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Sequencing and Sequence Analysis of VP7 and NSP5 Genes Reveal
Emergence of a New Genotype of Bovine Group B Rotaviruses
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Three bovine group B rotavirus strains were detected from diarrheic calves during a surveillance study of
rotaviral diarrhea in West Bengal, India. The sequence analysis of VP7 and NSP5 genes of these strains
demonstrates a high degree of sequence variation from other group B rotavirus strains, indicating the
emergence of a new genotype.

Group B rotaviruses (GBRs) are associated with severe gas-
troenteritis in humans, pigs, cattle, lambs, and rats (2–4, 6, 10,
12–15, 17, 20–24, 26). Bovine GBRs have been reported only
from the United States, the United Kingdom, and Japan (2, 3,
6, 24). Recently, an extensive review on molecular character-
ization and epidemiology of GBRs has been written by Sen et
al. (20). However, studies on animal rotaviruses are very lim-
ited in India (8). Here we report the detection of three bovine
GBRs, collectively referred to as Kolkata strains (DB101,
DB176, and DB180), from calves for which the VP7 and NSP5
gene sequences showed variations from other GBR sequences.

A total of 175 diarrheic stool samples were collected during
the study period (November 2001 to May 2002) from calves
between 1 and 6 months of age. All the samples were screened
for rotaviruses by RNA electrophoresis as described by Her-
ring et al. (9). Extraction of double-stranded RNA (dsRNA)
from fecal samples, reverse transcription (RT), and amplifica-
tion of the resultant cDNA were carried out according to the
methods described by Das et al. and Sen et al. (7, 18, 19).
Oligonucleotide primers MEV7-1 (5�-GGAAATAATCAGAGA
TGCCGTT-3�, nucleotides [nt] 1 to 20) and MEV7-3 (5�-CTAC
TCGTTTGGCTCCCTCC-3�, nt 795 to 776) were designed based
on the VP7 gene of bovine GBR strain Mebus for amplification
of gene 9 coding for VP7, and BBR11-3F (5�-GGAATAAAAG
AGACAGGTAG-3�, nt 1 to 20) and BBR11-3R (5�-GGGTAT
TATTCCAGCACTAA-3�, nt 625 to 606) were designed from the
ovine KB63 strain for amplification of gene 11 coding for NSP5.
The amplified PCR products were cloned and sequenced as de-
scribed earlier (7, 25). Multiple alignments were carried out using
the program CLUSTAL W (version DDBJ, www.ddbj.nig.ac.jp
/E-mail/homology.html) with default parameters. Amino acid
identity and pairwise alignment were carried out as described by

Varghese et al. (25). The phylogenetic tree was constructed using
the DNASIS (version 2.1) software program.

A total of 18 (10.3%) out of 175 samples were positive for
group A rotavirus, and three strains (1.7%) showed the specific
migration pattern of dsRNA (4-2-2-3) (15) for bovine GBRs in
RNA polyacrylamide gel electrophoresis (Fig. 1A). The pres-
ence of GBRs in all three samples was confirmed by RT-PCR
assays using bovine GBR VP7 gene-specific primers. The am-
plified PCR products were 795 bp long (partial) for VP7 and
625 bp long (full length) for NSP5 in all three strains (Fig. 1B).
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FIG. 1. (A) Electropherotyping of rotavirus dsRNA in 10% poly-
acrylamide gel. Lanes 1 and 2 represent the electrophoretic migration
patterns of bovine group A (pattern 4-2-3-2) and group B (pattern
4-2-2-3) rotavirus strains detected during this study. (B) The RT-PCR
products of the bovine GBR isolates. Lanes 2 and 3 represent the
amplified VP7 gene (795 bp, partial length) and the NSP5 gene (625
bp, full length). Lane 1, 1 kb plus molecular weight marker (GIBCO
BRL, Grand Island, N.Y.).
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Due to lack of tissue culture adaptation of GBRs, except for
one porcine strain (16), no serotyping scheme has been defined
for GBRs at present (13). Moreover, only a few GBR VP7
genes have been analyzed and compared (2, 4, 11, 14, 20, 24)
to develop a systemic genotyping scheme for GBRs. The VP7

gene sequences of all four published bovine GBR strains
showed significantly high identity (92 to 97%) among them-
selves, and they may belong to the same genotype (24). In
phylogenetic analysis, these bovine GBRs formed a distinct
cluster away from other GBRs, indicating that they are closely
related to each other (Fig. 2A). The VP7 gene sequence of
Kolkata strains had an open reading frame (nt 15 to 756),
which encoded a 247-amino-acid-long protein. Although the
basic structural features of this protein are similar to those of
other bovine GBRs, comparison of VP7 sequences of Kolkata
strains with other bovine GBRs showed a high level of diversity
between them (78.4 to 80.2% identity at the nucleotide and
85.4 to 88.7% at the amino acid level) (Table 1), and amino
acid substitution occurred in 27 positions. These data indicated
that the strains might be genetically distinct from other bovine
GBRs. When the VP7 sequences of three Kolkata strains were
compared with other GBR sequences (ADRV, CAL, and
IDIR), they showed greater diversity both at the amino acid
(51.2 to 62.2%) and the nucleotide (60.9 to 66.5%) level (Table
1). This divergence of the sequences clusters in several discrete
regions (11). The amino acid substitutions of Kolkata strain
VP7 sequences from other bovine GBRs are also confined to
these clusters of discrete regions. These data suggest that this
clustering of diverse regions may be the putative basis for
genotype differentiation of GBRs.

Sequence analysis of NSP5 genes further supports the di-
verse nature of Kolkata strains. To the best of our knowledge,
no other bovine GBR NSP5 sequence is deposited in the Gen-
Bank database. The NSP5 protein of the Kolkata strains was
166 amino acids long, like that of the KB63 strain, but 4 and 8
amino acids shorter than the human (ADRV and CAL) and
murine (IDIR) strains (5, 14, 20, 21). In group A rotaviruses,
NSP5 sequences are generally conserved from different
sources (�78% identity) (1), whereas the NSP5 gene of Kolk-
ata strains showed 54.9 to 60.9% and 49.1 to 50.6% identity
with ADRV, CAL, and IDIR and 80.5 and 82.5% with KB63
at the nucleotide and the amino acid level, respectively (Table
2). Amino acid sequence alignment of NSP5 of Kolkata strains
with those of ADRV, CAL, IDIR, and KB63 revealed three
conserved regions from 1 to 7, 48 to 77, and 121 to 166 (num-
bers according to IDIR) which is identical with the KB63
strain. On the other hand, protein alignment of NSP5 of Kolk-
ata strains with KB63 showed three variable regions from 22 to
47, 83 to 107, and 133 to 138 (numbers according to DB176)
within which 29 amino acids were different from KB63. The

FIG. 2. (A) Phylogenetic tree of VP7 amino acid sequences of all
the GBRs. Numbers at nodes represent the homology percentages.
(B) Phylogenetic tree of NSP5 amino acid sequences of all the GBRs.
Numbers at nodes represent the homology percentages.

TABLE 1. Percentages of identities of nucleotides (upper right) and deduced amino acids (lower left) between the VP7 gene of the three
Kolkata strains (DB101, DB176, and DB180) and those of other GBRs

Strain DB101 DB176 DB180 NEMURO MEBUS ATI WD653 ADRV CAL IDIR

DB101 99.6 99.9 80.2 78.9 79.3 78.5 66.4 66.8 61.0
DB176 99.6 99.5 80.2 78.9 79.3 78.5 66.5 67.1 61.0
DB180 100 99.6 80.0 78.7 79.1 78.4 66.3 66.7 60.9
NEMURO 88.7 88.3 88.7 92.9 94.4 94.4 64.9 64.4 62.8
MEBUS 85.8 85.4 85.8 96.0 94.2 91.7 63.7 63.4 61.4
ATI 87.4 87.0 87.4 97.6 95.1 93.1 64.7 64.3 61.5
WD653 87.4 87.0 87.4 96.4 92.3 93.9 63.9 64.4 62.6
ADRV 61.4 61.4 61.4 62.2 59.4 60.6 62.2 92.1 61.5
CAL 62.2 62.2 62.2 63.1 60.2 61.4 63.1 95.2 59.9
IDIR 51.2 51.2 51.2 52.6 51.0 52.2 52.2 51.2 50.0

VOL. 42, 2004 NOTES 2817



NSP5 protein of Kolkata strains contains 16.8% acidic and
16.2% basic amino acids. It also contains high proportions of
serine, threonine, lysine, and glutamic acid, which are typical of
NSP5 of group A rotaviruses. Similar to KB63, it contains only
one potential glycosylation site at amino acid positions 76 to
78.

Phylogenetic analysis of the VP7 and NSP5 proteins of Kolk-
ata strains revealed a different cluster away from other GBRs
(Fig. 2A and B). The number of amino acid substitutions in
both VP7 and NSP5 sequences of GBR that were higher than
in group A or C supports the hypothesis that GBR strains of
different species origin may have had a longer period of time to
diverge from one another than did group A and C rotaviruses
(18, 20, 24). Based on the differences in sequences of the VP7
gene, one may postulate that Kolkata strains represent a new
genotype of bovine GBRs. Phylogenetic analysis of all GBR
VP7 and NSP5 protein sequences further supports the distinct
nature of these strains.

Nucleotide sequence accession numbers. GenBank acces-
sion numbers of DB101, DB176, and DB180 are AY158155,
AF531910, and AF529214 for the VP7 genes and AY347930,
AY347929, and AY347928 for the NSP5 genes, respectively.
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TABLE 2. Percentages of identities of nucleotide and deduced
amino acid sequences of the NSP5 gene of Kolkata strains and the

equivalent genes from ADRV, CAL, IDIR, and KB63

Strain Kolkata KB63 ADRV CAL IDIR

Kolkata 80.5 59.5 54.9 60.9
KB63 82.5 59.0 54.4 59.1
ADRV 50.6 43.4 82.9 72.0
CAL 50.0 44.3 90.6 64.2
IDIR 49.1 43.1 67.8 68.4
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