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Abstract — An analysis of the informative content of sequence stretches on the foot-and-mouth disease
virus (FMDV) VP1 gene was applied to two important viral serotypes: A and O. Several sequence
regions were identified to allow the reconstruction of phylogenetic trees equivalent to those derived from
the whole VP1 gene. The optimal informative regions for sequence windows of 150 to 250 nt were pre-
dicted between positions 250 and 550 of the gene. The sequences spanning the 250 nt of the 3' end (posi-
tions 400 to 650), extensively used for FMDV phylogenetic analyses, showed a lower informative con-
tent. In spite of this, the use of sequences from this region allowed the derivation of phylogenetic
trees for type A and type O FMDVs which showed topologies similar to those previously reported for
the whole VP1 gene. When the sequences determined for viruses isolated in Argentina, between 1990
and 1993, were included in these analyses, the results obtained revealed features of the circulation of
type A and type O viruses in the field, in the months that preceded the eradication of the disease in this
country. Type A viruses were closely related to an Argentinean vaccine strain, and defined an inde-
pendent cluster within this serotype. Among the type O viruses analysed, two groups were distin-
guished; one was closely related to the South American vaccine strains, while the other was grouped
with viruses of the O3 subtype. In addition, a detailed phylogeny for type A FMDV is presented.
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Résumé — Identification des régions optimales pour les études phylogénétiques du géne VP1 du

virus de la fievre aphteuse : analyse des virus argentins de types A etlhe analyse du contenu
informatif de parties de séquences du géne VP1 du virus de la fievre aphteuse (VFA) a été appliquée
a deux sérotypes viraux importants : A et O. Plusieurs régions de séquences ont été identifiées afin
de permettre la reconstruction d’arbres phylogénétiques équivalents a ceux obtenus a partir de gene
VP1 entier. Les régions informatives optimales pour des fenétres de séquences de 150 a 250 nt ont
été supposées étre comprises entre les positions 250 et 550 du géne. Les séquences recouvrant les 250 nt
de I'extrémité 3’ (positions 400 a 650), qui ont été largement utilisées pour les études phylogénétiques
du VFA, avaient un contenu moins informatif. Malgré cela, I'utilisation de séquences de cette région

a permis d'obtenir des arbres phylogénétiques pour les VFA de type A et O, qui ont montré des
topologies similaires a celles précédemment décrites pour le gene VP1 entier. Quand les séquences
déterminées pour les virus isolés en Argentine entre 1990 et 1993 ont été incluses dans ces analyses,
les résultats obtenus ont révélé des caractéristiques de circulation des virus de type A et O sur le ter-
rain, dans les mois qui ont précédé I'éradication de la maladie dans ce pays. Les virus de type A étaient
étroitement apparentés a une souche argentine de vaccin et définissaient un groupe indépendant a I'inté-
rieur de ce sérotype. Parmi les virus de type O analysés, nous avons pu distinguer deux groupes : I'un
était étroitement apparenté aux souches vaccinales sud-américaines, I'autre était proche des virus
du sous-type O3. Une phylogénie détaillée du VFA type A est également présentée.

virus de la fievre aphteuse / analyse phylogénétique / région informative / épidémiologie
moléculaire

1. INTRODUCTION the VP1 capsid protein, since it is highly
polymorphic and plays a relevant role in the
The nucleotide (nt) sequencing of infor-antigenicity of the viral particle [9]. The
mative genomic regions and the use of thesgpproach has revealed the patterns of field
sequences for phylogenetic analysis jevolution of different viral serotypes, as well
becoming an approach widely employed ir@s the origin of viruses responsible for recent
the epidemiological study of most humanoutbreaks [3, 10, 24, 33, 38]. In addition,
and animal pathogens. This is the case f@nd for practical reasons, sequencing of the
the foot-and-mouth disease virus (FMDV),200-250 nt from the 3’ end of the VP1 gene
an aphthovirus within thRicornaviridae — either from viral RNA or, more recently,
family that is the causative agent of the mostom RT-PCR amplified cDNAs — has
transmissible animal disease [28]. The thrediecome a complement to the serology in the
represented by FMD was recently illustrateccharacterisation of field isolates. In this way,
by the outbreak that occurred in Taiwan ina significant amount of information is avail-
1997, in which over 3 million animals were able for type O, A, C, Asia and SAT 1 and
slaughtered [14]. The importance of an accu2 serotypes [6, 21, 27, 34, 35]. However, a
rate characterisation of the viruses causingetailed analysis of the informative content
FMD outbreaks is due to the high antigeniof this region in viruses of different
polymorphism exhibited by the virus, which serotypes, with respect to the whole VP1
is reflected in seven serotypes and a multigene, has not been performed. The use of a
tude of variants [7], as well as by the neegbrocedure to predict sequence stretches with
for adequate vaccines to be used for diseas@ informative content similar to that of the
control of the circulating viruses [15]. There-complete gene has recently allowed to report
fore, nt sequencing analysis has become dhat phylogenetic trees derived from the 200
important tool for the characterisation ofor 250 3’end nt of type C VP1 genes are
FMD outbreaks [1]. These analyses havequivalent to those obtained from the whole
mainly been focused on the gene encodinmolecule [22]. In this report we have



Phylogenetic analyses using FMDV VP1 gene 33

extended this analysis to the VP1 gene aflesigned to detect partial sequence regions
serotypes A and O, responsible for most othat contain phylogenetic information com-
the viral outbreaks in Europe and Souttparable to that of the complete gene
America. Even when the 250 nt from thesequence. To achieve this, we (i) selected
3’ end were not predicted to contain thea set of sequences of the target gene that
higher informative value within the VP1 were representative of the genetic spectrum
gene, they allowed the construction of treesf the group whose analysis was intended,
topologically similar to those obtained fromssince they included sequences from viruses
the whole gene. Using this approach, wef different subtypes within each of the
have extended the phylogenetic analyses gkrotypes analysed, (ii) calculated the pair-
FMDVs of serotypes A and O, including wise genetic distances corresponding to the
viruses isolated in Argentina during thereference group of sequences, and (iii) com-
period from 1990-1993, previous to thepared it with those genetic distances
eradication of the disease. obtained with windows of variable sizes and
positions along the gene. This approach
measures the agreement in the informative
2. MATERIALS AND METHODS content of local windows to the total infor-
mative content of the whole gene sequences
whose analysis is intended. The summation
of the entry to entry differences, between
. . the global distance matrix, obtained from
Th‘? Argentinean FMDV |solgtes anal'the whole length sequences, and the local
ysed in Fh|s work are detailed in Tablg I'matrix, obtained from local windows is
These viruses were collected from lesiongg|ate 1o the informative contents of these

g'_'"}lf%‘i[ed lfmlmals and passaged twice it}ingows. The lower this divergence value
-e1 cells. is, the closer both matrices are and, conse-

quently, the higher is the probability of
obtaining the same phylogenetic tree from
them.

2.1. Viruses

2.2. ldentification of optimal regions
for phylogenetic analyses
In this report, the method has been
This analysis was performed using aapplied to the analysis of the VP1 gene
heuristic method previously reported [22],nucleotides from FMDV isolates of

Table I. Argentinean FMDV isolates analysed in this work.

Virus Isolation place Province Date
Serotype A

A Ayacucho Arg/90 Ayacucho Buenos Aires 1990
A Robles Arg/90 Robles Santiago del Estero 1990
A Saavedra Arg/93 Saavedra Buenos Aires 1993
A 911 Arg/93 unknow 1993

A 059 Arg/93 unknow 1993
Serotype O

O Atreuco Arg/93 Atreuco La Pampa 1993
O Coérdoba Arg/93 Marcos Juares Cérdoba 1993
O Villarino Arg/93 Villarino Buenos Aires 1993

O 397 Arg/93 unknow 1993
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serotypes A and O. The set of referencenerase, as previously described [36]. As
sequences selected, shown in Table lischematically represented in Figure 1, type
included reference strains and field isolated VP1 RNAs were RT-PCR amplified
from viruses of those FMDV subtypes forusing oligonucleotides (numbering in 5'-3’,
which the complete VP1 nucleotideaccording to [39]): d, GAAGGGC-
sequence is available in the data bases. CCAGGGTTGGACT (complementary to
positions 35 to 54 of the 2AB gene) and
V-9 TGAGTCCCACACATGTCA (span-
ning positions 134 to 151 of the VP1 gene).
Type O RNA amplification was performed
Virus RNAs were phenol extracted from using oligonucleotides (numbering accord-
the supernatants recovered from BHK-21ng to [5]): d and V-27, GATTTGT-
cells infected with the viral isolates. TheGAAGGTGACACC (spanning positions
RNAs were copied into cDNA using 113 to 131 of the VP1 gene). The amplified
reverse transcriptase and the VPZXDNAs were directly sequenced using an
sequences were amplified using Taq polyfmol sequencing kit (Promega), as

2.3. VP1 RNA sequencing

Table Il. VP1 FMDV sequences used in this work.

Virus Identification numbér Reference
Serotype A

A27 Col/76° FMDVA27 [39]

A Westerwald FRG/58 FMDVAS5 [39]

A Sp/8e° APHVP1AAA [32]

A’ Holand/42 APHA10VP [37]
ALP APHA12CD [30]

A ,, Azerbaijan/6% FMDVA22 [39]

A Sau23/86 APHVP1AF [34]

A ,, Tamil Nadu Ind FMDVA22C2 (unpublished)
A Arg/79° FMDVA79 [39]

A Venceslau Br APHVP1A [5]

A Ven/76° FMDVA76 [39]
A5, Ven/70 FMDVA32 [39]
A, Cruzeiro Br/5% PIA24VP [20]
A81 Castellanos Arg/87 U62255 [26]
Serotype O

O, Campos Br/58 M95781 (unpublished)
O, Kb FRG/66° X00871 [12]

O, Cas INTAP APHVPI [29]

O, Yrigoyen Arg/82® 221862 [33]

O, Cas INIA Arg/82 721861 [33]
O, Brescia It/4 M55287 [17]

O, Lombard 1t/46P M58601 [18]

O, Ven/51 FVAJ4645 [19]

O Mateur Tnz/89 721859 [33]
O Gol Isr/81P 721860 [33]

2EMBL/Gene bank accesion number.

b Sequences used for the analysis of the informative content of sequence stretches in VP1 gene (see Materials and

Methods).
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Figure 1.Location on FMDV RNA of the VP1 and 2AB genes and the primers used in this study. The
nucleotide positions spanned by each primer are shown in Materials and MCbds. indicate
primers used for RT-PCR amplificatid_,_]  denote primers used for cDNA sequencing. The region
corresponding to amino acid residues 140-160 is hatched.

previously described [36]. The following 3. RESULTS

internal primers were used for type A

cDNA sequencing: -39, GACT-

CAACGTCACCCGCCAAC (comple- 31 |nformative regions within the VP1
mentary to positions 18 to 38 of the 2AB  gene sequence of FMDV A and O

gene) and V-38, CCCCACTGCCTA- serotypes

CAACAAGG (spanning positions 309 to

328 of the VP1 gene). For type O, oligonu-
cleotides 1-39 and V-8, TGGACAACAC-
CACCAACCCA (spanning positions 293
to 312 of the VP1 gene) were used.

In this report, we identified stretches on
the VP1 gene from two important FMDV
serotypes: A and O, that contained phylo-
genetic information comparable to that of
the complete gene. The informative content
. of windows of 150, 200 and 250 nt in length
2.4. Phylogenetic analyses along the molecule was determined follow-
ing the procedure described in Materials and
The VP1 sequences determined werdlethods. The results are summarised in Fig-
aligned with those of isolates representaure 2, in which the profiles represent the
tive of the FMDV serotypes A and O (seedivergence in informative content of the
Tab. 1), using the CLUSTAL V program windows whose 5’ end nt is indicated on
[13]. Phylogenetic trees were obtained usinghe x-axis. In type O, the most informative
the neighbour-joining method [31], andwindows of 150 and 200 nt length started
were a consensus of 1 000 bootstrap replaround positions 200 to 300, while windows
cates [11]. of 250 nt length showed a wider optimum
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Figure 2. Plots of the divergence in the informative content of windows of different length in VP1 genes
of serotypes A and O. The plots were obtained from the sequences indicated in Table Il (see Materials
and Methods for details), as described in [22]. The results obtained for windows of 150 (light grey),
200 (dark grey) and 250 (black) nt long, are shown. The values jRatkis represent the diver-

gence in the informative content, that is defined as the relative differences between the distance
matrices obtained using the whole VP1 gene and the distance matrices obtained using only windows
starting at a position specified in the horizontal axis, spanning 150, 200 or 250 nt. As the differences
between both matrices decrease, the likelihood of obtaining a wrong phylogenetic tree, different
from the one obtained using the complete VP1 sequence, is lower. In this case, windows within the
size 200 to 250, starting between positions 350—-400, seems to provide the choice with the most infor-
mative content. Arrows point the informative content of each of the most 3’ end windows analysed.
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from positions 150 to 300. For type A, the The amino acid sequences derived from
optimum region was narrower and includedhe Argentinean nt sequences were also
windows starting from positions 310 to 330compared with those of the isolates used to
(for 150 nt length), 260 to 340 (for 200 ntconstruct the phylogenetic tree. Amino acid
length) and 230 to 300 (250 nt length). Thesubstitutions were found along the 84
divergence in the informative content of theresidues compared, with a considerable
windows corresponding to 150, 200 ornumber of substitutions affecting residues
250 nt from the 3’ end, is indicated with anaround positions 140-160 that define an
arrow in Figure 2. The divergence valuesmportant B cell antigenic site in serotype A
of these regions were lower than those offig. 4).

windows starting in the middle of the

molecule.
3.3. Analysis of type O Argentinean
isolates
3.2. Phylogenetic analysis of type A
FMDV, including Argentinean A similar analysis was performed with
isolates previous to FMD four type O viruses, isolated from different
eradication locations during 1993. The 250 nt of the

3’ end of the VP1 gene from isolates O Cor-
To asses the reliability of the phyloge-d°ba Arg/93, O Villarino Arg/93, O Atreuco

netic trees derived from the VP1 3’ end”r9/93 and O 397 Arg/93 were determined
region, trees were obtained using previousl! nd allgr_led with _those of the isolates rep-
reported type A sequences, as well afesentative of this serotype (see Tab. II).
sequences from Argentinean field isolate WO nzja]!n Imer?ges were not|ceg_|n éhg tlr_ge
that were determined in this work. Thus, théi€rived from these sequences, Fig. 5-2. Lin-
250 nt of the 3’ end of the VP1 gene of th age B contained isolates from Africa and
Argentinean isolates detailed on Table I,he Middle-East (i.e. O Gol Isr/81). Lin- :
were RT-PCR amplified and sequenced, ag29€ A showed a more branched pattern, in
described in Materials and Methods. Thes@/ich four defined clusters could be distin-
sequences were aligned with those of viruse%ugg%%bzhﬁe /ggtfga G{I%?igténsfr}gvérgigs’
representative of this serotype, shown irb Atreuco Ar 9/93 'Were fou edgwithin a
Table Il. The phylogenetic tree derived from 915, group

o . . cluster (i), closely related to the Brazilian
this alignment (Fig. 3-2) showed two 'nde'01 Campos Br/58 strain, as well as the

pendent lineages. The European viruse%uro ean O1 Kb FRG/66 reference strain
including isolate§ of_subtypes A5’ A10 ar‘dThe 8 397 Arg/93 isolate resulted in a dif—.
Al2, appeared in lineage A. Lineage, Bferent cluster (iv), related to the O3 Ven/51

was more diversified and two add't'onalisolate, a virus belonging to a different sero-

clusters could be distinguished. The main_ .: : .
X ogical subtype. Thus, the viruses that cir-
of these clusters included most of the Soutfl |ated in Argentina in 1993 included iso-

Ame”c*’?‘” refer(_ance and vaccine straiNSyieq from two independent and serologically
Interestingly, this cluster contained, alsoyiftarent subtypes.
Asian isolates as A 22 Azerbaijan/65 anaj

A Sau23/86. On the contrary, all the Argen- The amino acid substitutions found
tinean viruses analysed were located in thamong the type O VP1 analysed sequences,
second cluster of lineage B, closely relatedvere preferentially accumulated around
to the A81 Castellanos Arg/87 vaccinepositions 140-160, and were also observed
strain. These viruses defined an indeperat the carboxyterminus of the molecule (see
dent and related group of sequences. Fig. 6).
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Figure 3.Phylogenetic trees derived from the type A VP1 gene sequences. (1) Tree corresponding to
the whole VP1 gene (adapted from [23]). (2) Tree derived from the 250 nt of the 3’ end of type A VP1
sequences, including the Argentinean sequences determined in this work (underlined). The details on
the construction of the trees are given in Materials and Methods. Vertical distances are arbitrary, but
horizontal distances represent the number of nt substitutions per site (S/S). Symbols for statistical sig-
nificance levels for branching points obtained by bootstrap are (+) > 90%; (*) > 95%; (**) > 99%.
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Figure 5. Phylogenetic trees derived from the type O VP1 gene sequences. (1) Tree corresponding
to the whole VP1 gene (adapted from [23]). (2) Tree derived from the 250 nt of the 3’ end of type O
VP1 sequences, including the Argentinean sequences determined in this work (underlined). Details

are as in the legend of Figure 3.
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The results obtained with serotypes AVP1 gene of serotypes A, O and C. This
and O confirmed that positions 400 to 650sequence window also offered the possibil-
in spite of not being the most informativeity of deducing the amino acid sequence
stretch of the VP1 gene, allowed derivatiorcorresponding to VP1 residues around posi-
of phylogenetic trees with a topology closelytions 140-160 and those at the carboxyter-
similar to that of the trees derived from theminus, which contribute to important anti-
whole gene. genic sites in the three serotypes [2, 16, 25].

These results may provide additional infor-
mation on the antigenic properties of the
4. DISCUSSION viral isolates.

An example of the usefulness of sequenc-
An extensive set of VP1 sequences sparing and phylogenetic analyses of the 3’ end
ning the positions 150 to 250 from the 3'VP1 region is illustrated by the results
end of the VP1 gene of different FMDV obtained in the study of the viruses that cir-
serotypes has been obtained by differerdulated in Argentina between 1990 and
groups and is available for epidemiological1993. During these years, a compulsory and
studies. In this report, we showed that thextensive vaccination policy took place.
VP1 region for serotypes A and O, wherThis policy allowed the eradication of the
compared to the whole gene, is predicted tdisease in 1994. Therefore, the isolates anal-
contain lower phylogenetic information thanysed were among those that occurred in the
other gene stretches, at the serotype levéihal stages of this eradication campaign.
(Fig. 2). The prediction of the informative The sequences of the type A isolates anal-
content used also indicates that windowgsed were included with those of the repre-
250 nt upstream from the 3’ end are mor&entative virus in order to derive a detailed
informative than the analysed shorter winphylogenetic analysis of this serotype
dows. (Fig. 3). The serological diversity of

Our findings with types A and O differed S€rotype A is high, with more than 30 sub-
from those obtained with type C FMDVs, tYPes described. Some of these subtypes
in which windows spanning the 3’ end ha\(e cwculateq in the.world in th<=T last years,
region are predicted to contain higher inforWhile others did not circulate during the last
mative values [22]. In spite of this observa-decades. The general features of the type A
tion, the information present in the 250tree were consistent with those prev!ously
3’ end nt of the gene was sufficient to recondescribed for type C [24] and type O viruses
struct phylogenetic trees, including isolated33]- Two main, independent lineages which
representative of the viral diversity foundcorrelated well with the geographical ori-
in serotypes A and O, with topologies sim-9i" of the virus coul_d be distinguished
ilar to those of trees derived from the wholdF19- 3). Lineage A included European
gene (Figs. 3 and 5) [9, 22, 23]. The rapid//"Uses corresponding to serologic sub-
improvement of sequencing technologyYPeS A5, A10 and A12. Lineage B contained
offers the possibility to extend FMDV most_S_outh Amerl_can viruses, in which the
sequencing analyses to the VP1 gene, atg§maining serologic subtypes were present.
eventually to the four capsid protein (P1) The analysed Argentinean isolates were
genes. This is highly desirable, in view ofclosely related to the A81 Castellanos
the additional information that will be Arg/87 vaccine strain, defining an indepen-
derived from these analyses. However, thdent cluster within lineage B. The main
results reported here, indicated that, for phySouth American reference strains, includ-
logenetic purposes, the use of windows oing viruses that circulated in the field in the
the 250 3’ end nt allowed derivation of treesseventies as A Arg/79, appeared in different
similar to those obtained with the wholeclusters of this lineage B. The high sequence
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homology observed between the Argenter (i) in the final stage of the eradication
tinean field isolates analysed and the A8Ttampaign.

Castellanos Arg/87 vaccine strain, suggests The amino acid comparison of the type O

that thesg isolates had a vaccin_e origin. Thi\?iruses analysed showed a good correlation
observation agfee‘j with previous reporty,eryveen the genotype and the residues pre-
[3, 4] that associated the emergence of fiel ent in the 140160 region and the car-

outbreaks with the vaccine strains in use irBoxyterminus of VP1. which contribute to

areas of low incidence of the disease. Inters o, tant antigenic site in this serotype
estingly, Asiatic viruses such as A Azer-

baijan/65, A22 Tamil Nadu Ind/90 and [16] (Fig. 6). Thus, the Argentinean viruses

X ~ - of cluster (i) shared common amino acid
A Sau23/86, were located in the tree in anhqyi tions with respect to viruses belong-
independent cluster within lineage B.

ing to other clusters.

The comparison of the amino acid The evolutionary patterns observed
sequences deduced from the nt sequencessemble those shown by FMDV isolates
showed that non-synonymous substitutionin Western Europe in the years previous to
were accumulated around positionghe cancellation of the vaccination policy
140-160, which span a major antigenic siteampaign [3, 4, 24, 33]. The type A viruses
in this and other serotypes [2, 16, 25, 32]. Irand the type O viruses grouped in cluster
addition, substitutions were also found in(i) shared a high level of nt conservation.
the last residues of the protein, which conThe quasispecies structure of FMDV popu-
stitute an additional antigenic site (Fig. 4).lations implies the heterogeneous sequence
Even when a detailed antigenic characterieomposition of FMDV isolates [8], which
sation of the analysed Argentinean viruses imakes the establishment of rigorous dis-
not available, the genetic divergence of theitinctions among highly related viruses dif-
sequences as well as the substitutions fourfitult. This feature favours the interpreta-
in common in most of these viruses at VP%ion that the Argentinean viruses were
positions 143, 158 and 213 suggest that theyerived from vaccine strains in use at the
may have specific antigenic properties. time of their isolation.

In spite of these common features with

The phylogenetic tree of type O isolates A ;
phy'og yp MDV evolution in Western Europe, viral

indicates that, conversely to what was found, o :
circulation in Argentina seems to be more

to i diferent Ineages were notioed. o dversiied since co-crculation of O1 and
lates O Cordoba Arg/93, O Villarino Arg/93, O3 viruses is documented. This observation
and O Atreuco Arg/93 were closely relatedProPably reflects a higher complexity of
and were grouped in the cluster in which-MPV epidemiology in South America.
viruses that were used as vaccine strains in

Europe and South America were located

(Fig. 5). Among them, viral strains in useACKNOWLEDGEMENTS

in Argentina in the 1980s-1990s, were
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