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Complete genome sequence analysis and construction full-length
infectious cDNA clone of an epidemic Foot-and-mouth disease
virus of serotype A
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Abstract: [Objective] Sequencing and analysis complete genome of an epidemic foot-and-mouth
disease virus of serotype A and construction of its full-length infectious cDNA clone. [Methods]| The
primers were designed according to the published genome sequence of type A FMDV and a total of
four fragments covering the complete genome of A/Sea-97/CHA/2014 were subsequently PCR
amplified and sequenced. The four fragments were cloned into pBlueScript SKhdv vector in turn
with a single restriction sites to construct a full-length cDNA clone of A/Sea-97/CHA/2014 strain.
The full-length plasmid linearized with Not I and transfected to BSR/T7 cells expressing T7 RNA
polymerase to rescue the recombinant virus. [Results] The result of sequence analysis showed that
FMDV A/Sea-97/CHA/2014 strain was 8 171 bp in length [except poly(C) and poly(A)], which
contains a 5’-UTR with 1 091 bp, a 3'-UTR with 95 bp and a ORF encoding 2 332 amino acids with
6 996 bp. The phylogenetic tree based on the nucleotide sequences of VP1 gene revealed that the
A/Sea-97/CHA/2014 strain had a high sequence identity with A/GDMM/CHA/2013 strain (99.1%).
The full-length plasmid transfected to BSR/T7 cells, apparent CPE were observed after 68 h
incubation. The harvested virus was verified by IFA, RT-PCR and sequencing. The results indicated
that infectious FMDYV was successfully rescued in vivo. Plaque phenotype and growth curves tests of
rescue virus and parental virus showed they have a similar growth phenotype and capacity of
proliferation. [Conclusion] This study provided a useful material for studies of the FMD pathogen
ecological distribution, molecular epidemiological as well as novel marker vaccines.

Keywords: Serotype A foot-and-mouth disease virus, The complete genome sequence, Full-length
infectious clone
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F1 HE A/Sea-97/CHA/2014 #k £ 1 cDNA TTiEHY Al A2 A3 A4 20 °C
519 Al A2 Al+A2-
Table 1 Oligonucleotide primers used for construction
of a full-length cDNA clone of FMDV PCR Al2 Al2
A/Sea-97/CHA/2014 Al2 A3 A4
Primers Sequences (5'—3") b DNAStar
(bp)
Al+ AGATGGCATGCTAATACGACTCACT .
ATAGGGTTGAAAGGGGGCGCTAG 51 MegAlign A/Sea-97/CHA/2014
e VP1
Al- GGGGGGGGGGGGGGGTGAAAGG o . o
CGGGCT (Neighbour-Joining NJ)
A2+ CCCCCCCCCCCCCCCAAGTACTAC 0
CGTC
A2= TGTCACCCCTCTAGACCTGG 20
A3t GAGGACTTGTACAAACACGA 20 1.5 2KRAMMWERLEE
A3- CCTCCTTAATGGAGTCGTGT 20 Al2 A4 Sph I/Xba I Bgl II/
Ad+ GTTCAGGAGGTGATTGATCG 20 Not [ pBlueScript
Ad— ATATGGCGGCCGCTTTTTTTTTTIT SKhdv pSK-A12  pSK-A4
TTTTTTTTTTTTTTTTTT
E+ TCAAGCCTGTGGGACCCACACAT PCR A3
GTCATTG
E- CAATGACATGTGTGGGTCCCACA 20 1 ( 3040
GGCTTGA A) A3
+ .
7 pSK-A12 Xba I /Bgl II

Note: +: Represents the forward primer, —: Represents the reverse
primer. The restriction sites were highlighted by underline. T7 pSK-A123 Bgl 1I/Not I
promoter sequence is italicized. The mutated nucleotides were pSK- Al123 pSK- Ad

shown in double line.

A/Sea-97/CHA/2014 RNA FMDV A/Sea-97/CHA/2014 cDNA
A2— A3-  A4- cDNA pQAHN pQAHN
cDNA Al+/Al-
A2+/A2— A3+/A3— A4+/A4- 4 A/Sea-97/CHA/2014 cDNA
DNA Al A2 A3 A4 1

A Viral genome —Cn—{ L [IA[IB [IC[ID[2B] 2C [3ABB3C| 3D }—An

Sph 1 2A
_ liﬂ A3

B RT-PCR fragments o &ng 1 (699) Bglll (5370) o4  Notl (8216)

Sph 1 Xba | Bgl Il Not 1

C pQAHN [ DOAHN ]

El1 FMDV A/Sea-97/CHA/2014 # 21 cDNA 722 B4R R A%
Figure 1 Schematic diagram of the strategy for construction of FMDV A/Sea-97/CHA/2014 full-length cDNA clone
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bp MegAlign
A/Sea-97/CHA/2014 A FMDV
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fggg (Sea-97 strain) A/GDMM/CHA/2013
500
A/HUBWH/CHA/2009 A/LAO/1/2006
A/LAO/6/2006 A/LAO/36/2003
&2 RT-PCR {18 A1. A2. A3. A4 FEE R A12 RER 90.6%—92.5% AF/72
Higkes PCR 78.3% 2013 A/GDMM/CHA/2013
Figure 2 RT-PCR amplification of Al, A2, A3, A4 70
fragments and Fusion PCR amplification A12 fragments 99.1%
1 DL10001 DNA marker 2 Al  RT-PCR 3 A2 7 e W =
RT-PCR 4 Al2 PCR 5 A3 RT-PCR 2.3 ékﬁ*ﬂ pQAHN EI]MUE&%E
6 A4 RT-PCR . A/Sea-97/CHA/2014 4
Note: 1: DL10001 DNA marker; 2: RT-PCR product of Al; 3: RT-PCR 4
RT-PCR product of A2; 4: Fusion PCR products of Al2; 5:
RT-PCR product of A3; 6: RT-PCR product of A4. pBlueScript SKhdv A/Sea-97/

%2 FMDV A/Sea-97/CHA/2014 £ F A %EH)

Table 2 The genome organization of FMDV A/Sea-97/CHA/2014
Genome 5'-UTR L VP4 VP2 VP33 VPI 2A 2B 2C  3A 3B 3C 3D 3'-UTR

Nucleotide 1091 603 255 654 663 636 48 447 969 459 213 639 1410 95
Amino acid 201 85 218 221 212 16 149 323 153 71 213 470
A/VN/20/2009 (GQ406252) 1]

A/HuBWH/CHA/2009 (JF792355)
A/Pocheon/KOR/2010 (GU441855) | G
A/LAOJ/6/2006 (EU667457)

A/LAO/1/2006 (EU667456) Sea-97
A/LAO/36/2003 (EU667455)  ———
A/Sea-97/CHA/2014 e
A/GDMM/CHA/2013 (KF450794)
e A/MAY/2/2002 (EU414533)

AJTA1/2/97 (EF208778)

A/TAV118/87 (EF208777)

A/GSLX/CHA/62 (AJ131666) —————————
A/NMXZ/CHA/64 (AJ131664)
----- A/NMEL/CHA/60 (AJ131663) AKTSS8

| AF/721¥1
A/XJAKT/CHA/58 (AJ131665)
A22/Iraq/86/64 (AY593763)

- A10/Holland/82/61 (AY593751) ——————
’_,—: A12/Valle/119/20/32 (AY593752) Fatal
A20/USSR/10/64 (AY593760) uro=

| A24/Cruzeiro/Brazil/71/55 (AY593768) |
A/IRN/2005-WRL (EF494486)

----------- |

18.8

18 16 14 12 10 8 6 4 2 0
Nucleotide substitutions (x100)

3 FMDV A/Sea-97/CHA/2014 R &% Fik VP1 £ERF KL
Figure 3 FMDYV A/Sea-97/CHA/2014 VP1 genomic phylogenetic tree
GenBank .
Note: Numbers in parenthese represent the sequences’ accession number in GenBank; The scale bar represents sequence divergence.
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Figure 4 Restriction endonuclease
recombinant plasmid of pQAHN
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Note: 1: DL10001 DNA marker; 2: Sph I /EcoR I double digestion
of pQAHN.
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Figure 5 Cytopathogenic effects of the recombinant
viruses
A BHK-21 B BHK-21
CPE.

Note: A: Normal BHK-21 cells; B: The CPE of recombinant virus.
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Figure 6 Identification of FMDYV infected BHK-21 cells by indirect immunofluorescence assay
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Note: A: BHK-21 cells infected with the parental virus; B: BHK-21 cells infected with the rescued virus; C: Normal BHK-21 cells.
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Figure 7 Plaque phenotype of the recombinant viruses 8171 bp [
and the parental viruses in BHK-21 cells poly(C) poly(A) ] 5'-UTR
Note: A: A/Sea-97/CHA/2014; B: r-A/Sea-97/CHA/2014. 3_UTR 1 091 bp 95 bp
Y 6 996 bp VPI
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Figure 8 Growth curve of the recombinant viruses and the
parental viruses pQAHN
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