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Capripox viruses are the etiological agents of economically devastating poxviral diseases in 
cattle, sheep and goats and are endemic in India. The aim of this study was to genetically 
characterize a vaccine strain of sheeppox virus (Rumanian Fanar strain) by determining the 
sequence of P32 gene and its comparison publically available sequences. 
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Sheeppox (SP) is an infectious disease of small ruminants 
responsible for high economic losses to developing country 
such as India. There have been several reports of pox in 
sheep from different parts of India (Sharma et al., 1986; Rao 
et al., 2000). Sheeppox virus belongs to Genus Capripoxvirus 
(CPV) of family Poxviridae.  The genus Capripoxvirus 
comprises three members namely, sheeppox virus (SPV), 
goatpox virus (GPV) and lumpy skin disease virus (LSDV) 
affecting sheep, goats and cattle, respectively.  Sheepox 
disease is associated with significant production losses 
because of reduced milk yield, decreased weight gain, 
increased abortion rates in pregnant animals, damage to 
wool and hides, increased susceptibility to pneumonia and 
other secondary infections. Disease incidence is high in pure 
and crossbred lambs and hoggets but morbidity is more in 
lambs, yearlings and immunologically naive sheep. The 
disease is prevalent throughout India but there are more 
reported regular outbreaks in Karnataka, Jammu, 
Maharastra and Tamilnadu states (Bhanuprakash et al., 
2006). There are various predisposing factors of the disease, 
which can be host related, virus agent related and 
environment related. Host related factors include: age, sex, 
breed, nutritional and immunological status of the animal, 
whereas agent related factors consist of strain, virulence, 
and pathogenicity. Poor management and feed scarcity are 
environment factors that directly affect occurrence of the 
disease. 

There are various methods such as agar gel immune–
precipitation test (AGPT), counter–immunoelectrophoresis 
(CIEP), enzyme linked immunosorbent assay (ELISA) and 
virus neutralization tests (VNT) had been described for 
virus identification but not widely acceptable due to lack of 
sensitivity, specificity and presence of cross reactivity 
(Bhambani, 1963; Uppal, 1967). However, nucleic acid based 

techniques such as PCR, cloning and sequencing are more 
reliable, sensitive and specific techniques. In this report the 
authors describes amplification, cloning and sequencing of 
P32 gene of vaccine strain (Rumanian Fanar strain) of SPV. 
 
Lyophilized Indian vaccine strain (Rumanian Fanar) was 
procured from Haryana Veterinary Vaccine Institute 
(HVVI), Hisar. The vaccine virus was reconstituted in 1 mL 
PBS and was used to infect Vero cells (derived from African 
green monkey kidney) as described by Amal, (2008) and 
Mangana–Vougiouka et al. (1999). Infected culture was 
grown in MEM supplemented with L–glutamine (0.03%) 
and antibiotics (100 µg streptomycin and 100 IU 
penicillin/100 mL). After 5 days post–inoculation, infected 
cells showing >80% cytopathetic effect (CPE) were 
harvested (Figure 1). CPE appears as granulation of cells 
followed by rounding, ballooning and aggregation along 
with detachment of cell sheath during successive 4–5 days 
of post inoculation. Infected cultures were pelleted down by 
centrifugation at 2,500 rpm for 15 min. The pellet was then 
resuspended in 250  µL of phosphate buffer saline (PBS) and 
used for isolation of viral DNA.  
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Figure 1: Vero cells infected with sheeppox virus showing CPE 
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Pellet suspended in PBS was treated with 500 ul lysis buffer 
(prepared by adding 3.3 mL of 3M sodium acetate (pH 5.2) 
and 5 mL of 10% SDS with addition of distilled water to 
make final volume as 100 mL) (Sambrook et al., 1989) 0.1 
volume of 2M Sodium acetate, 0.1 volume 10% SDS, 20 µL 

proteinase K (20 mg/mL) and incubated at 55C for one 
hour. Clear solution obtained after incubation was 
subjected to treatment with equal volume of phenol: 
chloroform: isoamyl alcohol (PCI: 25:24:1). Contents were 
mixed and centrifuged at 12,000 rpm for 15 min. 

Supernatant was further treated with CI (24:1) to remove 
traces of phenol. After centrifugation, supernatant was 
precipitated overnight using two volumes of absolute 
ethanol and 3M sodium acetate (pH 5.2). DNA precipitated 
after incubation was washed with 70% alcohol to remove 
excess salt and air dried pellet was suspended in 30 µL of 
nuclease free water. The purified DNA was quantitated 
using Qubit® dsDNA HS (High Sensitivity) Assay Kit for 
use with Qubit® 2.0 Fluorometer (Invitrogen). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Amplification of full length P32 gene of sheeppox virus using 
flanking primer pair (pair 1; Table 1) 

Figure 3: Amplification of P32 gene of sheeppox virus using gene specific 
primer pairs 3 and 4 (Table 1) 
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Figure 4: Unrooted neighbor–joining phylogenetic tree drawn from complete sequences (972 bp) of P32 gene of sheeppox virus; The tree was constructed using a    
p–distance algorithm and pairwise deletion parameters; Texas show GenBank accession numbers and strains of SPV that were compared. Bootstrap values (%) are 
represented at each tree node; Node support was assessed with 500 bootstrap pseudo–replicates. The RF strain from HVVI, Hisar characterized in this study is 
boxed 
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Three pairs of primers were designed to amplify the 
complete P32 gene of SPV using Bioedit sequence alignment 
software. Flanking primer pair (SPV–P32/FF and SPV–
P32/FR) was used for amplification of full length P32 gene 
of expected size 1145 bp (Figure 2). Another pair of primer 
consisted of two terminal primers (SPV–P32/TF and SPV–
P32/TR) to amplify coding region of P32 gene of expected 
size 972 bp. A pair of internal primer was also designed to 
use in combination with terminal primers to give an 
amplicon of 578 bps and 581 bps (Table 1). PCR conditions 
were standardized with the DNA isolated from vaccine 
strain with appropriate positive and negative controls. PCR 
was performed in 25 µL reaction containing 5 µL of template 

DNA (400 ng) in high fidelity Fusion Taq mastermix (2x 
concentration) with GC buffer (NEB). Primer concentration 
of 0.4 µM of each forward and reverse primer was used. 
Cyclic conditions for PCR used were: Initial denaturation at 

94C for 3 min, and 35 cycles of denaturation at 94C for 30 

sec, annealing at 48C for 45 sec, elongation at 72C for 45 

sec followed by final elongation at 72C for 10 min. An 
aliquot of 2 µL were analyzed in 1% agarose gel containing 
ethidium bromide. P32 gene amplicons of 578 and 581 bps 
were obtained when visualized under gel documentation 
system (Bio–Rad) (Figure 3). 

 
Primer pair Name Primer Name Primer Sequence (5'–3') Pd Size (bp) 
Primer pair 1 SPV–P32/FF GATGTTTCTATTTGGATAGATG 

1145 
SPV–P32/FR GATTAACGAAATAGGATATAGTG 

Primer pair 2 
SPV–P32/TF ATGGCAGATATCCCATTATATGTTA 

972 
SPV–P32/TR CTAAATTATATACGTAAATAACATAC 

Primer pair 3 
SPV–P32/TF 

 578 
SPV–P32/IR GACGATAATCTAATTACATATG 

Primer pair 4 
SPV–P32/IF GATTCAATAATAATACATAACAT 

581 
SPV–P32/TR 

 
 
The full length P32 envelope gene after purification using gel 
extraction kit (Qiagen) was prepared for cloning in a 
CloneJET™ PCR Cloning Kit (Thermo Scientific K1230). 
Purified amplicons of sizes 578 and 581 were used for 
ligation in cloning vector. Ligation mixture of 20 µL was 
prepared containing 10 µL of 2 x reaction buffers, 1 µL p JET 
1.2 /Blunt cloning vector (50 ng/ µL), 1 µL of T4 DNA ligase 
and 150 ng of purified PCR product. The optimal insert / 
vector ratio for ligation was 3:1. Ligation mixture was 

incubated at 22C for 5 min and used for transformation. 
Competent cells were prepared from GM2163 E. coli 

strain after subculturing from overnight grown bacteria 
using 0.6 volume of 4:1 MgCl2 and CaCl2. After treatment 
cells were centrifuged at 5000  rpm for 10 min and pellet 
was resuspended in 500 µL of CaCl2. Transformation was 
done by adding ligation mixture to competent cells, 

subjecting it to heat shock at 42C for 2 min, followed by 

snap chilling on ice and incubation at 37C for 1 hr. 
Screening and selection of recombinant clones was done on 
basis of expression of a lethal gene on plates containing 
ampicillin. Positive colonies are first confirmed by colony 
touch PCR using gene specific primer pairs 3 and 4 as listed 
in Table 1 and shown in Figure 3. Plasmids were isolated 
using plasmid isolation kit from Invitrogen as per given 
procedure. 
 
Recombinant plasmids were sequenced using BigDye 
terminator v3.1 cycle Sequencing kit from Applied 
Biosystems on a ABI 3130XL genetic analyser. The sequence 
data generated was assembled using SeqMan programme of 
the Lasergene software ver 5.0. The contig sequence 
obtained was submitted to Genbank under accession 
number KJ679574  and aligned with the available sequences 
in the Genbank using MEGA 5.0 programme. The sequence 
analysis of envelope protein (P32) gene of RF strain 
obtained from HVVI, Hisar showed that the gene is highly 
conserved with >99% nucleotide sequence identity among 
global strains. The P32 gene sequence of  vaccine strain 

studied here showed 99.9% nucleotide identity with other 
SPV strains from India (Srinagar  and Makhdoom) and 
China  (Accession numbers JN596272 and JN596273) as 
calculated using MEGA 5.0 programme. Minimum 
nucleotide identity is 99.1% with AV40 strain from China 
(Accession number HQ607368). 

In conclusion, the sequence generated from the vaccine 
strain of sheepox virus is a valuable addition to global 
sequence database that can be helpful in designing 
appropriate highly sensitive and specific tests such as probe 
based assays or dye based assays.    
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