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INTRODUCTION

The cabbage butterfly, Pieris brassicae Linnaeus, is
a serious pest of cole crops and other crops in the
temperate, tropical and subtropical regions of the world
(Feltwell, 1978). In India, it causes extensive damage
at all the growing stages of cole crops viz. seedling,
vegetative and flowering stage (Sachan and Gangwar,
1980; Younas et al., 2004; Ali and Rizvi, 2007; Bhandari
et al., 2009). Currently, broad-spectrum chemical
insecticides are used to control this caterpillar, delaying
or suppressing field colonization by natural enemies.
The implementation of a proper integrated pest
management scheme for the cole crops warrants in
areas where the incidence of P. brassicae reaches high
population levels. Among pathogens, the potential
of baculoviruses for pest control has been well documented
and they have proven to be effective against many
pests of agricultural importance (Entwistle, 1998; Huber,
1986; Moscardi, 1999). In India, the incidence of
granulovirus (GV) on P. brassicae was first reported by
Sood (2004) from the dry temperate region of India
and was noticed as the main mortality factor of P. brassicae
in Sangla Valley of Himachal Pradesh, India (situated
at an altitude of 2590m above msl, 31°25′56″ N
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latitude and 78°15′ 4″ E longitude) (Bhandari et al., 2009;
Sood et al., 2010). Therefore, in the present study
we compared the sequences of local PbGV (Isolate S1)
strain with other granuloviruses for which the granuline
gene sequences are available to draw inferences on
phylogenetic relationship of the Pieris brassicae granulo-
virus (PbGV).

MATERIALS AND METHODS

Rearing of experimental insect

The initial culture of P. brassicae was started from
field collected eggs of the pest from the cabbage (Brassica
oleracea var. botrytis) crop. The eggs were kept in
sterilized Petri-plates (7.5 cm diameter) over an UV
irradiated filter paper moistened with sterile distilled
water (SDW) to prevent desiccation under laboratory
conditions (Temp. 25 ± 2°C and RH 75-80%). Newly
hatched larvae were transferred to fresh cabbage leaves
surface sterilized with aqueous solution of sodium
hypochlorite (0.05%) followed by three washings with
SDW. The cabbage leaves were kept in ethanol washed
and UV sterilized cages (15 x 15 x 15 cm3). The first
three larval instars were reared in the small cages (15 x 15
x 15 cm3) while, the later instars were reared in large
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cages (45 x 45 x 55 cm3). Caterpillars in cages were
provided with surface sterilized fresh cabbage leaves
daily. The full grown caterpillars were transferred to the
new cages for pupation. Two day old pupae were detached
from the walls of cage and kept in a batch of 20 pupa
in each cage (60 x 60 x 70 cm3) over a thick layer of
UV irradiated filter paper for adult emergence. The
adults were held in cages (60 x 60 x 70 cm3) provided
with cotton swabs soaked in honey solution, SDW and
some flowering shoots of mustard as pollen source.
Potted cabbage plants were kept in each cage for egg
laying whenever needed.

Virus strain

The Pieris brassicae granulovirus (PbGV) used in
the study was the local strain isolated from the diseased
larvae collected on cabbage crop from the dry temperate
region of Himachal Pradesh by Sood (2004). The virus
was multiplied in the host larvae in the laboratory
conditions of 24 + 2°C and 50 + 10% RH.

Extraction of genomic DNA

For the extraction of total genomic DNA, virus
infected 5th instar larvae of P. brassicae were ground
individually in pestle and mortar with liquid nitrogen.
About 100 mg powder was transferred to Eppendorf
tube containing 680 ìl of CTAB extraction buffer
maintained at 60°C and mixed thoroughly by turning the
tubes up and down. The tubes were then incubated at
60°C for 1 hour with gentle mixing after every 10 min. To
each tube equal volume (680 ìl) of chloroform: isoamyl
alcohol (24:1) was added. The contents were mixed
gently and centrifuged at 10,000 g for 10 min in high
speed refrigerated centrifuge (REMI, India) at 4°C.
Aqueous phase was transferred to new tubes, 450 ìl
prechilled isopropanol was added and kept at –20°C for
20–30 min to precipitate the DNA. Tubes were then
spun at 10,000 g for 10 min and supernatant was
decanted. The DNA pellet was washed three times
with 70 per cent ethanol, dried and dissolved in 100 ìl
of Tris EDTA buffer (10mM Tris HCl and 1mM
EDTA, pH 8.0). RNase @ 10 mg/ ml (MBI Fermentas)
was added and the emulsion was incubated for half an
hour at 37°C. DNA was stored at –20°C for further use
(Sood et al., 2010).

Amplification of virus DNA and nucleotide sequencing

The PCR amplification was carried out with granulin
gene specific primers pair (forward primer sequence
5’ CAAGATCAAGGAATTCGCACCCGACGTA 3’ and
reverse primer sequence 5’ GTTCTAGTTCCTTAAGC

GTGGGCTGCAT 3’) developed by Burden et al. (2002).
The PCR reaction was performed in 0.2 ml PCR tubes
with 25 ìl reaction volume containing 20 ng of DNA
template, 20 pmol of each primer in 25 mM MgCl

2,

10 mM of each deoxyribonucleoside triphosphate
(Fermentas), 5 units of Taq polymerase (Life Technologies
India, Pvt. Ltd) and 10x reaction buffer. Amplifications
were performed using thermal cycler (GeneAmp PCR
system 9700, Applied Biosystems, USA) with an
initial denaturation step of 2 min at 94°C followed by
40 cycles at 94°C for 30 sec, 65°C for 1 min, 72°C for
30 sec and a final elongation step at 72°C for 10 min.
The product was separated in a 1.2% (w/v) agarose gel in
TAE buffer (40 mM Tris-acetate, 1mM EDTA). DNA
ladders of 100 bp (Bangalore Genei) and lambda
DNA/ EcoR I – Hind III double digest (MBI Fermentas)
were used as molecular weight markers. The gels were
run at 80V for 1 h using Bangalore Genei power pac
system. The gels were stained with ethidium bromide
(0.5 ìg/ ml) for 10 min after electrophoresis. The gels
were viewed and images were captured using gel
documentation system (Alpha Imager 2200, Alpha
Infotech Corporation, USA). PCR products of granulin
gene of virus strain obtained through amplification
with specific primers were freeze dried (CHRIST ALPHA
I-2LD) and were custom sequenced (ABI PRISM 310TM

Genetic Analyzer, Applied Biosystems, USA) using same
upstream and downstream primers (Life Technologies
India, Pvt. Ltd., New Delhi, India).

Nucleotide sequence analysis

The sequence of virus strain was blasted using on-
line NCBI Blastn program http://www.ncbi.nih.gov/blast.
Twenty four sequences of granulin gene of different
baculoviruses of high sequence similarity were selected
for sequence comparison from GenBank Nucleotide
Database, NCBI (Table 1). The selected sequences along
with the test sequence were aligned by ClustalW program
using website http://www.ebi.ac.uk/clustalw/.

The evolutionary history was inferred using
Neighbour Joining (Saitou and Nei, 1987) method with
HaNPV as outgroup. Evolutionary distances were
calculated using Maximum Composite Likelihood
method (Tamura et al., 2004) and in the units of the
number of base substitutions per site. All positions
containing gaps and missing data were eliminated from
the dataset (Complete deletion option). A total of 344
positions were detected in the final dataset. Phylogenetic
analysis was conducted in MEGA 4.1 Software programme
(Tamura et al., 2007).

SOOD and PRABHAKAR
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RESULTS AND DISCUSSION

Granulin gene sequencing of Pieris brassicae
granulovirus (PbGV) using granuline gene specific primers
resulted in a sequence of 404bp. This sequence was
submitted to NCBI GenBank nucleotide database with
accession number FJ151541. This constitutes the first
record of granulin gene sequence of PbGV from India.
Nucleotide sequence analysis of test virus using clustalW
programme revealed that PbGV showed maximum
homology with other Pieris brassicae granulovirus
(X02498, DQ235253) and Pieris rape granulovirus
(AY519252, AY428513, AY706673). The multiple
sequence alignment analysis of granulin gene of the

PbGV with twenty four granulin gene sequences available
in the GenBank Database (NCBI) revealed genetic
distance ranging from 0.012 to 0.139. Test strain of
PbGV (FJ151541) showed minimum genetic distance
of 0.012, 0.014, and 0.016 with, PrGV (AY519252),
PrGV (AY428312) and PbGV (DQ235253), respectively.
The genetic distance of PbGV (test strain) with out-group
member i.e. HaNPV was 0.397 (Table 2).

The genetic distance estimates and phylogenetic
tree also confirmed similar relationship pattern of the
PbGV. The phylogenetic tree (Figure 1) analysed with
Neighbour – Joining method grouped Indian strain of
PbGV with other country PbGV strain along with

Table 1. Details of granulin gene sequences used in analysis

      Sl. No. Name of virus Host insect name Country Accession No.

1 PbGV Pieris brassicae Germany DQ235253

2 PbGV Pieris brassicae – X02498

3 PrGV Pieris rapae Germany AY519252

4 PrGV Pieris rapae China AY428513

5 PrGV Pieris rapae – AY706673

6 CpGV Cydia pomonella Germany AY706670

7 CpGV Cydia pomonella Germany AY706667

8 TnGV Trichoplusia ni Germany AY519201

9 TnGV Trichoplusia ni – K02910

10 AsGV Agrotis segetum Germany AY706660

11 PoGV Phthorimaea operculella France AF499596

12 PxGV Plutella xylostella Japan AF270937

13 ClGV Cryptophlebia leucotreta Germany AY229987

14 SlGV Spodoptera litura South Korea DQ288858

15 PsGV Plathypena scabra Germany AY706675

16 EaGV Epinotia aporema Argentina EU723206

17 EaGV Epinotia aporema Argentina EU723205

18 EaGV Epinotia aporema Argentina AF473703

19 CpGV Cydia pomonella Germany EU428824

20 CaGV Clostera anachoreta China AY993940

21 CaGV Clostera anachoreta Germany AY706664

22 AoGV Adoxophyes orana Germany AY519258

23 AoGV Adoxophyes orana Germany AY706658

24 XcGV Xestia c-nigrum Japan U70069

25 HaNPV Helicoverpa armigera Thailand EF095545

Country name not found in the GenBank database (NCBI)

Molecular characterization of Pieris brassicae Granulosis virus
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nearest PrGV strain. These (PbGV and PrGV) strains
of viruses are infecting the Pieridae group of insects
(Crook, 1981). The genetic distance of PbGV and other
PrGV were more with other baculoviruses in the present
study.

Phylogenetic analysis of the available granulin gene
sequences of Pieris spp. granuloviruses showed the distinct
clustering of Pieris spp. granulin gene sequences. PbGV
isolate S1 sequenced in this study is closer to PbGV
(X02498). PbGV and PrGV from different locations
available in GenBank (NCBI) were closer to TnGV and
PxGV in the present study. The grouping of PbGVs and
PrGVs in one clade in the present analysis is also supported
by the findings of Crook (1981), who reported that the
homology between the DNAs of PbGV and PrGV was

97.7 per cent. He also suggested that there were no
differences between virus capsules when examined by
immune diffusion, ELISA, or SDS-polyacrylamide gel
electrophoresis. The findings also suggested that the PbGV
and PrGV may infect Pieris rapae and P. brassicae in
nature, respectively. The cross infectivity of the PbGV
isolate could not be evaluated against P. rapae as this
pest was not prevalent in the region, however the
present isolate when evaluated against Plutcella xylostella
Linn. and Trichoplusia species was not able to cause any
mortality in these insect larvae in spite of the close
genetic distances. Moreover, baculovirus relationships
based solely on occlusion body sequences can be
inaccurate (Zanotto et al., 1993; Bulach et al., 1999;
Bideshi et al., 2000) analysis of other genes, such as

Fig. 1 Phylogenetic tree of Pieris brassicae granulosis virus (PbGV) based on granulin gene with HaNPV as outgroups using the
Neighbor-Joining method and confidence level was calculated with the bootstrap test (1000 replicates). Arrow denotes
the position of test strain of PbGV sequenced in present study
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those encoding helicases and DNA polymerases, as well
as more granulin genes, are required to determine the
distance between Pieris brassicae GV and the other
granulins.
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