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 Abstract: The silkworm, Bombyx mori L. (Bombicidae: Lepidoptera), basically a nocturnal moth, is a native of China 

but has long been domesticated throughout the world. The life cycle of silkworms includes various stages, viz. eggs, 

larval instars, pupa within silky cocoons, and adult moths. Bombyx mori nucleopolyhedrovirus (BmNPV), one of the 

best characterized baculoviruses, is an important pathogen in silkworms. The viral diseases are difficult to manage 

due to the very short life cycle of silkworms. One of the most effective solutions is the timely detection of such 

infections so as to stop the spread of the viral disease. In the present study, we determined the specific 

nucleopolyhedrovirus ~738 base pair amplified from isolated viral DNA by the polymerase chain reaction (PCR) 

technique. 
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Introduction 

Bombyx mori is popularly called the Mulberry 

silkworm moth. Bombyx mori is a completely 

domesticated (for over 5000 years) and 

economically important insect that is important 

for silk production (sericulture). Improvements to 

sericulture could improve the incomes of farmers 

in several developing countries, such as China, 

Thailand, and India. It is considered to be a 

lepidopteron model insect for basic and applied 

research and is key for increasing knowledge 

about other insects and organisms (Xia et al., 

2004; Goldsmith et al., 2005). In addition, this 

silkworm is used as a model insect for studies in 

entomology, molecular biology, and biotechnology 

(Nagaraju and Goldsmith, 2002; Zhou et al., 2008). 

The Mulberry silkworm is a purely domesticated 

insect. The silk moth is dioecious, i.e. the sexes are 

separate. Fertilization is internal, preceded by 
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copulation. The development includes a 

complicated complete metamorphosis, consisting 

of four stages viz egg, larva, pupa, and adult 

(Krishnaswami et al., 1973; Vasantharaj and 

Ramamurthy, 2015). 

 A major part of crop loss in sericulture is due 

to the occurrence of diseases in silkworm, which 

results in failure of the crop and low harvest rate. 

There are many microorganisms responsible for 

the occurrence of diseases, such as bacteria, 

viruses, protozoa, fungi, etc. Domestic mass 

rearing of silk moths is highly labor-intensive and 

usually handled by local farmers, who 

continuously rear larvae from hatching to 

pupation with the only available food source, the 

leaves of the mulberry plant (Hamamura, 1959; 

Zhang et al., 2019). The pupating larvae produce 

cocoons from which silk thread can be harvested. 

The major constraints for increased cocoon yield 

in sericulture are the occurrence of diseases such 

as grasserie, flacherie, muscardine, and pebrine 

caused by viruses, bacteria, fungi, and 

microsporidia infection, respectively (Khurad et 

al., 2004; Ravikumar et al., 2011; Gani et al., 

2018b). Viruses are considered the most 

important pathogens in silk moth rearing, causing 

serious and significant economic damage and thus 

posing a serious threat to global sericulture 

(Kumar et al., 1990). Silkworm losses due to 

diseases in India are about 15–20%, of which 

more than 50% are attributed to viral infection 

only (Reddy and Rao, 2009). 

 The grasserie disease of silkworm caused by 

the Bombyx mori nucleopolyhedrovirus (BmNPV) 

(genus Alphabaculovirus, family Baculoviridae) is 

the most abundant and well described pathogen in 

the history of the silk industry and has had a high 

impact on the sericulture agrosystem in India and 

worldwide (Acharya et al., 2002; Ardisson-Araújo 

et al., 2014). BmNPV infects larval stages of the 

silk moth, and symptoms of a BmNPV infection 

include shining and fragile skin, swollen inter-

segmental regions, the appearance of milky white 

haemolymph, death, and the hanging of larvae by 

their prolegs (Gani et al., 2018a; McCook et al., 

2021). The usually high temperatures and 

humidity prevalent in tropical regions are 

conducive to the proliferation of polyhedrosis 

disease. It is known to occur in all larval instars 

and more commonly in fourth and fifth instars 

during all seasons, causing 20–50% cocoon crop 

losses in India (Vidya, 1960; Chitra et al., 1975; 

Samson et al., 1990; Shivaprakasam and Rabindra, 

1995; Nataraju et al., 1998). Baculoviridae is a 

family of insect viruses with a large, super-coiled 

double-stranded DNA genome packaged in rod-

shaped virions. Baculoviruses are morphologically 

divided into nucleopolyhedrovirus (NPV) and 

granulovirus (GV). Lepidopteran NPVs 

(alphabaculoviruses) are further subdivided into 

Groups I and II (Herniou et al., 2001). The 

baculovirus life cycle typically involves the 

production of two virion phenotypes, budded 

virions (BVs) and occlusion-derived virions 

(ODVs). The BVs and ODVs have different 

functions in the baculoviridae life cycle. BV is 

required for the dissemination of a viral infection 

throughout the tissues of an infected host. ODV is 

required for inter-host transmission (Zhou et al., 

2010). NPVs require interaction with their hosts 

to accomplish virus replication in the host insect 

cells (Bao et al., 2009). 

 Earlier, techniques have been developed to 

detect this viral disease, such as the enzyme-link 

immunosorbent assay (ELISA) (Vanapruk et al., 

1992), DNA hybridization (Attathom et al., 1994), 

colloidal textile dye-based dipstick immunoassay 

(Nataraju et al., 1994), and western blot analysis. 

PCR is an extremely sensitive technique that 

amplifies target DNA sequences, and PCR 

amplification of conserved fragments enables the 

detection of low levels of viral DNA (Mallika, 

2006). So far, no such detection study for Grass 

virus in silkworms (race: PM CSR2(SL) from 

Athiyanur village, Tiruvannamalai District, Tamil 

Nadu has been conducted. In this study, the 

specific nucleopolyhedrovirus 738 base pairs 

were amplified from isolated viral DNA by the 

polymerase chain reaction technique (PCR). 
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Materials and Methods 

Collection of infected silkworms: 

Grasserie infected silkworms were collected from 

Silkworm (Race: PM × CSR2(SL) farm, Athiyanur 

village, Vandavasi Taulk, Tiruvannamalai District. 

Diagnosis of disease: 

The identification of diseased worms infected with 

Grasserie in the fields was initially made on the 

basis of gross pathology. Initially, the skin showed 

an oily and shiny appearance. With the 

progressing stage of infection, the entire skin 

became thin and fragile and the midgut appeared 

milky white with inter-segmental swelling. The 

larvae infected with Grasserie in the rearing 

centres were found to be slightly sluggish (Rashmi 

et al., 2016). 

Purification of OBs from infected silkworms: 

Insect cadavers were dissected in water to collect 

the polyhedral occlusion bodies rich hemolymph. 

The solution was sonicated and filtrate was 

centrifuged at 5000g at 4°C for 10 min in a C-24BL 

refrigerated centrifuge (Remi, Mumbai, India). The 

pellet was suspended in sterile water and made 

homogenous using a micropipette. The resulting 

suspension was also filtered through a muslin 

cloth. This centrifugation step has been repeated 

10 to 15 times to remove residual cell debris and 

fetid odour. The pellet again suspended in 10 

volumes of SDS (2.0%) (Himedia, Mumbai, India) 

and stirred on an orbital shaker (Jeiotech, Seoul, 

Korea) for 30 min at 110 rpm (Ke et al., 2014). It 

was followed by centrifugation by adding sterile 

distilled water at 6400 g at 4°C for 10 min and this 

process was repeated 3 times to remove any 

residual SDS present in the solution. The pellets 

were suspended in 1 ml of sterile water and the 

purity and integrity of the OBs were checked 

through observations of the aliquots under a 

compound microscope. Then the OB sample was 

also lyophilized and stored at 4°C until use (Sajjan 

Dayanand et al., 2015). 

DNA extraction: 

PCR    analysis   for    the   viral    DNA   which   was 

completely isolated from the polyhedral occlusion 

bodies (OBs) was performed following standard 

laboratory protocols (Alletti et al., 2017; Gani et 

al., 2021). The natural and experimental infected 

fifth instar larvae of silkworm were homogenized 

separately in NTE buffer (0.2 M NaCl, 0.02 M Tris–
HCl and 0.02 M EDTA, pH 7.4), and 10% tissue 

suspension was made. The suspension was 

centrifuged at 3000 g for 15 min at 4°C, and 

supernatant was collected. Then, the tissue 

suspension was mixed with an appropriate 

amount of digestion buffer (100 mM NaCl, 10 mM 

Tris–HCl, pH 8.0, 50 mM EDTA, pH 8.0, 0.5% 

sodium dodecyl sulphate and 0.1 mg ml-1 

proteinase K) and incubated for 2 h at 65°C            

to extract the DNA.  After incubation, the            

digests were deproteinized by successive 

phenol/chloroform/isoamyl alcohol extraction 

and DNA was recovered by ethanol precipitation 

and dried. The dried DNA pellet was suspended in 

TE buffer and used as a template for PCR 

amplification to detect NPV. Protein debris and 

DNA were separated by phenol/chloroform/ 

isoamylalcohol (25:24:1, v:v:v) extraction, and 

DNA precipitation was occurred and performed 

with ethanol at -20°C overnight (Sambrook and 

Russel, 2001). The DNA pellet was dissolved in 

ultra-pure water and the DNA concentration and 

purity were determined with a NanoDrop 2000c 

(Thermo Fisher Scientific, Waltham, MA, USA) 

spectrophotometer. 

Amplification of polyhedrin gene of NPV by PCR: 

The gene coding for polyhedrin was amplified 

from genomic DNA of NPV virus by the 

polymerase chain reaction (PCR) with specific 

primer set (Table 1) designed for NPV. Forward 

and reverse primers were designed based on       

the nucleotide sequence of polyhedrin gene of 

NPV. The sequence of the primers with the 

corresponding annealing temperature are given in 

Table 2. The reaction components of PCR includes 

10X PCR Buffer - 1.0 μl, Primer F - 0.5 μl, Primer R 
- 0.5 μl, dNTPs mix - 1.0 μl,  PCR Mastermix - 5 μl, 
Template - 1.0 μl , Core H2O - 6.0 μl, Total - 15.0 μl/Reaction. 
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Table 1:    Sequence of the primers of polyhedrin gene of NPV 

 

Primer Product size Sequence (5’-3’) 
Annealing 

temp. 

BM NPV - F 

 

 

738 bp 

CGCGGATCCATGCCGAATTATTCATACACCCC 

  

58°C 

BM NPV - F  
CCGGAATTCTTAATACGCCGGACCAGTGA 

  

 

Table 2: The optimized PCR parameters for amplification of polyhedrin gene of NPV 

PCR parameters Temperature (ºC) Minutes 

1. Initial denaturation 

2. 35 cycles of 

    Denaturation 

    Annealing 

     Extension 

3. Final extension 

95 

 

95 

58 

72 

72 

5 

 

1 

1 

1 

10 

 

Results  

Diagnosis of disease: 

The naturally infected fifth instar larvae were 

collected from Athiyanur village, Vandavasi Taulk, 

Tiruvannamalai District. The infected larvae 

become obvious in the rearing trays and on 

montage during cocoon sinning due to shiny white 

transluscent skin, elevated intersegment 

membrane and swelled body segments. In later 

infections stage the body wall rupture and white 

turbid haemolymh containing a large number of 

viral polyhedral occlusion bodies (OBs) were 

observed. The cadaver was white at the time of 

death and became dark within 3–5 h as they 

putrefied (Data not shown). 

PCR amplification and sequencing of polyhedrin 

gene of BmNPV:  

In the present study, PCR amplification and 

sequencing of BmNPVPolyhedrin gene have been 

performed from natural and experimental infected 

fifth instar larvae silkworm. Figure 1 shows that 

the DNA extracted from GrasserieBmNPV 

naturally infected silkworm yielded the 

amplification product of ~738 bp. The Lane 2 PCR 

product obtained was ~738 bp for Grasserie as 

expected and were in accordance to that obtained 

from the DNA extracted from naturally infected 

BmNPV (polh gene), in Lane M. PCR amplification 

of BmNPV DNA was performed by using 40 mg of 

each sample. Figure 2 shows that the DNA 

extracted from experimentally infected BmNPV 

silkworm yielded the amplification product of 

~738 bp. The Lane 2 PCR product were obtained 

high level of expression was ~738 bp for 

polyhedrin gene when compared to DNA ladder 

(Lane M). PCR amplification of BmNPV DNA was 

performed by using 40 mg of each sample.  

 In the present study, we carried out agarose 

gel electrophoresis analysis of PCR amplified DNA 

gene fragment from different organs of natural 

infected B. mori larvae. PCR amplification of 

BmNPV DNA was performed by using 40 mg of 

each sample. Lane 1: DNA Markers = 100-1000 bp; 

Lane 2: Foregut; Lane 3: Midgut; Lane 4: 

Hemolymph of natural infected fifth instar 

silkworm larvae. The Lane 3 PCR product were 

obtained high level of expression was ~738 bp for 

polh gene when compared to Lane 1 of foregut 

sample and Lane 2 of midgut sample (Fig. 3). In 

contrast the different organs of experimental 

infected B. mori larvae. The Lane 1 foregut 

samples obtained high level of expression was 

~738 bp for polh gene when compared  to  Lane  2  
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Fig. 1: Agarose gel electrophoresis analysis of PCR amplified DNA gene fragment from natural infected B. mori 

5th instar larvae. PCR amplification of BmNPV DNA using 40 mg of each sample. Lane 1: DNA Markers = 100-

1000 bp; Lane 2: BmNPV DNA positive control. 

 

 

Fig. 2: Agarose gel electrophoresis analysis of PCR amplified DNA gene fragment from experimental infected B. 

mori 5th instar larvae. PCR amplification of BmNPV DNA using 40 mg of each sample. Lane 1: DNA Markers = 

100-1000 bp; Lane 2: BmNPV DNA positive control. 

 

of midgut sample and Lane 3 of hemolymph 

sample (Fig. 4). In this study we confirmed the 

Clustal W multiple sequence alignment of Bombyx 

mori nucleopolyhedrovirus (NPV), Polyhedrin 

Gene sequence of Indian isolate of 

nucleopolyhedrovirus (NPV), Polyhedrin Gene 

with sequences of nucleopolyhedrovirus (NPV) 

and Polyhedrin Gene isolates of China and 

Thailand (Fig. 5). Moreover, the phylogenetic tree 

was analysed from nucleopolyhedrovirus (Fig. 6).   

Discussion 

Silkworm Bombyx mori(Lepidoptera: Bombycidae) 

is   a   domesticated   silk   moth.    It   is    a    typical  
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Fig. 3: Agarose gel electrophoresis analysis of PCR amplified DNA gene fragment from different organs of 

natural infected B. mori larvae. PCR amplification of BmNPV DNA using 40 mg of each sample. Lane 1: DNA 

Markers = 100-1000 bp; Lane 2: Foregut Lane 3: Midgut; Lane 4: Hemolymph of natural infected fifth instar 

silkworm larvae.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Agarose gel electrophoresis analysis of PCR amplified DNA gene fragment from different organs of 

experimental infected B. mori larvae. PCR amplification of BmNPV DNA using 40 mg of each sample. Lane 1: 

DNA Markers = 100-1000 bp; Lane 2: Foregut; Lane 3: Midgut; Lane 4: Hemolymph of experimental infected 

fifth instar silkworm larvae. 

 

representative of the lepidopteran insects and has 

great importance in agriculture and the economy. 

Xia et al. (2004) termed the silkworm B. mori “economically important” due to its use in silk 

industry to maximize silk fibre productivity. The 

silkworm is a promising model organism in life 

science  due  to  its   short   generation   time,   rich  

 

 

genetic resources, clearly sequenced genetic 

background and a considerable number of genes 

that are homologous to silkworm that makes it 

suitable for various life science studies (Meng et 

al., 2017). It is a powerful insect model in research 

owing to its relatively large size and easy 

maintenance and rearing (Xia et al., 2014). 

  

                                                  

Lane 1  2       3     4  

                                                

Lane 1     2      3       4  



640 

 

 

Fig. 5: Clustal W multiple sequence alignment of Bombyx mori nucleopolyhedrovirus (NPV) Polyhedrin Gene 

sequence of Indian isolate of nucleopolyhedrovirus (NPV) Polyhedrin Gene with sequences of 

nucleopolyhedrovirus (NPV) Polyhedrin Gene isolates of China and Thailand.  

 

Fig. 6: Phylogenetic analysis Bombyx mori nucleopolyhedrovirus (NPV). 
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 In silkworm, B. mori the most common mode 

of entry of NPV is per oral suspension as in the 

case of other lepidopteran insects. Individual 

feeding of a piece of leaf coated with 10 µl 

suspension of 2x105 OBs/ml ensured the ingestion 

of a dosage of about 2000 OBs/larva which was 

sufficient to initiate the infection since about 50% 

mortality occurred prior to eclosion of adult 

moths. Usually a successful infection depends on 

the ingestion of sufficient virus to initiate 

replication in the host. The virus uptake is 

controlled by larval behavior, feeding rate, and the 

concentration and distribution of the viral dosage 

(Hunter et al., 1984). In this study, the naturally 

infected fifth instar larvae were collected from 

Athiyanur village. Method of experimental 

silkworm infection by Hunter et al. (1984) was 

followed.  The infected 5th instar larvae become 

elevated intersegmental membrane, swelled body 

and white turbid haemolymh containing a large 

number of viral polyhedral occlusion bodies (OBs) 

were observed. The cadaver was white at the time 

of death and became dark within 3-5 h as they 

decomposed. Rashmi et al. (2016)  have morpho-

logically identified the 5th instar larvae of infected 

silkworm and detected the early infection of 

Grasserie virus (BmNPV) polyhedrin gene (polh) 

in silkworm Bombyx mori by PCR technique.  

 In this study, we have optimized the 

polymerase chain reaction for amplification of a 

target DNA gene sequence from baculoviruses. 

Viral DNA obtained from infected 5th instar larvae 

were good sources of DNA for PCR amplification. 

The polyhedron gene, which has about 80% 

sequence homology among NPVs (Rohrmann, 

1986), proved to be a suitable gene for the 

development of a generic amplification technique. 

The polyhedrin gene also contains less conserved 

regions from which specific primers have been 

designed. The present study performed the PCR 

amplification and sequencing of BmNPV 

polyhedrin gene from natural and experimental 

infected fifth instar larvae of silkworm. Both 

naturally and experimentally infected BmNPV 

silkworm yielded the amplification product of 

~738 bp. We also performed agarose gel 

electrophoresis analysis of PCR amplified DNA 

gene fragment from different organs of natural 

and experimental infected B. morilarvae with 

target DNA marker. Khurad et al. (2004) have 

reported the PCR amplification of 473 bp gene of 

BmNPV isolated from infected silkworm larvae. 

Conclusion 

We have developed a PCR procedure with suitable 

forward and reverse primers capable of 

amplifying ~738 bp from infection of Grasserie 

virus (BmNPV) polyhedrin gene (polh) in 

silkworm Bombyx mori. DNA amplification 

coupled with restriction enzyme analysis of the 

PCR products proved to be a specific and powerful 

technique. The technique will also be helpful to 

promote the antiviral product against BmNPV. 
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