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| Abstract

Asial/Shamir that has been recommended by World Reference Laboratory for foot-and-mouth disease
(FMD) is used as a vaccine strain, and is being prepared in many countries including Korea. Although
it is assumed that vaccine strain Asial/Shamir has a wide antigenicity, sufficient molecular biological
analysis has not been accomplished yet. Complete genome sequence analysis showed that the region
with the most severe variations was 1D region of structural protein-coding sequence; particularly ami-
no acid 141~157 residues in 1D region RGD sites for binding to susceptible cells. In addition, five
amino acids in 1D region were identified as characteristic sites that are different from other known
Asial viruses. Asial/Shamir strain was shown to be genetically similar to group VI that had occurred
in the Middle East, but showed low level of genetic similarity to the group V viruses that had oc-
curred in the Southeast Asia and China. It is considered that, if these viruses, group I and II including
group V are introduced into Korea, care would be paid in case of inoculating the vaccine strain
Shamir available in Korea.
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Aol ARESE FAY Hhol e WA=l Asial/
Shamir (ISR 3/89)F2 2009 AlA A TEATA
(World Reference Laboratory Institute for Animal Health,
WRLFMD UK)ZX-E] Bovine thyroid cell BYT)ol|4 <t
H At & Baby hamster kidney cell (BHK)ol| 4] 3¥ Al

S ulolelas ool Fudelakahol Y National
Veterinary Research and Quarantine Service, NVRQS)2]
Biosafety level III (BL-3) A& A4 AHS 3Pt

HIOIZA RNA FE X cDNA 24¥

H}o] 2 A RNAL RNeasy MINI kit (QIAGEN, USA)S
ol-gsto] AzAlollA ST W R ARESlo] &
st & SuperScriptTM First-Strand ~ Synthesis  System
(Invitrogen, USA)S o|-g3} DNAZ gh4sksich 24
E ¢DNA 2 ul& Phusion® Hot Start enzyme (Finnzyme,
Finland)& ©]-§3f 5ol oz Ay 7153t primers &
A3te] PCRS =35t ch(Table 1). Phusion® Hot Start
enzyme 2] A|z=Af| 4] AAIE protocolof] T} PCR mix+=
2% 50 w7t =|A 2451k PCR 2702 98°CollA] 1
E & denaturation> 98°C/10%, annealing> 65°C/15%,
extensionS 72°C/1E-©2 25 cycle, 12]3l wpRk ex-
tension> 72°Coj| A 787t A5

HioI2{A RV EZE

PCR 4383t & QIAquick Gel Extraction Kit (QIAGEN,
USA)E ©]-83fl agarose geloflA] 2], GAIskL 1 &
pGEM®-T Easy vector (Promega, USA)o|| AFelataic}. 1
3 FAE Z2U= A¥sto] AccuPower” PCR premix
(Bioneer, Korea)E ©]-83f] M13 forward®} M13 reverse
universal primerE ©]-&, colony PCRZ A|gY3f] S22 9|
sRolE EefAu|EE DNA 7149 #42 sheich

HiOI2{A RTII HIIMY 24

A7 BEAL M3 forward®} M3 reverse universal
primerE ©]-83}o] ABI Prism 3730xi DNA sequencer
(Applied Biosystems', Life Technologies ™, USA)& <=
Wolgick 97149 Align W A, SAE BAS

Clone Manager professional suite (Scientific & Educat-

Table 1. Oligonucleotides used for PCR to amplify the 1D re-
gion* of Asial/Shamir genome

Primers Direction  Position Sequence (5'—3")

1984F Sense 1984 ~2004 TGAAGACCGCATTCTCACCA
3925R Anti-sense 3905~3925 TCCTGCCAACTTGAGTAGG

*1D region: from 3264nt to 3890nt.
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Table 2. 1D region sequences of foot-and-mouth disease viruses serotype Asial used in this study

Strain Year Country Host Serotype GenBank accession no.
Asial/Shamir 1989 Israel - Asial -
AFG/1/2001 2001 Afghanistan Bovine Asial DQ121109
AFG/4/2001 2001 Afghanistan Bovine Asial DQI121110
AFG/26/2003 2003 Afghanistan Bovine Asial EF457989
AFG/33/2003 2003 Afghanistan Bovine Asial EF457990
AFG/138/2004 2004 Afghanistan Bovine Asial EF457994
AFG/116/2004 2004 Afghanistan Bovine Asial EF457993
BHU/27/2002 2002 Bhutan - Asial DQI21111
GRE/1/84 1984 Greece Bovine Asial EU553909
GRE/2/2000 2000 Greece - Asial DQI21113
HKN/1/2005 2005 Hong Kong Bovine Asial DQI121114
HKN/2/2005 2005 Hong Kong Bovine Asial DQI21115
IND/WBN/117/85 1985 India — Asial AY687334
IRN/1/73 1973 Iran - Asial EU553912
IRN/58/99 1999 Iran - Asial DQI21122
1IRN/4/2001 2001 Iran Bovine Asial DQI21118
IRN/25/2004 2004 Iran Bovine Asial DQI21120
IRN/30/2004 2004 Iran - Asial FJ785246
IRN/31/2004 2004 Iran - Asial DQI21121
ISR/1/57 1957 Israel - Asial EU553913
MYA/2/2001 2001 Myanmar Bovine Asial DQI121123
PAK/2/98 1998 Pakistan Bovine Asial EU553914
PAK/20/2003 2003 Pakistan - Asial DQI121128
PAK/69/2003 2003 Pakistan Bovine Asial DQI21127
PAK/1/2004 2004 Pakistan — Asial DQI21128
TUR/15/73 1973 Pakistan Bovine Asial EU553917
TUR/8/99 1999 Turkey Bovine Asial DQI121130
TUR/6/2000 2000 Turkey Bovine Asial EUS553916

ional Software, USA), DNASTAR package (DNASTAR,
INC., USA)E o]-&35}o] Z3}= 23]} Phylogenetic tree
9] A2+ identity £44of+= MEGA version 3.1 (Center
for Evolutionary Medicine and Informatics, USA)& o]
o, F7|AEY similarityE EAo] Simplot 3.5.1
software S ©]-85to] A= AHEsiit). o] AFoA &
A%l Asial/Shamir®] 1D9] F-7X} A QG H|aLe] A
0]-8-3k reference -2} A7|4E-2 GenBankof|A] o]u]
370 ZA| cDNAE 2Iste] B]aLs}tGItHTable 2).
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Fig. 1. Display of antigenic variations in 1D region (213 amino
acids) among FMDV Asial/ Shamir and other Asial
reference viruses (A) and control with O type, A type
reference virus (B). Epitopel, 2 and 3 represent 21~40,
141~160, and 200~211 residues, respectively.

ope 13}2] *7} 0.202, epitope2} r*7} 0.796 (Fig. 2A), 1
23 A 29]9] epitope BFEZ F5F ATt 7} 0.789
(Fig. 2B)& epitope 27} ZA] epitope?] UZ|Th= =0
T TS A= A 5 A8l

ER

A AAHCR & uf 1A% Bho]2]20] AL
27 Fgobilol 55, obmelsk wv] Foz PRI
4= %) S w(Hammond, 2009a; 2009b), ©] H}o]Z A= o}
z2]7} A Hof|A BHYsH= SAT EHF2S AlYstH O,
A, Asial o] tiRE whysle RAFolc fe 9 of

Table 3. Comparison among nucleotide, deduced amino acid and
rl value in FMDV Asial genotypes using Asial/
Shamir as a reference

Group Sequence Minimum Maximum Average rl value*
Group Nucleotide 83.6 87.1 84.9 0.14

I Amino acid 61.2 68.9 64.6

Group Nucleotide 85.5 88.2 87.4 0.51

I Amino acid  64.9 74.4 71.8

Group Nucleotide 85.2 86.1 85.6 N/A**
I  Amino acid  64.9 66.8 66.2
Group Nucleotide 90.1 91.9 91.1 036039
IV Amino acid  76.1 81.3 78.5
Group Nucleotide 85.5 86.1 858 0.18~0.45
V  Amino acid  64.9 66.8 65.7
Group Nucleotide 92.9 94.8 93.4 N/A
VI  Amino acid 883 88.9 88.6

*r1=reciprocal titre of reference serum against vaccine virus. rl val-
ue higher than 0.3 suggests that there is a close relationship be-
tween field isolate and vaccine strain. rl value lower than 0.3 sug-
gests that the field isolate is so different from the vaccine strain
that the vaccine is unlikely to protect. **N/A: Not available.

Table 4, The relationships between predicted protectivity and matching rate of amino acid (a.a) in epitopes of 1D by comparing with

Asial vaccine strain, Shamir

rl (VNT* with

Matching percent

Matching percent of 1D major epitopes

Groups Virus strains Shamir) (Matching Epitope 1 Epitope 2 Epitope 3 Sum of
a.a/Total a.a) (21~40) (141~160) (200~211) epitopes
I Asial/Pak/29/09 0.14
I Asial/KRG/1/04 0.55(0.51~0.59) 93.36(197/211)  95.00 (19/20) ~ 85.00(17/20)  100.00 (12/12)  92.31 (48/52)
I Asial/Vit/15/05 036 90.99 (192/211)  90.00 (18/20) ~ 75.00 (15/20)  100.00 (12/12)  86.54 (45/52)
IV Asial/Vit/16/05 039 90.99 (192/211)  90.00 (18/20) ~ 75.00 (15/20)  100.00 (12/12)  86.54 (45/52)
vV Asial MOG/05 025 92.89 (196/211)  95.00 (19/20) ~ 70.00 (14/20)  100.00 (12/12)  86.54 (45/52)
V. Asial/Amursky/Rus/05 0.215(0.18~0.25) 91.94 (194/211) ~ 90.00 (18/20) ~ 70.00 (14/20)  100.00 (12/12)  84.62 (44/52)
V. Asial/NKR/2/07 0.485(0.45~0.52) 91.94(194/211)  95.00 (19/20)  75.00 (15/20) ~ 100.00 (12/12)  88.46 (46/52)

*VNT: Virus neutralization test.
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Fig. 2. The correlation X-Y graph of rl value and matching rate of 1D epitope of Asial viruses and vaccine virus Shamir as a
reference. (A) epitope 2, (B) sum of three epitopes (epitope 1, 2, 3).
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