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Abstract
Rotaviruses (RVs) are among the most important enteric pathogens responsible for significant morbidity and mortality in bovine calves throughout the world. We describe here the sequence characterization of bovine group A rotavirus isolate BR108 obtained from Northern India (semi-arid zone) and P-43 isolate isolated from foot-hills of western Himalayan region (Uttarakhand). The isolates were characterized by phylogenetic analysis of one of its major outer capsid protein gene, VP7. Analysis of VP7 gene sequences of both the isolates (BR-108 and P-43) revealed higher sequence homology of 95.6% at nucleotide and 98.3% at amino acid level with bovine rotavirus G6 genotype from Punjab. The findings are suggestive of inter-geographical boundaries of states transmission of bovine rotaviruses which along with diverse genotypes put a heavy burden on bovine population.

INTRODUCTION
The foremost cause of diarrhoeal diseases in animals worldwide is mainly attributed by group A rotaviruses causing huge economic losses especially in developing countries (Estes and Kapikian, 2007). Rotaviruses (RVs) having genome of 11 segments of double stranded RNA encodes six structural and six non-structural proteins. Two structural proteins (VP4 and VP7) bearing major antigenic determinants have been used widely for the classification of RVs in genotypes, dividing VP7 into 27 G genotypes and VP4 into 35 P genotypes (Matthijnssens et al., 2011). Recently, the remaining rotavirus genes encoding VP1, VP2, VP3, VP6, NSP1, NSP2, NSP3, NSP4 and NSP5 have also been divided into various genotypes, based on specific nucleotide sequence cut-off identity values for each gene segment (Maes et al., 2009). In India, G6, G8 and G10 genotypes of bovine group A rotaviruses are epidemiological important (Gulati et al., 1999, Wani et al., 2004, Bhat et al., 2005, Saravanan et al., 2006, Manuja et al., 2008, Minakshi et al., 2009, Singh and Jhala, 2011) but G3 genotype has emerged dominantly in bovine population since last decade (Varshney et al., 2002, Ghosh et al., 2007, Malik et al., 2012). 
Characterization of VP7 gene of bovine group A rotaviruses is important to the point of genotypic prevalence, interspecies transmission and formulation of vaccine. Literature search revealed that sequence analysis of VP7 gene of rotavirus is still in infancy in India, as only a few authors have analyzed the VP7 gene sequences of bovine rotaviruses (Varshney et al., 2002; Ghosh et al., 2008; Manuja et al., 2008; Malik et al., 2012). Sequence analysis of VP7 gene gives an insight into the possible origin/relatedness with the rotaviruses of different geographical locations or species. Keeping the importance of VP7 gene sequence analysis, the present study was undertaken to characterize the VP7 gene of two bovine rotaviruses isolates collected from different geographical locations i.e. semi-arid area (Haryana) and plains of temperate western Himalayan area (Uttarakhand).
MATERIALS AND METHODS
Sample collection and preparation

The diarrhoeic faecal samples, one each from  Haryana (BR-108) and Uttarakhand (P-43) were retrieved from Enteric Virus Laboratory, IVRI, Mukteswar and 10% faecal suspension (w/v) was prepared in phosphate buffered saline (0.01 M, pH 7.4; Sigma, USA). To remove the coarse particulate matter samples were centrifuged at 2000 g for 10 min and the upper aqueous layer was filtered through a 0.22 μm syringe filter (MDI, India). The suspension was archived and stored at -20⁰C until further use. 
Ribonucleic acid extraction 
The viral RNA was extracted from 500 μl faecal suspension using an equal volume of TriReagent-LS (Sigma, St. Louis, USA) following manufacturer’s instructions. The extracted RNA was assessed qualitatively and quantitatively using a Nanodrop Spectrophotometer (ND-1000, ThermoScientific, USA) and stored at -20⁰C until further use.
Polyacrylamide gel electrophoresis (RNA-PAGE) 
The extracted viral dsRNA was analyzed by PAGE which was performed by using 5% stacking and 10% resolving gels as per the method described in our previous study (Malik et al., 2012). Briefly, extracted RNA (200-500 ng) was mixed with equal amount of 2X RNA loading buffer and loaded in the wells. The gel was electrophorosed at 120V in 1X Tris-Glycine buffer. Subsequently, the gel was impregnated with silver nitrate following the method described previously (Malik et al., 2012). 
cDNA synthesis and multiplex nested RT-PCR 
The cDNA was synthesized from 5 µl extracted RNA using 20U of M-MuLV, 10mM of each dNTPs, 0.2 µg Random Hexamer primer, 2 µl Dimethyl sulphoxide (DMSO) at 37ºC for one hour and final denaturation at 80ºC for 3 min. The first round of PCR was carried out for the amplification of full length (P-43) and partial length (BR-108) of VP7 gene as described in our previous study (Malik et al., 2012). The second round PCR was done using a cocktail of primers for the genotypes viz. G3, G6, G8 and G10 using 1:100 dilutions of first round PCR amplicons as template. Second round amplicons of multiplex nested PCR were resolved by agarose gel electrophoresis (2% w/v) at 100 V for 1 hour in 1X TAE buffer with 0.5 µg/ml ethidium bromide and viewed under Gel Documentation system-ImageMaster® VDS (Syngene, DSS, UK).
Sequencing and phylogenetic analysis 
The second round multiplex nested PCR amplicons were gel-purified using GeneJet Gel Extraction Kit (Fermentas, EU). The gel-purified PCR amplicons were cloned into the pGEM-T Easy Vector cloning system (Promega) and sequenced by SciGenom Labs Pvt. Ltd., Kerala. Phylogenetic analysis was performed using MEGA 5.05 software. Briefly, the nucleotide sequences of VP7 gene of both the samples were aligned by Clustal W with the available VP7 gene sequences in the NCBI database of animal RVA from India and rest of the world. The percent identity and divergence of the nucleotide and deduced amino acid sequence was performed to determine the percentage homology with other RVA VP7 gene sequences from different geographical locations. Phylogenetic tree was constructed by neighbor-joining statistical method. RotaC v2.0 web based tool for rotavirus classification (http://rotac.regatools.be) was also used for the confirmation of the sequence obtained and automated genotyping based on VP7 sequences.

Nucleotide sequence accession numbers

The sequences of VP7 gene of the rotavirus BR-108 and P-43 strain characterized here have been submitted in the GenBank database and assigned accession numbers, JF689842 and HM591496, respectively.
RESULTS AND DISCUSSION

Genotyping by multiplex nested PCR is a well-established and recognized epidemiological tool for examining rotavirus strain diversity (Desselberger et al., 2001). In recent years, it has been shown to be the most useful assay for the genotyping of rotavirus of different species, but genotyping without phylogenetic analysis provides information only about the prevalence of different rotavirus genotypes. DNA sequencing followed by sequence comparison and phylogenetic analysis add the vital information about the possible origin of particular gene of rotavirus from different geographical locations or species which is valuable in understanding the evolution of rotaviruses. Therefore, the present study was undertaken to understand the possible origin of two bovine rotaviruses isolates namely BR-108 (Haryana) and P-43 (Uttarakhand). Both the bovine rotavirus isolates in RNA-PAGE analysis revealed long electropherotypes with 11 dsRNA segments migrating in a pattern of 4:2:3:2, where segments 7, 8, 9 moved in a triplet, typical of bovine group A rotaviruses. Further, genomapping for G3, G6, G8 and G10 genotypes was done for both these positive samples by multiplex nested PCR as per the methods and protocols previously described in our study (Malik et al., 2012). The second round of multiplex nested PCR of both the positive samples showed 581 bp specific amplicons on resolving in 2% agarose gel electrophoresis revealing the G6 genotype. 

G6 genotype is the most important genotype epidemiologically after G10 genotype (Gulati et al., 1999, Wani et al., 2004, Bhat et al., 2005, Saravanan et al., 2006, Manuja et al., 2008, Minakshi et al., 2009, Singh and Jhala, 2011) indicating its significant role in provoking havoc in newborn calves by causing fatal diarrhoea. The G6 genotypes have been reported both as single G6 genotype at a rate of 5.56%-26.67% (Gulati et al., 1999; Minakshi et al., 2005; Manuja et al., 2008) and in combination with G10 (Gulati et al., 1999; Minakshi et al., 2009; Sharma et al., 2009) at a rate of 8.3%-11.1% from the Northern part of India. The genotyping as well as sequence analysis of VP7 gene of bovine group A rotavirus is critical not only in vaccine formulation but also to identify its possible origin. Only a limited authors have made an attempt to compare VP7 sequence of bovine group A rotavirus with other bovine rotavirus G3 genotype (Malik et al., 2012), G10 genotype (Varshney et al., 2002), G15 genotype (Ghosh et al., 2008), G6 and G10 (Manuja et al., 2008).
For the VP7 sequences comparison, VP7 sequences of both the group A bovine rotavirus isolates, one each from Haryana and Uttarakhand states were aligned with the retrieved VP7 sequences from NCBI database originating from the rotaviruses of different geographical locations of the world. The sequences alignment by clustal W and phylogenetic analysis by Neighbour-joining method was performed with the MEGA 5.05 software. The VP7 sequence homology analysis of BR-108 isolate of Haryana revealed maximum homology (95.6 % at nucleotide level and 98.3% at amino acid level) with the bovine group A rotavirus isolate of Punjab (Accession number: EU311196) as shown in Fig.1. Similarly, VP7 sequence homology analysis of P-43 isolate of Uttarakhand revealed maximum homology (95.5 % at nucleotide level and 98.2% at amino acid level) with the bovine group A rotavirus isolate of Punjab (Accession number: EU311193). Analysis of both the bovine rotavirus isolates namely BR-108 and P-43 clustered with bovine rotavirus of Punjab. The close homology of VP7 gene of both the bovine rotavirus isolates with the bovine rotavirus isolate of Punjab suggests the frequent migration of infected animals across the geographical boundaries. Geographically, Haryana share a large portion of its border with Punjab and Uttarakhand share its border with Haryana which allow easy access for the migration of infected animals to Haryana and Uttarakhand states from Punjab. This favors the rotavirus to proliferate its kingdom over bovines by crossing the geographical boundaries and various species creating an urgent need of intensive surveillance programme to know the exact prevalence of genotypes circulation in bovine population and also limiting the migration of infected animals across the geographical boundaries so as to contain the burden of rotaviruses in bovine population.
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Fig.1. Neighbor-joining phylogenetic tree based on nucleotide sequences of the VP7 gene of various bovines group A roaviruses from different geographical boundaries. The dendrogram is rooted using BR-108 and P-43 which is indicated as (●). Bootstrap values (2000 replicates) above 50 are shown. The percent nucleotide (NA) and amino acid (AA) identities of G6 genotype of BR-108 and P-43 bovine rotavirus isolates with other G6 bovine isolates from different geographical boundaries. Host species depicted is bovine (Bov). For each strain, the following data are given: species/gene/strain name/accession number/country origin.
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