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The dsRNA genome of bluetongue virus (BTV) consists of 10 segments that encodes for seven 
structural and four non–structural proteins. The nucleotide variations of core, NS1 and NS2 
proteins, in addition to capsid proteins helps determine the geographical origin (eastern or 
western geographical group/ topotype) of virus isolates. International trade of vaccinated livestock 
are playing major role in intercontinental movement of western BTV strains or genome segments in 
India. The co–circulation of different virus isolates, being the segmented nature of genome, 
provides an opportunity to simultaneously infect the same animal or even same cell with the 
potential of generating reassortant viruses. The data regarding the prevalence of viral topotype/ 
nucleotype/ serotype is essential to establish phylogenetic relationship and intercontinental 
migration of the pathogen which in turn help in formulation of proper intervention strategies 
against the disease. We carried out full length sequencing of genome seg–5 (ns1 gene) of Indian 
isolate VJW64 (BTV16). Sequence identity and phylogenetic analysis revealed that genome seg–5 
clusters with isolates of western topotypes showing nucleotide similarity of more than 89.5% 
compared to the less than 78% sequence identity with isolates of eastern geographical group that 
formed a separate monophyletic clade. However our previous study indicated that seg–2 and seg–6 
of Indian isolate VJW64 (BTV16) belong to eastern topotypes of bluetongue virus. Thus VJW64 
isolate is a reassortant virus containing segments derived from both eastern and western 
topotypes. The study provides an evidence of circulation of a reassortant of BTV16 serotype in 
India for the first time. 
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INTRODUCTION  
The bluetongue virus (BTV) causes an economically important 
arthropod borne (Culicoides spp.) viral disease of ruminants. 
BTV is a prototype member of genus Orbivirus, belonging to 
family Reoviridae. The genome of BTV consists of 10 segments of 
double stranded RNA located in core, which encodes for seven 
structural (VP1 to VP7) and four non–structural proteins (NS1, 
NS2, NS3/3A and NS4) (Belhouchet et al., 2011). The core of 
virus which composed of two major (VP3 and VP7) and three 
minor (VP1, VP4 and VP6) proteins is further surrounded by 
outer capsid consisting of two major proteins, VP2 and VP5. 
The outer capsid proteins are highly variable and responsible 
for virus neutralization and serotype determination (Huismans 
et al., 1987; Mertens et al., 1989; Cowley and Gorman, 1989). The 
core proteins, NS1 and NS2 are highly conserved and 
antigenically cross reactive between different BTV serotypes. 
Although, these conserved proteins show no significant 
correlation with virus serotype, they do show sequence 
variations that reflect the geographical origin (topotype) of 
virus isolate (Gould and Pritchard, 1990; Balasuriya et al., 2008; 
Nomikou et al., 2009).  

A total of 26 BTV serotypes (Prasad, 2000; Hofmann et al., 
2008; Maan et al., 2011) and two major geographical groups 

(eastern and western topotypes) (Balasuriya et al., 2008; 
Nomikou et al., 2009) of BTV strains have been identified 
worldwide. 

Gene mutation, segment reassortment and intragenic 
(homologous) recombination are key forces that drive evolution 
of BTV and led to emergence of novel BTV lineages, strains and 
serotypes (He et al., 2010; Shaw et al., 2013). The segmented 
nature of BTV genome allows the reassortment of BTV 
segments when host cell is concurrently infected by two or 
more different viral strains or serotypes (Gorman, 1990; Batten 
et al., 2008). This led to the development of viral diversity 
(Carpi et al., 2010) and changes in virulence and serological 
characteristic of the virus (Mertens et al., 1989). 

 Live attenuated vaccines have been used to control the 
disease in USA, South Africa and Mediterranean region. These 
vaccine viruses are associated with low level of viraemia and 
can spread to vectors with potential for reversion to virulence 
and/or reassortment with genes of wild type virus (Veronesi et 
al., 2005; Savini et al., 2009). Live attenuated vaccine viruses 
and trade of livestock and their products are playing major role 
in intercontinental movement of western BTV genome 
segments in India (Rao et al., 2012). Till date, reassortant strains 
of eastern and western topotypes of BTV2 (Maan et al., 2012c), 
BTV3 (Maan et al., 2012a) and BTV23 (Maan et al., 2012e) have 
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been reported from India. All of these isolates were reported to 
have seg–5 of western origin and other segments of eastern 
lineage. A reassortant Indian isolate of BTV21 (KMNO–7) with 
segment 6 (seg–6) from BTV16 isolate (VJW64) have been 
reported by Shafiq et al. (2013). 

 The knowledge regarding the prevalence of different 
serotypes and topotypes is prerequisite for successful 
vaccination strategies and epidemiological studies. To know the 
geographical origin of seg–5 of BTV16 isolate (VJW64), we 
carried out full length amplification and sequencing. The 
nucleotide sequence was analyzed and phylogenetic 
relationship with various global isolates of BTV was 
determined. 
 
MATERIALS AND METHODS 
Virus Isolate 
The BTV16 isolate (designated as VJW–64/08/IND) was 
obtained in an outbreak from Andhra Pradesh (India) and was 
isolated by inoculating blood samples of clinically affected 
sheep in embryonated chicken eggs.  
Virus Cultivation in Cell Culture 
Baby Hamster kidney–21 (BHK–21) (clone 13) cell line, 
originally obtained from National Cell Science Centre, Pune, 
India was used for virus propagation as described by Jain et al. 
(1986). The cell cultures which attained 70–80% confluency 
were inoculated with virus isolate. One ml of virus suspension 
was used per 75–cm2 tissue culture flask (Greiner Biocon).  
Extraction of Viral Genomic RNA 
The cell sheet was detached from tissue culture flask in the 
growth medium and centrifuged in 15 ml plastic tubes at 2000 
rpm (RCF– 750 x g) (VELOCITY 18R, Dynamica) for 15 min. 
The pellet was resuspended in 0.5 ml of supernatant and used 
for RNA extraction by TRIZOL (Life Technologies) method as 
per manufacturer’s protocol.  
RNA–Polyacrylamide Gel Electrophoresis (RNA–PAGE) 
After extraction, the segmented RNA of virus was analyzed by 
RNA–PAGE using discontinuous buffer system without SDS as 
described by Laemmli (1970). The gel was stained with silver 
nitrate as described by Svensson et al. (1986).  
Reverse Transcription–Polymerase Chain Reaction (RT–
PCR) 
The viral genomic dsRNA was reverse transcribed using 
random primers (decamer) (Ambion) and moloney murine 
leukemia virus reverse transcriptase (Mo–MuLV–RT) enzyme 
(Promega). The resultant cDNA was used as template for PCR 
amplification of ns1 gene of the virus. 
Designing of BTV Genome seg–5 (ns1 gene) Specific Primers 
Genome seg–5 specific primers were designed using the BTV 
sequence (Accession no. FJ713348.1) available in GenBank 
(http://www.ncbi.nlm.nih.gov/GenBank/) with the help of Pick 
Primer software of NCBI (Table 1). Primer pair I was designed 
for full length gene amplification while both primer pairs were 
used in sequencing PCR. 
Amplification of Genome Seg–5 (ns1 gene) of VJW–64 
(BTV16) Isolate 
The seg–5 of VJW64 isolate was PCR amplified using designed 
primer pair I. During standardization, final concentration of 0.4 
µM primer (both forward and reverse), 200 µM dNTP, 3% 
DMSO and 0.6 unit of Phusion DNA polymerase (NEB) per 25 
µl of reaction mixture was used. Initial denaturation was 
carried out at 98oC for 90 s followed by three step cyclic 
denaturation at 98oC for 10 s, annealing at 65oC for 30 s, 
extension at 72oC for 1 min and final extension at 72oC for 5 
min. The PCR amplified product was analyzed by agarose gel 
electrophoresis (AGE) using 1.0 % agarose (LifeTech) gel 
containing 0.5 µg ethidium bromide (Sigma) per ml in tris–

acetate–EDTA (TAE) buffer along with 1kb DNA ladder (MBI 
fermentas). 
Cloning in pJET1.2 Blunt Vector 
The full length PCR amplified product was cloned in pJET1.2 
blunt vector supplied with CloneJETTM PCR cloning kit 
(Fermentas) as per manufacturer’s guidelines. The DH5α strain 
of Escherichia coli was used as host for transformation with 
recombinant plasmid vector. The recombinant colonies were 
screened for the presence of insert of desired length by colony 
touch PCR using pJET1.2 vector specific primers supplied with 
kit and by seg–5 specific designed primers. Plasmid isolation 
was done by alkaline lysis method (miniprep) as described by 
Sambrook et al. (2001). 
Nucleotide sequence Analysis of Genome Seg–5 of VJW–64 
Isolate (BTV16) 
The recombinant plasmid vector isolated from positive clones 
was sequenced using ns1 gene segment specific primer pairs 
(Table 1) and vector specific primers. The nucleotide 
sequencing was done using automated DNA sequencer ABI 
PRISMTM 3130 version 3.0 in the Department of Animal 
Biotechnology, College of Veterinary Sciences, LLRUVAS, 
Hisar, India. Sequences from different clones were assembled 
using BioEdit® software (Hall, 1999) to obtain a consensus 
sequence, which was used for phylogenetic analysis using 
ClustalX (Larkin et al., 2007), BioEdit® (Hall, 1999) and MEGA 
5.0 softwares (Tamura et al., 2011). 
 
RESULTS 
The BTV16 isolate (VJW64), originally isolated by inoculating 
blood samples of clinically affected sheep into chicken embryo, 
was successfully adapted to BHK21 cell line where it produced 
BTV specific cytopathic effects (CPE), characterized by cell 
roundening, detachment, vaculation and clumping of infected 
cells with bunch–grape like appearance.  

The appearance of 10 bands of TRIZOL extracted viral 
dsRNA genomic segments with typical migration pattern 
(3:3:3:1) in RNA–PAGE doubly confirmed the nature of 
infectious agent as BTV. The cDNA synthesized by reverse 
transcription and amplified by using seg–5 specific primer pair 
I, yielded an expected 1659 bp PCR product without any non–
specific amplification when observed in 1.0% AGE. The pJET 
vector based screening strategy allows the growth of bacterial 
colonies transformed only with recombinant vector, as 
recircularized vector expresses a lethal restriction enzyme. 
However, further screening of recombinant colonies for 
presence of ns1 gene insert was performed by colony touch PCR 
amplification using insert specific (Pair I; Table 1) and vector 
specific primers that yielded expected size amplicon of 1659 bp 
and 1778 bp size (Figure 1). 

Full length sequence of seg–5 of VJW64 isolate obtained 
after sequencing as described in materials and methods was 
submitted to GenBank. Accession number of the sequence 
generated was KF289016. All the sequences were used to 
construct sequence identity matrix (Table 2) and neighbor 
joining phylogenetic tree (Figure 2) and compared thereby. 

Genome seg–5 (ns1 gene) of Indian isolate VJW64 
(BTV16) belong to major western topotype, showing nucleotide 
sequence identity of more than 88.5% from global isolates 
having seg–5 of western origin (Table 2), reflecting western 
lineage of the segment. These viral strains are either western 
topotypes [US prototype 600565, Indian BTV2 isolate 
IND2003/02 (Maan et al., 2012b) and Indian BTV10 isolate 
IND2004/01 (Maan et al., 2012g)] or they are reassortants of 
eastern topotype acquiring seg–5 from western topotype 
[(Indian BTV2 isolate IND1982/01 (Maan et al., 2012c), Indian 
BTV3 isolate IND2003/08 (Maan et al., 2012a) and Indian 
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BTV23 isolate IND1988/02 (Maan et al., 2012e)]. Among the 
isolates of western topotypes, VJW64 isolate was closer to US 
isolate (prototype 600565) with 98.4% sequence similarity 
compared to the 88.5–88.6% identity of western isolates 
[IND2003/02 (Maan et al., 2012b) and IND2004/01 (Maan et al., 

2012g)] circulating in India. However, nucleotide sequence 
identity of genome seg–5 of VJW64 isolate was less than 80% 
from BTV isolates having seg–5 of eastern lineage (Table 2), 
including Chinese isolate BN96 (BTV16) and Indian BTV1 
isolate IND1992/01 (Maan et al., 2012g).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1: Designed primers for specific amplification of Segment 5 of bluetongue virus by RT–PCR 
Primer 
pairsa 

Individual forward and 
reverse primersb  

Primer sequence (5’ to 3’) 
Position on genome segment 

5 (nucleotides) 
Predicted product size 

(base pairs) 
I BTV/ns1/F1 ATGGAGCGCTTTTTGAG 35–59 1659 
 BTV/ns1/R1 CTAATACTCCATCCACATC 1693–1672  

II BTV/ns1/F2 GATGAGGCGGTGAAGCAGT 389–407 933 
 BTV/ns1/R2 ATTCCAGATGCCACACCCTC 1321–1302  

Primer pair I was used to amplify full length segment 5 of BTV and primer pair II was used, in addition to pair I, in sequencing PCR; Individual primers are 
identified by bluetongue virus (BTV) followed by the name of gene (non–structural 1), then F or R to indicate forward or reverse orientation followed by a number 
to indicate the primer pair. 

 

 
 
 

Figure 1: Electrophoretic analysis of PCR amplified 
products generated from segment 5 of VJW64 isolate 
of BTV16 serotype. Lane 1: PCR amplicons were generated 
from cloned seg–5 using vector specific primers (supplied with 
CloneJETTM PCR cloning kit (Fermentas)); Lane 2: PCR 
amplicons were generated from cloned seg–5 using designed 
primer pair I (Table 1); Lane M: 1 kb marker (Fermentas). 

Figure 2: Neighbour–joining tree showing relationships between segments 5 of VJW64 (BTV16) with other BTV isolates of different 
serotypes. The tree was constructed using distance matrices, generated using p–distance determination algorithm in MEGA 5 (500 bootstrap replicates). The 
VJW64 isolate form a distinct cluster along with isolates having seg–5 of western lineage, while eastern isolates form separate monophyletic clade. 
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Table 2: Sequence identity matrix showing nucleotide sequence similarity in genome seg–5 between various global isolates of 
bluetongue virus (including VJW64 (BTV16)). Nucleotide sequence similarities between VJW64 isolate and global isolates having 
seg–5 of western geographical lineage are shown in bold.  

 BTV isolates 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 BTV16VJW64 ID               

2 
JQ681261BTV2IND20

03–02 
0.895 ID              

3 
JQ713560BTV2IND19

82–01 
0.987 0.893 ID             

4 
FJ713338BTV3USA60

0565 
0.984 0.893 0.998 ID            

5 
JQ771827BTV23IND1

988–02 
0.983 0.889 0.994 0.993 ID           

6 
JQ771817BTV3IND20

03–08 
0.979 0.882 0.990 0.987 0.010 ID          

7 
JQ740775BTV10IND2

004–01 
0.896 0.884 0.888 0.889 0.884 0.880 ID         

8 
JQ282773BTV1IND19

92–01 
0.792 0.796 0.795 0.797 0.792 0.789 0.787 ID        

9 
JX560417BTV4CHIN

A–YTS4 
0.794 0.793 0.795 0.797 0.793 0.789 0.787 0.990 ID       

10 
JN671910BTV16CHIN

A–BN96 
0.785 0.787 0.787 0.790 0.786 0.782 0.784 0.974 0.971 ID      

11 
AM773707BTV16RSA

rrrrPAK 
0.785 0.789 0.787 0.790 0.786 0.783 0.786 0.975 0.972 0.998 ID     

12 
GU390664BTV12TAI

WAN–PT03 
0.786 0.791 0.787 0.789 0.784 0.781 0.784 0.974 0.971 0.967 0.967 ID    

13 
AY462225TAIWAN–

KM 
0.786 0.790 0.785 0.787 0.783 0.779 0.784 0.971 0.964 0.965 0.965 0.993 ID   

14 
KC879619BTV1CHIN

A–Y863 
0.781 0.798 0.786 0.789 0.785 0.779 0.787 0.958 0.956 0.961 0.962 0.954 0.951 ID  

15 
JQ086235BTV16AUS

–DPP965 
0.773 0.780 0.772 0.775 0.773 0.769 0.776 0.951 0.947 0.953 0.954 0.942 0.940 0.951 ID 

 
Further, phylogenetic analysis revealed two major groups 
(eastern and western topotypes) of various BTV isolates based 
on seg–5/NS1 gene (Figure 2). BTV isolates having seg–5 of 
eastern origin were clustered into distinct phylogenetic clade. 
However, seg–5/ns1 of VJW64 isolate cluster with BTV isolates 
having seg–5 of western origin forming a separate monophyletic 
clade, again confirming its western lineage. 

The data demonstrates that seg–5/ns1 gene of VJW64 
(BTV16) isolate belongs to western topotype of bluetongue 
virus. 
 
DISCUSSION 
Full length amplification and sequencing followed by sequence 
analysis and phylogenetic relationship are of utmost 
importance in epidemiological studies. Full genome sequencing 
of several isolates of different BTV serotypes have been reported 
so far (Minakshi et al., 2012; Maan et al., 2012a; 2012b; 2012c). 
Few studies have also revealed the event of reassortment 
between different isolates (Shafiq et al., 2013). 

Due to segmented nature of BTV genome, the virus is 
highly prone to segment reassortment. This leads to generation 
of new genetic variants and increased viral diversity. The highly 
variable capsid (VP2 and VP5) proteins determine the viral 
serotype and are responsible for type specific serological 
reaction. The variations of less conserved core, NS1 and NS2 
proteins, in addition to capsid protein, are used to identify 
different topotypes including an eastern group and a western 
group and thus in determination of the geographical origin of 
the virus (Gould and Pritchard, 1990; Singh et al., 2004; Maan et 

al., 2008; Mertens et al., 2007; 2008; Balasuriya et al., 2008; 
Nomikou et al., 2009). 

The appearance of characteristic cytopathic effects of 
bunch grape like appearance in BHK21 cell culture, presence of 
10 discrete genomic segments when observed on RNA–PAGE 
and full length amplification by ns1 gene specific primers 
(Figure 1) confirmed the isolate as bluetongue virus.  

The sequence identity and phylogenetic analysis presented 
here shows that genome seg–5/ns1 gene of Indian isolate 
VJW64 (BTV16) clusters with the global isolates of western 
topotype and reassortants having seg–5 of western lineage with 
nucleotide similarity of more than 88.5% (Table 2 and Figure 2). 
However, isolates of eastern topotype make separate 
monophyletic clade and show less than 80% sequence identity 
with VJW64 and other isolates of western group. The data 
clearly demonstrates the origin of seg–5 of VJW64 isolate from 
western topotype. 

 In contrast, earlier study based on nucleotide sequence 
identity and phylogenetic analysis present that seg–2 (vp2 
gene) and seg–6 (vp5 gene) of VJW64 isolate match with the 
BTV16 isolates of eastern topotype group only, with no 
similarity to the isolates of western topotype (Shafiq et al., 
2013). These isolates include Pakistan isolates RSArrrr, Chinese 
isolate BN96, several Japanese isolates and other isolates of 
eastern geographical group. However, seg–5 of these isolates 
shows very less sequence identity (<80%) with VJW64 and 
other isolates of western topotype, despite the conserved nature 
of the segment. This reflects that Indian isolate VJW64 is 
reassortant strain having seg–2 and seg–6 from eastern 

http://www.nexusacademicpublishers.com/journal/4


Advances in Animal and Veterinary Sciences. 1 (4S):xxxxx            In Press 
Special Issue–4 (Progress in Research on Viruses and Viral Diseases) 
http://www.nexusacademicpublishers.com/journal/4 

 

Kumar et al (2013). Circulation of reassortant of Bluetongue virus serotype 16 in India 
4 
 

ISSN: 2307–8316 (Online); ISSN: 2309–3331 (Print) 

topotype and seg–5 from western topotype, providing evidence 
for the first time the occurrence of reassortant of BTV16 
serotype between eastern and western topotype within the 
Indian subcontinent. 

Genetic reassortment on the basis of genome sequencing 
and phylogenetic analysis has been so far reported for Indian 
isolates of BTV2 (Maan et al., 2012c), BTV3 (Maan et al., 2012a) 
and BTV23 serotypes (Maan et al., 2012e).  

The co–circulation of western topotype or reassortant of 
BTV strains may lead to emergence of novel BTV lineages, 
strains or serotypes with increased virulence of bluetongue 
outbreaks. The introduction of BTV western stains/ genome 
segments could potentially be linked to animal movements. 
India has imported Corriedale, Merino and Dorset sheep from 
Australia and Rambouillet sheep from America during 1970s 
and 1980s (Jain et al., 1986; Prasad et al., 2009; Maan et al., 
2012f) and cattle from Belgium, France, Germany, Nepal, South 
Africa, Russia, the United Kingdom and the United States (Rao 
et al., 2012) during 2002 to 2005. Some of these countries used 
live attenuated vaccines during these periods. The vaccine virus 
can cause significant levels of viraemia and have possibility of 
transmission by vector or potential for reversion to virulent 
strain or reassortment with other field or vaccine strain. In 
addition to import of vaccinated animals, unauthorized 
movement of vaccine viruses, despite trade restriction, cannot 
be ruled out.  

Seg–5 of VJW64 isolate showed only 88.5 – 88.6% 
sequence identity with western BTV10 vaccine strain and 
western BTV2 (IND2003/02) strain circulating in India, and is 
therefore not derived from these isolates. However high 
sequence identity (98.4%) of VJW64 isolate with US isolate 
prototype 600565 and reassortant strain (BTV2, BTV3 and 
BTV23) detected in India indicated its possible source from one 
of these isolates and wider circulation of this western genome 
segment–5.  

Sequence analysis and phylogenetic relationship indicate 
that BTV strains in different geographical regions have evolved 
over long period of time by acquiring gene mutations, 
homologous recombination and genome segment reassortment. 
Further, movement of viral strains from one geographical region 
to other and thereby circulation provides opportunities for 
generation of new strains best suited to the climatic conditions. 
This led to development of regional variants of each genome 
segment. India being a tropical country has different geo–
climatic conditions. In order to gain a selective advantage and 
to meet the new challenges of new ecosystem including 
vertebrate and non–vertebrate hosts, the virus tends to undergo 
gene reassortment event. The presence of western genome seg–
5 in so many Indian BTV isolates (VJW64/08/IND, IND1982/01, 
IND2003/08, and IND1988/02) seems to provide an advantage 
to these isolate and explain their wider circulation and 
increased virulence during the outbreak. 

 Although BTV genome segment reassortment between 
eastern and western topotypes has previously been reported in 
BTV2 (Maan et al., 2012c), BTV3 (Maan et al., 2012a) and 
BTV23 (Maan et al., 2012e) serotypes from India, present study 
reports the occurrence of genetic reassortment in isolate of 
BTV16 serotype for the first time in India. 
 
CONCLUSION 
In the present study we sequenced full length genome seg–5 of 
Indian isolate (VJW64) of BTV16 serotype and carried out 
phylogenetic comparison with other global isolates of 
bluetongue virus. It was found that seg–5 of this isolate has 
nucleotide sequence identity of less than 80% from seg–5 of 
eastern topotypes and more than 88.5% from seg–5 of western 

topotypes. However, closer relationship of seg–2 and seg–6 of 
this isolate (Shafiq et al., 2013) with eastern topotypes reflect 
that virus has derived segments from both topotypes and is a 
reassortant. The possibility of intercontinental movement of 
viral isolates and segments are well documented along with 
earlier report of circulation of western isolates in India. Further 
a wide spread occurrence of this segment in various isolates and 
reassortants reflects its selective advantage.  It was probably 
one of the reasons for the involvement of these isolates in severe 
outbreaks of bluetongue in India. The report describes the 
occurrence of a reassortant of BTV16 serotype for the first time 
in India. 
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