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Fig. 1 The genomic scheme of the FMDV®
Genomic RNA is covalently linked to VPg at its 5’ end. The subsequent is 5’ UTR including S fragment(1~373), Poly C(374 ~ 385), pseudoknots
(386~ 501) and IRES (600~ 1 058), nonstructural protein L protease (1 059~ 1 661), structural protein VP4 (1 662~ 1 916), VP2( 1 917~ 2 570), VP3
(2 571~ 3 230) and VP1 (3 231~ 3 863), nonstructural protein 2A (3 864~3 917), 2B(3 918~4 379), 2C(4 380~ 5 333), 3A(5 334~5 762), 3B
(5 763~5 975), 3C(5 976~ 6 614), 3D(6 615~ 8 024), 3' UTR(8 028~ 8 134) and polyA. The location of the proteins, 5’ UTR and 3’ UTR in the
genome is in the bracket FMDYV according to the FMDV reference genome (NC_004004), which is slightly different among various isolates.
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Fig. 2 O/NY00, O/China/1/99Tibet, O/Tibet/CHA/99 and O/OMII are putative recombinants
The similarity among O/Tibet/CHA/99 (labeled as O/Tibet/CHA/99-AJ539138), O/China/1/99Tibet (labeled as O/China/1/99Tibet-AF506822) and

O/NYO00 labeled as O/NY00-AY333431) was measured (a). =—: O/China/1/99Tibet-AF506822;

O/NY00-AY333431. The similarity of the mosaic

O/Tibet/CHA/99 and its parents, Asial HNK/CHA/05(labeled as Asial/ HNK/CHA/05-EF149010) and O/iso108 (labeled as O/iso108-AY593833) was

compared by using the mosaic as a query and SAT2 (labeled as SAT2/NC_003992 as
O/is0108-AY593833. —:
Asial HNK/CHA/05 were also performed using a SAT2 as outgroup (c). — : Asial/HNK/CHA/05-EF149010;

“outgroup” (b). —: Asial/HNK/CHA/05-EF149010;

SAT2/NC_003992. The bootscanning analysis of the mosaic O/Tibet/CHA/99 and its parents, O/isol08 and

: O/is0o108-AY593833.

SAT2/NC_003992. The phylogenetic trees inferred from the regions before the recombination breakpoint 1 931 (d), between the recombination
breakpoint 1 931 and 4 046 (e) and after the recombination breakpoint 4 046 (f) were constructed, the recombinants were labeled as “ A 7 . Value of
bootstrap (> 70%) are shown in these trees.



«692 EYUESEYYIRHRE Prog. Biochem. Biophys. 2009; 36 (6)
H, ZEAFXE, X3 AEMAWEFERA)THEAR Asial B, (i/hEARNJET O Mg m. AN T4

] (PSR AT AN R AR AL FE (B 2b). PN EEZH IR
M, EATS O ML Y SR A R AT P A
U, MERZ AN, EA15 Asial B,
FEBELL O MLy AYp . dbah, L SAT2 ifi i &Y
22 Bk SAT2/NC_003992 {E 24 41 % (outgroup), b
BT EARE O/Tibet/CHA/99 5 HSE A R 2 A &4
KRR S RARERR, 4 REKY O/Tibet/
CHA/99 4 Asial T4FI1 O IfiL i FIX AN B A R 1)
AUARE 2¢). A THFFTCIX 3 B9 8 10 R4 R AE K
R, R T DI N AL A WA S 3
MR RGERAN, 4 ADELKRS N “A7 b
N NXEERG R AEME, TE XL
FMDV %35l J& T Asial A1 O %, Hr, O MM
AR G H, X 3 BkE4l FMDV ¥4 Asial
A1 O RPN L3 A5 5 FEALR ) (8] 2d, e, 6).
EHAFEEMZ, X3 MMM TEEREAE T

()
SimPlot-Query: O/ES/2001-AY686687

1.0 e
z 09
E 08
£ 07

0.6

05 . . . , . . L7179

0 1000 2000 3000 4000 5000 6000 7000 8000

Position
Window: 500, Step: 20, GapStrip: On Kimura(2-parameter), T/t: 2.0

© 100[-Asial/ZB/CHA/58-DQ533483
95 FAsial/YNBS/S 8-AY390432
71 Asial/NC 004915
100 Asial/JS/China/05-EF149009

Asial/HNK/CHA/05-EF149010
100— A O/ES/2001-AY686687
O/is0108-AY593833
100| — O/HKN/2002-AY317098
100 [ O/WFL-EF175732
100L0/1.Z-DQ248888
SAT2-NC 003992

100,

SATI/NC 011451
SAT3/NC 011452
F005 1~7179

SR RSB AE T R ik B, iR A
HME Asial BEEAREHERAT T O M5 20 251 25
B, P42 7 s B Asial 29 B B 404
O BT A .
2.2 O/ES/2001 2 O M;EEFN Asial B iFH B Y
BHRS

AW 7~ O/ES/2001 1] fE 2 O IfiLis # 5
Asial BV 7 (] () ALK, FE41EK O/ES/2001 5 H;
SRR B AP A LR 4 R BoR, EWi 2L T,
O/ES/2001 H:P 41 5 55 A Z O/iso108 A 4w ) [F)
PE, A W N S, O/ES/2001 FE A 4 )
Asial/HNK/CHA/05 17 ¢ s IR AHBLRE (] 3a). HF—
¥ H] Bootscan 2 /7 LWL T HE 418k O/ES/2001 5 I
BARRZGANRAE MM AR K ERR. M5 BAL
HIRG KR, 447179 A1 457, O/ES/2001 JL
F- 100%741E O I R (LR AL 1 RN, it

BootScan-Query: O/ES/2001-AY 686687

100 v
80
60

40

: ¥,

0 1000 2000 3000 4000 5000 6000 7000 8000
Position

Proportion of permuted =
trees(percent)

Window: 500, Step: 20, GapStrip: On, Reps: 100, Kimura(2-parameter),
Th: 2.0, Neighbor-joining

(d

1007 Asial/ZB/CHA/58-DQ533483
Asial/'YNBS/58-AY 390432
Asial/JS/China/05-EF 149009
Asial/NC 004915
Asial/HNK/CHA/05-EF149010
91 A O/ES/2001-AY 686687
O/is0108-AY 593833

O/HKN/2002-AY317098
T)OE[O/WFL-EFWSM
1001 O/LZ-DQ248888

SAT2-NC 003992
SAT1/NC 011451
SAT3/NC 011452

100

100

0.02 7179~8 211

Fig. 3 The isolates O/ES/2001 are putative recombinants
The genomic sequence of the isolates O/ES/2001 (labeled as O/ES/2001-AY686687) and its parental Asial/HNK/CHA/05 (labeled as
Asial/ HNK/CHA/05-EF149010) and O/isol10 (labeled as O/iso108-AY593833) were compared (a). When the genomic sequence of a SAT2 reference
strain was set as  “outgroup” , the bootscanning analysis of O/ES/2001 and its parents was performed (b). The phylogenetic tree inferred from the

upstream (¢) and downstream (d) of the recombination breakpoint 7 179 were constructed, the recombinants were labeled as “ A 7 . (a) —:

Asial/HNK/CHA/05-EF149010 ; =—: O/iso108-AY593833. (b) —: Asial/HNK/CHA/05-EF149010 ; =—: O/is0108-AY 593833 ;

011452.

: SAT3/NC
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A Study of Homologous Recombination in Foot-and-mouth
Disease Virus in China

WU Zhi-Yin"?, HE Cheng-Qiang”, LIU Ying-Ying", FENG Qian", TENG Jun-Lin", CHEN Jian-Guo"*"
("The Key Laboratory of Cell Proliferation and Differentiation of Ministry of Education and The State Key Laboratory of Bio-membrane and
Membrane Bio-engineering, Department of Cell Biology and Genetics, College of Life Sciences, Peking University, Beijing 100871, China;
YThe Center for Theoretical Biology, Peking University, Beijing 100871, China;
? College of Life Science, Shandong Normal University, Jinan 250014, China)

Abstract Foot-and-mouth disease virus (FMDV) is a positive-sense RNA virus which has caused severe damage
to world-wide livestock industry. The extensive genetic and antigenic diversity observed in the evolution of FMDV
is generally the obstacle for controlling the disease. The homologous recombination, as a significant force driving
the evolution of virus, has also effect on the epidemiological trait of FMDV. However, the role of homologous
recombination in the diversification of FMDV in China has not investigated. So it is necessary to study the
homologous recombination underlying the evolution of FMDV to control FMD. Based on a sound evolutionary
framework, molecular evolutionary analysis was used to identify the putative recombinants. All complete FMDV
genomes from China were respectively retrieved from GenBank. Homologous recombination was identified using
Simplot program. Phylogenetic relations were analyzed to determine the recombination events among these FMDV
isolates by using MEGA 4. The isolates O/NY00, O/China/1/99Tibet, O/Tibet/CHA/99, O/OMIII and O/ES/2001
among 16 FMDVs were identified as putative recombinants by analyzing the FMDV genomic sequences extracted
from GenBank. The recombination events frequently happen between serological type Asial and O which are
endemic FMDV circulating in China, suggesting frequent cross infection of FMDYV in China. This situation further
makes controlling FMDV in China more difficult. Moreover, serotypic conversion of FMDYV between Asial and O
was detected to be due to homologous recombination. These results provided clues for understanding the antigenic
and genetic diversification in FMDYV, and shed lights on the potential vaccination and treatment of FMD.
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