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Introduction

BVDV-1 (the species Bovine viral diarrhea virus 1) and
BVDV-2 (the species Bovine viral diarrhea virus 2) belong
to the genus Pestivirus in the family Flaviviridae (Fauquet
et al., 2005). BVDV-1 is widespread among cattle and causes
significant economic losses to the livestock industry. The
BVDV-1 infected cattle develop respiratory, enteric or

reproductive clinical signs and rarely fatal mucosal disease
(Brownlie et al., 1987). Highly virulent BVDV-2 isolates
may cause severe hemorrhagic syndrome with high mortality
(Carman et al. 1988).

The genome of both BVDV-1 and BVDV-2 has similar
organization. A 12.3 kb single-stranded RNA of positive
polarity is flanked with 5' and 3' untranslated regions (5'-UTR,
3'-UTR) (Colett et al., 1988). The first 5'-UTR gene is Npro,
which encodes nonstructural viral autoprotease. The
following four genes code for viral core (C) protein and three
envelope structural proteins, Erns, E1 and E2. The E2
glycoprotein is the most important immunodominant
envelope component. The other part of the genome encodes
non-structural proteins (Meyers and Thiel, 1996).

Variability of nucleotide and amino acid sequences of
pestivirus genome depends on genome regions (Ridpath and
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Bolin, 1997). Whereas the most conserved nucleotide
sequences were found in 5'-UTR, the highest genetic
variability of structural genes was observed in the E2 region.
Traditionally, pestiviruses have been usually classified on
the basis of nucleotide sequences of the 5'-UTR, Npro and
E2 regions (Baule et al., 1997; Becher et al., 1999; Mahony
et al., 2005; Tajima et al., 2001; Vilček et al., 2001). Recently,
a more precise genetic typing based on the phylogenetic
analysis has divided BVDV-1 isolates into eleven subtypes
and BVDV-2 into two-three subtypes (Becher et al., 1997;
Vilček et al., 2001). An analysis of nucleotide sequence
variability is useful for genetic typing of pestivirus isolates,
molecular epidemiology as well as understanding of the
virus evolution.

To date, all BVDV-1 isolates originating from India have
been typed as subtype b (Mishra et al., 2004). The aim of
this work was to analyze genetically three selected Indian
BVDV-1 isolates and to compare them with reference BVDV-1
strains NADL (subtype a) and Osloss (subtype b). The
analysis was focused on the Npro and structural genes C, Erns,
E1 and E2.

Materials and Methods

Viral isolates. Three cattle BVDV-1 isolates, namely Ind S-1226
from Gujarat (2001), Ind S-1449 from Orissa (2002) and Ind
S-1456 from Uttar Pradesh (2002) were examined. They were
grown in bovine turbinate cells free of any adventitious pestiviru-
ses by RT-PCR in Glasgow Minimal Essential Medium (GMEM,
Sigma) with 2% of horse serum (Gibco BRL).

RT-PCR. RNA was isolated by using the RNeasy Minikit (Qia-
gen) according to the manufacturer's recommendations. The synthe-
sis of cDNA was carried out in total volume of 20 µl by using

random hexamer primers (Promega) and the Superscript II reverse
transcriptase (Life Technologies). Four overlapping DNA fragments
spanning nt 179–3577 of the genome of NADL strain (Fig. 1) were
obtained by PCR using the following primers: Ol 100 (5'-GAG
TACAGGACAGTCGTCAG-3', nt 179–198) and 1400 R (5'-ACCA
GTTGCACCAACCATG-3', nt 1448–1430) (Becher et al., 1997;
Becher et al., 1998) produced a 1.2 kb fragment from 5'-UTR co-
vering Npro, C and a part of Erns; P1 (5'-AACAAACATGGTTG
GTGCA ACTGGT-3', nt 1424–1448) and P2 (5'-CTTACACAGA
CATATTT GCCTAGGTTCCA-3', nt 2250–2222) (Sullivan and
Akkina, 1995) generated a C-terminal part of Erns and a N-termi-
nal part of E1 (826 bp); TS3 (5'-GGGGGTCACTTGTCGGAGG -
3', nt 2027–2045) (Sullivan and Akkina, 1995) and gp (5’-GTCTC
CAGGCACACAAGTCC-3', nt 3040–3021) (Hertig et al., 1991)
produced a 1013 bp fragment covering the Erns-E1-E2 region; P5
(5'-TGGA ACGCTGCAACAACTACTG-3', nt 2354–2375) and P3
(5'-GGC CTTCTGTTCTGATAAGACC-3', nt 3577–3556) (Toth
et al., 1999) generated a 1223 bp fragment covering E2 and a part
of E1 and p7. The DNA fragments were purified by means of
Wizard PCR prep columns (Promega) and were cloned by using
the pGEMT Easy TA Cloning Kit (Promega). The nucleotide sequ-
encing was done in a SQ3 sequencer (Hoefer) by using the fmol
Cycle Sequencing Kit (Promega) The corresponding overlapping
sequences were assembled together by using the SeqMan Program
of the DNASTAR Computer Program Package (USA). The obtai-
ned sequences were deposited at the GenBank database under the
following Acc. Nos.: AY911672 (Ind S-1226), AY911670 (Ind S-
1449) and AY911671 (Ind S-1456).

Computer-assisted analysis. The nucleotide and deduced ami-
no acid sequences were aligned and the identity values were cal-
culated by using the MegAlign Program (DNASTAR). The clea-
vage sites between viral proteins were used as found for CSFV
(Rumenapf et al., 1993; Stark et al., 1993). Phylogenetic and
bootstrap analyses were performed by using the NEIGBOR and
SEQBOOT Programs from PHYLIP (Felsenstein, 1993; Vilček et
al., 2001).

Fig. 1

Strategy for the amplification of 5'-UTR-E2 region of BVDV-1 genome
The map of the 5'-UTR-E2 region (A) and the fragments generated by RT-PCR (B).
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Results

The three BVDV-1 isolates analyzed in this work were
initially assigned to subtype b using partial Npro nucleotide
sequences (385 nt). The same result was obtained when
entire Npro sequence (504 nt) was examined (Fig. 2).
However, in comparison with other isolates of this subtype,

they were allocated inside the BVDV-1 subtype b cluster to
a separate clade with a longer distance. This type of
clustering was highly supported by the bootstrap analysis.

The alignment of amino acid sequences of the entire Npro

region (168 amino acids) of the isolates with those of the
Osloss and NADL strains is shown in Fig. 3. Of six cysteine
residues found in Npro only three at the positions 69, 134 and
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Fig. 3

The alignment of the amino acid Npro sequences of the three Indian isolates and the reference Osloss and NADL strains of BVDV-1
Dots represent the same amino acid as those in the consensus sequence. Cysteine residues are marked by arrowheads. Squares indicate the amino acids
of a catalytic triad.

Fig. 2

Phylogenetic trees of Indian BVDV-1 isolates based on Npro and E2 regions
The trees were based on entire Npro (left, Npro) and E2 (right, E2) regions. The three Indian isolates analyzed in this work are in bold.
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168 were strongly conserved. Also the glutamic acid (E22)
and histidine (H49) residues were found conserved in the
three isolates. The isolates showed a high identity both at
nucleotide (96.6–98.8%) and amino acid (95.2–98.2%) level.

For determination of putative BVDV-1 cleavage sites,
comparative analysis of the sequences around the cleavage
sites of Npro, C and the glycoproteins as reported for other
pestivirus, namely CSFV was used. The predicted cleavage
sites between viral proteins Npro/C, C/Erns, Erns/E1 and E1/E2
are presented in Fig. 4. The proteins C, Erns, E1 and E2
consisted of 102, 227, 195 and 373 amino acids, respectively.
While the Npro/C and Erns/E1 sites were entirely conserved,
that of C/Erns was conserved only from the N-end of Erns

protein and that of E1/E2 was conserved only from the
C-end of E1 protein.

The isolates were also highly similar in the region of C-E2
genes. The identity values reached 94.9–99.3% at nucleotide
and 92.2–99.0% at amino acid levels. The lowest values
(88.5–91.7%) were observed for E2 amino acid sequences.

A comparison of the entire gene region analyzed of the
three isolates with that of the Osloss strain, a representative
of BVDV-1 subtype b, showed identity values of 81.9–89.9%
for nucleotide and 78.6–89.2% for amino acid sequences

(Table 1). The lowest values were observed for the E2 region.
When Osloss and NADL (a representative of BVDV-1
subtype a) strains were compared, the identity values for
the entire region varied in the lower range, namely 69.5–
79.6% for nucleotide and 77.7–87.3% for amino acid
sequences; the lowest values were obtained for the E2 region
(69.5% and 77.7%, respectively).

The lengths of E2 gene and E2 protein of the three isolates
were similar to those of the Osloss strain (1119 nt and 373
aa, respectively). The E2 protein of the NADL strain
compared to the Osloss strain was shorter by one amino
acid, with a deletion at the position 140 in the E2 protein of
the Osloss strain. Eleven to twelve cysteine residues were
found in the E2 protein of the three isolates. Despite a genetic
variability is the highest in the E2 region, the genetic typing
of the three isolates gave the same result for entire E2 region,
and partial or entire Npro region (Fig. 2).

Discussion

Different regions of the BVDV-1 genome have been used
for typing and comparative sequence analysis in several
studies. In general, the genes encoding Npro and E2 are mostly
used targets in phylogenetic analysis of pestiviruses (Becher
et al., 1997, 1999; Vilček et al., 1997; Tajima et al., 2001).
Initially, BVDV-1 has been divided into two subtypes,
a (NADL-like) and b (Osloss-like) on the basis of the
5'-UTR analysis (Pellerin et al., 1994). Further genetic
studies using BVDV-1 isolates from different countries have
divided BVDV-1 into 3–11 phylogenetic entities (Becher et
al., 1997, 1999; Mahony et al., 2005; Nagai et al., 2004;
Tajima et al., 2001; Vilček et al., 1997, 2001). We have
reported previously a prevalence of BVDV-1 of subtype b in
India (Mishra et al., 2004). In order to determine the
relatedness of Indian BVDV-1 isolates with the two reference
strains, three recent cattle BVDV-1 isolates originating from
different geographical locations (eastern, western and
northern) in India were characterized at molecular level.

              Npro/C               C/Erns                  Erns/E1             E1/E2 

                                                                     

S-1226    PLWVSSC SDTGTEG   LTQVTVE ENITQWN   TWFGAYA ASPYCEV   LITGAQG YPDCKPD 

S-1449    PLWVSSC SDTGTEG   WTQVTVG ENITQWN   AWFGAYA ASPYCVV   LITGAQG YPDCKPD 

S-1456    PLWVSSC SDTGTEG   LTQVTVG ENITQWN   TWFGAYA ASPYCVV   LITGAQG YLDCKPE 

Osloss    PLWVSSC SDTKAEG   LFQVAVG ENITQWN   TWFGAYA ASPYCEV   LITGAQG LPVCKPG 

NADL      PLWVSSC SDTKEEG   LFQVTMG ENITQWN   TWFGAYA ASPYCDV   LITGVQG HLDCKPE 

Table 1. Nucleotide and amino acid identities of the three Indian
isolates and the NADL strain of BVDV-1 with the Osloss strain of

BVDV-1 based in various gene regions

 Isolate Gene regions

 (strain) Npro C Erns E1 E2

IndS-1226 81.9 86.3 89.0 87.7 83.3
85.1 88.2 88.7 88.7 78.6

IndS-1449 83.7 85.9 88.0 87.2 82.1
86.3 85.3 86.2 86.2 76.1

IndS-1456 83.9 86.9 89.9 86.3 83.3
86.9 89.2 84.6 84.6 80.4

NADL 78.0 78.8 79.6 73.3 69.5
87.5 87.3 85.1 85.1 77.7

The Osloss strain sequences requested 100%.

Fig. 4

Alignment of the amino acid sequences in cleavage sites of the three Indian isolates and the reference Osloss and NADL strains of BVDV-1
The cleavage sites are marked by arrowheads.
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The sequencing of the first third of the genome of the
three isolates clearly demonstrated that these isolates are
not unique but belong to BVDV-1 subtype b which has
been also found in other parts of the world (Tajima et al.,
2001; Vilček et al., 2001). However, on the basis of both
Npro and E2 regions, they were placed together with some
other Indian isolates into a separate phylogenetic clade
located within the basic branch b. This indicates unique
mutations in these isolates. However, it should be pointed
out that many Indian BVDV-1 isolates stand in the branch
b but out of the separate clade mentioned above (Mishra
et al., 2004).

A high conservation of amino acid sequences flanking
the Npro/C junction of the three isolates further supports the
earlier finding of the conserved Npro self-cleavage site
(Rumenapf et al., 1993; Stark et al., 1993). The conservation
of glutamic acid (E22), histidine (H49) and cysteine (C69)
residues in the Npro protein also supports the hypothesis that
these amino acids represent a catalytic triad responsible for
Npro-C proteolytic cleavage (Rumenapf et al., 1998). Despite
various hypervariable amino acid stretches have been found
earlier in deduced E2 amino acid sequences in BVDV-1
(Becher et al., 1999), we found in the three isolates only
11–12 instead of 15 cysteine residues (data not shown). This
finding indicates the incidence of unique mutations in these
isolates

On the other hand, we observed a relatively high level of
similarity of the three isolates despite they had been collected
from geographically distant regions of India. A theoretical
possibility of a laboratory contamination or a contamination
originating from fetal calf serum during cultivation of viruses
in cell cultures is highly improbable, because all precautions
recommended to exclude contamination during mani-
pulation with viral isolates have been taken (Belák and
Ballagi-Pordany, 1993). The viruses were cultivated in cells
in 1–2 passages, but instead of fetal calf serum horse serum
was used. Therefore, the low genetic diversity of the three
BVDV-1 isolates reflects their real variability but not
laboratory artefacts.

In conclusion, the genetic analysis of the entire region of
Npro-E2 genes of three recent Indian BVDV-1 isolates showed
that these isolates belong to subtype b with some unique
nucleotide mutations as it has also been documented by their
assignment to a separate phylogenetic clade.
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