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Abstract The bipartite genome of an Indian isolate of
Bombyx mori bidensovirus (BmBDV), one of the causative
agents of the fatal silkworm disease ‘Flacherie’, was cloned
and completely sequenced. Nucleotide sequence analysis of
this Indian isolate of BmBDV revealed two viral DNA seg-
ments, VD1 and VD2 as well as a DNA polymerase motif
which supports its taxonomical status as the type species of
a new family of Bidnaviridae. The Indian isolate of BmBDV
was found to have a total of six putative ORFs four of which
were located on the VD1 with the other two being on the
VD2 DNA segment. The VD1 DNA segment was found to
code for three non-structural proteins including a viral DNA
polymerase as well as one structural protein, while the VD2
DNA segment was found to code for one structural and one
non-structural protein, similar to that of the Japanese and
Zhenjiang isolates of BmBDV. A BmBDV OREF expression
study was done through real time qPCR wherein the VD2
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OREF 1 and 2 showed the maximum transcript levels. This is
the first report of the genome characterization of an Indian
isolate of BmBDYV, infecting silkworm B. mori.

Introduction

Bombyx mori bidensovirus (BmBDV) previously known as
B. mori densovirus type 2 (BmDNV-2) [1] was previously
taxonomically grouped under the subfamily Densovirinae
of the family Parvoviridae [2]. BmBDVs are one of the
causative agents of the silkworm disease, ‘flacherie’ which
causes immense economic losses to the sericulture industry
[3]. BmBDVs are small DNA viruses and can exclusively
infect the columnar cells of midgut epithelium [4]. Structur-
ally, BmBDVs have resemblance with B. mori densovirus
type 1 (BmDNV-1) and other parvoviruses wherein BmB-
DVs exhibit a similar non-enveloped, spherical, icosahedral
structure of approximately 22 nm diameter [5]. However,
unlike the monopartite genomes of BmDNV-1 and other
parvoviruses, BmBDVs have a bipartite genome with two
non-homologous, single stranded, linear DNA molecules
(VD1 and VD?2) encapsulated in separate virions. The VD1
and VD2 DNA segments of BmBDVs have inverted termi-
nal repeats (ITRs) and share a common terminal sequence
(CTS) [1]. However, unlike BmDV and other parvoviruses,
BmBDVs do not possess any common terminal palindromic
sequences that can form terminal hairpins and the ITRs form
a ‘panhandle structure’ [6]. In addition, BmBDV is the only
virus that possesses a single stranded DNA that encodes for
the DNA polymerase enzyme [7, 8]. Considering all these
individual specificities, the International Committee on the
Taxonomy of Viruses (ICTV), in 2011, established a new
family of viruses, Bidnaviridae and assigned BmBDV as the
type species in the new genus, Bidensovirus [1].
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Three isolates of BmBDVs have been reported, thus far:
the Japanese (Yamanashi isolate), the Chinese (BmBDV-3)
and the Zhenjiang (BmBDV-Z) isolates [5]. The Chinese iso-
late (accession nos. VD1: DQ017268 and VD2: DQ017269),
the Japanese isolate (accession nos. VD1: AB033596 and
VD2: S78547) as well as the Zhenjiang isolate (accession
nos. VD1: EU623082 and VD2: EU623083), all have the
same host species; however, their virulence and the symp-
toms of infection are different [6, 9]. In India, BmBDV is
also a major factor for crop loss for sericulture farmers. Pre-
liminary studies and the partial cloning of the Indian isolate
of BmBDYV revealed a close homology between the Indian
isolate of BmBDYV and the Japanese isolate [10]. Neighbor-
hood joining analysis revealed two major clusters, wherein
the Indian and the Japanese isolates of BmBDV formed
separate groups under one cluster, while, the Chinese isolate
formed a second cluster. However, the full length genome
sequence of the Indian isolate of BmBDYV and its ORFs were
not known at that stage. Hence, it was essential to clone
and sequence the complete genome of the Indian isolate of
BmBDYV and compare its sequence with the other reported
isolates. This need initiated this study towards the charac-
terization of the complete genome of the Indian isolate of
BmBDV. In this study, the complete genome of the Indian
isolate of BmBDYV has been cloned, sequenced, compared
and analyzed with that of the Chinese, Japanese and Zhen-
jiang isolates. We have also investigated the expression pat-
tern of the genes through Real time q-PCR.

Materials and methods
Collection of viral sample

BmBDV was propagated in the fifth instar larvae of
BmBDV-susceptible B. mori silkworm race CSR 2, under
a controlled environment in the laboratory. The midgut was
dissected out from the infected larvae and 100mg of mid-
gut sample was homogenized in 150ml of 0.05M Tris- HCI
buffer having a pH of 7.2 along with 0.01M EDTA. The
homogenate was filtered through three layers of gauze cloth
and the filtrate was aliquoted into 50 ml falcon tubes and
centrifuged at 3000rpm at 4°C for 10 minutes to remove
the debris. The supernatant was mixed with half a volume
of chloroform, centrifuged at 6000rpm at 4°C for 10 min-
utes and the aqueous phase was collected for purification of
the viral particles. Purification was done using a 40% (w/w)
Sucrose density-gradient ultracentrifugation, performed at
40,000 rpm, at 4°C for 3.5 hours using a Beckman 70Ti
rotor. The pellet containing the viral particles were resus-
pended and carefully overlaid on a sucrose gradient and kept
for centrifugation at 25,000 rpm at 4°C, for 3.5 h using a
swing rotor, Beckman SW28. The fractions containing the
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viral particles were identified through PCR, using BmBDV
specific forward/reverse primers. The pooled fractions con-
taining the BmBDYV bands were digested using proteinase
K in Tris Buffer (100mM NaCl, 15mM MgClz’ 0.5% SDS,
0.5mg/ml, Proteinase K) and were incubated at 56°C for 4
hours. The digested viral sample was then extracted succes-
sively with an equal volume of phenol, phenol/ chloroform
(1:1) and finally with chloroform solution. The resultant
DNA was precipitated out using twice the volume of ethanol
and one tenth the volume of 3M sodium acetate. The DNA
was dried and reconstituted in 100 pl of TE solution after a
70% ethanol wash.

Cloning of the viral DNA

Earlier reports had indicated a close homology between the
Indian isolate of BmBDV and the Japanese isolate [10].
Based on these reports several primer sets were designed as
per the sequence of the Japanese isolate of BmBDV, using
the Primer3 software. The purified viral genomic DNA was
first checked for the presence of BmBDV with the primer
sets VD1 and VD2, used in previous studies [10]. Once a
sample was confirmed to be BmBDV-positive, the designed
primer sets were used for amplifying the target regions. The
DNA polymerase gene located on the VD1 fragment was
targeted first for cloning and sequencing. This was followed
by cloning and sequencing of the other regions. PCR was
carried out in an Eppendorf AG 22331 Hamburg Thermo-
cycler and the products were resolved on 1.2% agarose gels
in Tris boric acid/EDTA buffer with a constant voltage of 80
in parallel using a standard DNA marker (Mass Ruler). The
PCR amplified DNA samples were purified using a Promega
wizard SV Gel and PCR clean up kit followed by cloning
in a TA cloning vector (P GEM-TEasy Vector— Promega) as
per the protocols indicated by the respective manufacturers.
The recombinant plasmids were transformed into the E.coli
JM1009 strain. The cloned column purified plasmid DNA
samples were PCR amplified with gene-specific, as well as
M13, primers to confirm the insertion of DNA in the vector.

Sequence analysis

Multiple clones containing the VD1 and VD2 fragments
were sequenced using the M 13 primer at Eurofins Genomics
India Pvt. Ltd, Bangalore in order to verify the sequences.
Different sets of overlapping primers were designed to
clone the complete VD1 and VD2 fragments. The obtained
sequences were used for multiple sequence alignment using
ClustalW, while, the phylogenetic relationship of the Indian
isolate of BmBDV with that of the Chinese, Japanese and
BmBDV-Z isolates was analyzed using the MEGA 5.1
tool [11]. ORF characterization and amino acid deduction
were carried out using NCBI tools. Transcriptional control
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signals were assessed by Neural Network Promoter Predic-
tion (NNPP) software.

Quantification of ORF transcripts by qPCR

The putative open reading frames (ORFs) identified within
the Indian isolate of BmBDV through sequence analysis
were confirmed using q-PCR. A total of six ORFs were iden-
tified for the Indian isolate of BmBDV and accordingly, six
OREF specific q-PCR based primers were designed with an
average product size of ~200bp. The template used for the
g-PCR analysis was cDNA synthesized from the Densovi-
rus-infected midgut RNA samples. The RNA was extracted
from the dissected midguts using Trizol reagent (Invitrogen)
and quantified by measuring the UV absorbance. The RNA
samples were then purified by DNAse treatment. This was
followed by first strand cDNA synthesis as per a standard
protocol (using M-MLV Superscript III reverse transcriptase
[Invitrogen]) and subsequent q-PCR analysis. One pl of first
strand cDNA was used in a 10 pl reaction mixture using
primers specifically designed to amplify the DNA of each of
the six ORFs. The reactions were carried out on a STRAT-
AGENEMXx 3005 P Realtime PCR system with each sam-
ple tested in triplicate; the mean value + SD was used for
analysis of relative transcript levels. A non-template control
(NTC) sample was also run to detect contamination, if any.

Results
Analysis of the viral genome

The complete nucleotide sequence of the Indian isolate of
BmBDV has been determined and submitted to NCBI. The
sequence data was assembled into two contiguous sequences
named VD1 (6542 nts) and VD2 (6023 nts). The DNA poly-
merase gene located on the VD1 fragment was cloned and
sequenced first followed by cloning and sequencing of the
other regions on the VD1 fragment. The Genbank accession
numbers assigned for the VD1 and VD2 DNA segments are
KX760110 and KX779526, respectively, while the Genbank
accession number assigned for the DNA polymerase gene of
the Indian isolate of BmBDV is KP886818. The base com-
position of VD1 was found to be 71.12% A+T, while, that of
VD2 was 67.92% A+T. Both VD1 and VD2 DNA fragments
were found to possess high A+T content. A complete linear
genomic text map of the VD1 and VD2 DNA segments of
the Indian isolate of BmBDV is provided in online resource
1 and 2, respectively. As per previous reports, the terminal
palindromic sequences commonly present in other denso-
viruses were not found in the Indian isolate of BmBDYV,
thereby confirming a typical feature of bidnaviruses. VD1
was found to have inverted terminal repeats (ITRs) of 224

nts, while, VD2 had ITRs of 499 nts. The ‘panhandle struc-
ture’ formation by the single stranded viral DNA molecule
can be inferred through structural analysis of both VDI
and VD2 ITRs. The 5’ terminal end sequence from 1-224
nts of VD1 was found to be complimentary with that of
nts 6318-6542 in the 3’ end terminal sequence. The ITRs
GC content in the Indian isolate of BmBDV (VD1:42.41%;
VD2:43.34%) was found to be much higher than that of the
entire viral genome (VD1: 32.06%, VD2: 28.86%).

Putative ORFs present in the genome of the Indian
isolate of BmBDV were identified using the NCBI ORF
finder software. Methionine-initiated codon (ATG), stop
codons (TAA, TAG and TGA) along with ORFs with a
minimum of 100aa in length and showing minimal overlap
were some of the criteria used for ORF searching within
the Indian isolate of BmBDV. Six putative ORFs were
identified in the genome of the Indian isolate of BmBDV.
The VD1 DNA segment of the Indian isolate of BmBDV
was found to have four ORFs while the VD2 DNA seg-
ment contained two ORFs, similar to the Yamanashi and
BmBDV-Z isolates. The orientation, size and location of
the predicted ORFs in the VD1 and VD2 DNA segments
of the Indian isolate of BmBDV and the BmBDV-3 (Chi-
nese isolate) is shown in Fig. 1a and b, respectively. The
VD1 segment of DNA was found to contain four ORFs
(VD1 ORF1, VD1 ORF2, VD1 ORF3 and VD1 ORF4),
while, VD2 had two ORFs (VD2 ORF1, VD2 ORF2). The
orientation and the number of putative ORFs identified in
the Indian isolate of BmBDV resembled that of the Jap-
anese and the Zhenjiang isolates, which have also been
reported to have six ORFs in total.

To gain a better understanding of the genomic structure
of the Indian isolate of BmBDYV, the distribution of initia-
tion and polyadenylation signals was also analyzed using
the NNPP algorithm. The genomic organization of the VD1
and VD2 DNA segments along with the putative promoter
signals are shown in Figures 2a and 2b, respectively. The
first putative TATA box (TATATAA), on VD1, was found
to be located between nts 259 and 265. This putative pro-
moter might control transcription of VD1 ORF1 and VD1
ORF2. Another TATA box was found to be located between
nt 1401 and 1407, which possibly controls the transcription
of VD1 ORF3. Further, a third TATA box was found located
on the minus strand between nt 6300 and 6306. VD1 ORF4
transcription might be controlled by this promoter. Poly-
adenylation signals (AATAAA) were also found between nt
1406-1411 and nt 2911- 2916. This signal was also found
located on the complementary strand at nt 2943-2938. In the
case of the VD2 DNA sequence, a putative TATA box was
found between nt 644 and 650 which could possibly control
the transcription of VD2 ORF1. Also, a polyadenylation sig-
nal was noted between nts 650-655. However, no promoter
signal was detected for the VD2 ORF2 gene sequence.
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Fig. 2 a: The genome organization of the VD1 DNA segment of the
Indian isolate of BmBDV. The horizontal line represents the VDI
DNA segment. The colored bars above the line represent the ORFs
encoded by the positive strand and those below the line represent the
ORFs encoded by the complement sequence. The TATA boxes indi-
cate the functional promoters. Figure 2b: The genome organization

Transcript analysis through q-PCR

The identification of 6 putative ORFs within the Indian
isolate of BmBDV was confirmed through q-PCR wherein
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of the VD2 DNA segment of the Indian isolate of BmBDV. The hori-
zontal line represents the VD2 DNA segment. The colored bars above
the line represent the ORF encoded by the positive strand and the one
below the line represents the ORF encoded by the complementary
sequence. The TATA boxes indicate the functional promoters

the expression level of each of the ORFs was also analyzed
and compared. All the putative ORFs showed significant
transcription; however, VD2 ORF1 and ORF 2 showed the
maximum levels of transcription. Among the six ORFs, VD2
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ORF 1 was found to exhibit the maximum level of tran-
scripts while VD1 ORF4 had the least mRNA expression
levels (Fig. 3).

Comparison of the Indian isolate of BmBDV with other
isolates

Comparison of the genome length, ORF length and ITRs
of the Indian isolate of BmBDV with that of other BmBDV
isolates is shown in Table 1. The VD1 DNA segment of the
Indian and the Japanese isolates are of the same length i.e.
6542bp, while the Chinese and the Zhenjiang isolates are
1bp larger than the Indian isolate (6543bp). However, the
VD2 DNA segment of all four isolates varies in length, with
the Japanese isolate having the maximum length of 603 1bp,
while, the Chinese isolate has the shortest (6022bp). The
Indian BmBDV and BmBDV-Z differ by only one nucleo-
tide: the Indian isolate is 6023bp in length, while, BmBDV-
Z is 6024bp. Further, ORF characterization revealed that the
Indian, Japanese and BmBDV-Z isolates have a total of 6

Fig. 3 Differential level of viral 10000000
OREF expression in BmBDV

(Indian isolate)-infected silk- 10000000
worms

Relative transcript level

ORFs; four on the VD1 segment and two on the VD2 DNA
segment. However, the Chinese isolate has been reported
to have seven ORFs; four on the VD1 segment and three
on the VD2 DNA segment. A single nucleotide “A” dele-
tion at position nt 1583 in the VD2 ORF1 of the Chinese
isolate resulted in a frameshift mutation that brought about
a premature stop codon. Consequently, the Chinese isolate
has three ORFs on VD2 viz., VD2 ORF1-a and VD2 ORF1-
b [6]. However, this mutation has not been observed in the
other isolates. The Indian isolate was individually compared
with each of the previously reported isolates. Tables 2, 3 and
4 show the comparison of the Indian isolate of BmBDV with
that of the Japanese, Chinese and Zhenjiang isolates, respec-
tively. The comparison of the Indian and Japanese isolate
revealed a total of 221 bp differences, of which 159 were bp
substitutions found to occur in the coding regions of the six
ORFs. Consequently, 58 amino acid changes were observed
in all 6 ORFs of the Indian isolate of BmBDV. Among the
159 substitutions in the coding regions, 101 bp substitutions
were silent. Similarly, a comparison between BmBDV Z and

i
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VD1 -ORF1 VD1-ORF2 VD1.ORF3 VD1.ORF4 VD2.-ORF1 VD2 -ORF2
ORFs of BmBDV (Indian isolate)

Table 1 Comparison of the Indian BmBDV Japanese BnBDV Chinese BmBDV BmBDV Z

genome and the predicted ORFs

of the Indian isolate of BmBDV v length (bp) 6542 6542 6543 6543

with other reported isolates Accession no. KX760110 AB033596 DQ017268 EU623082
VD2 length (bp) 6023 6031 6022 6024
Accession no. KX779526 S78547 DQ017269 EU623083
VD1 ORF1 310>690 310>690 311>691 311>691
VD1 ORF2 473>1423 473>1423 474>1424 474>1424
VD1 ORF3 1416>2915 1416>2915 1417>2916 1417>2916
VD1 ORF4 2939<6286 2939<6286 2940<6287 2940<6287
VD2 ORFla 684>4163 675>4157 667>1584 668>4150
VD2 ORF1b 1572>4148
VD2 ORF2 4769<5437 4769<5437 4761<5429 4763<5431
VDI 5" ITR 1>224 1>224 1>224 1>224
VDI 3’ ITR 6318<6542 6319<6542 6320<6543 6320<6543
VD2 5’ ITR 27>418 1>537 1>524 1>526
VD2 3’ ITR 5578<6023 5494<6031 5486<6022 5499<6024
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the Indian isolate revealed a total of 310 bp substitutions,
of which 159 occurred in the 6 ORF sequences just like
S o oo v = O the Japanese isolate. However, the overall number of sub-
stitutions was higher in this case because the substitutions
mostly occurred in the non-coding region of the sequence.
The comparison between the Chinese and the Indian iso-
lates of BmBDYV revealed a total of 271 bp substitutions, of
which 153 substitutions occurred in the coding regions. The
153 substitutions brought about only 46 amino acid changes,
suggesting that 118 nt changes were silent. Comparison of
S the ITR of the Indian isolate with that of the other isolates
revealed the VD2 DNA segment of the Indian isolate to pos-
sess a 26 bp nucleotide addition at the 5’ terminal end.

Deletion

Insertion

Amino acid residue (aa)
Substitution

14
15

Deletion

26

Phylogenetic analysis of the Indian isolate of BmBDV

Phylogenetic analysis of all the reported isolates of BmBDV
was carried out using the Mega6 software to study homol-
ogy between the VD1 and VD2 DNA segments. The scale
range for analysis of the VD1 DNA segment was from 0.001
to 0.005 (Fig. 4), while, in the case of the VD2 DNA seg-
ment the scale range was from 0.002 to 0.012 (Fig. 5). The
scale range clearly indicates that both VD1 and VD2 DNA
segments share a close homology without any significant
differences. However, despite the close homology between
v the VD1 and VD2 DNA segments, VD1 clearly has a
higher degree of conservation than the VD2 DNA segment,
as indicated by the scale range. Further, the phylogenetic
L tree constructed revealed two separate clusters wherein the
first cluster was formed by the Indian and the Yamanashi
isolates, while, the Chinese isolate and BmBDV-Z isolates
formed the second cluster. Phylogenetic analysis of each of
the ORFs was also carried out separately (online resource 3)
wherein each of the ORFs revealed a close homology, which
indicated that the ORF sequences are highly conserved in
all the reported isolates of BmBDV. However, among all the
ORFs, the VD1 ORF 2 showed the maximum degree of con-
servation, while, VD2 ORF 1 and 2 exhibited the maximum
variability. Among the two DNA segments the VD1 ORFs
seem to be more highly conserved.

Insertion

Indian isolate compared with BmBDV-Z
26

Nucleotide (bp)
Substitution
6
5
54
14
17

45
22

MW
(KDa)
13.9
36.5
54.9
128.3
132.6
27.1

Length
(aa)
126

6

9

1115
1159
222

Position
(bp)
310>690
473>1423
1416>2915
2939<6286
1>224
6319<6542
684>4163
4769<5437
27>418
5578<6023

BmBDV (Indian isolate)

ORF

ITRs

VD1 ORF1
VD1 ORF2
VD1 ORF3
VD1 ORF4
VD1 ITRs

VD2 ORF1
VD2 ORF2
VD2 ITRs

133.1
27.1

1
36.
5

Discussion

Length
(aa)
126
316
499
1115
1160
222

The present study was carried out with the purpose of char-
acterizing an Indian isolate of BmBDYV, a causative agent of
the deadly silkworm disease ‘Flacherie’ [3]. In this study, the
whole genome and the ORFs of an Indian isolate of BmBDV
have been sequenced and characterized. The Indian isolate,
like the other reported isolates of BmBDV, has been found
to have Bidnaviridae-like characteristics; it possesses a
bipartite genome (VD1 and VD2) [4]. Six putative ORFs
were identified within the genome of the Indian isolate of

Position
311>691
474>1424
1417>2916
2940<6287
1>224
6320<6543
668>4150
4763<5431
1>526
5499<6024

(bp)

Table 4 Comparison of the ORFs and ITRs between the Indian BmBDV and BmBDV-Z isolates
W
(KDa)
9
5
8
128.2

BmBDV -Z
ORF

ITRs

VD1 ORF1
VD1 ORF2
VD1 ORF3
VD1 ORF4
VD1 ITRs
VD2 ORF1
VD2 ORF2
VD2 ITRs
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Fig. 4 Phylogenetic tree exam- Indian BmBDV-VD1
ining the VD1 DNA segment of _I . .
the Indian isolate of BmBDV Yamanashi BmBDV-VD1
— Chinese BmBDV3-VD1
100 L— Chinese BmBDVZ-VD1
0.005 0.004 0.003 0.002 0.001 0.000
Fig. 5 Phylogenetic tree exam- Indian BmBDV-VD2
ining the VD2 DNA segment of _I . 1
the Indian isolate of BmBDV Yamanashi BmBOV-VD2
— Chinese BmBDVZ-VD2
100 L— Chinese BmBDV3-vD2
0.02 0010 0008 0006  0.004  0.002  0.000

BmBDV which resembled that of the Zhenjiang and the
Japanese isolates [12]. The analysis of the DNA genome of
the Indian isolate revealed that it bore a close resemblance
to that of the Japanese isolate. The VD1 nucleotide sequence
shared 98% identity with the Japanese and Zhenjiang isolates
and 97% with the VD1 segment from the Chinese isolate. In
the case of the VD2 nucleotide sequence, the Indian isolate
shared 98% identity with the other BmBDV isolates. Phylo-
genetic analysis of the VD1 and VD2 DNA segments of the
Indian isolate of BmBDV with the other reported isolates,
revealed a genetic divergence ranging from 0.001 to 0.005
for the VD1 DNA segment, while in the case of the VD2
DNA segment the range was from 0.002 to 0.012. Thus, our
data confirms that there is a high degree of conservation
among all reported isolates of BmBDV. The comparison of
all the BmBDYV isolates indicates that they share a simi-
lar genetic makeup yet there are differences in the number
and orientation of the ORFs. This difference in the genome
structure may be attributed to different environmental condi-
tions which might have resulted in the evolution of different
isolates of BmBDV [12].

The BmBDV genome encodes structural proteins (VP)
as well as non-structural proteins (NS) which are encoded
by the various ORFs. Previous studies have been carried out
wherein the NS and VP expression pattern in the reported
isolates has been analysed [13—17]. The prediction of ORF
number in the BmBDV genome varies between the reported
isolates. The Chinese isolate, a variant of the Zhenjiang iso-
late, has been reported to have seven ORFs wherein the VD2
ORF 1 is split into two, VD2 ORFla and VD2 OREF 1b,
due to a point mutation which leads to the production of a
premature stop codon [12]. On the contrary, the Zhenjiang
isolate has been reported to have six ORFs like the Indian
isolate. Similarly, the Japanese isolate has also been reported
to have six ORFs (NCBI nucleotide database). For the
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Japanese and Zhenjiang isolates, both of which have been
reported to have six ORFs in total wherein, the VD1 ORF
4 has been assigned as a non-structural protein in the case
of the Japanese (AB033596) isolate while for the Zhenjiang
isolate (EU623082) VD1 ORF 4 is referred to as a struc-
tural protein. The differences in these reports in the database
might have arose due to the early nature of such studies.
However, recent and advanced VD1 ORF 4 sequence analy-
sis has revealed that the sequences share a common homol-
ogy with the family B DNA polymerase enzymes (PolB)
and should hence be considered as a non-structural protein.
In our report we have predicted six ORFs in total, four on
the VD1 DNA segment and two on the VD2 DNA segment.
Further, we have also proposed VD1 ORF4 (KX760110),
encoding the DNA polymerase enzyme, as a non-structural
protein as it is theoretically involved in the replication of
BmBDV. The Indian isolate of BmBDV is hence predicted
to have three NS proteins including the DNA polymerase
enzyme, encoded by the VD1 ORFs 1, 2 and 4 respectively,
while one NS protein is from VD2 ORF2. Also, our study
indicates the presence of two VP proteins encoded by VD1
ORF3 and VD2 ORF]1, respectively. Further, for BmBDV-
Z, VD2 ORF 1 has been reported to code for a structural
protein P133 [18]. There have been previous reports on the
expression pattern as well as the localization of various NS
and VP proteins. The NS2 protein of the Chinese isolate of
BmBDYV has been reported to be localized in the nuclear
membrane [19]. Equivalent characterization for the NS and
VP proteins from the Indian isolate of BmBDV is yet to be
performed. The bidnaviruses are not only unique but have
also revealed an interesting pattern of evolution wherein
they have acquired genes from other viruses; in fact they
have been referred to as kleptomaniacs in the viral kingdom
[20]. Horizontal gene transfer has been the key source for
the evolution of the bidnaviruses wherein genes have been
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acquired and lost to equip better survival [21]. Phylogenetic
and sequence analysis performed by Krupovic and Koonin
[21] have revealed the inheritance of bidnavirus genes from
various other virus species. Their studies have suggested that
the bidnaviruses might have acquired genes from parvovi-
ruses, reoviruses and polintiviruses thereby having a blended
ancestry [20, 21]. The characterization of the Indian isolate
of BmBDV also revealed the presence of putative ORFs,
similar to the Japanese and the Zhenjiang isolates.

Reports have indicated that BmBDV undergoes a leaky
scanning mechanism of translation which has led to the
investigation of whether multiple proteins might be encoded
by a single ORF [19, 22]. Li et al [22] analysed the char-
acteristics and functions of the NS1 protein of BmBDV-Z.
ATPase and ATPase coupled helicase activity was demon-
strated through enzymatic assays. The study also reported
the co-precipitation of a DNA polymerase motif encoded by
the VD1 ORF4, identified by mass spectrometry, indicating
a leaky scanning mechanism for translation [22]. Wang et
al, [6] have also highlighted the role of leaky scanning in
generating two transcriptional products from a single ORF.
The distribution of strong promoter and polyadenylation
signals in the genome of the Indian isolate and its similari-
ties with the other reported isolates of BmBDYV indicates
that the Indian isolate might also adapt the leaky scanning
mechanism for translation. However, further experiments are
required to prove such a hypothesis.

BmBDV, which is one of the causative agents of the fatal
flacherie disease in silkworms, replicates only in the midgut
columnar cells, in contrast to B. mori densoviruses (BmDV)
that replicates in both the midgut columnar as well as in the
goblet cells [2]. B. mandarina and B. mori are considered to
have a common ancestor and both are susceptible to BmBDV
[23]. Many Japanese strains acquired BmBDV resistance
through improved breeding. These resistant strains became
susceptible to the parvovirus-like BmDV [24]. BmBDV
is therefore likely to be the native disease of the Bombyx,
whereas the origin of BmDV BmDNV-1is likely to be from
other insects [25]. The pyralid Glyphodes pyloalis, a pest of
mulberry plantations of sericultutal farms is also susceptible
to BmDV and may be the real host of BmDV [26, 27].

As mentioned earlier, BmBDVs are one of the causative
agents of the viral silkworm disease Flacherie which goes
unnoticed until the late larval stages, since there is a dearth
of early detection techniques for this disease. As a result
it is essential to detect pathogens at a very early stage, in
order to prevent crop loss. With this backdrop, the char-
acterization of the whole genome sequence of the Indian
isolate of BmBDV will pave the way towards the develop-
ment of diagnostics and control measures for this disease.
Early diagnosis and control measures against the disease are
being developed in our laboratory, using simple and precise
techniques such as loop-mediated isothermal amplification

(LAMP). Accordingly, the genome sequence of the Indian
isolate is being put to use in developing diagnostic measures
against this disease since detection techniques require accu-
rate primer design, pertaining to the correct amplification of
the appropriate target region of the virus.
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