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We describe the complete genomic sequence of nine isolates of vesicular stomatitis New Jersey virus (VSNJV)
representing six distinct phylogenetic groups and spanning
the known geographic range of the virus. The total genomic length (11,119-11,123 nt) and structure of these isolates were very similar to those of other vesicular stomatitis
viruses. There were no differences in the number of amino
acids in any of their viral proteins. As expected, the
genomic termini, possessing initiation signals for viral
transcription and replication, were highly conserved. These
complete sequences, the first for natural isolates of VSNJV,
should prove useful in the design of molecular detection
tests and provide the basis for future functional genomics
and pathogenesis studies.
Vesicular stomatitis (VS) virus causes disease in cattle,
horses and pigs, and economic losses throughout North,
Central and South America [16]. The clinical presentation
of VS in cattle and pigs is markedly similar to foot-andmouth disease, a devastating reportable disease, making a
rapid differential diagnosis crucial. The etiologic agents of
VS are viruses in the family Rhabdoviridae, genus Vesiculovirus, which have been classified into two serotypes,
New Jersey (VSNJV) and Indiana (VSIV), both of which
are endemic in northwest South America (Bolivia,
Colombia, Ecuador, Peru, Venezuela), throughout Central
America and in southern Mexico [8]. Throughout this
work, virus nomenclature follows the Eight Report of the
S. J. Pauszek  L. L. Rodriguez
Agricultural Research Service, US Department of Agriculture,
Plum Island Animal Disease Center, Greenport, NY 11957, USA
S. J. Pauszek  L. L. Rodriguez (&)
Agricultural Research Service, US Department of Agriculture,
Plum Island Animal Disease Center, Orient, NY 11957, USA
e-mail: luis.rodriguez@ars.usda.gov

International Committee on Taxonomy of Viruses [4].
VSNJV accounts for the majority of clinical cases of
vesicular disease in livestock throughout the Americas
[5] [16]. In the United States, outbreaks of VS were
reported in the southeastern states (Georgia, Florida,
North Carolina, South Carolina) until the late 1970s.
In the southwestern United States (Texas, New Mexico,
Colorado, Wyoming, Utah), VS outbreaks are caused
by cyclical incursions of VSV from endemic areas in
Mexico every 8-10 years, causing significant economic
losses to the cattle and horse industries [14, 16].
Although previous reports have documented overwintering of specific genetic lineages of VSNJV in the
northwestern US for up to three years, disease outbreaks
are usually associated with newly introduced viral lineages from endemic regions [13].
Multiple reports describing phylogenetic analysis of
VSV field strains have shown that specific genetic lineages
exist in different geographical areas [16]. Furthermore,
studies suggest that ecological factors play an important
role on the evolution of VSV [15]. In previous studies, we
have described the complete genome sequences of VSIV
strains from South, Central and North America [17] and the
prototype viruses for the Indiana 2 and Indiana 3 subtypes
[12]. However, despite the fact that VSNJV accounts for
the vast majority of VS cases in the western hemisphere
and that VSNJV was shown to be more pathogenic than
VSIV in a natural host [10], very little work has been done
on the full-length genome of this economically important
virus. Current full-length genomic sequences deposited in
GenBank are assembled from partial sequences of multiple
VSNJV isolates of mixed and/or indeterminate passage
history. Here, we report for the first time the characterization of the full-length genomic sequences of nine naturally occurring isolates of VSNJV, representing six
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Fig. 1 Neighbor-joining tree of the phosphoprotein hypervariable
region of the nine viruses analyzed in this study and all other available
VSNJV sequences. Isolates were selected for sequencing from each of
the six major clades, encircled by a broken line and labeled I-VI. For
each clade, the country of origin of a viral isolate within the clade is

indicated by a two-letter code as follows: BL, Belize; CL, Colombia;
CR, Costa Rica; EC, Ecuador; ES, El Salvador; GU, Guatemala; HD,
Honduras; MX, Mexico; NC, Nicaragua; PN, Panama; SE US,
southeastern US; SW US, southwestern US. Additional isolate names
were removed for clarity

phylogenetic groups and comprising the known geographic
breadth of the virus.
To select the viruses for full-length genomic analysis,
we aligned all available VSNJV phosphoprotein hypervariable region sequences using ClustalX [22] and reconstructed the phylogeny with PAUP* 4.0b10 [21]. The
viruses formed six distinct genetic groups or clades
(Fig. 1). Group I contains the viruses from the United
States and Mexico. This group can be further divided into
two subgroups: group Ia, containing viruses from the
southeastern US, and group Ib, containing viruses from
Mexico and the southwestern US. The greatest genetic
diversity is observed in Central America, where viruses in
group II principally originate from northern Central
America, and groups IV, V and VI are mostly comprised of
viruses from the middle and southern countries in Central
America. Interestingly, group III contains viruses from the
middle countries of Central America (Honduras, Nicaragua, and Costa Rica) and northern South America
(Colombia, Ecuador) but not Panama.

At least one virus from each of the six groups in Fig. 1
was selected for full-length genomic sequencing to represent the known phylogeographic spectrum of the virus.
Detailed isolate information is shown in Table 1. Virus
stocks for full-length sequencing were made by infecting
cells at a multiplicity of infection of 0.1 or less. Genomic
sequences, including termini, were obtained and analyzed
as described previously [12]. Primers for PCR and
sequencing reactions were designed based on the published
sequences of VSNJV or based on newly obtained sequences (primer sequences are available from the corresponding
author upon request). Bioinformatic analysis was conducted using PAUP* 4.0b10 or MEGALIGN (DNASTAR).
The basic genomic structure of the VSNJV isolates was
similar to that of other VS viruses, with a 47-nt 3’ leader
(Le) sequence followed by the five structural genes
(Nucleoprotein [N], Phosphoprotein [P], Matrix [M], Glycoprotein [G], Polymerase [L]) and a 57-nt 5’ trailer (Tr)
sequence. Total genomic lengths were 11,119-11,123 nt
which is shorter than previously seen in field isolates of
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Table 1 Description of the viruses sequenced in this study
Virus

Year of Isolation

Area of isolation

Host Species

Pass History

Clade*

NJ89GAS

1989

Georgia, US

Sandflies

BHK p3

Ia

NJ95COB

1995

Colorado, US

Bovine

BHK p1

Ib

NJ0405NME

2005

New Mexico, US

Equine

Vero p1

Ib

NJ1184HDB

1984

Honduras

Bovine

BHK p3

II

NJ92CLB

1992

Colombia

Bovine

BHK p2

III

NJ0783NCP

1983

Nicaragua

Porcine

BHK p2

IV

NJ0185PNB

1985

Panama

Bovine

BHK p3

V

NJ92CRB

1992

Costa Rica

Bovine

BHK p3

V

NJ0703CRB6

2003

Costa Rica

Bovine

BHK p1

VI

Table 2 Bioinformatics analysis of the coding sequences of the sequenced viruses
Gene

CDS length

%GC

Ti/Tv ratio

Average,
Minimum nt%
similarity

N

1269

43 %

3.92

86.3, 82.0

P

825

41 %

3.13

85.0, 77.3

M

690

41 %

3.40

84.7, 79.3

G

1554

43 %

3.16

84.4, 78.6

L

6330

40 %

3.18

85.4, 80.6

Positions under
multiple aa
replacement (%)

Average,
Minimum aa%
similarity

Protein

No. of invariant
aa (%)

Positions under
one alternate aa
replacement (%)

N

399 (95 %)

33 (8 %)

0 (0 %)

98.1, 96.7

P

201 (73 %)

53 (19 %)

20 (7 %)

89.2, 82.8

M

205 (90 %)

22 (9 %)

2 (1 %)

96.1, 91.7

G

441 (85 %)

67 (13 %)

9 (2 %)

95.0, 91.5

L

1831 (87 %)

219 (10 %)

59 (3 %)

94.9, 92.5

VSIV. Interestingly, there is significantly less variability in
the overall lengths of VSNJV isolates compared to VSIV
isolates (11,155-11,336 nt) [17]. There were no differences
in length of the predicted aa sequence in any of the
structural proteins of the VSNJV isolates (Table 2).
Elements governing viral replication have been mapped
to the genomic termini of vesiculoviruses [11, 25]. For
VSIV, the 15 terminal-most nucleotides of the 3’ Le and
the 5’ Tr have been shown to be essential for replication of
the positive- and negative-sense viral genome, respectively
[25]. Despite the broad geographic and phylogenetic span
of the isolates, the terminal 15 nucleotides were completely
conserved in both the Le and Tr in all of the isolates (data
not shown). Previous work has shown that increasing the
complementarity between the 3’ and 5’ termini enhances
the levels of positive- and negative-strand viral replication
[24]. All of the isolates analyzed in this study showed
100 % complementarity through the 18 terminal-most
nucleotides. While all vesiculoviruses possess a certain

degree of terminal complementarity, the conservation of
complementarity observed in the VSNJV isolates is interestingly high.
At each intergenic region, vesiculoviruses exhibit a
conserved sequence that contains cis-acting signals for
transcription termination, mRNA polyadenylation and
downstream transcription reinitiation [18] [19]. This
intergenic sequence is characteristically 23 nt in length
(3’-AUAC(U)7NNUUGUCNNNAG-5’) with the (U)7
polyadenylation signal followed by two non-transcribed
nucleotides. These intergenic dinucleotides have a significant role in the cis-acting signals involved in the staggered
termination and reinitiation of transcription in VSV [2, 20].
These dinucleotides were found to be quite heterogeneous
in VSIV field isolates [17], with one virus even having an
intergenic trinucleotide. However, for all of the viruses
sequenced in this study, all intergenic dinucleotides were
the same, (3’-GA-5’), even at the G-L junction, where
variability was observed in VSIV. Interestingly, studies
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have shown that the intergenic dinucleotide 3’-GA-5’ is the
most efficient sequence for transcription termination but
not reinitiation [2].
Prior to this report, the solitary VSNJV G-L sequence
available in GenBank was the Ogden strain, in which a
unique variation of the conserved VS intergenic sequence
was observed [9]. The Ogden sequence has a 19-nt insertion (with respect to VSIV) between the non-transcribed
dinucleotides and the 3’-UUGUCNNAG-5’ mRNA transcription start signal in L. Inserts of variable length seen in
this region have been described previously for one specific
Central American clade of VSIV [3]. Interestingly, this
19-nt sequence at the G-L junction of VSNJ isolates was
not unique to one specific clade, but rather, it was present
in all sequenced viruses. The length of the insert was quite
conserved, as eight of the viruses also possessed a 19-nt
insert, while NJ0703CRB6 had an 18-nt insert.
There was no difference in the predicted lengths of the
five structural proteins, and the N and P proteins were the
most and least conserved, respectively, at both the nucleotide and amino acid level (Table 2). The C’/C proteins,
whose function remains elusive, were present in a second
ORF in the P mRNA in all of the isolates analyzed here.
There were no changes to predicted glycosylation sites in
the glycoprotein.
Previous studies have shown that the multifunctional M
protein has conserved methionines in the NH2-terminal
portion (positions 33 and 51 for VSIV, positions 33, 48 and
51 for VSNJV). Mutational analysis showed that these methionines are involved in cell rounding (position 33) [6] and
inhibition of host-cell gene expression (position 51 and, to a
lesser extent, position 48) [7]. We found that all three of these
methionine positions (33, 48 and 51) were completely conserved in the viruses sequenced in this study.
The purpose of this work was to characterize the complete full-length sequence of natural isolates of VSNJV,
the virus serotype responsible for the vast majority of
outbreaks in the Americas. Isolates from every major
geographic and evolutionary cluster, collected over a
twenty-year span and from four different host species, were
selected to give a comprehensive representation of the
virus. Detailed knowledge of the primary structure of the
VSNJV genome will aid in functional genomics studies
using reverse genetics, allowing the identification of
genetic determinants of viral virulence. This information
should prove useful for the understanding of the VSNJV
life cycle that could be applied to disease mitigation or
prevention of disease in livestock. In addition, as VSV
isolates find applications in the medical field as vaccine
vectors or as therapeutic agents for cancer, more detailed
knowledge of their primary structure and function should
support the development of better vectors for medical use
[1, 7, 23, 26].
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