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Abstract: In this study, the capsid proteins of four major serotypes of Foot and Mouth Disease Virus (FMDV) were assessed
as the vaccine candidates. Different protein sequences regarding FMDYV capsid of O, A, Asia 1 and C type were identified from
NCBI Genome Database and UniprotKB. Phylogenetic tree of the four serotypes was developed using ClustalW software.
HMMTOP, RANKPEP, Swiss-Model and Vaxign software were used for comparing the capsid proteins in terms of their
feasibility as vaccine candidates. The virus and viral serotype were identified from the cultured disease sample using RT-PCR.
Our results revealed that different capsid proteins of the four serotypes vary in their suitability to be considered as peptide
vaccine components. Viral protein 1 (VP1) for Asia 1 serotype represented the best result as a vaccine candidate. The VP1
region of Asia 1 serotype amplified based on the result of dry lab analysis. Our findings provide a future indication of

multivalent vaccine development against FMDV.
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1. Introduction

Vaccines have been developed for generating effective
immunogenicity to prevent diseases throughout previous
decades [1-2]. Different methodologies have been exploited
so far to develop vaccines against life threatening diseases of
human and animals [2]. Reverse vaccinology has come out as
one of the most modern system of vaccine development in
recent years [3]. It takes advantages of genomic and
proteomic data regarding pathogenic organisms already
available in the databases. Antigenic materials of certain
pathogens can be analyzed by using different computational
resources and tools. Results from the computational approach
can be utilized to develop vaccine within 1-2 years through
further experimental approaches.

However, foot and mouth disease (FMD) is an
economically important and highly contagious viral disease.

The FMDYV viral particle (25-30 nm) contains an icosahedral
capsid consisting of proteins and no envelope [4-5]. The
virus possesses a positive-sense single stranded RNA (SS
RNA) (about 8.3 kb) genome that encodes a polyprotein
which is subsequently processed to yield structural and non-
structural proteins [8-9]. Globally, the virus exists in seven
immunologically distinct serotypes; the Southern African
Territories [SAT] types 1-3 and Eurasian types namely O, A,
C and Asia 1, with multiple subtypes within each serotype
[10]. Among these serotypes show some regionality; the O
serotype is the most common while four serotypes (O, A,
Asia 1, C) are available in south Asian countries [4]. The
RNA genome of FMDYV goes through a high rate of mutation
because of error prone replication by the RNA polymerase
which results in high genetic diversity [11-12]. Additionally,
persistent infection, recombination, and quasi-species
dynamics have also been reported as contributing factors to



Computational Biology and Bioinformatics 2015; 3(1): 6-20 7

the genetic variation [12-13]. One major concern is that
immunity to one serotype of FMDV does not confer
protection against another. The complex intra-serotypic
variation coupled with the presence of multiple serotypes has
complicated disease control, specifically in case of
vaccination. The most common forms of vaccines against
FMDV are killed or attenuated vaccines [14]. The major
problems regarding such vaccination are requirement of high
specificity, attainment of temporary immunity (months to
years), requirement of revaccination for prophylactic control,
reversal effects of vaccine components [14]. Moreover,
vaccination against FMDYV lacks induction of rapid
protection against challenge or prevention of the
development of the carrier state. Furthermore, it is evidential
that the clinical protection depends upon the span of
immunization and the period of exposure/challenge methods
[15]. All these aspects have created great challenges in
development of vaccine against FMDYV. Subunit vaccine or
peptide vaccine for FMDYV prevention has been suggested by
several authors in this regard [16]. Subunit vaccine is a
vaccine that contains viral antigens made free of viral nucleic
acid. It is less possibility to cause adverse reactions than a
vaccine containing the whole virion.

The aim of our study was to compare and analyze the
capsid proteins (VPO, VP1, VP2, VP3 and VP4) of different
Eurasian serotypes (O, A, Asia 1, C; UniprotKB entry
P03305 P49303, E9KMQG6, P15072 respectively) of FMDV
through computational approach in order to evaluate their
feasibility as vaccine candidates. In our dry lab approach,
FMDV genome polyprotein sequences of different serotypes

have been identified, and similarity and dissimilarity among
the sequences were analyzed. Different bioinformatics tools
were utilized to analyze the capsid proteins of four serotypes
for their antigenic and immunogenic property. In a wet lab
study, we conducted molecular characterization for particular
serotypes from tissue samples of suspected FMDV infected
cattle of Savar Military Firm, Dhaka Bangladesh.

2. Materials and Methods
2.1. Dry Lab Study

At first the genome polyprotein sequences of four
serotypes of FMDV were identified from NCBI Genome
Database. Multiple sequence alignment of the genome
polyproteins of four serotypes of FMDV was done by
ClustalW [17] to determine the mutations among the
serotypes (Supplementary file 1). Maximum likelihood
method was used for phylogenetic tree construction from
MEGA software in which boot strapped value was 1000.The
serotypes under study show very close phylogenetic
relationship with approximately 90% sequence similarity
among them and some observable point mutations
(Figure:1A and 1B).Phylogenetic tree acts as harbinger to
find out the ancestral relationship between different types of
viruses. In this research Phylogenetic tree analysis depicts
that four types of virus are closely related to each other. So it
will act as quintessence to develop single type of vaccine to
unfold the intricateness of these viruses.

sp|P49303|POLG_FMDVZ_Genome_polyprotein_A_Type

trIESKMQ6|E9KMQ6_9PICO_Polyprotein_Asia_1_Type

sp|P03305|POLG_FMDVO_Genome_polyprotein_O_Type

61 sp|P15072|POLG_FMDVT_Genome_polyprotein_C_Type
A
0.01
Fig. 1A. Original phylogenetic tree for O, A, Asia 1 and C serotypes of FMDV.
£| sp|P03305|POLG_FMDVO_Genome_polyprotein_O_Type
sp|P15072|POLG_FMDVT_Genome_polyprotein_C_Type
tr EOKMQB|EOKMQ6_9PICO_Polyprotein_Asia_1_Type
sp|P49303|POLG_FMDVZ_Genome_polyprotein_A_Type
P
0.01

Fig. 1B. Bootstrapped consensus phylogenetic tree.

Amino acid sequence of the proteins of FMDV was
identified from UniprotKB [18]. HMMTOP [19-20] was used
to determine the number of transmembrane (TM) helix,
topology of the antigenic proteins and feasibility of molecule
cloning of the antigenic proteins. Epitope binding sites
against specific MHC (major histocompatibility complex) for
each antigen were determined by RANKPEP [21-22].
Determination of the adhesion probability (which denotes to

binding capacity of antigen to host surface) against specific
MHC molecule of each antigen was done by Vaxign [23].
The antigenic proteins were compared based on all the
parameters under study (related to immunogenecity and
antigenecity) to identify the better vaccine candidates. At last
the structures of each antigen were also predicted based on
homology modeling by SWISS-MODEL (structure not
shown in this article) [24- 26].
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All protein ID and sequence information shown in
supplementary file 1 and 2.

2.2. Wet Lab Study

Cell culture

Baby hamster kidney cells (BHK-21) (American Type
Culture Collection, ATCC, Rockville, MD, USA) were
cultured and maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% heat-inactivated
fetal bovine serum (Gibco Life Technologies, USA), 100

U/ml penicillin, 2 mM L-glutamine, and 100 pg/ml
streptomycin.

Determination of cellular morphology upon FMDV
infection

BHK-21 cells (1.6 x 10°) were grown onto 60 mm tissue

culture plate. Cells were challenged with the viral sample
collected from suspected FMD Virus infected cattle from
Savar Military Firm, Dhaka Bangladesh. After 72 hours,
images were taken under an inverted microscope with a
magnification of 10X.

Reverse transcription-polymerase chain reaction (RT-PCR)
assay

BHK-21 cells were challenged with the viral sample using
established protocol of Virology Lab of Animal Health
Research Division of Bangladesh Livestock Research
Institute (BLRI). RNA was extracted by using Qiagen
RNeasy kit and RT-PCR was done by Superscript III RT-PCR
kit. The oligonucleotide primers for the detection of FMDV
and FMDYV serotypes were used from the 2B and VP1 (1D)
regions of the viral genome as published (Table: 1) [27].

Table 1. List of the primers, their sequences and size of PCR amplicon were used for the diagnosis of FMD virus from the field samples

FMDY serotype Primer label Sequence(5°-3") Location PCR products (bp)
P32 CAGATGCAGGAGGACATGTC 2B
All Serotypes 131 bp
P33 AGCTTGTACCAGGGTTTGGC 2B
P74 GACACCACTCAGGACCGCCG VPI1(1D)
P75 GACACCACCCAGGACCGCCG VPI1(1D)
Asia 1 292 bp
P76 GACACCACACAAGACCGCCG VPI1(1D)
P77 GACACGACTCAGAACCGCCG VPI1(1D)

2.3. Results and Discussions

In the present study, the capsid proteins of four major
serotypes (O, A, Asia 1, C) of Foot and Mouth Disease Virus
(FMDV) were evaluated as the vaccine candidates. Using
computational approach, we found no transmembrane helix
of the viral proteins of the mentioned serotypes but there was

an entropy variation among them. VP4 region of all the
mentioned FMDV serotypes showed the lowest entropy
value while VP2 exhibited highest entropy for O type FMDV
serotype and VP3 showed highest entropy for Asia 1, A and
C type FMDV serotypes (Table 2-5). In addition, VP1 region
demonstrated moderate entropy for Asia 1 serotype (Table 2).

Table 2. Dry lab analysis results of A type (FMDYV)

HMMTOP Analysis Swiss model analysis RANKPEP for MHC 1 RANKPEP for MHC 11 Vaxign analysis
Frotein I:‘Z'i::f ™ Entropy (S)clzlrliAN Z Score Optimal score  Score % OPT Optimal  Score % OPT lljf(:l:::)rillity
VP1 0 17.0120 0.61 -2.53 128 85.0 66.41 48.247 17.528 36.33 0.282
VP2 0 17.0135 0.75 -0.53 128 83.0 64.84 48.247 24.199 50.16 0.467
VP3 0 17.0136  0.67 -1.62 128 78.0 60.94 48.247 13.852 28.71 0.445
VP4 0 17.0079  0.08 -4.33 128 57.0 44.53 48.247 24.199 50.16 0.580

As entropy means disorder, it will be difficult to clone a
protein with higher entropy [19] and proteins with lower
entropy are more feasible for molecular cloning.

In case of O type FMDYV, VP4 showed highest percentage

(%) of optimal (OPT) antigenecity among these proteins
(VP1, VP2, VP3 and VP4), and VP3 exhibited the lowest %
OPT (Table 3)

Table 3. Dry lab analysis results of O type (FMDYV)

HMMTOP analysis Swiss model analysis RANKPEP for MHC 1 RANKPEP for MHC 11 Vaxign analysis
Protein l:eol.i;)f ™ Entropy SQCI:)/II‘F;AN Z score :)c[‘;;lemal Score % OPT ;)c[‘))trlznal Score % OPT léf:lf::illi o
VP1 0 17.0119 0.63 -2.26 128.0 87.0 67.97 48.247 17.528 36.33 0.352
VP2 0 17.0133 0.66 -1.79 128.0 90.0 70.31 48.247 24.199 50.16 0.558
VP3 0 17.0125 0.69 -1.34 128.0 81.0 63.28 48.247 13.852 28.71 0.519
VP4 0 17.0080  0.08 -4.33 128.0 90.0 70.31 48.247 24.199 50.16 0.580
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With the highest % OPT antigenecity, VP4 would show the
highest epitope binding capacity with mammalian MHC 1
molecule. VPl region of A type FMDV showed
highest %OPT among these proteins while VP4 represented
the lowest %OPT (Table 2). Consequently, VP1 would show

the highest epitope binding capacity with mammalian MHC I
molecule. In addition, VP2 and VP3 of Asia 1 type FMDV
exhibited the same highest %OPT among these proteins
(Table 4).

Table 4. Dry lab analysis results of Asial type (FMDYV)

HMMTOP Analysis Swiss model analysis RANKPEP for MHC I RANKPEP for MHC 11 Vaxign analysis
Frotein 1;;[ (l)lfelix Entropy gclt)/lrF;AN Z Score :)c[;;iemal Score % OPT ;)c[:)t:;nal Score % OPT lé:'lohlf:li:illi o
VP1 0 17.0093 0.72 -1.04 128.0 88.0 68.75 65.642 19.542  29.77 0.273
VP2 0 17.0136 0.69 -1.42 128.0 97.0 75.78 65.642 13432 20.46 0.588
VP3 0 17.0145 NA NA 128.0 97.0 75.78 65.642 8.128 12.38 0.534
VP4 0 17.0086 0.08 -4.35 128.0 57.0 44.53 65.642 6.686 10.19 0.571

As expected, these two proteins should have highest
epitope binding capacity with mammalian MHC I molecule.
On the other hand, VP4 showed the lowest % OPT and VP1
showed a standard value %OPT (Table 4). VP1 region of C

type FMDV, revealed the highest % of OPT among these
proteins while VP4 displayed the lowest OPT (%) (Table 5).
Thus, VP1 should have the highest epitope binding capacity
with mammalian MHC I molecule.

Table 5. Dry lab analysis results of C type (FMDYV)

HMMTOP Analysis Swiss model analysis RANKPEP for MHCI RANKPEP for MHC 11 Vaxign analysis
Frotein Eeoli(;f ™ Entropy gclt)/lrF;AN Z Score gﬁiiemal Score % OPT gﬁiiemal Score % Opt léf:lf::)?li o
VP1 0 17.0094 0.63 2.12 128.0 85.0 66.41 65.642 11.9 18.13 0.435
VP2 0 17.0136 0.6 2.6 128.0 80.0 62.50 65.642 13.432 20.46 0.613
VP3 0 17.0144 0.61 -2.51 128.0 82.0 64.06 65.642 6.056 9.23 0.493
VP4 0 17.0079 0.08 -4.33 128.0 57.0 44.53 65.642 6.726 10.25 NA

The study of epitope binding capacity of the viral
proteins with mammalian MHC II molecule, we found that
VP2 and VP4 region of O type FMDV represented the same
highest OPT (%) among these proteins (Table 3). These two
proteins should have highest epitope binding capacity with
mammalian MHC II molecule. Additionally, VP1 of A, Asia
1, and C type FMDV demonstrated the highest OPT (%)
among these proteins (Table 2-4). Consequently, VP1
should have the highest epitope binding capacity with
mammalian MHC II molecule for the above mentioned
three types of FMDV.

Previous studies have been suggested that the higher
epitope binding capacity of particular proteins denotes to
their viability as vaccine components than the proteins of
lower epitope binding efficiency [21-22, 28]. Based on the
binding capacity of antigenic proteins to mammalian MHC
I and MHC II molecules, we concluded that VP1 region can
be a novel vaccine components for A, Asia 1 and C types of
FMDV. Although, the results have been based on the
sequences of highest possible OPT (%) for each capsid
protein, we therefore further studied the 3D structure and
adhesion probability of the antigenic proteins from their
sequence.

Adhesion probability represents the binding capacity of
antigens to the host cell. It has been reported that highest
adhesion probability corresponds to the highest binding

capacity [23, 31].We found thatVP4 of O and A type FMDV
showed the highest adhesion probability and VP1 displayed
the lowest value (Table 3, 2). In case of Asia 1 and C type
FMDV, VP2 showed the highest adhesion probability and
VP1 demonstrated the lowest value (Table 4-5).

Different parameters regarding the feasibility of vaccine
candidates showed different results for different serotypes
(in some cases HMMTOP and Vaxign analysis do not show
results due to short sequence). There was no single capsid
protein that showed top results in case of all studies. This
actually indicates that no single capsid protein can be
treated as the best vaccine component against FMDV.
Different antigenic proteins can be suitable candidates from
different point of view. So peptide vaccine based on a single
protein for all types of FMDV will not provide the best
results. So far VP1 has been regarded as the best antigen for
producing peptide vaccine against FMDV [16]. Moreover,
the structural protein coding region VP1 has been shown to
vary significantly between strains and serotypes indicating
the higher mutation rate than the structural protein coding
gene of FMDV [32-33]. This reduces the suitability of
VP1for being the monovalent peptide vaccine. The overall
study leaves the chance to think about the production of
multivalent vaccine against FMDV instead of monovalent
one. This may combine the prominent capsid proteins
across different serotypes of FMDV to prepare a novel
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vaccine against multi-serotypes of FMDV [14].

According to the results of dry lab analysis, we tried to
find out the vaccine candidate in wet-lab research. The
findings of the wet-lab study confirmed that the virus

1 2 3

292bp —>

infected samples contained FMDV and the serotype was
Asia-1.We identified Vpl region of Asia 1 region which
showed best result in dry lab as vaccine candidate (fig:2)

<— 131bp

Fig. 2. Confirmation of FMDV and VPI in tissue samples using RT-PCR. Total RNA was extracted from FMDV-infected vascular fluid of tongue epithelium
tissue and reverse-transcribed using two specific primers designated as 2B and VP1 (1D) regions of the viral genome for the detection of FMDV and FMDV
serotypes. Lane 1-2, VPI region of Asia I serotype (292 bp); lane 3, 100 bp DNA marker; lane 4-5, Bl region of all serotypes; lane 6, 100 bp DNA marker.

We also observed the cytopathic effect of virus sample
(Fig 3). Further study is needed to be done for VP1 region of
different serotypes that can be assembled as a multivalent
vaccine. Mainly four serotypes (O, A, Asia 1 and C type) of

A

FMDYV are predominant in Bangladesh and other countries of
South Asia. Among them Asia-1 has been mostly reported in
Bangladesh.

Fig. 3. Cytopathic effects of FMDV in BHK-21 cells. About 1.6 x 10° BHK-21 cells were grown onto 60 mm cell culture plate and infected with FMDV at
multiplicity of infection (MOI) of 1. After 72 hrs cells were rinsed with 1 ml of 1X PBS buffer and the cellular morphological appearance was observed using
inverted microscopy (Olympus, Canada) with a magnification of 10X. (4) Mock. (B) Infection with FMDV.

In conclusion, the present study mainly focused on
genomic based approach of vaccine development known as
reverse vaccinology. In the dry lab study, the capsid proteins
of different serotypes of FMDV showed different levels of
feasibility that are to be considered as peptide vaccine
components. Since the idea of producing single peptide
vaccine can be replaced by the concept of multivalent
vaccine. The wet lab study identified the Asia 1 serotype of
FMDYV in the samples of suspected animals. The results can
be further validated in the laboratory. Our study enhances our
knowledge for the possibility of producing novel vaccine

based on VP1 sequence of multiple serotypes.
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PWTLVVMVVAPLTVNTEGA
POIKVYANIAPTNVHVAGEFPSKEGIFPVACSDGYGGLVTT
DPKTADPVYGKVENPPRNQ
LPGRFTNLLDVAEACPTFLRFEGGVPYVTTKTDSDRVLAQF
DMSLAAKQMSNTFLAGLAQ
YYTQYSGTINLHFMFTGPTDAKARYMVAYAPPGMEPPKTPE
AAAHCIHAEWDTGLNSKET
FSIPYLSAADYAYTASGVAETTNVQGWVCLEFQITHGKADGD
ALVVLASAGKDFELRLPVD
ARAETTSAGESADPVTTTVENYGGETQIQRRQHTDVSFIMD
REVKVTPONQINILDLMQT
PSHTLVGALLRASTYYEFSDLEIAVKHEGDLTWVPNGAPEKA
LDNTTNPTAYHKAPLTRLA
LPYTAPHRVLATVYNGECRYNRNAVPNLRGDLQVLAQKVAR
TLPTSFNYGAIKATRVTEL
LYRMKRAETYCPRPLLATHPTEARHKQKIVAPVKQTLNEFDL
LKLAGDVESNPGPFFFSDV

RSNEFSKLVETINQOMOQEDMSTKHGPDENRLVSAFEELAIGVK
AIRTGLDEAKPWYKLIKLL
SRLSCMAAVAARSKDPVLVAIMLADTGLEILDSTEVVKKIS
DSLSSLFHVPAPVESFGAP
VLLAGLVKVASSFFRSTPEDLERAEKQLKARDINDIFAILK
NGEWLVKLILATRDWIKAW
IASEEKFVTMTDLVPGILEKQRDLNDPSKYKEAKEWLDNAR
QACLKSGNVHIANLCKVVA
PAPSKSRPEPVVVCLRGKSGQGKSFLANVLAQAISTHETGR
IDSVWYCPPDPDHEFDGYNQ
QTVVVMDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDKG
KPENSKVIIATTNLYSGET
PRTMVCPDALNRRFHFDIDVSAKDGYKINSKLDIIKALEDT
HANPVAMFQYDCALLNGMA
VEMKRMOQODMFKPOPPLONVYQLVQEVIDRVELHEKVSSHP
IFKQISIPSQKSVLYFLIE
KGOHEAATIEFFEGMVHDSIKEELRPLIQQTSEFVKRAFKRLK
ENFEIVALCLTLLANIVIM
IRETRKRQKMVDDAVNEYIEKANITTDDKTLDEAEKSPLET
SGASTVGFRERTLPGQKAC
DDVNSEPAQPVEEQPQAEGPYAGPLERQKPLKVRAKLPQQE
GPYAGPMERQKPLKVKAKA
PVVKEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLQOKMV
MGNTKPVELILDGKTVAIC
CATGVEFGTAYLVPRHLFAEKYDKIMVDGRAMTDSDYRVFEF
EIKVKGODMLSDAALMVLH
RGNRVRDITKHFRDTARMKKGTPVVGVINNADVGRLIEFSGE
ALTYKDIVVCMDGDTMPGL
FAYRAATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYCS
CVSRSMLLKMKAHIDPEPH
HEGLIVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAAL
SNKDPRLNEGVVLDEVIES
KHKGDTKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIY
EATIKGVDGLDAMEPDTAPG
LPWALQGKRRGALIDFENGTVGPEVEAALKLMEKREYKFEVC
QTFLKDEIRPLEKVRAGKT
RIVDVLPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCNP
DVDWQREFGTHFAQYRNVWD
VDYSAFDANHCSDAMNIMFEEVEFRTEFGFHPNAEWILKTLV
NTEHAYENKRITVGGGMPS
GCSATSIINTILNNIYVLYALRRHYEGVELDTYTMISYGDD
IVVASDYDLDFEALKPHFK
SLGOQTITPADKSDKGEFVLGHSITDVTFLKRHFHMDYGTGEY
KPVMASKTLEAILSFARRG
TIQEKLISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLY
LRWVNAVCGDA

A type

>sp|P49303 | POLG_FMDVZ Genome polyprotein
OS=Foot-and-mouth disease virus (isolate
-/Azerbaijan/A22-550/1965 serotype A)
PE=1 Sv=1
MNTTDCFIALLYALREIKAFLLSRTQGKMELTLYNGEKKTF
YSRPNNHDNCWLNTILQLF
RYVDEPFFDWVYDSPENLTCEAIRQLEEITGLELHEGGPPA
LVIWNIKHLLHTGIGTASR
PSEVCMVDGTDMCLADFHAGIFLKGQEHAVFACVTSDGWYA
IDDEDFYPWTPDPSDVLVFEF
VPYDQEPLNGEWKAKVQKRLKGAGQSSPATGSQONQSGNTGS
IINNYYMQOQYQONSMDTQLG
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DNAISGGSNEGSTDTTSTHTTNTONNDWESKLASSAFSGLE
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTYGYSTQEDHVSGPNTSGLETRV
VOAERFFKKYLFDWTPDKA
FGHLEKLELPTDHKGVYGHLVDSFAYMRNGWDVEVSAVGNQ
FNGGCLLVAMVPEWKELTP
REKYQLTLEFPHQFISPRTNMTAHIVVPYLGVNRYDQYKKHK
PWTLVVMVVSPLTTNTVSA
GQIKVYANIAPTHVHVAGELPSKEGIVPVACSDGYGGLVTT
DPKTADPVYGMVYNPPRTN
YPGRFTNLLDVAEACPTFLCFDDGKPYVVTRTDEQRLLAKE
DLSLAAKHMSNTYLSGIAQ
YYAQYSGTINLHFMFTGSTDSKARYMVAYVPPGVETPPDTP
EKAAHCIHAEWDTGLNSKE
TEFSIPYVSAADYAYTASDVAETTNVQGWVCIYQITHGKAEQ
DTLVVSVSAGKDFELRLPI
DPRSQTTSTGESADPVITTVENYGGETQVQRRQHTDVTEIM
DREFVKIQONLNPIHVIDLMQ
THQHGLVGALLRAATYYFSDLEIVVRHDGNLTWVPNGAPEA
ALSNMGNPTAYPKAPFTRL
ALPYTAPHRVLATVYNGTGKYSAGGMGRRGDLEPLAARVAA
QLPTSENFGAIQATTIHEL
LVRMKRAELYCPRPLLAVEVSSQDRHKQKITAPAKQLLNED
LLKLAGDVESNPGPFFFSD
VRSNEFSKLVETINQMQOEDMSTKHGPDFNRLVSAFEELATGV
KATRTGLDEAKPWYKLIKL
LSRLSCMAAVAARSKDPVLVAIMLADTGLEILDSTEVVKKI
SDSLSSLFHVPAPVESFEFGA
PILLAGLVKVASSFFRSTPEDLERAEKQLKARDINDIFAIL
KNGEWLVKLILAIRDWIKA
WIASEEKEVTMTDLVPGILEKQRDLNDPSKYKEAKEWLDSA
ROACLKNGNVHIANLCKVV
TPAPSKSRPEPVVVCLRGKSGQGKSFLANVLAQATISTHETG
RIDSVWYCPPDPDHEFDGYN
QQTVVVMDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDK
GKPENSKVIITTTNLYSGEF
TPRTMVCPDALNRRFHEFDIDVSAKDGYKVNNKLDITKALED
THTNPVAMFKYDCALLNGM
AVEMKRMQODMFKPQPPLONVYQLVQEVIERVELHEKVSSH
QIFKQISIPSQKSVLYFLI
EKGOQHEAATEFFEGLVHDSIKEELRPLIQQTSEFVKRAFKRL
KENFEIVALCLTLLANIVI
MIRETRKROQOMVDDAVNEYIEKANITTDDKTLDEAEKNPLE
TSGVSIVGFRERTLPGHRA
SDDVNSEPARPVEEQPQAEGPYTGPLERQKPLKVKAKLPQQ
EGPYAGPMERQKPLKVKVK
APVVKEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLQKM
VMGNTKPVELILDGKTVATI
CCATGVEFGTAYLVPRHLFAEKYDKIMLDGRAMTDSDYRVFE
FEIKVKGQDMLSDAALMVL
HRGNRVRDITKHFRDTARMKKGTPVVGVINNADVGRLIFEFSG
EALTYKDIVVCMDGDTMPG
LFAYKAATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYC
SCVSRSMLLKMKAHIDPEP
HHEGLIVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAA
LSNKDPRLNEGVVLDEVIF
SKHKGDTKMTEEDKALFRRCAADYASRLHNVLGTANAPLSI
YEATKGVDGLDAMEPDTAP
GLPWALQGKRRGTLIDFENGTVGPEVASALELMEKRQYKET
CQTFLKDEVRPMEKVRAGK

TRIVDVLPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCN
PDVDWOQREGTHEFAQYKNVW
DVDYSAFDANHCSDAMNIMFEEVEFRTEFGEFHPNAEWILKTL
VNTEHAYENKRITVEGGMP
SGCSATSIINTILNNIYVLYALRRHYEGVELDTYTMISYGD
DIVVASDYDLDFEALKPHF
KSLGQTITPADKSDKGEVLGQSITDVTFLKRHFRMDYGTGE
YKPVMASKTLEATILSFARR
GTIQEKLISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSL
YLRWVNAVCGDAQSL

Asia 1 Type

>tr |E9KMQ6 |ESKMQ6 SPICO Polyprotein
OS=Foot-and-mouth disease virus - type
Asia 1

PE=3 SvV=1
MDTTDCEFVALTHIFREIKALFLSRTQGKMEFTLHNGEKKTF
YSRPNNHDNCWLNTILQLF

RYVDEPFFDWVYDSPENLTLEAIRQLEEVTGLELHEGGPPA
LVIWNIKHLLHTGVGTASR
PSEVCMVDGTDMCLADFHAGIFLKGQEHAVEFACVTSNGWYA
IDDEDFYPWTPDPSDVLVE
VPYDQEPLNGEWKAKVQKRLKGAGQSSPATGSQONQSGNTGS
IINNYYMQQYONSMDTQLG
DNAISGGSNEGSTDTTSTHTNNTONNDWESRLASSAFSGLE
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTYGYAVAEDAVSGPNTSGLETRV
TOQAERFFKKHLFDWTPDLS
FGHCHYLELPSEHKGVFGSLMSSYAYMRNGWDVEVTAVGNQ
FNGGCLLVALVPELKELDT
ROKYQLTLEFPHQFINPRTNMTAHINVPYVGVNRYDQYELHK
PWTLVVMVVAPLTVKTGGS
EQIKVYMNAAPTYVHVAGELPSKEGIVPVACVDGYGNMVTT
DPKTADPVYGKVSNPPRTS
FPGRETNFLDVAEACPTEFLREFGEVPEVKTVNSGDRLLAKFED
VSLAAGHMSNTYLAGLAQY
YTQYSGTMNIHFMFTGPTDAKARYMVAYIPPGMTPPTDPER
AAHCIHSEWDTGLNSKETF
SIPYLSAADYAYTASDVAETTSVQGWVCIYQITHGKAEGDA
LVVSVSAGKDFEFRLPVDA
ROOTTTTGESADPVTTTVENYGGETQTARRLHTDVAFVLDR
FVKLTQPKSTQTLDLMQIP
SHTLVGALLRSATYYFSDLEVALVHTGPVTWVPNGAPKTAL
NNHTNPTAYQKQPITRLAL
PYTAPHRVLSTVYNGKTTYGEESSRRGDLAALARRVSNRLP
TSENYGAVKADTITELLIR
MKRAETYCPRPLLALDTTQDRRKQEIIAPEKQTLNFDLLKL
AGDVESNPGPFFFSDVRSN
FTKLVDTINQMQEDMSTKHGPDENRLVSAFEELATGVKAIR
TGLDEAKPWYKLIKLLSRL
SCMAAVAARSKDPVLVAIMLADTGLEILDSTEFVVKKISDSL
SSLFHVPAPVESFGAPVLL
AGLVKVASSFFRSTPEDLERAEKQLKARDINDIFAILKNGE
WLVKLILAIRDWIKAWIAS
EEKFVIMTDLVPGILEKQRDLNDPSKYEEAKEWLDNARQAC
LKSGNVHIANLCKVVAPAP
SKSRPEPVVVCLRGKSGQGKSFLANVLAQAISTHFTGRTDS
VWYCPPDPDHEFDGYNQQTV
VVMDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDKGKPF
NSKVIIATTNLYSGETPRT
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MVCPDALNRREFHFDIDVSAKDGYKINNKLDITKALEDTHTN
PVAMFQYDCALLNGMAVEM
KRMQODMFKPQPPLONVYQLVQEVIDRVELHEKVSSHPIFK
QISIPSQKSVLYFLIEKGQ
HEAATIEFFEGMVHDSIKEELRPLIQQTSEFVKRAFKRLKENF
EIVALCLTLLANIVIMIRE
TRKRQOMVNDAVNEYIDKANITTDDKTLDEAEKNPLETSGA
STVGFRERTLPGRKTSDDV
YSEPVKPVEEQPQAEGPYAGPLERQKPLEVRAKLPQQEGPY
AGPMERQKPLKVKAKAPVV
KEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLOKMVMGN
TKPVELILDGKTVAICCAT
GVEFGTAYLVPRHLFAEKYDKIMLDGRAMTDSDYRVFEFEIK
VKGODMLSDAALMVLHRGN
RVRDITKHFRDVAKMKKGTPVVGVINNADVGRLIFSGEALT
YKDIVVCMDGDTMPGLEFAY
KAVTRAGYCGGAVLAKDGAETFIVGTHSAGGNGVGYCSCVS
RSMLLKMKAHIDPEPHHEG
LVVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAALSNK
DPRLNEGVVLDEVIFSKHK
GDTKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIYEAT
KGVDGLDAMEPDTAPGLPW
ALQGKRRGALIDFENGTVGPEVEAALKLMEKREYKFACQTEFE
LKDEIRPMEKVRAGKTRIV
DVLPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCNPDID
WORFGTHEFAQYRNVWDVDY
SAFDANHCSDAMNIMFEEVEFRTEFGFHPNAEWILKTLVNTE
HAYENKRIVVEGGMPSGCS
ATSTIINTILNNIYVLYALRRHYEGVELDTYTMISYGDDIVV
ASDYDLDFEALKPHFKSLG
QTITPADKSDKGEVLGHSITDVTFLKRHFHMDYGTGEFYKPV
MASKTLEAILSFARRGTIQ
EKLTSVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLYLRW
VNAVCGDA

C Type

>sp|P15072 | POLG_FMDVT Genome polyprotein
OS=Foot—-and-mouth disease virus (isolate
-/Germany/ClOberbayen/1960 serotype C)
PE=1 SV=2
MNTTDCFIAVVNAIRETIRALFLPRTTGKMEFTLHDGEKKVFE
YSRPNNHDNCWLNTILQLF
RYVDEPFFDWVYNSPENLTLEAIKQLEELTGLELREGGPPA
LVIWNIKHLLHTGIGTASR
PSEVCMVDGTDMCLADFHAGIFMKGQEHAVEFACVTSNGWYA
IDDEDFYPWTPDPSDVLVE
VPYDQEPLNEGWKANVQRKLKGAGQSSPATGSQNQSGNTGS
ITINNYYMQQYONSMDTQLG
DNAISGGSNEGSTDTTSTHTTNTOQNNDWESKLASSAFSGLFE
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTFGYATAEDSTSGPNTSGLETRV
HQAERFFKMALFDWVPSQN
FGHMHKVVLPHEPKGVYGGLVKSYAYMRNGWDVEVTAVGNQ
FNGGCLLVALVPEMGDISD
REKYQLTLYPHQFINPRTNMTAHITVPYVGVNRYDQYKQHR
PWTLVVMVVAPLTTNTAGA
QQIKVYANIAPTNVHVAGELPSKEGIFPVACSDGYGNMVTT
DPKTADPAYGKVYNPPRTA
LPGRFTNYLDVAEACPTFLMFENVPYVSTRTDGQRLLAKFED
VSLAAKHMSNTYLAGLAQY

YTQYTGTINLHFMFTGPTDAKARYMVAYVPPGMDAPDNPEE
AAHCTHAEWDTGLNSKETF
SIPYISAADYAYTASHEAETTCVQGWVCVYQITHGKADADA
LVVSASAGKDFELRLPVDA
ROQTTATGESADPVTTTVENYGGETQVQORRHHTDVAFVLDR
FVKVTVSGNQHTLDVMQAH
KDNIVGALLRAATYYFSDLEIAVTHTGKLTWVPNGAPVSAL
DNTTNPTAYHKGPLTRLAL
PYTAPHRVLATAYTGTTTYTASTRGDSAHLTATRARHLPTS
FNFGAVKAETITELLVRMK
RAELYCPRPILPIQPTGDRHKQPLVAPAKQLLNEDLLKLAG
DVESNPGPFEFEFSDVRSNE'S
KLVETINQOMQEDMSTKHGPDENRLVSAFEELASGVKAIRTG
LDEAKPWYKLIKLLSRLSC
MAAVAARSKDPVLVAIMLADTGLEILDSTEVVKKISDSLSS
LFHVPAPAFSFGAPILLAG
LVKVASSFFRSTPEDLERAEKQLKARDINDIFAILKNGEWL
VKLILAIRDWIKAWIASEE
KEVITMTDLVPGILEKQRDLNDPSKYKDAKEWLDNTRQACLK
SGNVHIANLCKVVAPAPSK
SRPEPVVVCLRGKSGQGKSEFLANVLAQAISTHLTGRTDSVW
YCPPDPDHFDGYNQQTVVV
MDDLGONPDGKDFKYFAQMVSTTGEFIPPMASLEDKGKPESS
KVIIATTNLYSGEFTPKTMV
CPDALNRRFHFDIDVSAKDGYKINNKLDITIKALEDTHTNPV
AMFQYDCALLNGMAVEMKR
LOODMFKPQPPLONVYQLVQEVIERVELHEKVSSHPIFKQI
SIPSQKSVLYFLIEKGQHE
AATEFFEGMVHDSIKEELRPLIQQTSEFVKRAFKRLKENFET
VALCLTLLANIVIMIRETH

KROKMVDDAVNEY IEKANITTDDKTLDEAEKNPLETSGAST
VGFRERTLPGQKARDDVNS
EPAQPTEEQPQAEGPYAGPLERQRPLKVRAKLPQQEGPYAG
PMERQKPLKVKARAPVVKE
GPYEGPVKKPVALKVKAKNLIVTESGAPPTDLQKMVMGNTK
PVELILDGKTVAICCATGV
FGTAYLVPRHLFAEKYDKIMLDGRALTDSDYRVFEFEIKVK
GODMLSDAALMVLHRGNRV
RDITKHFRDVARMKKGTPVVGVINNADVGRLIFSGEALTYK
DIVVCMDGDTMPGLFAYKA
ATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYCSCVSRS
MLLKMKAHIDPEPHHEGLT
VDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAALSNKDP
RLNEGVVLDEVIFSKHKGD
TKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIYEAIKG
VDGLDAMEPDTAPGLPWAL
QOGKRRGALIDFENGTVGPEVEAALKLMEKREYKFACQTFEFLK
DEIRPMEKVRAGKTRIVDV
LPVEHILYTRMMIGRECAQMHSNNGPQIGSAVGCNPDVDWQ
REGTHFAQYRNVWDVDYSA
FDANHCSDAMNIMFEEVFRTEFGEFHPNAEWILKTLVNTEHA
YENKRITVEGGMPSGCSAT
SIINTILNNIYVLYALRRHYEGVELDTYTMISYGDDIVVAS
DYDLDFEALKPHFKSLGQT
ITPADKSDKGEVLGHSITDVTFLKRHFHMDYGTGEYKPVMA
SKTLEAILSFARRGTIQEK
LISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLYLRWVN
AVCGDA
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Capsid Protein Sequences of Different
Serotypes of FMDV

O Type

vpO
>sp|P033051202-504
GAGQSSPATGSONQSGNTGSIINNYYMOQOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGHTTSTTQSSVGVTYG
YATAEDFVSGPNTSGLETRVVQAERFFKTHLEFDWVTSDSFEG
RCHLLELPTDHKGVYGSLT
DSYAYMRNGWDVEVTAVGNQEFNGGCLLVAMVPELYSIQKRE
LYQLTLFPHOQFINPRTNMT
AHITVPEFVGVNRYDQYKVHKPWTLVVMVVAPLTVNTEGAPQ
IKVYANIAPTNVHVAGEFPSKE

vpl
>sp|P033051725-935
TTSAGESADPVTTTVENYGGETQIQRRQHTDVSFIMDREVK
VITPONQINILDLMQIPSHT
LVGALLRASTYYFSDLEIAVKHEGDLTWVPNGAPEKALDNT
TNPTAYHKAPLTRLALPYT
APHRVLATVYNGECRYNRNAVPNLRGDLOVLAQKVARTLPT
SEFNYGAIKATRVTELLYRM
KRAETYCPRPLLAIHPTEARHKQKIVAPVKQ

vp2
>sp|P033051287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYATAED
FVSGPNTSGLETRVVQAER
FFKTHLEDWVTSDSFGRCHLLELPTDHKGVYGSLTDSYAYM
RNGWDVEVTAVGNQENGGC
LLVAMVPELYSIQKRELYQLTLFPHQFINPRTNMTAHITVP
FVGVNRYDQYKVHKPWTLV
VMVVAPLTVNTEGAPQIKVYANIAPTNVHVAGEFPSKE

vp3
>sp|P03305|505-724
GIFPVACSDGYGGLVTTDPKTADPVYGKVEFNPPRNQLPGREF
TNLLDVAEACPTFLRFEGG
VPYVTTKTDSDRVLAQEFDMSLAAKOMSNTFLAGLAQYYTQY
SGTINLHFMFTGPTDAKAR
YMVAYAPPGMEPPKTPEAAAHCIHAEWDTGLNSKEFTEFSIPY
LSAADYAYTASGVAETTNV
QGWVCLFQITHGKADGDALVVLASAGKDFELRLPVDARAE

vp4
>sp|P033051202-286
GAGQSSPATGSONQSGNTGSIINNYYMQOQOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLFGALLA

A Type

vpO

>sp | P49303|202-504
GAGQSSPATGSQONQSGNTGSIINNYYMQQYQNSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWEFSKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGHTTSTTQSSVGVTYG
YSTQEDHVSGPNTSGLETRVVQAERFFKKYLEFDWTPDKAFG
HLEKLELPTDHKGVYGHLV

DSFAYMRNGWDVEVSAVGNQFNGGCLLVAMVPEWKELTPRE
KYQLTLFPHQFISPRTNMT
AHIVVPYLGVNRYDQYKKHKPWTLVVMVVSPLTTNTVSAGQ
IKVYANIAPTHVHVAGELP
SKE

vpl
>sp | P49303(726-936
TTSTGESADPVTTTVENYGGETQVQRRQHTDVTFIMDREVK
IONLNPIHVIDLMQOTHQHG
LVGALLRAATYYFSDLEIVVRHDGNLTWVPNGAPEAALSNM
GNPTAYPKAPFTRLALPYT
APHRVLATVYNGTGKYSAGGMGRRGDLEPLAARVAAQLPTS
FNFGAIQATTIHELLVRMK
RAELYCPRPLLAVEVSSQODRHKQKIIAPAKQ

vp2
>sp|P493031287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYSTQED
HVSGPNTSGLETRVVQAER
FFKKYLEFDWTPDKAFGHLEKLELPTDHKGVYGHLVDSFAYM
RNGWDVEVSAVGNQENGGC
LLVAMVPEWKELTPREKYQLTLFPHQFISPRTNMTAHIVVP
YLGVNRYDQYKKHKPWTLV
VMVVSPLTTNTVSAGQIKVYANTIAPTHVHVAGELPSKE

vp3
>sp|P49303(1505-725
GIVPVACSDGYGGLVTTDPKTADPVYGMVYNPPRTNYPGREF
TNLLDVAEACPTFLCEFDDG
KPYVVTRTDEQRLLAKFDLSLAAKHMSNTYLSGIAQYYAQY
SGTINLHFMFTGSTDSKAR
YMVAYVPPGVETPPDTPEKAAHCIHAEWDTGLNSKETESIP
YVSAADYAYTASDVAETTN
VQGWVCIYQITHGKAEQDTLVVSVSAGKDFELRLPIDPRSQ

vp4
>sp|P49303(1202-286
GAGQSSPATGSQONQSGNTGSIINNYYMQOQOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLFGALLA

Asia 1 Type

vpl
>tr|ESKMQ6|724-932
TTTTGESADPVTTTVENYGGETQTARRLHTDVAFVLDREVK
LTOPKSTQTLDLMQIPSHT
LVGALLRSATYYFSDLEVALVHTGPVTWVPNGAPKTALNNH
TNPTAYQKQPITRLALPYT
APHRVLSTVYNGKTTYGEESSRRGDLAALARRVSNRLPTSFE
NYGAVKADTITELLIRMKR
AETYCPRPLLALDTTQDRRKQEITAPEKQ

vp2
>tr |E9KMQ6|287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYAVAED
AVSGPNTSGLETRVTQAER
FFKKHLEDWTPDLSFGHCHYLELPSEHKGVEFGSLMSSYAYM
RNGWDVEVTAVGNQENGGC
LLVALVPELKELDTROQKYQLTLEFPHQFINPRTNMTAHINVP
YVGVNRYDQYELHKPWTLV
VMVVAPLTVKTGGSEQIKVYMNAAPTYVHVAGELPSKE

vp3
>tr |[E9KMQ6|505-723
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GIVPVACVDGYGNMVTTDPKTADPVYGKVSNPPRTSFPGRF
TNFLDVAEACPTFLREFGEV
PFVKTVNSGDRLLAKFDVSLAAGHMSNTYLAGLAQYYTQYS
GTMNIHFMFTGPTDAKARY
MVAYIPPGMTPPTDPERAAHCIHSEWDTGLNSKFTFSIPYL
SAADYAYTASDVAETTSVQ
GWVCIYQITHGKAEGDALVVSVSAGKDFEFRLPVDARQQ
vp4
>tr | E9KMQ6|202-286
GAGQSSPATGSONQSGNTGSIINNYYMOQYQONSMDTQLGDN
ATISGGSNEGSTDTTSTHTN
NTONNDWEFSRLASSAFSGLEFGALLA

C Type

vp0
>sp|P150721202-504
GAGQSSPATGSONQSGNTGSIINNYYMQOQOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWFSKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGQTTSTTQSSVGVTFEG
YATAEDSTSGPNTSGLETRVHQAERFFKMALEFDWVPSQONFEG
HMHKVVLPHEPKGVYGGLV
KSYAYMRNGWDVEVTAVGNQFNGGCLQAALVPEMGDISDRE
KYQLTLYPHQFINPRTNMT
AHITVPYVGVNRYDQYKQHRPWTLVVMVVAPLTTNTAGAQQ
IKVYANIAPTNVHVAGELP
SKE

vpl
>sp|P15072|724-930
TTTTGESADPVTTTVENYGGETQVQRRHHTDVAFVLDREFVK
VTVSGNQHTLDVMQAHKDN
IVGALLRAATYYFSDLETIAVTHTGKLTWVPNGAPVSALDNT
TNPTAYHKGPLTRLALPYT
APHRVLATGYTGTTTYTASTRGDLAHLTATRAGHLPTSENF
GAVKAETITELLVRMKRAE
LYCPRPILPIQPTGDRHKQPLVAPAKQ

vp2
>sp|P150721287-504
DKKTEETTLLEDRILTTRNGQTTSTTQSSVGVTEFGYATAED
STSGPNTSGLETRVHQAER
FFKMALEDWVPSQONFGHMHKVVLPHEPKGVYGGLVKSYAYM
RNGWDVEVTAVGNQEFNGGC
LOAALVPEMGDISDREKYQLTLYPHQFINPRTNMTAHITVP
YVGVNRYDQYKQHRPWTLV
VMVVAPLTTNTAGAQQIKVYANIAPTNVHVAGELPSKE

vp3
>sp|P150721505-723
GIFPVACSDGYGNMVTTDPKTADPAYGKVYNPPRTALPGRF
TNYLDVAEACPTFLMFENV
PYVSTRTDGQRLLAKFDVSLAAKHMSNTYLAGLAQYYTQYT
GTINLHFMFTGPTDAKARY
MVAYVPPGMDAPDNPEEAAHCIHAEWDTGLNSKEFTEFSIPYT
SAADYAYTASHEAETTCVQ
GWVCVYQITHGKADADALVVSASAGKDFELRLPVDARQQ

vp4
>sp|P150721202-286
GAGQSSPATGSONQSGNTGSIINNYYMQOQOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT

NTONNDWEFSKLASSAFSGLFGALLA

Genome Polyprotein Sequences of
Different Serotypes of FMDV

O Type

>sp|P03305|POLG_FMDVO Genome polyprotein
OS=Foot-and-mouth disease virus (isolate
Bovine/Germany/OlKaufbeuren/1966 serotype
0) PE=1 Sv=1
MNTTDCFIALVQAIREIKALFLSRTTGKMELTLYNGEKKTF
YSRPNNHDNCWLNATLQLF
RYVEEPFFDWVYSSPENLTLEATKQLEDLTGLELHEGGPPA
LVIWNIKHLLHTGIGTASR
PSEVCMVDGTDMCLADFHAGIFLKGQEHAVFACVTSNGWYA
IDDEDFYPWTPDPSDVLVFEF
VPYDQEPLNGEWKAKVQRKLKGAGQSSPATGSQNQSGNTGS
IINNYYMQOQYQNSMDTQLG
DNAISGGSNEGSTDTTSTHTTNTOQNNDWEFSKLASSAFSGLE
GALLADKKTEETTLLEDRTI
LTTRNGHTTSTTQSSVGVTYGYATAEDFVSGPNTSGLETRV
VOAERFFKTHLEFDWVTSDS
FGRCHLLELPTDHKGVYGSLTDSYAYMRNGWDVEVTAVGNQ
FNGGCLLVAMVPELYSIQK
RELYQLTLFPHQFINPRTNMTAHITVPEVGVNRYDQYKVHK
PWTLVVMVVAPLTVNTEGA
POIKVYANIAPTNVHVAGEFPSKEGIFPVACSDGYGGLVTT
DPKTADPVYGKVENPPRNQ
LPGRFTNLLDVAEACPTFLRFEGGVPYVTTKTDSDRVLAQF
DMSLAAKQMSNTFLAGLAQ
YYTQYSGTINLHFMFTGPTDAKARYMVAYAPPGMEPPKTPE
AAAHCIHAEWDTGLNSKET
FSIPYLSAADYAYTASGVAETTNVQGWVCLEFQITHGKADGD
ALVVLASAGKDFELRLPVD
ARAETTSAGESADPVTTTVENYGGETQIQRRQHTDVSFIMD
REVKVTPONQINILDLMQT
PSHTLVGALLRASTYYFSDLEIAVKHEGDLTWVPNGAPEKA
LDNTTNPTAYHKAPLTRLA
LPYTAPHRVLATVYNGECRYNRNAVPNLRGDLQVLAQKVAR
TLPTSENYGAIKATRVTEL
LYRMKRAETYCPRPLLAIHPTEARHKQKIVAPVKQTLNEDL
LKLAGDVESNPGPFFEFSDV
RSNFSKLVETINQMQEDMSTKHGPDENRLVSAFEELATGVK
ATRTGLDEAKPWYKLIKLL
SRLSCMAAVAARSKDPVLVAIMLADTGLEILDSTEVVKKIS
DSLSSLFHVPAPVFSFGAP
VLLAGLVKVASSFFRSTPEDLERAEKQLKARDINDIFAILK
NGEWLVKLILAIRDWIKAW
IASEEKFVTMTDLVPGILEKQRDLNDPSKYKEAKEWLDNAR
QACLKSGNVHIANLCKVVA
PAPSKSRPEPVVVCLRGKSGQGKSFLANVLAQATISTHEFTGR
IDSVWYCPPDPDHEDGYNQ
QTVVVMDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDKG
KPENSKVITIATTNLYSGET
PRTMVCPDALNRRFHFDIDVSAKDGYKINSKLDIIKALEDT
HANPVAMFQYDCALLNGMA
VEMKRMQODMEFKPQPPLONVYQLVQEVIDRVELHEKVSSHP
IFKQISIPSQKSVLYFLTIE
KGOHEAATEFFEGMVHDSIKEELRPLIQQTSEFVKRAFKRLK
ENFEIVALCLTLLANIVIM
IRETRKRQKMVDDAVNEYIEKANITTDDKTLDEAEKSPLET
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SGASTVGFRERTLPGQKAC
DDVNSEPAQPVEEQPQAEGPYAGPLERQKPLKVRAKLPQQE
GPYAGPMERQKPLKVKAKA
PVVKEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLQKMV
MGNTKPVELILDGKTVAIC
CATGVEFGTAYLVPRHLFAEKYDKIMVDGRAMTDSDYRVFEEF
EIKVKGQODMLSDAALMVLH
RGNRVRDITKHFRDTARMKKGTPVVGVINNADVGRLIFSGE
ALTYKDIVVCMDGDTMPGL
FAYRAATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYCS
CVSRSMLLKMKAHIDPEPH
HEGLIVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAAL
SNKDPRLNEGVVLDEVIFES
KHKGDTKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIY
EAIKGVDGLDAMEPDTAPG
LPWALQGKRRGALIDFENGTVGPEVEAALKLMEKREYKEVC
QTFLKDEIRPLEKVRAGKT
RIVDVLPVEHILYTRMMIGRECAQMHSNNGPQIGSAVGCNP
DVDWQRFGTHFAQYRNVWD
VDYSAFDANHCSDAMNIMFEEVEFRTEFGFHPNAEWILKTLV
NTEHAYENKRITVGGGMPS
GCSATSIINTILNNIYVLYALRRHYEGVELDTYTMISYGDD
IVVASDYDLDFEALKPHFK
SLGQTITPADKSDKGEVLGHSITDVTFLKRHFHMDYGTGEY
KPVMASKTLEAILSFARRG
TIQEKLISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLY
LRWVNAVCGDA

A type

>sp|P49303 |POLG_FMDVZ Genome polyprotein
OS=Foot-and-mouth disease virus (isolate
-/Azerbaijan/A22-550/1965 serotype A)
PE=1 Sv=1
MNTTDCFIALLYALREIKAFLLSRTQGKMELTLYNGEKKTF
YSRPNNHDNCWLNTILQLF
RYVDEPFFDWVYDSPENLTCEAIRQLEETITGLELHEGGPPA
LVIWNIKHLLHTGIGTASR
PSEVCMVDGTDMCLADFHAGIFLKGQEHAVFACVTSDGWYA
IDDEDFYPWTPDPSDVLVF
VPYDQEPLNGEWKAKVQKRLKGAGQSSPATGSQNQSGNTGS
TINNYYMQOQYQONSMDTQLG
DNATISGGSNEGSTDTTSTHTTNTOQNNDWFSKLASSAFSGLF
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTYGYSTQEDHVSGPNTSGLETRV
VQAERFFKKYLEDWTPDKA
FGHLEKLELPTDHKGVYGHLVDSFAYMRNGWDVEVSAVGNQ
FNGGCLLVAMVPEWKELTP
REKYQLTLFPHQFISPRTNMTAHIVVPYLGVNRYDQYKKHK
PWTLVVMVVSPLTTNTVSA
GQIKVYANIAPTHVHVAGELPSKEGIVPVACSDGYGGLVTT
DPKTADPVYGMVYNPPRTN
YPGRFTNLLDVAEACPTFLCFDDGKPYVVTRTDEQRLLAKF
DLSLAAKHMSNTYLSGIAQ
YYAQYSGTINLHFMFTGSTDSKARYMVAYVPPGVETPPDTP
EKAAHCIHAEWDTGLNSKEFE
TESIPYVSAADYAYTASDVAETTNVQGWVCIYQITHGKAEQ
DTLVVSVSAGKDFELRLPI
DPRSQTTSTGESADPVTTTVENYGGETQVQRRQHTDVTFIM
DRFVKIQNLNPIHVIDLMQ
THQHGLVGALLRAATYYFSDLEIVVRHDGNLTWVPNGAPEA

ALSNMGNPTAYPKAPFTRL
ALPYTAPHRVLATVYNGTGKYSAGGMGRRGDLEPLAARVAA
QLPTSENFGAIQATTIHEL
LVRMKRAELYCPRPLLAVEVSSQDRHKQKITAPAKQLLNED
LLKLAGDVESNPGPFFFSD
VRSNEFSKLVETINOMOQEDMSTKHGPDENRLVSAFEELATGV
KATRTGLDEAKPWYKLIKL
LSRLSCMAAVAARSKDPVLVAIMLADTGLEILDSTEFVVKKI
SDSLSSLFHVPAPVESFEFGA
PILLAGLVKVASSFFRSTPEDLERAEKQLKARDINDIFATIL
KNGEWLVKLILATRDWIKA
WIASEEKEVTMTDLVPGILEKQRDLNDPSKYKEAKEWLDSA
ROACLKNGNVHIANLCKVV
TPAPSKSRPEPVVVCLRGKSGQGKSFLANVLAQAISTHETG
RIDSVWYCPPDPDHEDGYN
QQTVVVMDDLGONPDGKDEFKYFAQMVSTTGFIPPMASLEDK
GKPENSKVIITTTNLYSGF
TPRTMVCPDALNRRFHEDIDVSAKDGYKVNNKLDITKALED
THTNPVAMFKYDCALLNGM
AVEMKRMQODMEFKPQPPLONVYQLVQEVIERVELHEKVSSH
QIFKQISIPSQKSVLYFLI
EKGOHEAATEFFEGLVHDSIKEELRPLIQQTSFVKRAFKRL
KENFEIVALCLTLLANIVI
MIRETRKRQOMVDDAVNEYIEKANITTDDKTLDEAEKNPLE
TSGVSIVGFRERTLPGHRA
SDDVNSEPARPVEEQPQAEGPYTGPLERQKPLKVKAKLPQQO
EGPYAGPMERQKPLKVKVK
APVVKEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLQKM
VMGNTKPVELILDGKTVATI
CCATGVEGTAYLVPRHLFAEKYDKIMLDGRAMTDSDYRVFE
FEIKVKGODMLSDAALMVL
HRGNRVRDITKHFRDTARMKKGTPVVGVINNADVGRLIFSG
EALTYKDIVVCMDGDTMPG
LFAYKAATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYC
SCVSRSMLLKMKAHIDPEP
HHEGLIVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAA
LSNKDPRLNEGVVLDEVIF
SKHKGDTKMTEEDKALFRRCAADYASRLHNVLGTANAPLST
YEAIKGVDGLDAMEPDTAP
GLPWALQGKRRGTLIDFENGTVGPEVASALELMEKRQYKET
CQTFLKDEVRPMEKVRAGK
TRIVDVLPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCN
PDVDWQREGTHFAQYKNVW
DVDYSAFDANHCSDAMNIMFEEVFRTEFGEFHPNAEWILKTL
VNTEHAYENKRITVEGGMP
SGCSATSIINTILNNIYVLYALRRHYEGVELDTYTMISYGD
DIVVASDYDLDFEALKPHF
KSLGQTITPADKSDKGEVLGQSITDVTFLKRHFRMDYGTGE
YKPVMASKTLEAILSFARR
GTIQEKLISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSL
YLRWVNAVCGDAQSL

Asia 1 Type

>tr |E9KMQ6 |ESKMQ6 SPICO Polyprotein
OS=Foot-and-mouth disease virus - type
Asia 1

PE=3 SV=1

MDTTDCEVALIHIFREIKALFLSRTQGKMEFTLHNGEKKTF
YSRPNNHDNCWLNTILQLF
RYVDEPFFDWVYDSPENLTLEATRQLEEVTGLELHEGGPPA
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LVIWNIKHLLHTGVGTASR
PSEVCMVDGTDMCLADFHAGIFLKGQEHAVFACVTSNGWYA
IDDEDFYPWTPDPSDVLVE
VPYDQEPLNGEWKAKVQKRLKGAGQSSPATGSQNQSGNTGS
IINNYYMQQYQONSMDTQLG
DNAISGGSNEGSTDTTSTHTNNTONNDWESRLASSAFSGLE
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTYGYAVAEDAVSGPNTSGLETRV
TQAERFFKKHLFDWTPDLS
FGHCHYLELPSEHKGVEFGSLMSSYAYMRNGWDVEVTAVGNQ
FNGGCLLVALVPELKELDT
ROKYQLTLEFPHQFINPRTNMTAHINVPYVGVNRYDQYELHK
PWTLVVMVVAPLTVKTGGS
EQIKVYMNAAPTYVHVAGELPSKEGIVPVACVDGYGNMVTT
DPKTADPVYGKVSNPPRTS
FPGRFTNFLDVAEACPTFLREFGEVPEVKTVNSGDRLLAKED
VSLAAGHMSNTYLAGLAQY
YTQYSGTMNIHFMFTGPTDAKARYMVAYIPPGMTPPTDPER
AAHCIHSEWDTGLNSKETF
SIPYLSAADYAYTASDVAETTSVQGWVCIYQITHGKAEGDA
LVVSVSAGKDFEFRLPVDA
ROQTTTTGESADPVTTTVENYGGETQTARRLHTDVAFVLDR
FVKLTQPKSTQTLDLMQIP
SHTLVGALLRSATYYFSDLEVALVHTGPVTWVPNGAPKTAL
NNHTNPTAYQKQPITRLAL
PYTAPHRVLSTVYNGKTTYGEESSRRGDLAALARRVSNRLP
TSENYGAVKADTITELLIR
MKRAETYCPRPLLALDTTQDRRKQEITAPEKQTLNFDLLKL
AGDVESNPGPFFFSDVRSN
FTKLVDTINQOMQEDMSTKHGPDENRLVSAFEELATGVKAIR
TGLDEAKPWYKLIKLLSRL
SCMAAVAARSKDPVLVAIMLADTGLEILDSTEFVVKKISDSL
SSLEFHVPAPVEFSFGAPVLL
AGLVKVASSFFRSTPEDLERAEKQLKARDINDIFAILKNGE
WLVKLILATIRDWIKAWIAS
EEKFVTMTDLVPGILEKQRDLNDPSKYEEAKEWLDNARQAC
LKSGNVHIANLCKVVAPAP
SKSRPEPVVVCLRGKSGQGKSFLANVLAQAISTHFTGRTDS
VWYCPPDPDHEDGYNQQTV
VVMDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDKGKPF
NSKVITATTNLYSGETPRT
MVCPDALNRREFHFDIDVSAKDGYKINNKLDITIKALEDTHTN
PVAMFQYDCALLNGMAVEM
KRMOODMFKPQPPLONVYQLVQEVIDRVELHEKVSSHPIFK
QISIPSQKSVLYFLIEKGQ
HEAATEFFEGMVHDSIKEELRPLIQQTSEFVKRAFKRLKENEFE
EIVALCLTLLANIVIMIRE
TRKRQOMVNDAVNEYIDKANITTDDKTLDEAEKNPLETSGA
STVGFRERTLPGRKTSDDV
YSEPVKPVEEQPQAEGPYAGPLERQKPLEVRAKLPQQEGPY
AGPMERQKPLKVKAKAPVV
KEGPYEGPVKKPVALKVKAKNLIVTESGAPPTDLOKMVMGN
TKPVELILDGKTVAICCAT
GVFGTAYLVPRHLFAEKYDKIMLDGRAMTDSDYRVFEFEIK
VKGODMLSDAALMVLHRGN
RVRDITKHFRDVAKMKKGTPVVGVINNADVGRLIFSGEALT
YKDIVVCMDGDTMPGLEFAY
KAVTRAGYCGGAVLAKDGAETFIVGTHSAGGNGVGYCSCVS
RSMLLKMKAHIDPEPHHEG
LVVDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAALSNK

DPRLNEGVVLDEVIFSKHK
GDTKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIYEAT
KGVDGLDAMEPDTAPGLPW
ALQGKRRGALIDFENGTVGPEVEAALKLMEKREYKFACQTF
LKDEIRPMEKVRAGKTRIV
DVLPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCNPDID
WORFGTHFAQYRNVWDVDY
SAFDANHCSDAMNIMFEEVFRTEFGFHPNAEWILKTLVNTE
HAYENKRIVVEGGMPSGCS
ATSIINTILNNIYVLYALRRHYEGVELDTYTMISYGDDIVV
ASDYDLDFEALKPHFKSLG
QTITPADKSDKGEVLGHSITDVTFLKRHFHMDYGTGEYKPV
MASKTLEATILSFARRGTIQ
EKLTSVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLYLRW
VNAVCGDA

C Type

>sp|P15072 | POLG_FMDVT Genome polyprotein
OS=Foot—-and-mouth disease virus (isolate
-/Germany/ClOberbayen/1960 serotype C)
PE=1 SV=2
MNTTDCFIAVVNAIREIRALFLPRTTGKMEFTLHDGEKKVE
YSRPNNHDNCWLNTILQLF
RYVDEPFEFDWVYNSPENLTLEATIKQLEELTGLELREGGPPA
LVIWNIKHLLHTGIGTASR
PSEVCMVDGTDMCLADFHAGIFMKGQEHAVFACVTSNGWYA
IDDEDFYPWTPDPSDVLVFEF
VPYDQEPLNEGWKANVQRKLKGAGQSSPATGSQONQSGNTGS
IINNYYMOQYQONSMDTQLG
DNAISGGSNEGSTDTTSTHTTNTOQNNDWEFSKLASSAFSGLE
GALLADKKTEETTLLEDRI
LTTRNGHTTSTTQSSVGVTFGYATAEDSTSGPNTSGLETRV
HOAERFFKMALEDWVPSQON
FGHMHKVVLPHEPKGVYGGLVKSYAYMRNGWDVEVTAVGNQ
FNGGCLLVALVPEMGDISD
REKYQLTLYPHQFINPRTNMTAHITVPYVGVNRYDQYKQHR
PWTLVVMVVAPLTTNTAGA
QOIKVYANIAPTNVHVAGELPSKEGIFPVACSDGYGNMVTT
DPKTADPAYGKVYNPPRTA
LPGRFTNYLDVAEACPTFLMFENVPYVSTRTDGQRLLAKED
VSLAAKHMSNTYLAGLAQY
YTQYTGTINLHFMFTGPTDAKARYMVAYVPPGMDAPDNPEE
AAHCTHAEWDTGLNSKFETFE
SIPYISAADYAYTASHEAETTCVQGWVCVYQITHGKADADA
LVVSASAGKDFELRLPVDA
ROOTTATGESADPVTTTVENYGGETQVQRRHHTDVAFVLDR
FVKVTVSGNQHTLDVMQAH
KDNIVGALLRAATYYFSDLEIAVTHTGKLTWVPNGAPVSAL
DNTTNPTAYHKGPLTRLAL
PYTAPHRVLATAYTGTTTYTASTRGDSAHLTATRARHLPTS
FNFGAVKAETITELLVRMK
RAELYCPRPILPIQPTGDRHKQPLVAPAKQLLNEFDLLKLAG
DVESNPGPFFEFSDVRSNES
KLVETINQMOEDMSTKHGPDFNRLVSAFEELASGVKAIRTG
LDEAKPWYKLIKLLSRLSC
MAAVAARSKDPVLVAIMLADTGLEILDSTEVVKKISDSLSS
LFHVPAPAFSFGAPILLAG
LVKVASSFFRSTPEDLERAEKQLKARDINDIFAILKNGEWL
VKLILATIRDWIKAWIASEE
KEVITMTDLVPGILEKQRDLNDPSKYKDAKEWLDNTRQACLK
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SGNVHIANLCKVVAPAPSK
SRPEPVVVCLRGKSGQGKSEFLANVLAQATISTHLTGRTDSVW
YCPPDPDHFDGYNQQTVVV
MDDLGONPDGKDFKYFAQMVSTTGFIPPMASLEDKGKPESS
KVIIATTNLYSGEFTPKTMV
CPDALNRRFHEFDIDVSAKDGYKINNKLDIIKALEDTHTNPV
AMFQYDCALLNGMAVEMKR
LOODMFKPQPPLONVYQLVQEVIERVELHEKVSSHPIFKQI
SIPSQKSVLYFLIEKGQHE
AATEFFEGMVHDSIKEELRPLIQQTSFVKRAFKRLKENFET
VALCLTLLANIVIMIRETH

KROKMVDDAVNEY IEKANITTDDKTLDEAEKNPLETSGAST
VGFRERTLPGQKARDDVNS
EPAQPTEEQPQAEGPYAGPLERQRPLKVRAKLPQQEGPYAG
PMERQKPLKVKARAPVVKE
GPYEGPVKKPVALKVKAKNLIVTESGAPPTDLOKMVMGNTK
PVELILDGKTVAICCATGV
FGTAYLVPRHLFAEKYDKIMLDGRALTDSDYRVFEFEIKVK
GQDMLSDAALMVLHRGNRV
RDITKHFRDVARMKKGTPVVGVINNADVGRLIFSGEALTYK
DIVVCMDGDTMPGLFAYKA
ATKAGYCGGAVLAKDGADTFIVGTHSAGGNGVGYCSCVSRS
MLLKMKAHIDPEPHHEGLI
VDTRDVEERVHVMRKTKLAPTVAHGVENPEFGPAALSNKDP
RLNEGVVLDEVIFSKHKGD
TKMSEEDKALFRRCAADYASRLHSVLGTANAPLSIYEAIKG
VDGLDAMEPDTAPGLPWAL
QOGKRRGALIDFENGTVGPEVEAALKLMEKREYKFACQTEFLK
DEIRPMEKVRAGKTRIVDV
LPVEHILYTRMMIGRFCAQMHSNNGPQIGSAVGCNPDVDWOQ
REGTHFAQYRNVWDVDYSA
FDANHCSDAMNIMFEEVFRTEFGEFHPNAEWILKTLVNTEHA
YENKRITVEGGMPSGCSAT
SIINTILNNIYVLYALRRHYEGVELDTYTMISYGDDIVVAS
DYDLDFEALKPHFKSLGQT
ITPADKSDKGEVLGHSITDVTFLKRHEFHMDYGTGEFYKPVMA
SKTLEAILSFARRGTIQEK
LISVAGLAVHSGPDEYRRLFEPFQGLFEIPSYRSLYLRWVN
AVCGDA

Capsid Protein Sequences of Different
Serotypes of FMDV

O Type

vpO
>sp|P033051202-504
GAGQSSPATGSONQSGNTGSIINNYYMOQYQONSMDTQLGDN
ATISGGSNEGSTDTTSTHTT
NTONNDWEFSKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGHTTSTTQSSVGVTYG
YATAEDFVSGPNTSGLETRVVQAERFFKTHLEFDWVTSDSFEG
RCHLLELPTDHKGVYGSLT
DSYAYMRNGWDVEVTAVGNQFNGGCLLVAMVPELYSIQKRE
LYQLTLFPHQFINPRTNMT
AHITVPEVGVNRYDQYKVHKPWTLVVMVVAPLTVNTEGAPQ
IKVYANIAPTNVHVAGEFPSKE

vpl
>sp|P033051725-935
TTSAGESADPVTTTVENYGGETQIQRROQHTDVSFIMDREVK

VTPONQINILDLMQIPSHT
LVGALLRASTYYFSDLEIAVKHEGDLTWVPNGAPEKALDNT
TNPTAYHKAPLTRLALPYT
APHRVLATVYNGECRYNRNAVPNLRGDLQVLAQKVARTLPT
SFNYGAIKATRVTELLYRM
KRAETYCPRPLLATHPTEARHKQKIVAPVKQ

vp2
>sp|P03305|287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYATAED
FVSGPNTSGLETRVVQAER
FFKTHLFDWVTSDSFGRCHLLELPTDHKGVYGSLTDSYAYM
RNGWDVEVTAVGNQEFNGGC
LLVAMVPELYSIQKRELYQLTLFPHQFINPRTNMTAHITVP
FVGVNRYDQYKVHKPWTLV
VMVVAPLTVNTEGAPQIKVYANIAPTNVHVAGEFPSKE

vp3
>sp|P03305|505-724
GIFPVACSDGYGGLVTTDPKTADPVYGKVENPPRNQLPGRF
TNLLDVAEACPTFLRFEGG
VPYVTTKTDSDRVLAQFDMSLAAKOMSNTFLAGLAQYYTQY
SGTINLHFMFTGPTDAKAR
YMVAYAPPGMEPPKTPEAAAHCIHAEWDTGLNSKEFTFSIPY
LSAADYAYTASGVAETTNV
OGWVCLFQITHGKADGDALVVLASAGKDFELRLPVDARAE

vp4
>sp|P03305|202-286
GAGQSSPATGSONQSGNTGSIINNYYMQQYQONSMDTQLGDN
ATISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLEFGALLA

A Type

vp0
>sp|P49303|202-504
GAGQSSPATGSQONQSGNTGSIINNYYMQOOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGHTTSTTQSSVGVTYG
YSTQEDHVSGPNTSGLETRVVOAERFFKKYLEDWTPDKAFG
HLEKLELPTDHKGVYGHLV
DSFAYMRNGWDVEVSAVGNQFNGGCLLVAMVPEWKELTPRE
KYQLTLFPHQFISPRTNMT
AHIVVPYLGVNRYDQYKKHKPWTLVVMVVSPLTTNTVSAGQ
IKVYANIAPTHVHVAGELP
SKE

vpl
>sp|P49303|726-936
TTSTGESADPVTTTVENYGGETQVOQRROQHTDVTEFIMDREVK
IONLNPIHVIDLMQTHQHG
LVGALLRAATYYFSDLEIVVRHDGNLTWVPNGAPEAALSNM
GNPTAYPKAPFTRLALPYT
APHRVLATVYNGTGKYSAGGMGRRGDLEPLAARVAAQLPTS
FNFGAIQATTIHELLVRMK
RAELYCPRPLLAVEVSSQDRHKQKITIAPAKQ

vp2
>sp|P49303|287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYSTQED
HVSGPNTSGLETRVVQAER
FFKKYLEFDWTPDKAFGHLEKLELPTDHKGVYGHLVDSFAYM
RNGWDVEVSAVGNQENGGC
LLVAMVPEWKELTPREKYQLTLEFPHQFISPRTNMTAHIVVP
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YLGVNRYDQYKKHKPWTLV
VMVVSPLTTNTVSAGQIKVYANIAPTHVHVAGELPSKE
vp3
>sp|P49303|505-725
GIVPVACSDGYGGLVTTDPKTADPVYGMVYNPPRTNYPGRF
TNLLDVAEACPTFLCFEFDDG
KPYVVTRTDEQRLLAKFDLSLAAKHMSNTYLSGIAQYYAQY
SGTINLHFMFTGSTDSKAR
YMVAYVPPGVETPPDTPEKAAHCIHAEWDTGLNSKFTFSIP
YVSAADYAYTASDVAETTN
VOGWVCIYQITHGKAEQDTLVVSVSAGKDFELRLPIDPRSQ
vp4
>sp | P49303|202-286
GAGQSSPATGSQONQSGNTGSIINNYYMOQYQONSMDTQLGDN
ATISGGSNEGSTDTTSTHTT
NTONNDWFSKLASSAFSGLFGALLA

Asia 1 Type

vpl
>tr |E9KMQ6|724-932
TTTTGESADPVTTTVENYGGETQTARRLHTDVAFVLDREFVK
LTQPKSTQTLDLMQIPSHT
LVGALLRSATYYFSDLEVALVHTGPVTWVPNGAPKTALNNH
TNPTAYQKQPITRLALPYT
APHRVLSTVYNGKTTYGEESSRRGDLAALARRVSNRLPTSF
NYGAVKADTITELLIRMKR
AETYCPRPLLALDTTQDRRKQEITAPEKQ

vp2
>tr |E9KMQ6|287-504
DKKTEETTLLEDRILTTRNGHTTSTTQSSVGVTYGYAVAED
AVSGPNTSGLETRVTQAER
FFKKHLEFDWTPDLSFGHCHYLELPSEHKGVEFGSLMSSYAYM
RNGWDVEVTAVGNQEFNGGC
LLVALVPELKELDTROQKYQLTLFPHQFINPRTNMTAHINVP
YVGVNRYDQYELHKPWTLV
VMVVAPLTVKTGGSEQIKVYMNAAPTYVHVAGELPSKE

vp3
>tr |E9KMQ6|505-723
GIVPVACVDGYGNMVTTDPKTADPVYGKVSNPPRTSFPGRF
TNFLDVAEACPTFLRFGEV
PFVKTVNSGDRLLAKFDVSLAAGHMSNTYLAGLAQYYTQYS
GTMNIHFMFTGPTDAKARY
MVAYIPPGMTPPTDPERAAHCIHSEWDTGLNSKFTFSIPYL
SAADYAYTASDVAETTSVQ
GWVCIYQITHGKAEGDALVVSVSAGKDFEFRLPVDARQQ

vp4
>tr |E9KMQ6|202-286
GAGQSSPATGSQONQSGNTGSIINNYYMQQYQNSMDTQLGDN
AISGGSNEGSTDTTSTHTN

NTONNDWESRLASSAFSGLFGALLA
C Type

vp0
>sp|P150721202-504
GAGQOSSPATGSONQSGNTGSIINNYYMOOYONSMDTQLGDN
AISGGSNEGSTDTTSTHTT
NTONNDWESKLASSAFSGLFGALLADKKTEETTLLEDRILT
TRNGQTTSTTQSSVGVTFEG
YATAEDSTSGPNTSGLETRVHQAERFFKMALEFDWVPSQONEG
HMHKVVLPHEPKGVYGGLV
KSYAYMRNGWDVEVTAVGNQEFNGGCLOQAALVPEMGDISDRE
KYQLTLYPHQFINPRTNMT
AHITVPYVGVNRYDQYKQHRPWTLVVMVVAPLTTNTAGAQQ
IKVYANIAPTNVHVAGELP
SKE

vpl
>sp|P150721724-930
TTTTGESADPVTTTVENYGGETQVORRHHTDVAFVLDREVK
VTVSGNQHTLDVMQAHKDN
IVGALLRAATYYFSDLEIAVTHTGKLTWVPNGAPVSALDNT
TNPTAYHKGPLTRLALPYT
APHRVLATGYTGTTTYTASTRGDLAHLTATRAGHLPTSENEFE
GAVKAETITELLVRMKRAE
LYCPRPILPIQPTGDRHKQPLVAPAKQ

vp2
>sp|P150721287-504
DKKTEETTLLEDRILTTRNGQTTSTTQSSVGVTFGYATAED
STSGPNTSGLETRVHQAER
FFKMALEDWVPSONFGHMHKVVLPHEPKGVYGGLVKSYAYM
RNGWDVEVTAVGNQENGGC
LOAALVPEMGDISDREKYQLTLYPHQFINPRTNMTAHITVP
YVGVNRYDQYKQHRPWTLV
VMVVAPLTTNTAGAQQIKVYANIAPTNVHVAGELPSKE

vp3
>sp|P150721505-723
GIFPVACSDGYGNMVTTDPKTADPAYGKVYNPPRTALPGREF
TNYLDVAEACPTFLMFENV
PYVSTRTDGQRLLAKFDVSLAAKHMSNTYLAGLAQYYTQYT
GTINLHFMFTGPTDAKARY
MVAYVPPGMDAPDNPEEAAHCIHAEWDTGLNSKEFTESIPYI
SAADYAYTASHEAETTCVQ
GWVCVYQITHGKADADALVVSASAGKDFELRLPVDARQQ

vp4
>sp|P15072(1202-286
GAGQSSPATGSONQSGNTGSIINNYYMOOYQONSMDTQLGDN
AISGGSNEGSTDTTSTHTT

NTONNDWESKLASSAFSGLEFGALLA



