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Abstract
This study reports the molecular detection of Bombyx mori nucleopolyhedrovirus (BmNPV) in
silkworm strains of the Universidade Estadual de Maringá Brazilian Germplasm Bank (UBGB).
DNA extraction was carried out by using six Bombyx mori female moths of each strain, followed by
PCR amplification. A pair of primers was designed based on a specific sequence of the baculovirus
genome related to the BmNPV ORF 14. Another pair of primers was used to amplify the silkworm
Actin A3 gene segment, which was used as positive control. Twenty gene pools were analyzed, and
fifteen revealed a fragment of 443 base pairs (bp), which indicated the presence of the BmNPV.
The frequency of contaminated moths was as following: 100% for silkworm strains M18-2, M12-2
and J1; 83% for C25, C75 and C24 strains; 66% for KR01; 50% for M11-A; 33% for AS3, B106, M8
and M11 and 16% for C211, E8 and Hindu strains. These are promising results for the identification of contaminated B. mori moths by BmNPV, which may prevent virus proliferation in subsequent generations. We also analyzed DNA samples extracted from B. mori eggs, but the results
were not conclusive regarding the detection of the fragments of the expected size (443 bp). The
difficulty in detecting BmNPV contamination in B. mori eggs may be due to the low concentration
of virus in samples.
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1. Introduction
Bombyx mori Linneaus is a domesticated lepidopteron and its cocoons are used to produce silk yarn. The field
production of the larvae until cocoons is called sericulture. This insect has four morphological stages during its
life cycle: egg, larvae, pupa and moth [1] [2].
There are more than 3000 strains of B. mori [3] which are maintained in germplasm banks around the world
in order to preserve this genetic collection. Universidade Estadual de Maringá Brazilian Germplasm Bank
(UBGB) is the only public germplasm bank of this species in Brazil.
The main problems in sericulture are caused by diseases that can have several causes, such as protozoa, virus
and fungi, which can infect silkworm during all life stages [4]. In this context, diseases caused by virus can affect B. mori in different stages of its life cycle, representing a serious problem to the global sericulture [5] [6].
Bombyx mori nucleopolyhedrovirus (BmNPV) belongs to the gender Alphabaculovirus [7] and it is a highly infective pathogen, because it has polyhedral occlusion bodies, which contain several virions inside.
This virus can be inherited and this characteristic is very important to the viral dominance, but it still requires
more studies. Likewise, settling the inheritability of BmNPV through the generations is a very important aspect
to be studied [8]. This fact is one of the most important conditions for the sericulture industry, and it is called
vertical transmission; in other words, the parents can transmit the virus to its progeny, becoming unfavorable to
use the surviving moths to production of eggs [9]-[16].
This work aimed to standardize a protocol to identify the contamination of BmNPV among B. mori strains of
the UBGB and analyze the vertical transmission of this baculovirus between the generations.

2. Material and Methods
2.1. Biological Material
Twenty B. mori strains of Chinese, Japanese and Indian geographical origin were obtained at the UBGB: C211,
C24, C25, AS3, C75, C36 and KR01 (Chinese strains); B82, Hindu and B106 (Indian strains); and M11, M11-A,
M11-2, M12-2, M18-2, J1, F6, M8, M18 and E8 (Japanese strains).

2.2. Genomic DNA Extraction of Bombyx mori Moths
Genomic DNA of six female moths, of each strain, was isolated according to [17]. After isolation, DNA was purified with phenol and chloroform (1:1) and precipitated with 2 volumes of ethanol. Quantification of DNA was
carried out at the spectrophotometer UV-1650PC UV (Shimadzu). DNA was then diluted to the concentration of
60 ng/μL, which was used to the PCR (Polymerase Chain Reaction) reactions.
One of the aims of this work was to investigate the event of vertical transmission of BmNPV in B. mori.
Therefore, DNA was isolated from female and male moths that were previously identified and mating with each
other. DNA isolation of the resulting eggs was also performed.

2.3. DNA Extraction of B. mori Eggs
The eggs were identified according to their parents and the DNA was extracted using the KOH method, with
modifications [18] [19]. Twenty eggs were transferred to microtubes containing 500 µL of KOH 60%. Samples
were incubated for 1 hour and 30 minutes in room temperature until the color of the eggs was purplish to reddish.
Subsequently, KOH was removed and the eggs were washed twice with 500 µL of distilled water. Then, 500 µL
of HCl 1 M was added to avoid the formation of neutralizing salts. Again, eggs were washed twice with distillated water to remove HCl. Then, the digestion buffer for Proteinase K (1 M TrisHCl pH 9.0; 0.5 M EDTA pH
8.0; SDS 20% e Sacarose 16%) were added and the eggs were ground inside the microtubes using a pestle.
Samples were then centrifuged for 10 minutes. The supernatant phase was recovered and 1.5 µL of proteinase K
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was added. Samples were incubated for 2 hours in 50˚C. DNA was purified with phenol-chloroform, precipitated with ethanol, suspended with TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and stored at −20˚C.

2.4. Genomic DNA Extraction of BmNPV
Viral DNA was obtained according to the methodology previously described [20]. The DNA was extracted from
geographic isolated BmNPV, which was conceded by R. C. Brancalhão and L. F. C. Ribeiro, from Universidade
Estadual do Oeste do Paraná (Unioeste). This DNA was used as a positive control in the PCR reactions.

2.5. DNA Amplification of BmNPV Nucleopolyhedrovirus
A pair of primers was constructed using a known sequence from the baculovirus genome, corresponding to the
Open Reading Frame (ORF) 14 [21]. These primers were used to amplify the BmNPV DNA. According to Santos et al. [20], the ORF 14 codes a protein from NPV viral envelope and it is associated with stress response,
such as the ones caused by balucovirus infection in B. mori. The primers ORF14 Forward (5’ATG GAC GGT
GTA AAG TTG CTG G3’) and ORF14 Reverse (5’TCA AAA TCA ACG CCG TCG TC3’) amplify a fragment
of 443 base pairs from BmNPV genome.
One pair of primers for the B. mori Actin A3 gene (Actin Forward 5’AGA TGA CCA GAT CAT GTT CG3’;
Actin Reverse 5’GAG ATC CAC ATC TGT TGG AAG3’), which amplified a fragment of 721 base pairs, was
used as a positive control in the PCR reactions.
Six samples of DNA from B. mori females were used in the PCR amplifications. The mix reaction contained
Taq polymerase buffer 1× (Biolabs), 1.5 mM MgCl2, 0.2 mM of each dNTP, 1 U of Taq polymerase (Biolabs),
20 ng of genomic DNA and 1.2 µM of each primer. PCR reactions were conducted in a Thermal Cycler (Eppendorf) and were repeated at least twice. The amplification conditions consisted of 35 cycles: denaturation at
94˚C for 1 minute, annealing at 61˚C for 1 minute and extension at 72˚C for 1 minute, followed by a final cycle
of extension of 72˚C for 30 minutes.
Besides the amplification using ORF 14 or actin primers separately, we also carried out some multiplex PCR
with both pairs of primers at the same reaction. ORF 14 primers were used to confirm the infection by BmNPV
and the primers for the Actin gene were used as a control of the reaction. Positive control (DNA virus samples)
and negative control (B. mori DNA sample free of contamination) were used to validate the results.

2.6. Electrophoresis
The products of simple and multiplex PCR reaction were visualized in 1.5% agarose gel, in a horizontal system
with TBE 0.5× (45 mM Tris-borato, 1 mM EDTA, pH 8.0) running buffer. Gel was photographed under ultraviolet light and documented using UVP Biolmaging System. Results were analyzed according to the presence or
absence of DNA fragments.

2.7. Cloning and Sequencing
In order to confirm if the fragment of 443 bp obtained in the PCR reactions was from BmNPV, the PCR amplified DNA fragment of the strain C25 was cloned in the pGEM-T Easy Vector System (Promega) vector. Sequencing was performed as described by Silva et al. [22], using MegaBACE 1000 (Amersham Biosciences) automatic sequencer. The alignment of the nucleotide sequence and the verification of homology and identity were
obtained with the online tools EMBL and Blastn from NCBI.

3. Results and Discussion
3.1. Molecular Identification of Silkworm Strains from the UEM Germplasm Bank
Contaminated with the BmNPV
PCR amplifications from specific segments of Bombyx mori genome and/or BmNPV led to estimation of the
number of contaminated moths in each of the 20 silkworm strains from the UEM germplasm bank. Six moths
were analyzed of each silkworm strain. The results showed that the strains B82, M11-2, M18, C36 and F6 presented no fragment of 443 bp, which indicates absence of the baculovirus and, therefore, we assumed that they
were not contaminated with BmNPV.
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Moths of silkworm strains that were identified as free of contamination revealed only one fragment of 721 bp,
which refers to the amplification of Bombyx mori actin A3 gene. Of the twenty strains analyzed, fifteen revealed
a fragment of 443 bp, indicating the presence of the BmNPV virus in these strains. The frequency of contaminated moths was investigated by individual PCR amplifications of each moth from the strains. Results revealed
that the frequency of moths contaminated with BmNPV was: 100% for M18-2, M12-2 and J1 strains; 83% for
C25, C75 and C24; 66% for KR01; 50% for M11-A; 33% for AS3, B106, M8 and M11; and 16% for C211, E8
and Hindu (Table 1). Moths contaminated with BmNPV showed two fragments in the multiplex PCR analyses,
one of 721 bp and one of 443 bp (Figure 1).
Results revealed high rate of contamination by this pathogen among the strains of UBGB. The high levels of
contamination by BmNPV can be explained by one or more reasons, such as, lack of adequate disinfection of
silkworm eggs and/or farming buildings with formol. Besides, the improper silkworm larvae management can
cause vertical transmission during the processes of maintenance and multiplication of silkworm genetic resources.
The detection of BmNPV contamination in every developmental stage of B. mori is crucial to avoid the dissemination of the disease. Detection of BmNPV in silkworm moths was performed to verify the level of virus
infection between the strains from UBGB and, consequently, prevent vertical transmissions of the baculovirus.
Eggs laid by silkworm moths that were identified as infected by BmNPV were disposed, avoiding future contamination of the strains maintained in the UBGB.
Other articles also detected the infection of silkworm moths by BmNPV, using PCR with specific primers for
the detection of this baculovirus, which corroborates our results [15] and [23].

3.2. Cloning and Sequencing of ORF 14
The nucleotide sequence of BmNPV, ORF 14, isolated from the strain C25 was sequenced and compared to
other sequences from Genbank, using Basic Local Alignment Search Tool, BLAST [24]. ClustalW alignment
[25] revealed 100% of nucleotide similarity with BmNPV isolate T3 (Figure 2) and 99% of similarity with Autographa californica MNPV PRF 23, whose product is related to a protein of the viral envelope [19].

3.3. Investigation of the BmNPV Vertical Transmission
Occasionally, PCR amplifications of eggs laid by silkworm moths contaminated with BmNPV revealed that vertical transmission may be occurred. However, results obtained in the present work were not consistent and conclusive regarding the occurrence of vertical transmission of BmNPV in silkworms from UBGB. Nevertheless,
BmNPV contamination of B. mori eggs was detected by PCR with specific primers for the polyhedrin gene, as
reported by Kaewwises [26].
Table 1. Number of moths contaminated in silkworm strains belonging to Universidade Estadual de Maringá Brazilian
Germplasm Bank (UBGB).
Silkworm strain

Number of moths contaminated

M18-2

6

100

M12-2
J1
C25
C75
C24

6
6
5
5
5

100
100
83
83
83

KR01
M11-A
AS3
B106
M8
M11
C211
E8

4
3
2
2
2
2
1
1

66
50
33
33
33
33
16
16

HINDU

1

16
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1

1

2 3 4 5 6 V

2 3 4 5

B M

6 V B M

1

2 3 4 5 6 V

B M

1

2 3 4 5 6 V B M

721pb

500pb

Figure 1. Multiplex PCR of Bombyx mori moths contaminated
with BmNPV virus. M—Molecular marker 100 bp (Invitrogen in
(A) and (D); Biolabs in (B) and (C)). V—Positive control (DNA
of BmNPV virus). B—Negative control. (A) Samples 1 to 6: M8
strain; BmNPV contamination can be visualized in samples 1 and
2; (B) Samples 1 to 6: C211 strain; BmNPV contamination can be
visualized in sample 3; (C) Samples 1 to 6: J1 strain; every sample is contaminated; (D) Samples 1 to 6: KR01 strain; BmNPV
contamination can be visualized in samples 1, 2, 5 and 6.

Figure 2. Partial nucleotide sequence alignment of Bombyx mori ORF 14 and BmNPV,
isolate T3 (GenBank Accession number L33180.1).
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In the present work, we carried out a screening of silkworm moths from UBGB that could be naturally contaminated by BmNPV. Silkworm moths were primarily analyzed regarding contamination by BmNPV. In the
cases in which the results were positive for BmNPV contamination, the respective eggs of the contaminated
moths had their DNA isolated and, subsequently, PCR amplified with primers for ORF 14 and Actin A3. This
process was carried out to verify the contamination by BmNPV in the silkworm eggs.
Previously was verified that the dispersion of baculovirus among silkworm moths may occur after vertical
transmission to the progeny through the inner or surfaces of the eggs [10] and [11]. The vertical transmission of
NPV in B. mori occurs by oral inoculation of occlusion bodies in 5th instar [15].
Some results were presented in this present work; however, they were not consistent with the vertical transmission hypothesis. We could not detect the presence of BmNPV in some silkworm eggs laid by moths that
were previously identified as contaminated by the baculovirus. The eggs of contaminated moths did not reveal
the fragment of 443 bp that indicates the presence of BmNPV, maybe due to the low concentration of the virus
in our samples. In the present work, we employed the methodology of the conventional PCR for detection of
BmNPV. However, a technique that allows the quantification of viral load could enable the detection of the baculovirus.
Two hypotheses are consistent with the observations of the not contaminated silkworm eggs laid by BmNPV
contaminated moths. First, the detection of BmNPV was impossible due to the reduced viral load in the silkworm eggs. Second, maybe there is some anti-viral mechanism during the larvae stage in which BmNPV infection can be blocked.
Vertical transmission was previously investigated by several researches. For instance, employing the PCRbased technique for detection of BmNPV in silkworm eggs laid by contaminated female moths the authors [14]
concluded that BmNPV can be detected even when samples were as reduced as a unique silkworm egg.
Khumnoi [16] also identified vertical transmission of BmNPV in a Thai B. mori strain, detecting viral DNA in
PCR reactions with primers for the polyhedrin gene of BmNPV. Results obtained by [16] were similar to those
found in the present work and confirmed that some larvae infected by BmNPV survived to the virus and that the
silkworm moths derived from these larvae could vertically transmit the BmNPV to their progeny. Therefore,
PCR-based techniques can be employed to detect BmNPV in eggs and in every developmental stage of B. mori.
The knowledge of infection by BmNPV in silkworm moths will be usefull from UEM germplasm bank to
detect the presence of the virus by sampling analyses. For instance, egg-laying identified as contaminated by
BmNPV will be evaluated and decisions will be taken regarding the permanence of this egg-laying, with the
purpose of eliminating contaminated larvae in the next generations.
The detection technique based on the conventional PCR methodology used in the present work provides an
effective, fast, reliable and practical way for detecting BmNPV in moths of B. mori and should also be optimized for the detection in silkworm eggs. This methodology proved to be adequate to promote a common practice for governmental institutions and private sectors involved in sericulture. Besides, it can be routinely used to
monitor and protect the proliferation of BmNPV in silkworm rearing. However, further studies on the sensitivity
of PCR will provide even more efficient BmNPV detections, especially in B. mori eggs, preventing losses in the
sericulture production. Future works using techniques such as real-time PCR may be carried out to quantitatively determine the baculovirus and thus promote better detection of BmNPV in eggs.
We advise for the need to investigate the rate of silkworm moths contaminated in germplasm banks, because
the absence of disease symptoms could not signal absence of baculovirus infection.

4. Conclusion
The results obtained in this study are promising for detection of moths contaminated with BmNPV, using simple
techniques, such as PCR, avoiding the proliferation of the baculovirus in subsequent generations, and assisting
in a proper management of B. mori strains, in order to protect the genetic pool of this specie in the UEM germplasm bank.
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