al., Fine mapping of a foot-and-mouth disease virus epitope recognized by
serotype-independent monoclonal antibody 4B2. ) Microbiol, 2011. 49(1): p. 94-101.
Wang, H., et al., Identification of a conformational epitope on the VP1 G-H Loop of
type Asial foot-and-mouth disease virus defined by a protective monoclonal antibody.
Vet Microbiol, 2011. 148(2-4): p. 189-99.

Kawashima, S., et al., AAindex: amino acid index database, progress report 2008.
Nucleic Acids Res, 2008. 36(Database issue): p. D202-5.

Chang, H.T., C.H. Liu, and T.W. Pai, Estimation and extraction of B-cell linear epitopes
predicted by mathematical morphology approaches. ] Mol Recognit, 2008. 21(6): p.
431-41.

Wang, Y., et al., Cn3D: sequence and structure views for Entrez. Trends Biochem Sci,
2000. 25(6): p. 300-2.

Rubinstein, N.D., et al., Computational characterization of B-cell epitopes. Mol
Immunol, 2008. 45(12): p. 3477-89.

Barlow, D.J., M.S. Edwards, and J.M. Thornton, Continuous and discontinuous protein
antigenic determinants. Nature, 1986. 322(6081): p. 747-8.

Bundi, A. and K. Withrich, IH-nmr parameters of the common amino acid residues
measured in aqueous solutions of the linear tetrapeptides H-Gly-Gly-X-L-Ala-OH.
Biopolymers, 1979. 18(2): p. 285-297.

Monne, M., et al., Turns in transmembrane helices: determination of the minimal
length of a "helical hairpin" and derivation of a fine-grained turn propensity scale. )
Mol Biol, 1999. 293(4): p. 807-14.

O'Neil, K.T. and W.F. DeGrado, A thermodynamic scale for the helix-forming tendencies

of the commonly occurring amino acids. Science, 1990. 250(4981): p. 646-51.

54


http://www.csie.ntu.edu.tw/~cjlin/libsvm

65.

66.

67.

68.

69.

70.

Qian, N. and T.J. Sejnowski, Predicting the Secondary Structure of Globular-Proteins
Using Neural Network Models. Biophysical Journal, 1988. 53(2): p. A98-A98.
Acharya, R., et al., The three-dimensional structure of foot-and-mouth disease virus at
2.9 A resolution. Nature, 1989. 337(6209): p. 709-716.

Logan, D., et al., Structure of a major immunogenic site on foot-and-mouth disease
virus. Nature, 1993. 362(6420): p. 566-8.

Burman, A., et al., Specificity of the VP1 GH loop of Foot-and-Mouth Disease virus for
alphav integrins. ) Virol, 2006. 80(19): p. 9798-810.

Mohapatra, J.K., et al., Analysis of the leader proteinase (L(pro)) region of type A
foot-and-mouth disease virus with due emphasis on phylogeny and evolution of the
emerging VP3(59)-deletion lineage from India. Virus Res, 2009. 141(1): p. 34-46.
Huang, H.L., et al., Predicting and analyzing DNA-binding domains using a systematic
approach to identifying a set of informative physicochemical and biochemical
properties. BMC Bioinformatics, 2011. 12: p.

55



