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Sequence Analysis of the Foot and Mouth Disease Virus Genome

YANG Peng-hua,NI Feng-e
(Engineering Research Center of Wetland Agriculture in the Middle Reaches of the Yangtze River,
Ministry of Education,College of Life Science, Yangtze University,Jingzhou 434025, China)

Abstract: There was no much information about the life circle of foot and mouth disease virus
(FMDV) ,such as replication, translation as well as assembly of virus. Analysis of the FMDV ge-
nome may provide a chance to discover the mystery to some extent. Presently, the genomes of 249
FMDYV isolates were aligned by the biological software, DNAStar and DNAMAN. The lengths of
the open reading frame (ORF) in all isolates were between 5982 to 7020 bp, which code 1994 to
2340 amino acids. The homology of all genes of FMDV was above 74 % and up to 94 29%. Three
long conserved sequences and four conserved motifs were obtained in the 5'-UTRs and 3'-UTRs
of FMDYV, respectively. The result provided a new basis for understanding the relationship
between the genome sequence and life mechanism of FMDYV.

Key words: Foot and mouth disease virus; Sequence alignment; Genome

. (PolyA)™ , ORF 1 .
. 1 , 12 .
\ RNA , L,1A (Vp4),1B(Vp2),1C(Vp3), 1D
RNA , 7 a1, (Vpl).2A.2B.2C.3A.3B(Vpg).3C(Pro) 3D
2 (UTR) 1 (PoD ™1,
(ORF), 5'-UTR S (S fragment) C ,
(PolyC) . (PKs) B .5'-UTR S
(IRES), 3~ 3'-UTR RNA , RNA

:2011-06-21
: (2011ZX08009-003-006)
977, . s s » E-mail; yphing@126. com



11 e 1471
(6] 2B 3A
1
(7]
[8-9) 1.1
. o
GenBank
N ° s 4 249 ’
249 , 1, A 56 1 40 ,C 20
. .0 112 ,SATI 10 ,SATZ 6
) SAT3 5 .
1
//
A 56 AY593751— AY593794, AY593801 — AY593803. EF117837. HM854021 — HM854025, HQ632773.NC 011450, X74812
Asial 40 AY304994.AY317098. AY390432. AY593795 — AY593800. AY687333 — AY687334. DQ533483. DQY8Y303 — DQYSI323.
EF149009.EF149010.EF614458.F]906802,GU931682. HQ632774.NC 004915
C 20 AF274010,AM409325,AY593804 — AY593810.DQ409183 —DQ409191.FJ824812.NC 002554
0 112 AB079061, AF026168. AF308157, AF377945, AF506822, AF511039, AH012984, AH012985. AJ320488. AJ539136 — AJ539141,
AJ633821, AY333431. AY359854, AY593811 — AY593837. AY686687. DQ404158 — DQ404180. DQ478936. DQA78937.
EF175732,EF552688 — EF552697. EF614457. EU214601. FI175661 — FI175666. FI542365 — FJ542372, GU38482. GU384683.
HM008917, HIM229661 , HQ009509 , HQ412603 , HQ632768 — HQ632772,NC 004004, X00871
SATI 10 AY593838—AY593846.NC 011451
SAT2 6 AF540910, AJ251473, AY5913847 — AY593849,NC 003992
SAT3 5 AY593850— AY593853.NC 011452
=/
1.2 o ’ ’
DNAStar IRES
. . i !
s 5’7UTR . ° BlOEdlt 5 UTR 3
. 3'-UTR . : 3
DNAMAN : ; 1.2 3C D,
1 PKs IRES , 2 3
IRES . o
2
2
/’D
2.1 /%
DNAMAN 249 5'-UTR 78. 48
X ) 3'-UTR 82.76
I 85. 66 88. 61
0 0
4% ’ 94.29%, 1A 89.75 98. 50
2, 5-UTR 3'-UTR 1B 81. 62 87. 87
78.48%  82.76%., (1A, 1€ 80.93 85.27
) 1D 74.01 76. 59
IB.1C 1D) 2A 92.03 97. 30
81.58%  87.06%, ( 2B 93.21 96. 88
) 2C 93.78 97. 89
. . , 3A 91.08 93. 65
91.89%  95.55%. ORF 3B 92.29 95. 06
87.88% 92.53%. 3C 92.81 97. 46
5 o " UTR 3D 94. 29 97.58
: ORF 87.88 92.53
5'-UTR ,
, . 2.3 ORF
Poly(C) , ORF 5982~7020bp.,
C s 1 6975 bp, 1994 ~2 340 R
¢ D, ,5'-UTR 3’ . ORF  6960bp



. 142 - 40

. 6 ORF , 4 8 ,
5982bp, DQ409184, . 6 .
) L.1BC  1CD( 3 . 1A 1B 5 J2ABC  3A
2), ORF 12 , 5' BBCDC 21, 10,1),
o 2l fee
(TN TRy Y
| S Fragmen! | PalyC | PKs | IRES |
1 645 1217/
AE%ih‘ACG— ———————— -——-ﬁIUUUGCCCGUUUU-C——GACAAA-I".CCAL‘GU(;-C'1r

CGCACGA

(=]

g
, ke Elres P s I
|
1 5'- UTR
- 3361
L vpa [ Vp2 1 Ved ] vpl [ 2B | 2C | EEN T D
3B
2 ORF
2.4 3'-UTR I I i N
g B B e Bl |
3'-UTR 90 \
82.76%, , ] -
1
£ . LI NC 3. L = .
i
A IV A--c—STG-Ghet-G-6at-cC
’ I [[ 9[[[ N ° . ”[I]. : ‘
G-—ceacicAAA}-—-G-aA---
3 -
8083~8287bp, 3 3'-UTR

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



11 . 143 -
[10] 3 s , 2 C
, 2] " PKs PK ,
1000 bp, AGUAAAA, , PKs Cre
o s PKs Cre
L ., 2 . 5'-UTR
, s IRES ., Cre (AAACA) .PTBP
o (UCUUUC),GNRA,CRAAA, C-rich
1A , 98. 50% , (ACCCO) ., elF4G (GCUAA) | A bulge
1D, 76.59% ., 3D, (AAAAA) . elF4B (ACCGGAG)
1D, 1A 3D , .
, IRES
, 3'-UTR 2 , 1
ezl 1D , , , 2 , S
) UCCCCA.,
R ,1D UGNGG, GGAGUGAAAA, UUNUC, 2
(s , 2 , 2
’ (2] o
X 249
[2] . . .
L 3A L
N 3A C ; .
L 2 AUG RNA
(siRNA) ,
2 AUG el 3A \
[10] 3 o
1BCD , 3
’ (1] , . AF/72 VP1
3 ’ o ’ T [J1. ,2010, 35
(5):25-32.
DlsjA ’ [2] Mason P W,Grubman M J,Baxt B. Molecular basis of
o pathogenesis of FMDV[]]. Virus Res,2003,91:9-32.
5'-UTR 5’ , [3] Domingo E,Baranowski E,Escarmis C,et al. Foot-and-
O/YM/YN/2000 ( HQ412603) mouth disease virus[J]. Comp Immunol Microbiol In-
UUGAAA,5’ uu fect Dis,2002,25:297-308.
> Vpg 5' [4] , , .o VP1
UuU [5.19] , B [Jl. . 2009, 34
. 121CCUG, 156GCUGG, 224CCGCC, 253UGGGC, (5:81°85.
333UACUUGU .285UUUCA., — [5] Lyons T,Murray K E.Roberts A W,et al. Poliovirus
, ) 5'-terminal cloverleal RNA is required in cis for VPg
o UUGAAA S ’ uridylylation and the initiation of negative-strand RNA
S ° 285UUUCA synthesis[J]. ] Virol,2001,75:10696-10708.
Poly(C), Poly(C)  C [6] Barton D J.O'Donnell B J,Flanegan ] B. 5'cloverleaf in
. 50bp  250bp . poliovirus RNA is a cis-acting replication element re-

b b

quired for negative-strand synthesis [ J]. EMBO J,



144 -

40

7]

(8]

[9]

(10]

[11]

(12]

[13]

[14]

[15]

2001,20:1439-1448.
Mason P W, Pacheco ] M, Zhao Q Z, et al. Compari-
sons of the complete genomes of Asian, African and
European isolates of a recent foot-and-mouth disease
virus type O pandemic strain (PanAsia) [J]. ] Gen
Virol,2003,84:1583-1593.
Murray K E, Steil B P,Roberts A W,et al. Replication
of poliovirus RNA with complete internal ribosome en-
try site deletions[J]. ] Virol,2004,78.:1393-1402.
Steil B P.Barton D J. Cis-active RNA elements(CREs)
and picornavirus RNA replication[ J]. Virus Res, 2009,
139:240-252.
Carrillo C. Tulman E R,Delhon G.et al. Comparative
genomics of foot-and-mouth disease virus[J]. ] Virol,
2005,79.:6487-6504.
Garcia-Arriaza ], Ojosnegros S, Davila M, et al. Dy~
namics of mutation and recombination in a replicating
population of complementing. defective viral genomes
[J].J Mol Biol,2006,360:558-572.
George M, Venkataramanan R, Pattnaik B, et al. Se-
quence analysis of the RNA polymerase gene of foot-
and-mouth disease virus serotype Asial [J]. Virus
Genes,2001,22:21-26.
Berryman S,Clark S, Monaghan P,ez al. Early events
in integrin alphavbeta6-mediated cell entry of foot
and-mouth disease virus[ ] ]. J Virol, 2005, 79,8519~
8534.
Thomas A A,Rijnbrand R, Voorma H O. Recognition
of the initiation codon for protein synthesis in foot
and-mouth disease virus RNA[J]. ] Gen Virol,1996,
77.265-272.
Belsham G J. Dual initiation sites of protein synthesis
on foot-and-mouth disease virus RNA are selected fol-

lowing internal entry and scanning of ribosomes in vi-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

vo[ J]. EMBO J,1992,11:1105-1110.

Cao X, Bergmann I E, Fullkrug R, et al. Functional
analysis of the two alternative translation initiation
sites of foot-and-mouth disease virus[]J]. J Virol,
1995,69:560-563.

Domingo E.Escarmis C.,Baranowski E,er al. Evolu-
tion of foot-and-mouth disease virus[J]. Virus Res,
2003,91:47-63.

Lewis-Rogers N, McClellan D A, Crandall K A. The
evolution of foot-and-mouth disease virus:impacts of
recombination and selection[ J]. Infect Genet Evol,
2008,8:786-798.

Liu Y,Franco D,Paul A V,et al. Tyrosine 3 of polio-
virus terminal peptide VPg(3B)has an essential func-
tion in RNA replication in the context of its precursor
protein,3AB[J].J Virol,2007,81:5669-5684.

Rieder E,Bunch T,Brown F,et al. Genetically engi-
neered foot-and-mouth disease viruses with poly (C)
tracts of two nucleotides are virulent in mice[ J ]. J
Virol,1993,67:5139-5145.

Saiz M, Gomez S, Martinez-Salas E. et al. Deletion or
substitution of the aphthovirus 3' NCR abrogates in-
fectivity and virus replication[J]. J Gen Virol, 2001,
82.:93-101.

Sharma N, O'Donnell B J, Flanegan J B. 3'-Terminal
sequence in poliovirus negative-strand templates is the
primary cis-acting element required for VPgpUpU-
primed positive-strand initiation[ J ]. ] Virol,2005,79:
3565-3577.

Rodriguez Pulido M, Sobrino F, Borrego B. Attenua-
ted foot-and-mouth disease virus RNA carrying a de-
letion in the 3'noncoding region can elicit immunity in

swine[ J |. J Virol,2009,83.3475-3485.



