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Abstract We determined complete 1D gene sequences
for one serotype A and seven additional serotype O Korean
foot-and-mouth disease viruses (FMDYV) and then analyzed
them together with published sequences for 180 type A and
300 type O isolates from throughout the world using a
Bayesian coalescent approach. Here, Korean serotype A
virus was linked with those from Laos. Korean serotype O
viruses were divided into three clades and were closely
related to isolates from Japan, Thailand, the UK, France,
Ireland, South Africa, and Singapore, as well as Laos.
There was no apparent correlation between time, country,
or host species and the evolution of global FMDVs.
Additionally, our results showed that purifying selection
acts on the overall 1D sequences and there was no evidence
of recombination among the FMDYV sequences. The evo-
lutionary rates were 5.77 x 10~ substitutions/site/year for
serotype A and 4.81 x 107 substitutions/site/year for
serotype O. Serotype A viruses diverged approximately
110 years ago, while serotype O isolates segregated
approximately 127 years before the present. In both serotype
isolates, the effective number of infections remained con-
stant until the late 1990 s, after which the virus population
size underwent a rapid, sharp decline until the present.
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Introduction

Foot-and-mouth disease (FMD) is highly infectious and
causes serious economic losses in the global livestock
industry. The notorious pathogen, foot-and-mouth disease
virus (FMDV), belongs to the genus Aphthovirus of the
family Picornaviridae and is divided into seven antigeni-
cally distinct serotypes: A, O, C, Asia 1, and SAT 1-3. The
virus has a linear single-stranded RNA genome of about
8.5 kb that consists of 12 protein-coding genes encoding a
leader peptide (L), structural proteins P1 (1A, 1B, 1C, 1D),
and non-structural proteins P2 (2A, 2B, 2C), P3 (3A, 3B,
3C, 3D) [1]. 1D encodes VP1, which is the most surface-
exposed capsid protein and contains two important
immunogenic sites at amino acid positions 140-160 (the
G-H loop) and residues 200-213 (the C-terminus). Varia-
tion at specific amino acid sites within those two immu-
nogenic regions contributes to the antigenic variability of
the virus [2]. Since the first report of foot-and-mouth dis-
ease (FMD) in South America in 1870 [3], 1D sequences
have been regarded as the most useful markers for deter-
mining the genetic relationships of these viruses [4-6].
Korea had been free of FMD for 66 years, since 1934;
then, there were three FMD outbreaks, in 2000, 2002, and
2010. Two outbreaks, reported in 2000 and 2002, were
caused by serotype O viruses, whereas the one in 2010 was
due to serotype A viruses. Despite many global studies
based on 1D sequences [7-9], the molecular epidemiology
of FMDV with an emphasis on Korean isolates has not
been well resolved. Only three studies [10-12] have been
published, although some pathological [13] and antigenic
[14-16] studies of Korean FMDVs have been reported.
Shin et al. [10] determined the first partial 1D sequences
(162 nucleotides in length) from seven Korean FMDV
isolates in 2000 and then compared them with the
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sequences of 67 other foreign isolates. Their results indi-
cated that Korean isolates could be divided into two dis-
tinct clusters within the Pan Asian clade. Cluster 1 was
most closely related to the strains prevalent in the Far East,
and cluster 2 was further diverged from cluster 1 in their
tree. Oem et al. [11] reported two additional Korean
FMDV genome sequences (O/SKR/2000, O/SKR/2002) in
2000 and 2002 and analyzed their polyprotein gene
sequences phylogenetically, together with 15 other Pan-
Asian isolates, including two published Korean isolates. In
their studies, Korean FMDVs did not appear as an inde-
pendent clade, and it was unclear how and when this virus
was introduced into Korea. Subsequently, Oem et al. [12]
also performed a phylogenetic analysis based on 26 partial
1D sequences (165 nucleotides in length) from FMDV
isolates from various parts of the world, including 10
Korean isolates from 2000 and 2002. Their results indi-
cated that the Korean viruses could be separated into three
clusters. Here, Korean isolates from 2000 were divided into
two clusters, clusters 2 and 3, but the isolates from 2002
belonged to cluster 1. In their tree, the Korean FMDVs of
cluster 1 were closely related to samples from Mongolia,
whereas Korean members of cluster 2 were linked to
samples from Russia. However, they did not further char-
acterize the phylogeny of FMDV with an emphasis on
Korean isolates. Unfortunately, previous studies on the
phylogeny of Korean FMDV used obscure analytical
methods and did not present details of the assumptions
used [10-12]. Bootstrap values outlining the robustness of
the phylogenetic analysis were not shown in these three
publications. Additionally, they analyzed FMDV sequen-
ces for only one serotype, serotype O.

There has been only one study related to the time scale
of FMDVs based on 1D sequences [9]. In that report, the
mean substitution rates were 4.26 x 107> substitutions/
site/year for serotype A FMDVs and 3.14 x 107> substi-
tutions/site/year for serotype O viruses. Here, serotype A
and O viruses diversified approximately 178 and 92 years
ago, respectively. However, the population dynamics of
both serotype A and O viruses were not presented in that
study.

To further investigate the molecular epidemiology and
evolution of FMD virus serotypes A and O with an
emphasis on Korean isolates, we determined the complete
1D sequences of the first Korean A-type and seven addi-
tional Korean O-type isolates. Additionally, we then ana-
lyzed them along with published sequences for 180 type A
and 300 type O (seven from Korea) isolates from through-
out the world. The specific aims of this study were: (1) to
determine whether the Korean FMDVs have a common
origin, (2) to assess the phylogenetic relationships between
Korean FMDVs and those from other countries, (3) to test
the influences of time periods, countries, and host species on
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global FMDV evolution, (4) to examine the selection
pressures and recombination of global FMDV evolution,
and (5) to estimate substitution rates, divergence times, and
population size changes in global FMDYV evolution.

Materials and methods
Samples and data collection

FMDV isolates were selected from four pigs and four cows
showing clinical symptoms from seven different Korean
regions (two from Jinchon, one each from Yongin, Ans-
eong, Pyoungtaek, Boryeong, Hongseong, and Pocheon) in
2000, 2002, and 2010. The eight sequences obtained (one
for serotype A and seven for serotype O) were analyzed
together with published sequences from seven Korean
isolates (all serotype O) and from 480 non-Korean FMDV
isolates (180 for serotype A and 300 for serotype O). For
all analyses in the present study, two datasets were made:
one consisted of the 1D sequences of 181 type-A viruses
collected from various parts of the world over 67 years
(1943-2010), and the other consisted of the sequences of
307 serotype O isolates circulating globally over the last
70 years (1939-2009).

RNA extraction, RT-PCR, and sequencing

Viral genomic RNAs were extracted from clinical epithe-
lium or vesicular fluid samples using a BioRobot M48
Workstation (QIAGEN) and a MagAttract Viral RNA M48
Kit (QIAGEN). cDNAs were synthesized from the viral
RNAs using Superscript III with random hexamers (Invit-
rogen) according to the manufacturer’s protocol. Aliquots of
4 uL of cDNA were mixed with 10 pL of buffer (5x), 8 uL of
MgCl, (7.5 mM), 1 pLL of ANTPs (10 mM), 2 pL of primers
(10 mM), 0.5 pL of Go Taq (Promega), and 22.5 pL of
nuclease-free water. The primer sequences and PCR ampli-
fication conditions used were reported previously [12]. The
amplified fragments were sequenced in both the forward and
reverse orientations using an ABI Prism® 3730x1 DNA
sequencer at the Macrogen Institute (Macrogen Co., Ltd.)
using the corresponding 1D PCR primers. Complete 1D
sequences of each isolate determined in this study were
submitted to GenBank, with accession numbers GU082465,
GU082466, GU082471, GUO082476, GU082477, GUO
82480, GU082481, and GU441855.

Sequence analysis, selection pressure analysis,
and detection of recombination

Both nucleotide and amino acid sequence identities of the
1D region were calculated using BIOEDIT 7.053 [17].
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Base frequencies, ts/tv ratios, and the numbers of total sites
(including gaps), conserved sites, and variable sites were
calculated using Modeltest 3.7 [18].

To evaluate the selective pressure driving FMDV evo-
lution, nonsynonymous/synonymous substitution ratio (o =
dN/dS) values were estimated using ClustalX 1.81 [19],
PAL2NAL [20], and the codeml program in the PAML
3.14.1 package [21, 22].

To detect putative recombinants, identification of likely
parental sequences and localization of possible recombi-
nation breakpoints were performed using the RDP 3.0b41
package [23] with the default parameters. This package
consists of six different recombination detection programs:
RDP [24], GENECONYV [25], MaxChi [26], BOOTSCAN
[27], Chimeara [28], and SiScan [29]. To exclude the
possibility of detecting false-positive recombinants, we
considered only putative recombinant sites detected by at
least three methods. In all analyses, P < 0.05 was taken to
indicate statistical significance.

Phylogeny inference and molecular dating

Phylogenetic trees, rates of nucleotide substitutions, times of
the most recent common ancestor (TMRCA), and changes in
population size were coestimated using the Bayesian Mar-
kov Chain Monte Carlo (MCMC) approach, as implemented
in BEAST 1.5.3 [30]. For both datasets (serotypes A and O),
GTR+I4+G was selected as the best-fit model using
Akaike’s Information Criterion (AIC) in Modeltest 3.7 [18].
We set the parameters of nst=6 and rates=gamma as the
likelihood settings for both data matrices.

We employed both strict and relaxed (both uncorrelated
exponential and uncorrelated log-normal) molecular clocks
[31] with five different demographic models (constant size,
exponential growth, expansion growth, logistic growth, and
Bayesian skyline). By comparison of Bayes factors (log;q
Bayes factors > 2 in all cases) based on the relative mar-
ginal likelihoods of the models [32], the relaxed uncorre-
lated exponential clock and exponential population size
model were selected as showing the best fit for both FMDV
datasets. The changes in effective population size over time
were examined using the Bayesian skyline plot (BSP). The
datasets were each run for 200,000,000 generations to
ensure convergence of all parameters (ESSs > 200), with
discarded burn-in of 10%. The resulting convergence was

analyzed using Tracer 1.5 (http://beast.bio.ed.ac.uk/Tracer),
and the statistical uncertainties were summarized in the 95%
highest probability density (HPD) intervals. Trees were
summarized as maximum clade credibility trees using the
TreeAnnotator program, which forms part of the BEAST
package, and visualized using FigTree 1.3.1 [33].

Results

Sequence analysis, selection pressure analysis,
and detection of recombination

We determined the complete 1D sequences for the first
Korean serotype A isolate from 2010 as well as for seven
additional Korean serotype O viruses from 2000 and 2002.
All of the 1D sequences of the Korean FMDVs were the
same length (633 nucleotides). Thus, the deduced amino
acid sequences were 211 residues in length.

The variability in the complete 1D sequences of FMDVs
from throughout the world is summarized in Table 1. The
overall lengths of both serotype alignments, including
gaps, were 642 base pairs, and the deduced amino acid
sequences were 214 residues in length. The 1D sequences
of the serotype A sequences revealed considerable genetic
variation: 236 (36.8%) of the nucleotide positions and 90
(42.3%) of the amino acid positions were conserved. The
nucleotide sequence identities among the serotype A iso-
lates ranged from 74.4 to 99.8%, corresponding to
78.4-99.5% identity at the amino acid level. The transition/
transversion ratio estimated from the dataset was 4.25. In
comparison with serotype A sequences, serotype O
sequences were more variable: 171 (26.6%) of the nucle-
otide positions and 56 (26.3%) of the amino acid positions
were conserved. Pairwise comparisons showed that the
identities between serotype O isolates ranged from 73.2 to
99.8% for the nucleotide sequences and from 76.5 to 99.5%
for the amino acid sequences. The transition/transversion
ratio calculated from the serotype O virus dataset was 5.00.

The nonsynonymous/synonymous substitution ratio
(o = dN/dS) value of serotype A isolates was 0.1029, while
that of serotype O viruses was 0.0685. Accordingly, our
analyses indicated that purifying selection acted on the 1D
sequences of both serotype A and O FMDVs. Additionally,
no recombination events were detected among the viruses.

Table 1 Summary of the 1D sequences of the two different FMDV serotypes, A and O

Serotype Total sites including gaps, Conserved sites (%), Pairwise identity (%), Ts/Tv  Base frequency, A, C, G, T [0)
nt/aa nt/aa nt/aa rate (%) value

A 642/ 214 236(36.8)/ 90(42.3) 74.4-99.8/ 78.4-99.5 4.25 24.2,31.3,25.8, 18.7 0.1029

(0] 642/ 214 171(26.6)/ 56(26.3) 73.2-99.8/ 76.5-99.5 5.00 25.9, 30.3, 25.2, 18.6 0.0685
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Phylogenetic analysis

For both FMDV datasets (serotypes A and O), we con-
ducted phylogenetic analysis using the Bayesian method.
Figure 1 shows the maximum clade credibility tree using
alignment of the complete 1D sequences of 181 global
serotype A isolates. Bayesian analysis indicated that all of
the A-type FMDVs could be divided into one of three
groups or were unclassified (one isolate, EU553852) with
very high posterior probabilities (all >1.00). Group 1 of
serotype A viruses consisted of 120 isolates (66.3% of all
A-type viruses) collected in 1965-2010. All members,
except three European viruses (one each from Azerbaijan,
Macedonia, and Albania), were from Asian countries.
Here, Korean FMDV had a sister-group relationship with
isolates from Laos. All isolates of group 2 originated from
African countries (Egypt, Kenya, Ethiopia, Gambia, Mali,
and Cameroon) between 1972 and 2007. Members of group
3 were derived from three different continents, Europe
(Greece, Italy, Netherlands, Germany, Spain, and Malta),
South America (Argentina, Uruguay, Brazil, and Venezu-
ela), and Africa (Morocco and Libya) during 1943-2002.
The host species of all A-type FMDVs, excluding two
isolates (FJ755026, sheep; FI755061, goat), was cattle.
Figures 2 and 3 show the maximum clade credibility
trees derived from the complete 1D sequences of 307
global serotype O isolates. The topology of the trees
indicated that all of the global O-type FMDVs belonged to
one of seven groups (all, posterior probabilities > 0.92) or
were unclassified (6 isolates: AJ303500, AJ303501,
AJ303502, AJ303503, AJ303509, and AY593825). Group
1 consisted of 169 viruses, which accounted for 55% of the
global O-type FMDVs. They were from 32 countries of
Asia, Europe, and Africa, isolated during 1988-2007, and
their hosts included cattle, pigs, sheep, goats, and buffa-
loes. In particular, all Korean O-type isolates appeared to
be members of this group. They were not monophyletic but
were divided into three clusters: K1, K2, and K3. Here,
both K1 and K2 consisted of isolates sampled in 2000,
while K3 contained viruses collected in 2002. FMDVs of
K1 had close relationships with the clade including viruses
from Northeast Asia (Japan), Southeast Asia (Thailand),
Europe (UK, France, and Ireland), and South Africa, while
the K2 members were closely related to samples from
Laos. Isolates of K3 were linked with viruses from Sin-
gapore. Group 2 consisted of FMDV viruses collected from
Southwest Asia (Israel and Oman), South Asia (Pakistan),
Europe (Italy), and Africa (Egypt) during 1972-1997.
Viruses of group 3 were collected from 10 African coun-
tries (Ethiopia, Sudan, Algeria, Cote d’Ivoire, Guinea,
Ghana, Kenya, Uganda, Malawi, and Tanzania) during
1978-2007 and had only one host species (cattle). Group 4
was grouped with isolates from Southeast Asia (Malaysia,
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Myanmar, Thailand, Laos, and Vietnam) and South Asia
(India) during 1962-2003. Their hosts included cattle, pigs,
and buffaloes. Members of group 5 were collected from
Northeast Asia (Hong Kong) and Southeast Asia (Taiwan,
China, Philippines, and Vietnam) during 1958-2009. They
had bovine and porcine hosts. Group 6 contained FMDV
viruses obtained from South America (Brazil, Bolivia,
Paraguay, Argentina, and Uruguay) during 1983-2006,
while group 7 consisted of isolates from Europe (UK,
Denmark, Germany, and Belgium) during 1963-2007.
Group 6 had bovine hosts.

Substitution rates, divergence times, and population
size changes

The estimated mean evolutionary rates of serotype A and O
FMDVs were 5.77 x 107> (95% HPD = 4.81 x 107~
6.74x107°) and 4.81 x 107° (95% HPD = 4.04 x 107~
5.46 x 107%) substitutions/site/year, respectively. The
TMRCA estimated for the current diversity of serotype A
viruses was 110.4 (95% HPD = 84.4-150.3) years ago,
while the TMRCA value for the serotype O isolates was
estimated at 126.5 (95% HPD = 81.3-193.9) years before
the present. On the other hand, Bayesian skyline plot
analysis of serotype A isolates (Fig. 4) showed that the
viruses appeared to have been evolving under almost
constant population size until the late 1940 s, when they
experienced a sharp population expansion until the late
1950 s. Their population size then remained constant again
until the late 1990 s, when a rapid, sharp decline in the
effective number of infections occurred. Subsequent anal-
ysis of the population dynamics of serotype O isolates
(Fig. 5) indicated that the population size remained con-
stant until the mid-1990 s, when a rapid, sharp decline in
the effective population size began.

Discussion

FMD, caused by foot-and-mouth disease virus (FMDV), is
still one of the most severe problems affecting cloven-
hoofed animals worldwide. Accordingly, both national and
global strategies are necessary to prevent and control this
acute disease. The expanding database and evolutionary
information on FMDYV sequences obtained from this study
could also be useful for increasing our understanding of its
emergence and epidemiology and may aid in the preven-
tion and control of this virus.

In sequence comparison of global FMDVs, 1D sequen-
ces of both serotype A and serotype O showed a very high
degree of genetic diversity, with dissimilarities between
global A-type isolates ranging from 0.2 to 25.6% and from
0.5 to 21.6% at the nucleotide and amino acid sequence
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Fig. 1 Bayesian maximum clade credibility phylogenetic tree obtained
from complete 1D sequences of 181 serotype A FMDVs from around
the world. The Korean isolate is indicated in italic and bold type.
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DQ164879 2003 Hong Kong porcine
DQ164880 2003 Hong Kong porcine
DQ164876 2001 Hong Kong porcine
DQ164878 2002 Hong Kong porcine
AY317098 2002 Hong Kong porcine
DQ164877 2002 Hong Kong porcine
DQ164875 2001 Hong Kong
DQ165033 2004 Vietnam porcine
DQ165034 2004 Vietnam porcine
DQ165025 2002 Vietnam
DQ478937 1985 China bovine
DQ478936 1985 China bovine
AF511039 1958 China bovine
DQ834725 2005 Brazil

DQ834726 2005 Brazil

DQ834717 2005 Brazil

DQB834718 2005 Brazil

DQ834716 2005 Brazil

DQ834723 2005 Brazil

DQ834720 2005 Brazil

DQ834708 2000 Bolivia

DQ834709 2001 Bolivia

DQ834706 2000 Brazil

DQ834713 2003 Bolivia

DQ834711 2003 Paraguay
DQB834727 2006 Argentina
AM180027 2000 Argentina bovine
/AM180028 2000 Argentina bovine
DQ834705 2000 Argentina
DQ834707 2000 Uruguay
AM180029 2000 Argentina bovine
DQB834710 2002 Paraguay
DQ834704 1998 Brazil

DQ789075 1983 Argentina
DQO77731 1983 Denmark
DQO77730 1983 Denmark
DQO77714 1982 Denmark
DQO77719 1982 Denmark
DQO77720 1982 Denmark
EUS53841 1988 Germany
EU553842 1988 Germany
EU553843 1987 Germany
DQO77723 1982 Denmark
DQO77726 1982 Denmark
DQO77728 1982 Denmark

5
DO18407 1064 Gracte sheep 1.00 DQO77727 1982 Denmark
3 Egy, G7 DQ077724 1982 Denmark
53047 1000 SalkiArabia DQO77725 1982 Denmark
ulgaria e _.ﬂ EUS53836 1963 B;;mran[
ehal bovine EU448376 2007 UK bovine
Pakistan 1002 EU448381 2007 UK bovine
Pakistan : EU448378 2007 UK ovine
Pakistan

EU448370 1967 UK bovine

Fig. 3 Topology of each group within the Bayesian maximum clade
credibility phylogenetic tree derived from complete 1D sequences of
307 serotype O FMDVs. Korean isolates are shown in italic and bold

type. Bayesian posterior probabilities (>0.80) are indicated above the
nodes and groups are marked by “G”
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Fig. 4 Bayesian skyline plot of global serotype A FMDVs sampled
between 1943 and 2010. The thicker black line represents the median
estimate of the effective number of infections over time, and the
thinner blue lines indicate the upper and lower bounds of the 95%
highest posterior density
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Fig. 5 Bayesian skyline plot of global serotype O FMDVs sampled
between 1939 and 2009. The thicker black line represents the median
estimate of the effective number of infections over time, and the
thinner blue lines indicate the upper and lower bounds of the 95%
highest posterior density

level, respectively. Those between global O-type FMDVs
were from 0.2 to 26.8% and from 0.5 to 23.5% at the
nucleotide and amino acid sequence level, respectively.
This confirmed the viewpoints of some FMDV workers,
such as Batschelet et al. [34] and Drake and Holland [35],
who reported that FMDV is characterized by high mutation
rates, of 107> to 10~ per replication cycle. Carrillo et al.
[36] reported that 1D is the most variable of the 12 indi-
vidual genes. To date, 1D has been regarded as a target
gene for PCR detection of FMDV, and the sensitivity of
PCR detection relies on sequence variability. Additionally,
the capsid protein encoded by this gene is immunologically
important because it contains cell receptor sites on the
GH-loop (residues 140-160) as well as at the C-terminus
(residues 200-213) [2]. Accordingly, continuous molecular
monitoring of the variability of the FMDV 1D sequence is

@ Springer

necessary to update primers and for studies of the major
antigenic genes.

Regarding selection pressure on FMDVs, our findings
indicated that the 1D regions of serotypes A and O are both
under strong purifying selection; the « (dN/dS) value of
serotype A isolates was 0.1029 and that of serotype O
viruses was 0.0685. There have been previous studies
related to selection pressure. Tully and Fares [37] sug-
gested that positive selection has governed the evolution of
the major antigenic regions of the corresponding VP1
protein of serotypes A, Asia 1, O, SAT 1, and SAT 2, but
not C or SAT 3. Lewis-Rogers et al. [38] noted that 29% of
residues in the capsid proteins were under positive selec-
tion. Additionally, Cooke and Westover [39] reported that
both antigenic and non-antigenic regions were subject to
purifying selection, although several antigenic sites showed
a pattern of nucleotide substitution suggesting repeated
positive selection. On the other hand, exchange of different
genetic sites between viruses by recombination contributes
to FMDV genetic diversity and evolution. In our analyses,
no evidence of a recombination event was observed within
the 1D region in serotype A or O.

In the global phylogeny of serotype A FMDVs resulting
from our Bayesian approach using complete 1D sequences,
the Korean isolate was linked to samples from Laos. It is
interesting that serotype A virus was newly introduced to
Korea from Southeast Asia in 2010, although only serotype
O viruses occurred in Korea in 2000 and 2002. Globally,
among FMDV type O viruses, the Korean FMDVs did not
emerge as an independent clade but were divided into three
clades: K1, K2, and K3 (K1 and K2 for 2000; K3 for 2002).
This supported the suggestion of Oem et al. [12], based on
partial 1D sequences. Here, K1 isolates were closely rela-
ted to the clade consisting of viruses from Japan, Thailand,
the UK, France, Ireland, and South Africa, while K2
samples had a common origin with those from Laos. K3
viruses were linked with the Singapore isolates. In contrast
to the present study, however, Oem et al. [12] suggested
that Korean type O FMDVs originated from Mongolia and
Russia. These sister-group relationships of Korean FMDVs
with many different countries may be largely due to fre-
quent international trade in animals.

We found no apparent correlation between time, coun-
try, or host species and the evolution of FMDVs of sero-
types A or O. These findings were consistent with the
views of other groups [8, 38, 40], and this may be largely
due to the explosive and wide-ranging divergence of
FMDVs over a relatively short period of time as well as
their rapid spread via the frequent international trade in
livestock. The mixed population structure can make vac-
cine development more difficult. Thus, it is essential to
continuously screen for changes in the mixed population
structure of this virus.
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Regarding the evolutionary rates and divergence times of
FMDV serotypes A and O, there has been one study [9],
based on 1D sequences of 37 serotype A and 47 serotype O
viruses. These authors calculated mean evolutionary rates of
4.26 x 107 for serotype A and 3.14 x 107> for serotype O
isolates and suggested that the common ancestors of sero-
type A and O FMDVs occured about 178 and 92 years ago,
respectively. In contrast, the mean evolutionary rates esti-
mated in the present study were higher: 5.77 x 107> (95%
HPD = 4.81 x 107°-6.74 x 107°) substitutions/site/year
for serotype A and 4.81 x 1072 (95% HPD =4.04 x 10—
5.46 x 107%) substitutions/site/year for serotype O. Addi-
tionally, the TMRCA estimated here did not support these
previous suggestions. Our findings indicated that serotype O
and A diverged approximately at the same time; serotype A
viruses diverged 110.4 (95% HPD = 84.4-150.3) years ago,
and the serotype O isolates were segregated 126.5 (95%
HPD = 81.3-193.9) years before the present.

In terms of dynamics in the population size of FMDVs,
our Bayesian skyline plot analyses showed similar con-
figurations for serotype A and O isolates; the effective
number of infections remained constant until the late
1990s, after which the virus population size underwent a
rapid, sharp decline until the present day. The sharp
decrease of effective FMDV population size since the late
1990s may be due to the effective use of vaccination to
control FMD worldwide for many years [41]. This feature
could also be the result of many other events, such as a
bottleneck event or a reduced substitution rate.

Here, we report the first Korean serotype A virus
sequence and the phylogeny of Korean FMDV serotypes
A and O. We also explain the evolutionary and past epi-
demiological dynamics of FMDV serotypes A and O
from throughout the world using a Bayesian coalescent
approach.
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