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ABSTRACT

A study was undertaken to ascertain genotypic characterization of bovine group A rotavirus circulating in the Navsari region of Gujarat
state. Total 157 diarrheic fecal samples were collected from bovine calves of organized farms and locally at village level from Navsari
region. All the samples were initially screened by RNA-PAGE and RT-PCR followed by characterization by sequencing and G-P typing.
The study revealed 10 (6.36%) samples positive by RNA-PAGE, while 16 (10.19%) samples were positive by VP4, VP6 and VP7 gene-
based RT-PCR. From these positive samples, representative samples were sequenced for complete coverage of VP4, VP6, and VP7 genes
followed by P and G typing on the basis of VP4 and VP7 sequence results, respectively. All the sequenced samples revealed G10 and
P[11] types, showing a G10P[11] combination significantly prevailing in the bovine calves. Phylogenetic analysis of VP4, VP6, and VP7
genes was performed to determine the cross-species transmission dynamics and regional diversity, which showed similarity with other
isolates circulating in India. Our findings suggested that a zoonotic potential genotype G10P[11] is the most circulating genotypes of

Rotavirus A in bovine calves from Navsari region of Gujarat, India.
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INTRODUCTION

ivestock farming is one of the significant sectors in
India and it plays an important role in economy of the
country. Several factors cause economic losses to the
calves farming; among them, neonatal calf diseases like
diarrhea (scours) and respiratory diseases are the leading
causes (George et al., 2010). Rotaviruses have triple-layered
capsid and segmented dsRNA genome (Deshmukh et al.,
2016). Rotaviruses (RVs) are classified into seven groups (A, B,
C, D, E, F, and G) as per the antigenic variability of the inner
capsid protein VP6. Based on outer capsid proteins VP4 and
VP7, group A rotaviruses is further classified into P (VP4)
and G (VP7) types, respectively. Among different groups
of rotaviruses, Group A rotaviruses have been found to be
predominantly present in cases of diarrheic domesticated
animals and avian species (Niture et al., 2011). In different
studies, BRV infection rates of 20-60% in samples of
diarrhea have been reported. Prevalence of rotavirus ranges
from 11.8% to 26.8% in India among diarrheic calves (Geletu
etal., 2021). To prevent the spread of rotavirus and accurate
diagnosis nucleic acid based techniques like PCR and RNA
- PAGE are promising tests as it confirms the presence of
virus and these tests are less laborious and more convenient
compared to cell culture techniques.
Due to the re-assortment of genomic segments (genetic
shift), rotaviruses exhibit high genetic diversity (Matthijnssens
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etal.,, 2012) and reassortment in the case of mixed infection
in natural conditions leads to the emergence of new
serotypes of the virus (Niture et al., 2011). In bovines, the
most frequently observed types are G6, G8, and G10 and P[1],
P[5], and P[11] (Fukai et al., 2002). From an epidemiological
perspective, genotyping of bovine rotaviruses is the most
essential finding to regulate vaccination programs (Sravani
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et al., 2014). G and P typing has been extensively used
for many years for assessment of genomic diversity and
interspecies transmission of rotaviruses. Regular screening
of fecal samples for detection of rotavirus A in a particular
geographical areais vital to identify the circulating rotaviruses
in susceptible populations. It is also important from the point
of view of ecology and public health, because interspecies
transmission from cattle to humans and from humans to
cattle have been reported. Particularly rotavirus P[11], G10
strains, which are commonly found in cattle and reported
from different geographical areas worldwide (Saravanan et
al., 2007).- AS per VA1

Hence present study was carried out to check circularity
of group A bovine rotavirus, their genotyping and molecular
characterization in diarrhoeic calves from Navsari. This study
reports the occurrence of G10P[11] genotype of group A bovine
rotavirus in diarrheic calves from in and around Navsari, Gujarat.

MATERIALS AND METHODS
Collection of Samples and Processing

Total of 157 diarrheic samples were collected from the rectum
of bovine calves (up to 45 days of age) from different villages,
organized farms and places in and around Navsari region,
Gujarat (India). A 10% fecal suspension was prepared using
phosphate buffer saline (PH 7.4), followed by centrifugation at
10,000 g for 20 min at 4°C (Heraeus Biofuge stratos centrifuge,
Thermo Scientific) to remove coarse particles. The clarified
supernatant was transferred to an RNAse free vial (5.0 mL,
Eppendorf) and used for RNA extraction.

Detection of Rotavirus in Fecal Samples

All the fecal samples were screened by RNA-PAGE for the
presence of rotavirus, followed by RT-PCR.

Ribonucleic Acid Polyacrylamide Gel Electrophoresis
(RNA-PAGE): RNA-PAGE was used as pre-screening of the
samples followed by RT-PCR. Viral RNA was extracted from the
10% fecal suspensions by the Trizol method. The segmented

Table 1: List of primers used in RT-PCR for VP6, VP4 & VP7 genes

RNA genome of the rotavirus was analyzed by RNA-PAGE
using the discontinuous buffer system without sodium
dodecyl sulfate (SDS) as described by Laemmli (1970). Vertical
gel electrophoresis was performed using an 8.0% separating
gel and a 5.0% stacking gel. Samples were mixed with 6x
loading dye and loaded into wells of the gel and subjected to
electrophoresis. The gel was run at 100V till the dye ran out of the
gel. The segmented genomic RNA was detected after staining
of the gel by the silver-staining method (Herring et al., 1982).

Detection of Rotavirus by Reverse Transcriptase-PCR
(RT-PCR): For detection of VP4, VP6, and VP7 genes, RNA was
extracted from 10% fecal suspension by the QlAamp® Viral
RNA Mini kit (Qiagen Sciences, MD, USA). Extracted genomic
RNA was quantified by Nanodrop at the ratio of 260/280
and recorded. VP4, VP6, and VP7 genes of rotavirus were
detected by reverse transcription PCR (RT-PCR) technique
by employing one-step RT-PCR kit (SuperScript™ Ill one-
step RT-PCR kit, Invitrogen). Briefly, 3 uL of genomic RNA
was denatured at 95°C in a thermal cycler for 5 min and
immediately chilled on ice. After this, the reaction mixture
was prepared to a final volume of 25 pL as per the kit
instructions. The VP4, VP6 and VP7 genes were amplified by
previously published primers as per Table 1 and PCR cycling
condition was set as per the kit instructions (Table 2). The
amplified PCR products were analyzed by 1.5% agarose
gel electrophoresis. The gel was visualized using the Gel
documentation system (SynGene, UK).

Sequencing and Genotyping of Bovine Rotavirus A

Sequencing of VP4, VP6, and VP7 genes were done by
sequencing primers according to previously reported study
(Ramani et al., 2009) for full coverage and the amplicons
were purified using the PureLink™ Quick PCR purification
kit (Invitrogen) and sent for Sanger sequencing (Eurofins
Genomics India Pvt., Ltd., Bengaluru). Sequencing results
were analyzed by the chromatogram analysis, BLAST on
the NCBI database and alignment was done by CLUSTAL W
software. Once validated, the sequences were formatted in

Gene Primers sequence (5"-3")

Amplicon size Reference

VP6 (F) GAC GGV GCR ACT ACATGGT Falcone etal.
379 bp
VP6 (R) GTC CAATTC ATN CCT GGT GG (1999)
VP4 (Bov4Com5) TTCATTATTGGGACGATTCACA 864 bp Isegawa et al.
VP4 (Rev Bov4Com3) CAACCGCAGCTGATATATCATC (1993)
VP7-Beg9 GGCTTTAAAAGAGAGAATTTCCGTCTGG 1062 bp Gouvea etal.
VP7-End9 GGTCACATCATACAATTCTAATCTAAG (1990)
Table 2: Thermal cycler condition for RT PCR
cDNA synthesis and pre-denaturation Denaturation Annealing temp according to primer Extension Final extension
1 cycle 35 Cycles 1 cycle
VP4 48°C
55°C 94°C 94°C VP6 47°C 68°C 68°C
VP7 43°C
30 min 2 min 15 sec 30 sec 1 min 5 min
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FASTA format and submitted to the NCBI database. Sequence
results were submitted to the GenBank database with
accession numbers OK318948, OK318949, and OK318950 for
the VP7 gene; OK318951, OK318952, and OK318953 for the
VP6 gene; and OK318954, OK318955, and OK318956 for the
VP4 gene. The G and P genotypes were determined using
the Rota C 2.0 genotyping tool.

Phylogenetic Analysis

The VP4, VP6, and VP7 sequence results of the present study
along with other VP4, VP6, and VP7 sequences from Indiaand
other countries were retrieved from the NCBI database. A
phylogeny was constructed by using the distance-matrix
based Neighbor-Joining (NJ) method with a bootstrap value
of 1000. The evolutionary distances were computed using the
Kimura 2-parameter method and pair-wise deletion was used
for the missing or gapped data by using MEGA X software.

ResuLTs AND DiscussionN

Group A RVs are the leading cause of diarrhea in calves under
one month of age throughout the world (Matthijnssens et al.,
2012). As many infectious agents are responsible for neonatal
calf diarrhea, confirmatory diagnostic tests are necessary for
the detection of RV. The presence of an organism could only
be recognized by a demonstrating organism by virus isolation
or its nucleic acid (RNA) detection by RNA-PAGE or RT-PCR
(Manuja et al., 2010). Both PAGE and RT-PCR are nucleic acid
detection based reliable techniques.

Detection of Rotavirus A by RNA-PAGE

From 157 faecal samples of diarrheic calves, 10 samples (6.36
%) were found to be positive by RNA-PAGE analysis. All the
positive samples showed a characteristic migration pattern
of 4:2:3:2, which is a typical pattern of mammalian group A
rotavirus. Electropherotyping of positive samples revealed
two different migration patterns for group A RV (Fig. 1 & 2).

Fig. 1: Electropherogram pattern of positive sample Group A bovine
rotavirus showing 4:2:3:2 migration pattern for 11 segments (Pattern|)
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In the present study, all the isolates had long
electropherotyping patterns. In a similar way, most
researchers have found that long electrophoretic patterns are
more common than short ones (Sravani et al., 2015; Kumari et
al., 2019). The migration pattern of a particular RV is useful to
analyze the genomic diversity and heterogeneity of the virus
(Ambily et al., 2009). In accordance with present findings,
others have also noted different migration patterns in their
study (Basera et al., 2010; Kumari et al., 2019).
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Fig. 2: Electropherogram migration pattern of group A bovine rotavirus
samples of cow calves (Pattern Il)

Detection of Rotavirus A by RT-PCR

Out of 157 samples, 16 were found positive for VP4, VP6 and
VP7 genes that revealed 10.19% positivity for RVA. In RT-PCR,
amplification of the VP4, VP6 and VP7 genes of RV could be
achieved with a desired band size of 864 bp, 379 bp and 1062
bp, respectively (Fig. 3 &4) in all the 16 samples. In this study,
16 samples were found positive by RT-PCR that is higher than
RNA-PAGE by which 10 samples were confirmed for rotavirus.
This result showed agreement with others (Ahmed et al., 2017;
Das et al,, 2018) who also detected higher numbers of positive
samples by RT-PCR than RNA-PAGE. This is because of RT-PCR
has the ability to detect 10* particles per gram of feces.

Sequencing, Genotyping, and Phylogenetic Tree of
Bovine Rotavirus A

Out of 16 positive samples, three samples of cattle calves (B2,
B4 and B5) were selected for VP4, VP6,and VP7 complete gene
sequencing according to Ramani et al. (2009) (Fig. 5 ). Results
retrieved after sequencing of VP7 and VP4 genes were used
for G and P genotyping by the online RotaC 2.0 genotyping
tool. This revealed G10 and P[11] in all three samples and
showed circularity of G10P[11] in bovine calves of this region.
Minakshi et al. (2005), Beg et al. (2010), Ahmed et al. (2017) also
reported G10P[11] as the most predominant combination in
the bovine rotaviruses. Contrary to this, Alfieri et al. (2004)
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Lane 1:
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Fig. 3: Amplification of VP4 gene by RT PCR. Lane 1: 100 bp DNA ladder, Lane 2,3,4,5: Positive samples, Lane 6: Negative control
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Fig. 4: Amplification of VP7 gene by RT PCR. Lane 1: 100 bp DNA ladder, Lane 2,3,4,5,7: Positive samples, Lane 8: Negative control, Lane 6:

Negative sample

reported G6P [5] and Ghosh et al. (2007) reported G6P [11]
combination in bovines.

The genotype G10P[11] is an important group A bovine
rotavirus because of its zoonotic transmission from humans
to cattle and also from cattle to humans (lturriza-Gomara et
al., 2004). It has also been reported that G10P[11] strains are
associated with symptomatic and asymptomatic infections
in children in India (Hassine-Zaafrane et al., 2014). Genome
sequencing of Group A rotavirus strains has become the best
way to figure out how strains are related genetically, and the
function of each gene segment can be studied to figure out
how rotaviruses have changed over time (Dhanze etal., 2014).

Phylogenetic Tree of Genes VP4, VP6, and VP7

Sequence results of B2, B4 and B5 samples for VP4, VP6,
and VP7 genes were subjected to NCBI BLAST analysis

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 20 Issue 3 (May-June 2024)

and confirmation for bovine RV. Phylogenetic analysis of
VP4 genes of different isolates revealed separate clusters
and similarities with different isolates. The VP4 gene of B2
showed similarities with JX442788.1 rotavirus isolated from
the West Bengal, India whereas, VP4 gene of B4 showed
similarities with EU311199.1 isolated from Punjab state of
India. Surprisingly, VP4 gene of B5 grouped together with
VP4 gene of human rotavirus isolated from Uttar Pradesh,
India (Fig. 5). An analysis of the phylogeny of the VP6 gene
showed that B2 and B4 shares similarities with KU292523.1,
and VP6 gene of B5 also share similarities with MN066960.1,
a rotavirus isolated from humans (Fig. 6). All three
sequences have shown homology with rotavirus isolated
from humans, though they were grouped separately but
clustered together. Higher homology has been found
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between the VP7 genes B2, B54 and B5. These sequences  virus circulation between different states of India as well as
have shown similarity with the bovine rotavirus EF200547.1  other countries. In addition, the samples showed homology

and EF200543.1 which was found in Kolkata, West Bengal, Wwith human and animal rotavirus sequences, which is
India (Fig. 7). indicative of interspecies transmission of rotavirus between

Phylogenetic analysis of the present work indicated that humér?s and ar7ima|s. This might be due to the poor hygienic
the virus of this region showed similarity with rotavirus from ~ condition ofanimal sheds and close contact between humans

other regions of India. In addition, it shows the possibility of ~and livestock animals.

KC175020.1 Rotavirus A strain RVAHuman-wt/IND/N273/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175250.1 Rotavirus A strain RVA/Human-wtIND/N247/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KG175239.1 Rotavirus A strain RVA/Human-wt/IND/N243/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds(2)
KC175239.1 Rotavirus A strain RVA/Human-wt/IND/N243/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds

KC174935.1 Rotavirus A strain RVA/Human-wt/IND/N190/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC174946.1 Rotavirus A strain RVA/Human-wt/IND/N191/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC174957 1 Rotavirus A strain RVA/Human-wt/IND/N192/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175272 1 Rotavirus A strain RVAHuman-wt/IND/N292/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
EU200796.1 Human rotavirus A isolate N155 VP4 gene complete cds
KC175009.1 Rotavirus A strain RVAHuman-wt/IND/N240/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene partial cds

KC175031.1 Rotavirus A strain RVA/Human-wt/IND/N284/2004/G10P 11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds(2)

KC175042.1 Rotavirus A strain RVA/Human-wt/IND/N291/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds(2)

KC175042.1 Rotavirus A strain RVA/Human-wt/IND/N291/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175031.1 Rotavirus A strain RVA/Human-wt/IND/N284/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175283.1 Rotavirus A strain RVA/Human-wtIND/N313/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds

KC175064.1 Rotavirus A strain RVAHuman-wt/IND/N330/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene partial cds
KC174967.1 Rotavirus A strain RVAHuman-wt/IND/N203/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC174924.1 Rotavirus A strain RVAHuman-wt/IND/N138/2003/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175151.1 Rotavirus A strain RVA/Human-wt/IND/N188/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175162.1 Rotavirus A strain RVA/Human-wt/IND/N196/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds
KC175173.1 Rotavirus A strain RVA/Human-wt/IND/N197/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene partial cds
KC175184.1 Rotavirus A strain RVA/Human-wt/IND/N198/2004/G10P11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds

| MG269542.1 Bovine rotavirus A strain RVA/Cow-wi/BRA/196-RS/2013/G10P11 VP4 gene partial cds(2)
— 1 1G269542.1 Bovine rotavirus A strain RVAICow-wt/BRA/196-RS/2013/G10P11 VP4 gene partial cds
D13392.1 Bovine rotavirus A44 VP4 gene

KJ751925.1 Rotavirus A strain RVA/Gow-wt/ZAFIMRC-DPRU3005/2009/G6P 11 segment 4 outer capsid spike protein VP4 (VP4) gene complete cds

| KC895859.1 Rotavirus A strain RVA/Gow-w/ARG/B2592 B Co/2004/GEP11 VP4 gene complete cds(2)
I KCB895859.1 Rotavirus A strain RVA/Cow-wt/ARG/B2592 B Co/2004/GE6P11 VP4 gene complete cds

[ D14367.1 Bovine rotavirus VP4 mRNA
D13393.1 Bovine rotavirus K33 VP4 gene

KC895841 1 Rotavirus A strain RVA/Cow-wt/ARG/BE611 BA/I1999/GEP11 VP4 gene complete cds
KC895849.1 Rotavirus A strain RVA/Cow-wt/ARG/BI96 B Co/2000/G10P11 VP4 gene complete cds(2)
KC895849.1 Rotavirus A strain RYA/Cow-wt/ARG/BIS6 B Co/2000/G10P11 VP4 gene complete cds

JX470488.1 Bovine rotavirus A strain BoRota/FMV1124422/2009/CA outer capsid protein VP4 gene partial cds

JX470489.1 Bovine rotavirus A strain BoRota/FMV1122505/2009/CA outer capsid protein VP4 gene partial cds

MK250427 1 Bovine rotavirus A isolate RVA/Yak-tc/CHN/HY-1/2018/GBP11 VP4 gene complete cds

0133941 Bovine rotavirus B223 VP4 gene

GU181281.1 Bovine rotavirus A isolate DQ-75 outer capsid protein VP4 gene complete cds

KP752880 1 Rotavirus A strain RVA/Cow-wt/ZAFIMRC-DPRU456/2009/G6P 11 segment 4 putative outer capsid spike protein VP4 (VP4) gene partial cds
JX470492.1 Bovine rotavirus A strain BoRota/FMV1089635/2009/CA outer capsid protein VP4 gene partial cds

MG269544.1 Bovine rotavirus A strain RVA/Gow-wt/BRA270-MS/2014/GE6P11 VP4 gene partial cds

JX442788.1 Bovine rotavirus strain RVA/P11/India/WB/2011/HG VP4 gene partial cds

A OK318955.1 Bovine rotavirus A isolate VMC B2/NVS/GUJIND! outer capsid protein (VP4) gene partial cds

EU311199.1 Bovine rotavirus A isclate BRY 59 VP4 gene partial cds

A 0K318954 1 Bovine rotavirus A isolate VMG B4/NVS/GUJ/IND/ outer capsid protein (VP4) gene partial cds

JF742654.1 Human rotavirus A isolate Ind/UP/H2 protease sensitive capsid protein (VP4) gene partial cds

A OK318956 1 Bovine rotavirus A isolate VMC B5/NVS/GUJIND/ outer capsid protein (VP4) gene partial cds

JX442780.1 Bovine rotavirus strain RVA/P11/india/lUKD-PTN/2010/C5 VP4 gene partial cds(2)

JX442780.1 Bovine rotavirus strain RVA/P11/India/lUKD-PTN/2010/C5 VP4 gene partial cds

MH140455.1 Rotavirus A strain RVA/Cow-wt/BGD/BAU-BRV2/2017/G6P11 outer capsid protein VP4 (VP4) gene partial cds
MH140467 1 Rotavirus A strain RVA/Cow-wt/BGD/BAU-BRV17/2017/GEP11 outer capsid protein VP4 (VP4) gene partial cds
MH140463.1 Rotavirus A strain RVA/Cow-wt/BGD/BAU-BRV20/2017/GEP11 outer capsid protein VP4 (VP4) gene partial cds
MH140462.1 Rotavirus A strain RVA/Cow-wt/BGD/BAU-BRV18/2017/GEP 11 outer capsid protein VP4 (VP4) gene partial cds
MK955828.1 Bovine rotavirus A outer capsid protein (VP4) gene complete cds(2)

MK955828.1 Bovine rotavirus A outer capsid protein (VP4) gene complete cds

—
o.oto

Fig. 5: VP4 gene nucleotide sequence based phylogenetic analysis of sequences of present study along with other isolates of group A rotavirus
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AB748568.1 Bovine rotavirus G6 VPE gene partial cds strain: RVA/Cow-tc/JPN/BRV105/1983/GEP1
AB748567.1 Bovine rotavirus G6 VP6 gene partial cds strain: RVA/Cow-tc/JPN/BRV101/1985-1986/G6P1
AB748569.1 Bovine rotavirus G6 VPG gene partial cds strain: RVA/Cow-tc/JPN/BRV106/1983/GEP1
AB748571.1 Human rotavirus A VP6 gene partial cds strain: RVA/Human-tc/ISR/Ro8059/1995/GEP1
ABT48570.1 Bovine rotavirus G6 VP8 gene partial cds strain: RVA/Cow-tc/IND/CR231/39/1994-1997/G6P1
JFB93031.1 Bovine rotavirus A isolate bovine-tc/USA/NCDV/1971/GEP1 segment & VPG protein gene partial cds
HQE11011.2 Human rotavirus A isolate Nov10-N387 inner capsid protein VP& (VP8) gene complete cds
KJ919788.1 Human rotavirus A strain RVA/Human-wt/HUN/ERN5483/2012/G2P4 VP6 gene partial cds
KJ919766.1 Human rotavirus A strain RVA/Human-wt/HUN/ERN5193/2012/G2P4 VP6 gene partial cds
GU584061.1 Human rotavirus A strain SI-R230/07 major capsid protein VP8 (VPE) gene partial cds
KC443602.1 Rotavirus A strain RVA/Human-wt/AUS/CK20039/2008/G1P8 segment 6 inner capsid protein VP (VPB) gene complete cds
AF411322 .2 Bovine rotavirus strain WC3 inner capsid protein VP& mRNA complete cds
HI988974.1 Bovine rotavirus A strain KJ9-1 VP6 gene complete cds
KC215544 1 Rotavirus A strain RVA/Vaccine/USA/BRV-KC-1xUK/2009/G10P5 segment 6 inner capsid protein VP6 (VPE) gene complete cds
KC215501.1 Rotavirus A strain RVAVaccine/lUSA/MVS-BRV4/1998/G4PS segment 6 inner capsid protein VP8 (VP6) gene complete cds
(GQ225791.1 Rotavirus A PxUK reassortant (UKg9P) VP& protein gene complete cds
(GQ225790.1 Rotavirus A DS-1xUK reassortant (UKg9DS-1) VP& protein gene complete cds
KF636260.1 Rotavirus A strain RVA/cow/ZAF/MRC-DPRU1604/2007/G6P1 segment 6 inner capsid protein VP6 (VP6) gene complete cds
JN831224.1 Rotavirus A strain RVA/Cow-wt/ZAF/1604/2007/G8P1 segment 6 complete sequence
KJ752065.1 Rotavirus A strain RVA/Cow-wt/ZAF/MRC-DPRU3010/2009/G6P4 segment 6 inner capsid protein VPG (VPE) gene complete cds
— - EF554152.1 Rotavirus A strain RVA/Sheep-tc/ESP/OVR762/2002/G8P 14 VP6 gene complete cds
L Kx024671.1 Rotavirus A strain RVA/Human-wi/ltaly/BA01/2012/GBP14 intermediate capside shell (VP8) gene partial cds
KP882661.1 Rotavirus A strain RVAHuman-wt/GHA/Ghan-147/2008/G1P8 segment 6 VP6 (VPE) gene complete cds
4&!@8%2925 1 Rotavirus A strain RVA/Human-wt/MLIMali-039/2008/G8P6 segment 6 VP6 (VPE) gene complete cds
KJ752622 1 Rotavirus A strain RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P6 segment 6 inner capsid protein VP6 (VP6) gene complete cds
EF583020.1 Rotavirus A strain RVA/Human-tc/GBR/AB4/1987/G10P1114 inner capsid protein VPE gene complete cds
LC095956.1 Human rotavirus A VP8 gene for VP6 protein complete cds strain: RVA/Human-wt/\VNM/NT0082/2007/G10P14
MHO60082.1 Human rotavirus A isolate RVA/Human-wt/THA/CMH-S016-13/2013/G8P8 VP6 gene complete cds
LC169900.1 Rotavirus A RVA/Human-wt/THA/SKT-107/2013/G8P8 VP6 gene for structural protein VP6 complete cds strain: RVAHuman-wt/THA/SKT-107/2013/G8P8
LC169856.1 Rotavirus A RVA/Human-wt/THA/PCB-79/2013/G8P8 VP6 gene for structural protein VP6 complete cds strain: RVA/Human-wt/THA/PCB-79/2013/G8P8
KR705359.1 Rotavirus A strain RVA/Human-wt/BEL/BE67/2009/G2P4 segment & VP8 (VPE) gene partial cds
(U984759.1 Bovine rotavirus A strain 86 VP8 (VPG) gene complete cds
KU292534.1 Rotavirus A strain RVAHuman-wt/IND/MCS-KOL-28/2014/G10P14 VPE gene complete cds
(GU984757.1 Bovine rotavirus A strain 68 VPG (VP6) gene complete cds
JX040422 1 Rotavirus A strain RVA/human-wt/IND/N-1/2009/G6P 14 structural protein VP6 gene complete cds
HM235508.1 Bovine rotavirus strain Bow/Ind/UKD/09/M-1 inner capsid protein (VP&) gene complete cds
HQ440218.1 Rotavirus cow/Bov2/UP/India/2008 inner capsid protein 6 (VPE) gene complete cds
AB749355.1 Human rotavirus A VP8 gene partial cds strain: RVA/Human-tc/MWI/OP2-384/2001/G8P&
AB749350.1 Human rotavirus A VP6E gene partial cds strain: RVA/Human-tc/MWIIMW1-860/1999/G8PE
AB749351.1 Human rotavirus A VPE gene partial cds strain: RVA/Human-tc/MWI/MW2-026/1999/G8P6
KU714459.1 Rotavirus A strain RVA/Human-wt/MWIMW2-181 B/2000/G1P8 segment & complete sequence
KJ748469.1 Rotavirus A strain RVA/Human-wt/GHA/GHO018-08/2008/G8PE VPE gene complete cds
KC152910.1 Rotavirus A RVAHuman-wtITA/CEC068/2011/GBPE inner capsid protein (VPE) gene partial cds
KJ752449 1 Rotavirus A strain RVA/Human-wt/SEN/MRC-DPRU4680/2010/G1GEP8 mixed genotype segment 6 inner capsid protein VP6 (VP6) gene complete cds
KP752475.1 Rotavirus A strain RYA/Human-wt/CMR/MRC-DPRU3032/XXXX/G3P6 segment 6 inner capsid protein VP6 (VP6) gene complete cds
JN116524.1 Rotavirus A strain RVA/Human-wi/BFA/265-BF/2010/GGPE VPE gene partial cds
KP882474.1 Rotavirus A strain RVA/Human-wt/GHA/Ghan-059/2008/G8P1 segment 6 VP& (VPE) gene complete cds
DQ003294.1 Porcine rotavirus strain HP113 capsid protein VP& gene complete cds
KP198627.1 Human rotavirus A strain RVA/Human-wt/ITA/PR457/2009/G10P14 inner capsid protein VP6 (VP6) gene partial cds
EF200566.1 Bovine rotavirus A strain RUBV81 VPE (VP6) gene partial cds
JF742650.1 Bovine rotavirus A isolate Ind/UKD/P 14 inner capsid protein (VP8) gene complete cds
IMNOGE960.1 Rotavirus A strain RVA/Human-wt/IND/CMC 00022/2012/GXP14 segment & inner capsid protein VPG (VPE) gene complete cds
A OK318953.1 Bovine rotavirus A isolate VMC B5/NVS/GUJ/IND/ capsid protein (VP8) gene complete cds

A OK318952 1 Bovine rotavirus A isolate VMC B2/NVS/GUJIND/ capsid protein (VP8) gene complete cds
KU292523.1 Rotavirus A strain RVA/Human-wt/IND/MCS-KOL-383/2014/G10P14 VP6E gene complete cds
A OK318951.1 Bovine rotavirus A isolate VMC B4/NVS/GUJIND/ capsid protein (VP6) gene complete cds

omn

Fig. 6:VP6 gene nucleotide sequence based phylogenetic analysis of sequences of present study along with other global isolates of group A rotavirus
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A OK318949 1 Bovine rotavirus A isolate VMG B2/NVS/GUJ/IND/ outer capsid protein (VP7) gene partial cds
A OK318950.1 Bovine rotavirus A isolate VIMC B5/NVS/GUJ/IND/ outer capsid protein (VPT) gene partial cds
A OK318948 1 Bovine rotavirus A isolate VMG B4/NVS/GUJ/IND/ outer capsid protein (VP7) gene partial cds
EF200547.1 Bovine rotavirus A strain RUBV81 VP7 (VPT) gene partial cds

EF200543.1 Bovine rotavirus A strain RUBVIM129 VPT (VPT) gene partial cds

KU292535.1 Rotavirus A strain RVA/Human-wt/IND/MCS-KOL-29/2014/G10P14 VPT gene complete cds

MK519603.1 Rotavirus A isolate RVA/Goat/BGD/GBCL0193/G10PX outer capsid protein (VP7) gene partial cds
E}Q981476.1 Equine rotavirus strain Erv2 outer capsid protein (VP7) gene complete cds

AF386920.1 Bovine rotavirus strain B8 outer capsid protein VP7 gene complete cds
KF170900.1 Porcine rotavirus A isolate Por/AM-P66/2012 VPT (VPT) gene complete cds
EU311195.1 Bovine rotavirus A isoclate BRV 116 VP7 gene partial cds
HQ842594.1 Rotavirus A cow/Kashmir-IND/2008/G10 VP7 gene partial cds
EU311194.1 Bovine rotavirus A isolate BRV 73 VPT gene partial cds
EF200545.1 Bovine rotavirus A strain RUBVM136 VP7 (VPT) gene partial cds
KU292524 1 Rotavirus A strain RVA/Human-wt/IND/MCS-KOL-383/2014/G10P14 VPT gene complete cds
MK519600.1 Rotavirus A isolate RVA/Goat/BGD/GBCL0083/G10P1 outer capsid protein (VP7) gene partial cds
AF386916.1 Bovine rotavirus strain Hg2 outer capsid protein VP7 gene complete cds
AF386919.1 Bovine rotavirus strain MF53 outer capsid protein VP7 gene complete cds
[ JFB81943.1 Rotavirus G10 strain kol-879 glycoprotein G protein (VP7) gene complete cds
JF681939.1 Rotavirus G10 strain kol-628 glycoprotein G protein (VP7) gene complete cds
KM230933.1 Human rotavirus A isolate I[TA/JJES03/2009/G10P8 outer capsid glycoprotein (VP7) gene partial cds

KM230935.1 Human rotavirus A isolate ITA/PG02/2009/G10P8 outer capsid glycoprotein (VPT) gene partial cds

GU584052.1 Human rotavirus A strain SI-2393/07 outer capsid glycoprotein VPT (VPT) gene partial cds

KM230928.1 Human rotavirus A isolate ITA/BERG14/2009/G10P8 outer capsid glycoprotein (VP7) gene partial cds
KM230932.1 Human rotavirus A isolate [TA/CHIER02/2009/G10P8 outer capsid glycoprotein (VPT) gene partial cds
KM230934.1 Human rotavirus A isolate ITA/PG01/2009/G10P8 outer capsid glycoprotein (VPT) gene partial cds
AY816181.1 Human rotavirus G10 isolate 1784CI/99 VPT7 (VPT) gene complete cds

EF218664.1 Human rotavirus G10 isolate 6730/1999/ARN outer capsid protein (VP7) gene partial cds

AY816182.1 Human rotavirus G10 isclate 3008CM VPT (VPT) gene complete cds

EF218665.1 Human rotavirus G10 isolate 6748/2002/ARN outer capsid protein (VP7) gene partial cds

 EF672567.1 Rotavirus A strain RVA/Human-tc/GBR/AG4/1987/G10P 1114 outer capsid protein VP7 gene complete cds

L X63156.1 Human rotavirus gene 8 for VP7

KY113344.1 Rotavirus A isolate 12059 VPT gene complete cds

KY113334.1 Rotavirus A isolate 12034 VP7 gene complete cds

FJ031029.1 Lamb rotavirus strain Lamb-NT segment 9 complete sequence
L11602.1 Lamb rotavirus (VPT) gene
HM800948.1 Lamb rotavirus strain LLR outer capsid protein (VP7) gene complete cds

JQ004975.1 Caprine rotavirus A isolate XL segment 9 complete sequence
HQ834201.1 Lamb rotavirus strain CC0812-1/2008 segment 9 complete sequence
JX567748.1 Human rotavirus A strain RVA/Human-wt/AUS/D355/2011/G10P14 VPT gene complete cds
JX567752.1 Human rotavirus A strain RVA/Human-wt/AUS/SA175/2011/G10P14 VPT gene complete cds
LC133574.1 Rotavirus A RVA/Cow-tc/THA/A44/1989/G10P11 VPT gene for structural protein VP7 complete cds
AB972861.1 Porcine rotavirus A VP7 gene for structural protein VP7 complete cds strain: RVA/Pig-tc/THA/P343/1991/G10P5

0.020

LC133541 .1 Rotavirus A RVA/Cow-tc/THA/B1A/1989/G10P5 VPT gene for structural protein VP7 complete cds

AF386918.1 Bovine rotavirus strain B75 outer capsid protein VP7 gene complete cds

LC133563.1 Rotavirus A RVA/Cow-tc/JPN/KK3/1983/G10P11 VPT gene for structural protein VP7 complete cds

D01056.1 Bovine rotavirus mRNA for VP7 complete cds strain:KK3

JX470522 1 Bovine rotavirus A strain BoRota/FIMV1094847/2009/CA outer capsid protein VP7 gene complete cds

FJ545658.1 Bovine rotavirus strain HWM26 outer capsid protein VP7 gene complete cds

EU828784.1 Bovine rotavirus strain XJX-07 glycoprotein (VPT) gene complete cds

(GQ433985.1 Bovine rotavirus A isolate UCD/RVL-Bov 2 viral protein 7 (VP7) gene complete cds

GQ433986.1 Bovine rotavirus A isolate UCD/RVL-Bov 3 viral protein 7 (VP7) gene complete cds

LC095954.1 Human rotavirus A VP7 gene for VP7 protein complete cds strain: RVA/Human-wt/VNM/NT0082/2007/G10P 14
GQ352366.1 Bovine rotavirus isolate VICG10.01 VP7 gene complete cds

MB4679.1 Bovine rotavirus B11 glycoprotein (VP7) gene complete cds

KC215545.1 Rotavirus A strain RVA/Vaccine/lUSA/BRV-KC-1xUK/2009/G10P5 segment 9 capsid glycoprotein VP7 (VP7) gene complete cds
HQ844013.1 Rotavirus A KC-1xUK reassortant (UKgSKC-1) VP7 protein gene complete cds

X52650.1 Bovine rotavirus protein 7 (VP7) segment 8 genomic RNA

X57852.1 Bovine rotavirus (strain B223) VP7 mRNA

KJ753644.1 Rotavirus A strain RVA/Human-wt/KEN/MRC-DPRU41502000¢G1G 10P8 mixed genotype segment 9 capsid glycoprotein VPT (VPT) gene complete cds

Fig. 7:VP7 gene nucleotide sequence based phylogenetic analysis of sequences of present study along with other global isolates of group A rotavirus

ConcLusioN

This study revealed circularity of G10P[11] genotype of
rotavirus in bovine calves of Navsariregion, Gujarat. RT- PCR
was considered more sensitive technique as compared to
RNA-PAGE in detection of rotavirus. G10P[11] is considered
as zoonotic, so routine surveillance of rotaviruses in humans
as well as animals is necessary.
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