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ABSTRACT  

Sericulture is an important agro based cottage industry in Karnataka and silkworm 

Bombyx mori L. is being commercially utilized for the production of silk. Silkworms are 

prone to many microbial infection which causes different diseases during domestication. 

Among these, Bombyx mori nuclear polyhedrosis virus (BmNPV) causes Grasserie a viral 

disease in silkworm which is a major disease causing great economic loss to sericulture 

industry. The present investigation lays main emphasis on genetic diversity of six 

different BmNPV isolates collected from different locations of Karnataka and molecular 

characterization of antiviral proteins. The genetic diversity of six different BmNPV 

isolates were analyzed by restriction endonuclease digestion. The diversity dendogram 

was drawn based on polymorphic banding pattern in which Ramanagara isolate showed 

more variation followed by Tumakuru isolate and not much variation observed in the 

remaining isolates which were shown similar banding pattern for specific endonucleases 

digestion. Silkworm digestive juice contains number of different antiviral proteins among 

these lipase and serine protease were shown strong antiviral properties against BmNPV. 

These genes were isolated from midgut of silkworm, amplified using gene specific 

primers. These genes were cloned into pGEMT cloning vector, sequence and identity was 

confirmed using NCBI BLAST analysis. Sequence variation for antiviral protein genes 

were analysed for the resistant breed Pure Mysore, Susceptible breed CSR2, and a hybrid 

Kolar Gold.  Multiple sequence alignment of these genes showed variation in nucleotides 

sequence around 0.33 % to 1.33 % for lipases and 1.29 % to 4.4 % for serine proteases. 
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©JªÀiïJ£ï¦«AiÀÄ DtÂéPÀ UÀÄt®PÀëtUÀ¼À «ªÀgÀuÉ ªÀÄvÀÄÛ ©JªÀiïJ£ï¦« £ÀAeÁtÄ «gÉÆÃ¢ü 
¥ÉÆæÃn£ïUÀ¼ÁzÀ ¹gÉÊ£ï ¥ÉÆæÃnAiÉÄ¸ï ªÀÄvÀÄÛ °¥É¸ï£À C£ÀÄªÀA²PÀ zsÁvÀÄUÀ¼À PÉÆèÃ¤AUï. 

£ÀmÉÃ±ï eÉ 

  CªÀÄÆvÀð   

gÉÃµÉä PÀÈ¶, PÀ£ÁðlPÀzÀ ¥ÀæªÀÄÄR PÀÈ¶ DzsÁjvÀ PÀÄnÃgÀ GzÀåªÀÄªÁVzÉ ªÀÄvÀÄÛ gÉÃµÉä ºÀÄ¼ÀÄ 
(¨ÁA©Pïì ªÉÆÃj)ªÀ£ÀÄß gÉÃµÉä GvÁàzÀ£ÉUÁV ªÁtÂdå ¨É¼ÉAiÀiÁV §¼À À̧¯ÁUÀÄwÛzÉ. gÉÃµÉä ºÀÄ¼ÀÄUÀ¼À 
¸ÁPÁtÂPÉAiÀÄ ¸ÀªÀÄAiÀÄzÀ°è ««zsÀ gÉÆÃUÀUÀ½UÉ PÁgÀtªÁUÀÄªÀAvÀºÀ ««zsÀ ¸ÀÆPÀëöä fÃ«UÀ¼À ¸ÉÆÃAQUÉ 
M¼ÀUÁUÀÄvÀÛzÉ. EªÀÅUÀ¼À°è ªÀÄÄRåªÁV ¨ÁA©Pïì ªÉÆÃj £ÀÆåQèAiÀÄgï ¥Á°ºÉqÉÆæÃ¹¸ï £ÀAeÁtÄ 
(©JªÀiïJ£ï¦«), EzÀÄ gÉÃµÉä ºÀÄ¼ÀÄ«£À°è ºÁ®ÄvÉÆAqÉ gÉÆÃUÀªÀ£ÀÄß GAlÄªÀiÁqÀÄvÀÛzÉ. EzÀÄ gÉÃµÉä PÀÈ¶ 
GzÀåªÀÄPÉÌ ºÉaÑ£À DyðPÀ £ÀµÀÖªÀ£ÀÄß GAlÄªÀiÁqÀÄªÀ ¥ÀæªÀÄÄR £ÀAeÁtÄ gÉÆÃUÀªÁVgÀÄvÀÛzÉ. ¥Àæ À̧ÄÛvÀ 
CzsÀåAiÀÄ£ÀzÀ°è, PÀ£ÁðlPÀzÀ ««zsÀ ¸ÀÜ¼ÀUÀ½AzÀ DgÀÄ ©JªÀiïJ£ï¦« ¥ÀævÉåÃPÀ UÀ¼À£ÀÄß ¸ÀAUÀæ»¸À¯ÁVzÉ. DgÀÄ 
«©ü£Àß ©JªÀiïJ£ï¦« ¥ÀævÉåÃPÀvÉUÀ¼À C£ÀÄªÀA²PÀ ªÉÊ«zsÀåvÉAiÀÄ£ÀÄß ¥Àæw§AzsÀPÀ JAqÉÆÃ£ÀÆåQèÃAiÉÄÃ¸ïUÀ½AzÀ 
«±ÉèÃ¶¸À¯ÁVzÉ. ªÉÊ«zsÀåvÉAiÀÄ «PÀ¸À¤ÃAiÀÄ ªÀÈPÀëªÀ£ÀÄß §ºÀÄgÀÆ¥ÀzÀ ¨ÁåArUï ªÀiÁzÀjAiÀÄ DzsÁgÀzÀÀ ªÉÄÃ¯É 
awæ À̧¯ÁVzÀÄÝ, EzÀgÀ°è gÁªÀÄ£ÀUÀgÀzÀ ¥ÀævÉåÃPÀvÉ ºÉaÑ£À ªÀåvÁå¸ÀªÀ£ÀÄß vÉÆÃjzÀÄÝ, vÀzÀ £ÀAvÀgÀ vÀÄªÀÄPÀÆgÀÄ 
¥ÀævÉåÃPÀvÉ EzÉÃ ªÀiÁzÀjAiÀÄ ªÀåvÁå À̧ªÀ£ÀÄß vÉÆÃj¹zÉ. G½¢gÀÄªÀ ¥ÀævÉåÃPÀvÉUÀ¼ÀÄ, MAzÉÃ jÃwAiÀÄ ¨ÁåArUï 
ªÀiÁzÀjAiÀÄ£ÀÄß ºÉÆA¢gÀÄvÀÛzÉ. gÉÃµÉä ºÀÄ¼ÀÄ«£À fÃtðPÁj gÀ¸ÀªÀÅ ºÁUÀÆ ªÀÄzsÀå C£Àß£Á¼ÀªÀÅ ««zsÀ 
§UÉAiÀÄ £ÀAeÁtÄ «gÉÆÃ¢ü ¥ÉÆæÃn£ïUÀ¼À£ÀÄß ºÉÆA¢zÀÄÝ, EªÀÅUÀ¼À°è ¹gÉÊ£ï ¥ÉÆæÃnAiÉÄ¸ï ªÀÄvÀÄÛ °¥É¸ï 
¥ÉÆæÃn£ïUÀ¼ÀÄ ºÉaÑ£À £ÀAeÁtÄ «gÉÆÃ¢ü UÀÄt®PÀëtªÀ£ÀÄß ©JªÀiïJ£ï¦« «gÀÄzÀÞ vÉÆÃj¹zÉ. F 
ªÀA±ÀzsÁvÀÄªÀ£ÀÄß gÉÃµÉäºÀÄ¼ÀÄ«£À ªÀÄzsÀå C£Àß£Á¼À¢AzÀ ¨ÉÃ¥Àðr¹ ¤¢üðµÀÖ ¥ÉæöÊªÀÄgÀÎ¼À£ÀÄß §¼À¹ 
ªÀ¢üð¸À¯ÁVzÉ. F ªÀA±ÀzsÁvÀÄUÀ¼À£ÀÄß ¦fEJAn PÉÆèÃ¤AUï ªÉPÀÖgï£À°è PÉÆèÃ£ï ªÀiÁqÀ¯ÁVzÀÄÝ, EzÀgÀ 
C£ÀÄPÀæªÀÄ UÀÄgÀÄvÀ£ÀÄß J£ï¹©L ¨Áè¸ïÖ «±ÉèÃµÀuÉAiÀÄ£ÀÄß §¼À¹ zÀÈrüÃPÀj¸À¯ÁVzÉ. ©JªÀiïJ£ï¦« 
£ÀAeÁtÄ «gÉÆÃ¢ü ¥ÉÆæÃnÃ£ï ªÀA±ÀzsÁvÀÄUÀ¼À C£ÀÄPÀæªÀÄ UÀÄgÀÄvÀÄUÀ¼À°è£À ªÀåvÁå¸ÀªÀ£ÀÄß w½zÀÄPÉÆ¼Àî®Ä 
¥ÀæwgÉÆÃzsÀPÀ vÀ½AiÀiÁzÀ ¥ÀÆågï ªÉÄÊ¸ÀÆgÀÄ, ¸ÉÆÃAQUÉ M¼ÀUÁUÀÄªÀ vÀ½AiÀiÁzÀ ¹J¸ïDgï2 ªÀÄvÀÄÛ ºÉÊ©æqï 
PÉÆÃ¯Ágï UÉÆÃ¯ïØUÀ½AzÀ ªÀA±ÀzsÁvÀÄUÀ¼À£ÀÄß ¥ÀævÉåÃQ¹ «±ÉèÃ¶¸À¯ÁVzÉ. F C£ÀÄªÀA²PÀ zsÁvÀÄUÀ¼À C£ÀÄPÀæªÀÄ 
eÉÆÃqÀuÉAiÀÄ £ÀÆåQèAiÉÆÃmÉÊqïìUÀ¼À C£ÀÄPÀæªÀÄzÀ°è °¥É¸ï C£ÀÄªÀA²PÀ zsÁvÀÄUÀ¼ÀÄ ±ÉÃPÀqÀ 0.33 jAzÀ 1.33 
ªÀÄvÀÄÛ ¹gÉÊ£ï ¥ÉÆæÃnAiÉÄ¸ï C£ÀÄªÀA²PÀ zsÁvÀÄUÀ¼ÀÄ ±ÉÃPÀqÀ 1.29 jAzÀ 4.4 ªÀgÉUÉ ªÀåvÁå¸ÀªÀ£ÀÄß 
vÉÆÃj¹zÉ. 
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I  INTRODUCTION 

The silkworm Bombyx mori L. has been utilized for the production of silk. Silk is 

called as “queen of fabric” because of its luster, softness, color, biodegradability, 

elegance, biocompatibility, strength and flexible properties. Currently, silkworm is used 

as a powerful biological model system of lepidopteran insects. It is also a source of 

economic growth of our society as it generates employment for rural people. It has the 

unique ability to convert leaf protein into a silk protein. Globally silk production is 

estimated that 2, 02,072.83 MT in 2016 in which China and India contributed 1, 70,000 

MT (84.13 %) and 28,523 M.T. (14.11 %) respectively (ISC, 2016). 

The silkworm Bombyx mori is susceptible to various diseases caused by protozoa, 

virus, bacterial and fungal pathogens. Among these, viral diseases causing drastic loss in 

the cocoon yield there by reducing the income of silkworm growing farmers. Nuclear 

Polyhedrosis viral disease in silkworm is caused by Bombyx mori Nuclear Polyhedrosis 

Virus (BmNPV), generally known as Grasserie, Jaundice, milky disease and hanging 

disease are synonyms for Nuclear Polyhedrosis (Lakshmi et al., 2014). Grasserie disease 

accounts for more than 15 % loss in yield and 25-58 % in total disease incidence (Sharma 

et al., 2014). BmNPV is a member of the Baculoviridae family, which has a circular 

double-stranded DNA genome (Gomi et al., 1999). Palhan and Gopinathan (1996) 

reported that genome size of the BmNPV was 132kb. The nuclear polyhedrosis virus 

(NPV) infects various tissues, and multiplies in the nucleus forming inclusion bodies 

called polyhedra, which occlude virus particles (Jiang et al., 2012). 

RFLP has been used extensively to study polymorphism of NPVs. Information on 

AFLP analysis of NPVs is very limited, however it has been used to study diversity of 

fungi and bacteria. The NPVs are highly polymorphic (Herniou et al., 2003). It is 

therefore interesting to study the diversity of BmNPV to develop an effective 

immunodiagnostic kit and also to study its evolution and phylogeny. With recent 

advances in DNA analysis technology, NPV genomes have been analyzed and their 

relationships to each other have been investigated using techniques like RFLP to 

distinguish and characterize closely related genotypic variants. 
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Silkworm diseases are and will continue to be a major challenge to tackle even 

with improved breeds and scientific rearing technology. A quest for alternative strategies 

is therefore imperative breeding resistant strain by traditional or transgenic method is an 

approach to silkworm disease control. Disinfection of rearing house, its surrounding and 

appliances with any recommended disinfectants, collection of diseased larvae carefully 

before rupturing of the skin and disposing properly are methods of managing diseases 

Traditional breeding methods have limitations such as enhancing pathogen resistance at 

the expense of the quality of economically important characteristics (Jiang et al., 2012). 

Limitations of traditional breeding methods might be avoided by transgenic technology 

like over expression and RNAi which are two established gene regulation strategies. The 

problem remains to be solved which include further enhancing the traits against BmNPV 

and determining if a single major silkworm gene is responsible for resistance to BmNPV 

(Jiang and Xia, 2014). 

The genetic analysis studies have been carried out for screening the resistant and 

susceptible strains of silkworm against viral infections. The various antiviral genes 

encoding proteins are expressed against viruses during the infection, some of which are 

serine proteases, lipases, red fluorescent proteins (RFP), gloverrin 4, gloverin 3, lebocin, 

serpin 5, arylphorin, promoting protein, cathespin B and actin 3 etc. (Bao et al., 2009). 

Ponnuvel et al. (2003) investigated that, Bmlipase-1 has strong antiviral activity against 

BmNPV, which is highly expressed in the anterior and middle portions of the silkworm 

midgut and BmSP-2, a hormonally regulated 24 kDa protein, also has antiviral effects 

against BmNPV. BmSP-2 is expressed in the entire midgut of silkworm larvae (Nakazawa 

et al., 2004). Studies on resistant and susceptible breeds of silkworm were shown an 

increase of antiviral activity in resistant breeds. 

Hence the present study was undertaken to understand the diversity of BmNPV 

isolates and to screen few breeds of silkworm for its resistance against BmNPV and 

characterization of antiviral protein genes Bm Lipase and Bm serine protease from the 

silkworm breeds. In this regard, the following objectives were designed to achieve the 

goal of developing molecular strategies for managing BmNPV infection of the silkworm 

Bombyx mori L.  
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Objectives 

1. Collection of Bombyx mori nuclear Polyhedrosis virus isolates from different 

locations of Karnataka and molecular characterization of isolates using restriction 

endonucleases (REN). 

2. Cloning and characterization of the antiviral encoding genes serine protease and 

lipase gene. 

3. Screening of a few breeds of the silkworm Bombyx mori L for resistance to 

Bombyx mori nuclear polyhedrosis virus and sequence comparison of serine 

protease and lipase genes from these breeds. 
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II  REVIEW OF LITERATURE 

Mulberry silkworm is a commercially grown cocoon crop which is susceptible to 

various diseases caused by virus, fungi and protozoa. Among these, viral infections are 

major causes of concern about crop failure. The present work is designed to explore the 

diversity studies of NPV collected from different cocoon growing areas of Karnataka and 

also the antiviral mechanism exhibited by the silkworms. A detailed review of literature 

as an overview pertaining to the  silk worm Bombyx mori L., the BmNPV affecting it, the 

use of molecular markers in understanding NPV diversity, antiviral mechanisms against 

BmNPV along with the  role of antiviral proteins gene lipase and serine protease are 

elaborated in this chapter. 

2.1 Importance of Sericulture and Silk Production 

Sericulture has been one of the main branches of agriculture in Asiatic countries 

and maintenance of silkworm races in scientific manner is called Sericulture (Watanabe, 

2002). The domesticated silkworm, Bombyx mori has been reared by humans from the 

past thousands of years and used as a model insect system in studies of physiology, 

genetics, molecular biology and biotechnology of the lepidopterans. It is an economically 

important insect and has been exploited as a silk producer for over 5000 years. Nearly 

about 90% of silk fabric manufactured in the world is of mulberry silkworm cocoon. 

Demand on silk raw material in the world is increasing annually, and therefore 

sericulture, as such is faced with a task to elevate productivity of mulberry silkworm 

breeds and hybrids (Baramidze et al., 2016.). 

Silk, popularly known in the textile industry for its luster and mechanical 

properties, is produced by cultured silkworms. Silks are produced by members of the 

class Arachnida (over 30,000 species of spiders) and by several worms of the order 

Lepidoptera, which includes mites, butterflies and moths. Silks are fibrous proteins 

synthesized in specialized epithelial cells that line glands in these organisms.  The silk of 

the mulberry silkworm B.mori is made up of fibroin fibers which are about 10–25 mm in 

diameter and consist of two proteins: a light chain (26 kDa) and heavy chain (390 kDa) 
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which are present in a 1:1 ratio and linked by a single disulfide bond (Veparia and 

Kaplan, 2007). 

The silk fiber protein is synthesized by silk gland cells and stored in the lumen of 

the silk glands, subsequently it is converted into silk fibers. When the silkworms secrete 

the liquid silk during spinning, it passes through the anterior gland and is expelled out 

through the spinneret opening. Quantity and nature of sericin are fundamental 

characteristics in conferring distinctive traits of the cocoon (Mondal et al., 2007). 

2.2 Present Status of Silk Industry 

Presently, natural silk is produced in 60 countries all over the world. It is 

practiced in tropical and sub-tropical countries due to its beneficial aspects. The present 

leading silk producing countries of the world are China, India, the Republic of Korea and 

a few states of Russia. In the past, production of silk was confined to China alone but 

gradually it spread to other parts of the world including India. Silk production was 

practiced from the prehistoric time in India and mulberry silk production has remained a 

major domestic industry. China and India contributed 1, 70,000 M.T. (84.13 %) and 

28,523 M.T. (14.11 %) respectively of the global silk production 2,02,072.83 M.T. (ISC, 

2016) amongst 60 sericulture countries in the world.  

In India, the modern silk industry has grown to meet the domestic rather than 

export requirements and this is a fact of great importance for the industry. Presently in 

India, the industry provides employment opportunities to approximately 8.1 million 

people (ISC, 2016) and plays a key role in the upliftment of rural economy besides 

earning considerable foreign exchange.  

India produces mainly four types of silk namely mulberry, tasar, eri and muga. 

Mulberry sericulture is mainly confined to the provinces Karnataka, Andhra Pradesh, 

Tamil Nadu, Jammu and Kashmir and West Bengal. Tasar silk is reared in Bihar, 

Madhya Pradesh, Maharashtra, Orissa, Andhra Pradesh and West Bengal. Golden Silk or 

Muga is produced in the states of Assam and other North Eastern States and the eri silk 

production is confined to northern Bihar and some regions of the north eastern 
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Himalayan regions. However, India holds the monopoly of muga production and 

marketing in the world.  

India is a mega biodiversity country by virtue of having both tropical and 

temperate climatic conditions needed for sericulture. The mulberry silkworm Bombyx 

mori has been domesticated since more than 400 years, its adaptability to environmental 

conditions is different from that of wild insects and the rearing techniques differ to suit 

the requirements under different ecological conditions. In Karnataka, sericulture is 

practiced as multiple crop of 4-6 per year whereas in Jammu and Kashmir sericulture is 

practiced as a mono crop with single crop harvest per year (Deb, 2013). 

India, with a total geographical area of 3.8 million square miles, 2.09 lakh hectare 

of land was reported to be under mulberry cultivation during the year 2015-16. It 

produces 1,51,787 MT of cocoon, and 20,478 MT of raw silk and total foreign exchange 

earnings from silk production was Rs. 2,495.99 Crores in the year 2015-16 (CSB, 2016). 

In the last two decades, mulberry acreage, cocoon and raw silk production has been 

remarkably increased by 223 %, 289 % and 556 % respectively (Deb, 2013).  

2.3 Diseases of silkworm Bombyx mori 

The outbreak of diseases in sericulture has hampered progress and inflicted heavy 

losses and hence the silk industry often faces a serious setbacks. The common major 

diseases of silkworm are caused by various pathogens viz., protozoan, viral, fungal and 

bacteria.  In India, before the introduction of new techniques of silkworm rearing, one out 

of every three or more crops suffered due to one disease or other. However, with the 

advent of improved rearing technology, package of practices of mulberry cultivation and 

proper disease and pest management techniques, the cocoon production has increased in 

recent years inspite of this, the cocoon crop losses due to diseases in India accounts for 

more than 15 % loss in yield and 25-58 % in total disease incidence (Sharma et al., 

2014). The most common source of pathogen for infection and stress over the disease 

during the rearing are the contaminated rearing trays and sheet papers (Ishikawa, 1958). 

Most of the damage to sericulture can be attributed directly to silkworm diseases, rather 

than to unfavorable weather conditions that lead to a poor harvest of mulberry leaves. 
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Therefore, prevention of silkworm diseases and breeding of silkworm varieties with high 

productivity are important problems in the commercial aspects of sericulture.  

2.3.2 Grasserie disease in Bombyx mori 

Among the silkworm diseases, which causes economic damages, viral diseases of 

silkworms are the most important. The viral disease of silkworm possesses a great threat 

to the silk industry that causes approximately 70 % loss of the crop every year. The viral 

diseases of the silkworm includes  grasserie disease caused by nuclear polyhedrosis virus 

(NPV), cytoplasmic polyhedrosis virus (CPV), infectious flacherie caused by infectious 

flacherie virus (IFV), and densonucleosis caused by densonucleosis virus (Watanabe, 

2002), kempu sappe or kenchu caused by kenchu virus (KV) a bidensovirus viral diseases 

of silkworm are of two types, inclusion and non-inclusion type.  

The inclusion virus disease forms typical inclusion bodies which are nuclear 

polyhedrosis and cytoplasmic polyhedrosis that can be identified by ocular microscope. 

The non-inclusion type consists of infections like flacherie and densonucleosis that can 

be detected only by electron microscope (Vago and Atger, 1951). Grasserie disease in 

silkworm is caused by nuclear polyhedrosis and it is commonly known to the farmers by 

different vernacular/colloquial terms like, „rasa‟ in West Bengal, „halu hula’ in 

Karnataka, „polapurugu‟ in Andhra Pradesh and „palpoochhi‟ in Tamil Nadu. The virus 

usually affects the late fourth instar larvae, but the damage may be initiated in the late 

third instar also. The infected larvae appear absolutely normal and feed as usual till they 

are close to death. About six or seven days after the infection the inter-segmental 

membranes are swollen and the worms appear to be under stress and exhibit restless 

behaviour. At this stage, various tissues like integument, fat bodies, alimentary systems, 

silk glands, pericardial cells are affected and the most important thing to observe is that 

the haemolymph turns turbid and milky due to multiplication of polyhedral bodies in 

multiple numbers (Chisti and Schaf, 1990). The integument loses its elasticity and 

become fragile and gets ruptured easily releasing the milky haemolymph. The onset of 

death from the time of swelling of intersegments is relatively rapid, usually ranging from 

a few hours to less than a day. The dead worms become soft and flabby. The nuclear 
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polyhedrosis virus multiplies in the nucleus of the infected cells of various tissues and 

gets crystallized on maturation into proteinaceous material forming polyhedra 

(Kobayashi et al., 1981). 

2.3.3 Symptomatology of BmNPV disease 

Diagnosis is one of the most important and one of the most complex branches of 

the study of disease incidence. It is fundamental to insect pathology, both basic and 

applied. The importance of diagnosis in insect pathology lies in the fact that one must 

know the nature of the disease and what ails or has killed an insect before the disease can 

be properly studied, controlled or suppressed. 

The external symptoms of the BmNPV disease of silkworm in the fourth and fifth 

instar larva, which are visible about a week after infection, includes the following  

(Fig. 1).  

 Swelling of inter segmental areas 

 Shining and yellowish body 

 Hyperactivity 

 Crawling around trays and hanging 

 Rupturing of the skin 

 White ooze filled with polyhedra 

 Crawling around the periphery of the rearing tray 

 Death of worms 

 Rotting and secondary infections 

 Nuclei of cells of various tissue contain polyhedral bodies 

Epidermal cells and cells of all infected tissue become abnormal, If infection 

occurs in the early instars, the worms fail to spin the cocoons and die, whereas if the 

infection occurs at later stages, the worms could spin the cocoons but subsequently die 

inside producing melted cocoons, and the affected cocoons become unfit for reeling 

(Chitra et al., 1975; Gowda and Ramaiah 1976; Peter et al., 1999).  
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2.3.4 BmNPV Disease Management 

Several prophylactic management practices for Grasserie disease of silkworm 

have been evolved. Use of disinfectants like formalin and sodium hypochlorite, formalin, 

phenolic compounds, asiphor and bleaching powder, and sanitech are well documented 

for management of BmNPV disease of silkworm. 

Similarly, several bed disinfectants like Pafzol, Resham Keet Oushad (RKO) 

[captan- paraformaldehyde-benzoic acid and lime (1:1:2:96)] were found to be effective 

in reducing grasserie disease (Samson et al, 1998). Singh et al., (1999) reported that, 

alternate application of RKO and formalin chaff in sequence was more effective in 

prevention of BmNPV under normal conditions. Vijeta is also being used as an effective 

disinfectant. Chemicals like bleaching powder, sodium hypochlorite, calcium hydroxide, 

trisodium monophosphate and oxidizing agents were used to suppress the occluded virus 

as they posed health hazards like dermal irritation, nausea and lachrymation. Some of the 

alkylating agents like formaldehyde were reported to be carcinogenic (Nataraju et al., 

2001). Chlorinating agents like bleaching powder is corrosive in nature and is unstable 

during storage. All these factors have necessitated identification of newer chemical 

disinfectants, and alternative strategies like Breeding of resistive silk worm breeds, 

enhancing of antiviral activity against NPV using transgenic approach are new arena for 

the management of the disease. 

2.4.1 Bombyx mori nuclear polyhedrosis virus 

Morphology of NPVs, either single or multiple envelopes do not appear to be 

crucial in taxonomy.  For example, Bombyx mori SnNPV (BmSnNPV) and Autographa 

californica MnNPV (AcMnNPV) are far more closely related to each other than they are 

to most other NPVs whether they are SnNPVs or MnNPVs (Hunter et al., 1998). The 

virus particle is composed of a protein shell that surrounds the nucleic acid. Within the 

capsid, the DNA is condensed into a nucleoprotein structure known as the core. The 

capsid plus the core are collectively referred to as the nucleocapsid. 
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Fig. 1: Symptoms exhibited by silkworm from Grasserie disease caused by BmNPV 

 

A) Rupturing of the skin, shining and yellowish body 

B) White ooze filled with polyhedra, swelling of inter segmental areas 

C) Crawling around trays and hanging 

D) Rotting and death of worms 
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Nucleocapsids contain a single molecule of circular super coiled double stranded 

DNA. The length of baculoviral DNA is between 80 and 200 kb. Nucleocapsids are made 

in the nucleus of infected cells and are subsequently enveloped by one of two processes. 

Nucleocapsid can bud through the plasma membrane of the infected cell, such budded 

virus particles are released into the extracellular fluid with a loosely fitting membrane 

envelope. Nucleocapsids may also acquire an envelope within the nucleus where they are 

produced. The envelope of virions embedded in 13 occlusion bodies (OBs) fits closely 

around the nucleocapsids, and additional nuclear material may be compressed between 

the membrane and the nucleocapsids during the occlusion process (Sugimori et al., 

1990). Viral occlusion bodies are formed in the nucleus and comprise enveloped 

nucleocapsids embedded in a crystalline protein matrix. Polyhedral occlusion bodies of 

NPVs are known as polyhedra occlusion viruses or polyhedral inclusion bodies. 

A characteristic feature of BmNPV infection is the production of crystalline 

proteinaceous structures called occlusion bodies or polyhedra, in which several virions 

are embedded and thus protected from UV rays, desiccations, proteases and nucleases 

(Horton and Burand, 1993). Bombyx mori nuclear polyhedrosis virus (BmNPV) infects 

the mulberry silkworm Bombyx mori and is of major economic concern to sericulture. 

This virus has also been exploited as a baculovirus expression vector and is next only to 

the most widely exploited Autographa californica multinucleocapsid nuclear 

polyhedrosis virus (AcMNPV) in popularity (Acharya et al., 2002). It is a rod-shaped 

enveloped virion which contains a circular double-stranded DNA genome of 128.41 kb in 

size encoding 143 predicted open reading frames (ORFs) (Sehrawat et al., 2002). 

The nuclear polyhedrosis virus classified under the genus Nucleopolyhedrovirus, 

family Baculoviridae. The family Baculoviridae is classified by the basic characters as an 

enveloped, rod-shaped virion (approximately 50 × 250 micron) containing a circular 

double-stranded DNA genome ranging from 50 to 100 million daltons (Deb, 2013).  

Baculoviridae comprises only two genera, nuclear polyhedrosis virus (NPVs) and 

granulosis virus (GVs). Baculovirus have only been found in over 600 species of 
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arthropod hosts. The majority of baculovirus hosts are within the order Lepidoptera 

(Hong et al., 2000). 

BmNPV is a species affecting only the silkworm Bombyx mori. The virus particles 

require two phenotypically different but genetically identical virions (Fig. 2) to complete 

their life cycles, both forms have different role during pathogenesis (Engelhard and 

Volkman, 1995; Nakazawa et al., 2004). The virus particles are embedded in 

proteinaceous occlusions which are released into the larval midgut by the combined 

action of alkaline gut pH and proteases. Infection begins when the envelops of occlusion 

derived virus (ODV) fuse with the microvillar membrane of mature or differentiating 

columnar cells (Yao et al, 2006). Occluded viruses (OV) are present on plant surfaces 

(Miller, 1988; Maeda and Majima, 1990). They are involved in the horizontal 

transmission of virus. These are covered by a polyhedrin coat protein that helps to protect 

the embedded virions from inactivation during the interval of transmission between hosts. 

It helps in effective release of virions at primary site of infection in the midgut (Blissard 

and Rohrmann, 1990). Infected midgut cells produce virions primarily as single 

nucleocapsids through the basal plasma membrane. This budded virus (BV) thereby gains 

an envelope studded with GP-64, a viral encoded glycoprotein which is important for the 

infection of neighboring host cells and tissues (Monsma etal., 1996). Cells of the insect 

tracheal system are the important targets of BV, and their infection is critical for the rapid 

spread of the virus because they provide access to larval tissues surrounded by basal 

laminar barriers (Yao et al, 2006). By the end of the infection cycle, the body of the 

lepidopteron larvae is liquefied and transformed into millions of new occlusion bodies 

that spread into the surrounding environment.  

Some tissues, however, escape infection. BmNPV does not infect the silk gland 

cells of B. mori L., which constitute a major component of the larval body. The BVs enter 

the cell through receptor-mediated endocytosis. Following penetration of the plasma 

membrane, the nucleocapsid moves towards the cell nucleus by a process that requires 

actin micro- filaments. At the nucleus, the viral nucleocapsid is uncoated and the DNA 

gets released. The nucleus becomes enlarged and a distinct electron dense granular 

structure, called virogenic stroma is formed. This structure gets associated with nuclear 
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Fig. 2: Structure of BmNPV virus representing two types of virions. 
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matrix and forms the site of nucleocapsid assembly. Viral transcription and replication 

take place in this region (Sriram, et al., 1997, Sehgal and Gopinathan, 1998). 

During baculovirus infection, more than hundred viral genes are expressed in a 

cascade that can be divided into four phases, viz., immediate early, delayed early, late 

and very late (Krappa et al., 1992). Immediate early genes are required for infection, 

delayed early for replication of the virus and manipulation of the host, late genes for 

nucleocapsid synthesis and very late for polyhedrin synthesis (Lu et al., 1998). 

Expression of immediate early viral genes is driven by host cellular factors, while 

delayed-early genes are transcribed in the presence of cellular factors (Krappa and 

Mordorf, 1991). 

2.4.2 Structure of polyhedra 

The polyhedra of insect NPVs are generally dodecahedral, tetrahedral, cubical or 

irregular in shape whereas the polyhedra of BmNPV are dodecahedral in shape. Mutants 

with irregular polyhedral inclusion bodies (PIBs) have also been reported. Variants with 

defects in the de-novo synthesis of envelope and formation of polyhedra devoid of virions 

and variants with no PIBs producing normal progeny are also found (Noguchi, 1991). 

Two polyhedron deficient mutants number 126 and 136 produced small-uncrystallized 

particles of polyhedrin in the nuclei, number 211 produced large number of variable sized 

polyhedra, number 220 produced large cuboidal polyhedra, and mutant number 24 did 

not produce polyhedrin as reported in a review (Peter et al., 1999). 

The polyhedra are roughly spherical and usually hexagonal in shape, measuring 

164-211m. In a study Palhan and Gopinathan. (1996), found that Bangalore isolate of 

BmNPV (BmNPV-BGL) measures 2m in length and 0.5 m in width whereas 

Hayakawa et al. (2000), have reported a size of  5-15µm.  

The polyhedral proteins of B. mori L. and Galleria mellonella NPV obtained by 

dissolving inclusion bodies in acetic acid showed only one main component with 

molecular weight of about 29 kd. In A. californica only one polypeptide with a molecular 
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weight of 28-29 kd protein was observed in SDS-PAGE irrespective of the origin and the 

procedure applied (Maskos and Miltenburger, 1981).  

2.4.3 BmNPV genome 

Palhan and Gopinathan. (1996), reported a size of 132kb for the genome of 

BmNPV. The T3 strain of the BmNPV is 130kb nucleotides long, with a G+C content of 

40% and 143 open reading frames (ORFs). The baculovirus was originally described 

when silkworm cultures were threatened by a disease indicated as jaundice (Yang and 

Zhang, 2012), and the isolation and chemical composition of the virus resulted in the new 

era of the baculovirus research. Baculoviruses contains large double-stranded circular 

DNA genomes of 80-180 kbp. The Baculoviridae family can be divided into four genera 

according to common biological and structural characteristics: Alphabaculovirus, which 

includes lepidopteran specific baculoviruses and is subdivided into Group I or Group II 

based on the type of fusogenic protein, Betabaculovirus, comprising lepidopteran-

specific granuloviruses, Gammabaculovirus, which includes hymenopteran-specific 

baculoviruses, and Deltabaculovirus, which, to date, comprises only CuniNPV (Miele et 

al., 2011).  

There are currently 54 complete baculovirus genomes deposited in GenBank 

(Yang and Zhang, 2012) reported. These include 37 Alphabaculoviruses, 13 

Betabaculoviruses, 3 Gammabaculoviruses, and 1 Deltabaculovirus. Despite the 

diversity in gene content present in different baculovirus genomes, there are now 31 core 

genes conserved in all sequenced baculovirus genomes, the function of these genes can 

be divided into replication, transcription, packaging and assembly, cell cycle arrest, and 

oral infectivity. Most of the data comes from the AcMNPV, as it is the model type for 

baculovirus and has been extensively studied. Four core genes have been identified as 

essential players in viral DNA replication those are DNApol, Helicase, Lef-1 and Lef-2. 

Nearly half of the core genes are involved in the packaging (Table 1) and assembly of 

BmNPV (Yang and Zhang, 2012).  

Xue et al., (2012) reported that BmNPV (T3 strain) genome has a size of 12, 843 

bp with a G+C content of 40 % and encoding 142 predicated open reading frames (136 of 
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the ORFs encoding predicted proteins of over 60 amino acids). BmNPV strain (S1) 

isolated from the wild silkworm (Bombyx mandarina) was also sequenced. The complete 

nucleotide sequence of the S1 strain was compared with the T3 strain. The S1 strain was 

126,770 nucleotides long, with a G+C content of 40.23 %. The genome contained 133 

potential ORFs encoding predicted proteins of over 60 amino acids. The BmNPV genome 

was closely related to that of AcMNPV, sharing over 90 % similarity to about three- 

quarters of the genome of AcMNPV and the relatedness of predicted amino acid 

sequences of corresponding ORFs between BmNPV and AcMNPV was about 90 % 

identical. 

The first NPV genome to be sequenced was that of AcNPV. Presently 12 NPVs 

have been sequenced viz., A. californica NPV (AcMNPV), B. mori L.  NPV (BmNPV), 

Epiphyas postvittana NPV (EppoNPV), Orygyia pseudotsugata NPV (OpMNPV), 

Helicoverpa armigera NPV (HaSNPV), Heliothus zea NPV (HzSNPV), Spodoptera 

litura NPV (SpliNPV), S. exigua NPV (SeNPV), Lymantria dispar NPV (LdNPV), Cydia 

pomonella NPV (CpNPV), Plutella xylostella NPV (PnNPV), Xestiac-nigrum NPV 

(XcNPV) and Culex nigripalpus NPV (CuniNPV). These NPVs have common 30 

identified genes. A putative function can be assigned to 20 of these identified genes. They 

include genes that act at various stages of the baculovirus infection cycle and can be 

grouped into five functional categories: RNA transcription, DNA replication, structural 

proteins, auxillary proteins and proteins of unknown function (Herniou et al., 2003). 

2.5 Baculovirus phylogeny and evolution: 

Grouping of baculoviruses based on comparison of individual gene sequences like 

the polyhedrin / granulin gene (pol h) and other genes such as DNA polymerase (dpo I), 

egt, gp 41, chitinase, cathepsin, lef 2 and gp 37 have led to conflicting conclusions as a 

result entire genomes can be used to reconstruct baculovirus phylogenetics (Herniou et 

al., 2003). 

There are two potential approaches in grouping these viruses: i) to analyze each 

gene separately and to derive a consensus from the resulting phylogenies or ii) to 

concatenate the genes and analyze them together. In principle, the second approach gives 
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Table 1:  Functions of core genes of BmNPV and their position 

Name 
ORF No. in 

BmNPV 
Localization Function 

Lef-1  6  nucleosome  DNA primase 

DNApol  53  nucleosome  DNA polymerase 

Helicase  78   nucleosome  DNA helicase 

Lef-2  135  cell nuclei  
Bind to both DNA and LEF- 1; 

activate late transcription 

P47  31  nuclei  RNA polymerase subunit 

Lef-8  39  Nuclei  RNA polymerase subunit 

Lef-9  50  cell nuclei  RNA polymerase subunit 

Lef-4  73  cell nuclei RNA polymerase subunit 

Lef-5  83  cell nuclei  initiation factor 

VP1054  43  nucleosome  
structural protein; nucleo- capsid 

assembly 

Vlf-1  63  nucleosome  
lambda integrase; nucleo- capsid 

assembly 

GP41  66  tegument  ODV protein; BV production 

ODV -NC42  56  capsid  
ODV protein; Assemble 

nucleocapsid into ODV 

VP91/P95  69  envelope  Capsid-associated protein 

VP39  72  capsid  major capsid protein 

P33  75  nonstructural  
sulfhydryloxidase; BV/ODV 

associated protein 

38K  82  nucleosome  Nucleocapsid assembly 

P6.9  84  capsid  DNA binding 

ODV-EC43  92  capsid  BV/ODV Protein 

Alk-exo  110  nucleosome  5‟-3‟exonulcease 

P49  118  capsid  Nucleocapsid assembly 

ODV-E18  119  envelope  BV/ODV Protein; BV production 

desmoplakin  54   BV production 

ODV-EC27  120  tegument ODV associated protein; cyclin 

Pif-2  13  envelope  mediate binding in midgut 

OEV-E28/19K/Pif4  79  envelope  primary oral infection 

Pif-3  95  envelope  
form a complex with PIF-1 and 

PIF-2 

Pif-1  97  envelope  mediate binding in midgut 

Pif-0/P74  115  envelope  mediate binding in midgut 

Pif5/ODV-E56  124  envelope  primary oral infection 

(Yang and Zhang, 2012) 
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better results because each gene contributes to the overall phylogenetic signal and a 

synergistic effect is produced by combination of all the signals (Herniou et al., 2003). 

2.5.1 Diversity studies of nuclear polyhedrosis viruses (NPVs) using molecular 

markers 

Genotypic variation in baculovirus populations Heliothis armigera MNPV, H. 

armigera SNPV, H. zea SNPV, Spodoptera litura and S. frugipeda has been detected at 

several ecological scales, from between geographical regions (Gettig and McCarthy, 

1982) to within virus isolates (Maeda and Majima, 1990). Differences in pathogenicity 

have also been demonstrated between geographical isolates and within single agricultural 

fields (Summers and Smith, 1978; Cooper et al., 2003) and between genotypes derived 

from the same isolate by in vitro techniques (Stiles and Himmerich, 1998). Very recently 

baculovirus genotypes derived from a single isolate, have been studied using in vitro 

techniques and have been compared. Despite this, the evolutionary and ecological 

processes leading to the existence and persistence of genotypic variation in baculovirus 

populations have received little attention (Cory et al., 1997). This level of variation has 

led scientists to understand the influence of various ecological and other factors 

underlying this polymorphism between strains using various molecular tools.          

Several molecular markers are available to study the genetic diversity of 

organisms. These include Restriction Fragment Length Polymorphism (RFLP), Random 

Amplified Polymorphic DNA (RAPD), Simple Sequence Repeats (SSRs), Sequence 

Tagged Sites (STS), Single Nucleotide Polymorphism (SNP), Amplified Fragment 

Length Polymorphism (AFLP) and many other markers. RFLP has been used extensively 

to study polymorphism of NPVs. Information on AFLP analysis of NPVs is very limited, 

however it has been used to study diversity of fungi and bacteria. 

2.5.2 Restriction Endonucleases Analysis (REN) of NPVs 

2.5.2.1 Insect NPVs 

A restriction endonucleases analysis of three NPVs, viz., AcNPV, OpNPV and 

HzNPV using EcoRI, SalI, BamHI, HindIII, HaeIII, HhaI and PstI revealed characteristic 
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patterns, which could probably be used in their identification. These NPVs have been 

used as biopesticide formulations and can recombine with each other, affecting the 

quality of the pesticides as there is a lot of specificity between the NPV strains and the 

host they infect (Miller and Dawes, 1978). 

Variation has been reported in the survival time among isolates of Heliothis 

NPVs. Variation among NPVs also has been documented in terms of virulence and host 

range (Bilimoria, 1983). Sub molar fragments have been detected in restriction digests of 

a wild isolate of AcNPV resulting in the isolation of several variants of the particular 

isolate (Summers and Smith, 1978; Lee and Miller, 1978). The genomes of MNPV from 

A. californica, Tricoplusia ni, Rachiplusia ou and Gallaria mellonella have similar 

restriction fragmentation profiles (Smith and Summers, 1979; 1980). 

Cooper et al., (2003) have studied the hierarchial spatial structure of genetically 

variable NPVs infecting cyclic population of western tent caterpillars Malacosoma 

californicum pluviale NPV (McplNPV) over a period of three years (1998-2000). The 

sampling was done in southwestern British Columbia and western Cypress. The extent of 

genotypic variation was examined using Hind III, the study showed that considerable 

genetic variation was present within the McplNPV wild type populations and that this 

variation is structured at different spatial scales: this was the first study to analyze 

baculovirus populations in the field in such detail. Fourteen dominant genetic variants 

were identified in 48 McplNPV isolates from individual host larvae examined across 3 

years of declining and low density host populations. 

Kumar et al., (2015), analyzed polyphagous insect pest Spilarctia obliqua in 

which they observed an epizootic caused by a Nucleopolyhedrovirus (NPV) in field 

populations of the insects. The NPV was purified and characterized. The isolated NPV 

was tetrahedral in shape and belonged to multicapsid NPV. Using REN profile of the 

SpoNPV genome with Pst I, Xho I and Hind III enzymes they showed a genome size of 

99.1 ± 3.9 kbp of SpoNPV. 



Molecular Characterization of BmNPV and Cloning of BmNPV ..... Serine Protease and Lipase 18 

Avile et al., (2017), studied the four multiple nucleocapsid nucleopolyhedrovirus 

isolates recovered from infected larvae of beet armyworm Spodoptera exigua on crops in 

two different geographical regions of Mexico. Molecular characterization was compared 

with characterized S. exigua multiple nucleopolyhedrovirus (SeMNPV), isolates from the 

United States (SeUS1 and SeUS2) and Spain (SeSP2). Digestion with Bgl II resulted in a 

characteristic DNA profile for the Mexican isolates (SeSIN6, SeSIN8, SeSLP6, and 

SeSLP8), as indicated by the presence of the marker fragment (2.5 kb, absent in the 

corresponding profile of the reference isolates SeSP2 and SeUS2. Moreover, SeSP2-BglII 

isolate showed two Bgl II fragments of 1.5 and 2.4 kb that were absent in the Mexican 

isolates, whereas SeUS2-BglII presented a marker fragment of 9.5 kb that was absent in 

the Mexican isolates. When compared with the SeUS1 isolate the Mexican isolate Bgl II 

profiles presented a more similar pattern of bands, and a number of sub molar bands. 

Overall, Restriction endonuclease analysis of viral DNA confirmed that all Mexican 

isolates were contained a number of sub molar bands indicating that the isolates 

comprised genotypic variants in different proportions. 

2.4.2.2.1 Molecular marker analysis of BmNPVs 

2.4.2.2.1 REN analysis of BmNPVs 

Palhan and Gopinathan (1996) constructed a genetic map of the BmNPV (BGL), 

which was similar to BmNPV T3 isolate, but the EcoRI and Hind III digestions showed 

some polymorphic sites. This genetic map was then compared with the map of BmNPV 

(Dharwad isolate).  Restriction site polymorphism was observed between the two, 

especially for the Hind-III digest.  A single base pair substitution or deletion in the 

recognition sequence of the restriction enzyme can lead to these changes and are 

commonly encountered in large virus samples isolated from infected animals. 

Genetically distinct four isolates of BmNPVs, from a sericultural Korean farm 

BmNPV- K1, K2, K3 and K4 were purified and characterized by their DNA restriction 

pattern, virus replication, polyhedra production and gene structures. The EcoRI and Sal I 

fragments showed similar overall patterns with minor differences but distinguishable 

patterns in each isolate. The wild isolate is probably a mixture of four or more closely 



19 Natesh, J.,   M.Sc. (Agri.) 2017 

related genotypic mutants. There was no significant difference in the virus replication 

pattern, yield of total polyhedra production and polyhedra morphology, but the yield of 

released polyhedra by BmNPV- K1 in Bm5 cells was 2 to 5 times higher than that of 

other isolates (Hong et al., 2000). 

2.4.2.2 AFLP analysis 

Peter et al., (2016) characterized five BmNPV isolates by using Amplified 

fragment length polymorphism (AFLP). From four AFLP primer combinations a total of 

235 bands were scored and 202 (86%) were polymorphic with an average of 50 

polymorphic bands per primer combination was observed. Cluster analysis based on 

AFLP markers showed concordant relationships among the isolates in relation to 

geographical origin with high bootstrap values. The Survey of unique AFLP bands across 

five BmNPV isolates revealed correlation between number of unique bands noticed for 

each isolate and their existing genetic relationships. 

2.5.1 Insect immunity against pathogens 

Management of BmNPV by various methods such as usage of chemicals like 

alkylating agent like formaldehyde, Chlorinating agents, like bleaching powder is 

corrosive in nature and is unstable during storage (Nataraju et al., 2001).. All these 

factors have necessitated identification of newer chemical disinfectants, and alternative 

strategies like Breeding of resistive silk worm breeds, enhancing of antiviral activity 

against NPV using transgenic approach are new arena for the management of the disease. 

Insects are the earliest and most diverse taxon of animals accounting for more 

species than all other animals put together because of their high reproductive potential 

and varied niche. Though cellular reactions like phagocytosis, nodulation and 

encapsulation and humoral reaction through secretion of antibacterial proteins are known 

for fungus and bacterial invaders, little is known about insect defense against insect virus 

infection (Lavine and Strand, 2002).  

Insect immunity plays an important role in the interaction between the host and 

pathogen as a part of survival strategy including physical blockades such as cuticle and 
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peritrophic matrix, epithelial barriers, protease cascades leading to coagulation and 

melanization, cellular responses such as phagocytosis and encapsulation and also the 

production of certain antimicrobial peptides (Yao et al., 2006). The first step in any 

immune response is the recognition of an invading organism as foreign. Once such 

recognition has taken place, a protective response involving blood cells or soluble plasma 

proteins (Yu et al., 2002) may be triggered.  

Lepidopteron larvae resist baculovirus infection by selective apoptosis of infected 

cells from the midgut epithelial cells and by sloughing off infected cells from the midgut 

cells. Even then the virions can successfully enter the host body (Yao et al, 2006). The 

mechanism by which the insect resists viral infections include, recognition of infected 

cells and recruitment of immune cells to the infective foci or clearing of infected cells is 

poorly understood (Popham et al, 2004). Insects seemingly lack any adaptive immune 

responses that operate analogously to the well documented antibody or histocompatibility 

adaptive immune responses as in vertebrates (Hoffmann, 2003). 

Apoptosis or programmed cell death is one of the phenomena evolved by certain 

vertebrates and invertebrates lacking humoral immunity to function as antiviral defense 

mechanism (Narayan, 2004). This mechanism is a controlled biochemical pathway 

distinguishable from cell necrosis by characteristics that include cellular shrinkage, 

membrane blebbing, chromatin condensation, apoptotic body formation and 

fragmentation (Wyllie et al, 1980). 

2.5.2 Proteins involved in antiviral mechanisms of silkworm against BmNPV 

The primary/major route of infection is through the food, there must be some 

antiviral mechanism/substances existing in the gut juice of the caterpillar. The presence 

of such antiviral substances was isolated and identified from the haemolymph and 

intestinal fluids of silkworm by some of the earlier workers (Funakoshi and Aizawa, 

1989).  

Hayashiya and Nishida (1968; 1976) and Hayashiya and Matsubara (1971) 

reported the red fluorescent proteins (RFPs) could inactivate the BmNPV. RFP, is a 
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conjugated protein bearing a chromophore, its physiological activities revealed that it had 

antiviral effect against BmNPV and Galleria NPV. It was observed that silkworm larvae 

reared continuously in the dark are more susceptible to peroral infection with NPV than 

those reared continuously in environment with light. The increased susceptibility may be 

due to absence or lower production of RFP in the larvae reared in the dark. Although the 

exact mechanism of the antiviral action of RFP is still unknown, it is believed that it 

destroys the nucleocapsid of NPV or blocks the multiplication of NPV or agglutinates the 

virus and is excreted along with faeces (Yao et al., 2006).  

A number of studies have been conducted on insect resistance to NPV. Bombyx 

mori serine protease-2, lipase-1, and alkaline trypsin protein purified from the digestive 

juice of B.mori larvae showed strong antiviral activity to BmNPV in vitro (Ponnuvel et 

al., 2003; Nakazawa et al., 2004; Ponnuvel et al., 2012). Soluble B. mori NADPH 

oxidoreductase (BmNox) isolated from silkworm larval gut juice was also confirmed to 

have antiviral activity to BmNPV (Selot et al., 2007; Selot et al., 2010). Recently, 

techniques such as differential display, cDNA microarray assay, and two-dimensional gel 

electrophoresis (2-DE), have become routine to examine changes in gene expression. 

Using the fluorescent differential display (FDD) technique, Bmsop2 and Bms3a were 

identified to be related to BmNPV resistance in silkworm (Xu et al., 2005; Xu et al., 

2008). A gene encoding arginine kinase in B. mori has been identified differentially 

expressed in the midgut of B. mori resistant and susceptible strains to BmNPV by two-

dimensional gel electrophoresis (Kang et al., 2011). 

NPV infection alters cellular events such as the formation of actin cables 

(Roncarati and Knebel-Morsdorf, 1997) and the arrest of the host cell cycle at the G2/M 

transition phase (Axen et al., 1997). Furthermore, viral infection causes a global shutoff 

of host protein synthesis and transcription at 12–18 hrs after infection in the late phase of 

virus replication (Nobiron et al., 2003). However, this global shutoff mechanism is still 

unknown. In contrast, some particular genes were reported to escape the global shutoff. 

Quadt et al. (2002) reported that TATA binding protein dramatically increased during the 

late phase of infection. Genes encoding cytochrome oxidase I, III, ADP/ATP translocase, 

and the lepidopteran specific recognition protein, hemolin, are also believed to not be 
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affected by the global shutoff (Hirai et al., 2004). In addition, some genes such as heat 

shock protein (Hsp) 70 cognate (Hsc70) have been shown to be up-regulated in the early 

stage of NPV infection (Nobiron et al., 2003). Iwanaga et al. (2007) showed that the level 

of general mRNA content in infected-silkworm cells slightly increased 2–6 hours after 

BmNPV infection, suggesting some genes may be differentially regulated during the early 

phase of viral infection. Moreover, they identified 7 up-regulated and 4 down-regulated 

genes in the early phase of infection by subtractive hybridization and Northern blot 

analysis (Iwanaga et al., 2007). 

The genome-wide host gene expression profile in response to NPV infection has 

not yet been analyzed. Recently, a nearly complete genome sequence from Bombyx mori 

has been reported for the first lepidopteran insect which is available at 

http://kaikoblast.dna.affrc.go.jp/ and a silkworm cDNA database has also been generated 

(http://kaikocdna.dna.affrc.go.jp/). A 44K oligonucleotide microarray containing 34,631 

oligonucleotide probes derived from the silkworm expression sequence tag (EST) 

database was available to analyze the global expression profile of the silkworm. 

Therefore, genome-wide analysis and post-genome studies using the silkworm have a 

great advantage over other lepidopteran insects (Sagisaka et al., 2010). 

Silkworm strains are identified to be highly resistant to BmNPV. To explore the 

silkworm genes involved in this resistance, Lu et al. (2013) performed comparative real 

time PCR, ATPase assay, over-expression and sub-cellular localization experiments. It 

was found that when inoculated with BmNPV both the expression and activity of V-

ATPase were significantly up-regulated in the midgut columnar cells of BmNPV-resistant 

strains (NB and BC8), the main sites for the first step of BmNPV invasion, but not in 

those of a BmNPV-susceptible strains. Furthermore, this up-regulation mainly took place 

during the first 24 hours post inoculation (hpi), the essential period required for 

establishment of virus infection, and then was down-regulated to normal levels. Transient 

over expression of V-ATPase c subunit in BmNPV-infected silkworm cells could 

significantly inhibit BmNPV proliferation. By this it was demonstrated clearly that V-

ATPase is indeed involved in the defense response against BmNPV. V-ATPase functions 

http://kaikoblast.dna.affrc.go.jp/
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as fast acidification of endosomes and/or lysosomes to render them competent for 

degradation of invading viruses. 

26.5 kDa protein named BmNox in the gut fluid of Nistari strain of Bombyx mori 

was identified which possessed antiviral activity against BmNPV in-vitro. Selot and 

Kumar. (2010) reported that, the characterization of the full-length gene encoding 

BmNOX and the levels of expression of this gene in selected tissues of silkworm larvae 

from a BmNPV susceptible and a BmNPV resistant strain to the defense capability in 

Bombyx mori larvae challenged with BmNPV. Nistari, a multivoltine strain of silkworm, 

expressed BmNOX during all five larval stages, and were highly resistant to BmNPV 

infection. In sharp contrast, CSR2, a Bivoltine strain, showed weaker expression of 

BmNOX in the anterior midgut in larval life and was highly susceptible to BmNPV 

infection. BmNox over-expressed in the silkworm gut fluid of disease resistant 

multivoltine races rendered them NPV resistant (Selot et al., 2007). 

2.5.2.1 Bombyx mori lipase (Bmlipase) an antiviral protein 

Yao et al, (2006) reported that lipases are likely to contribute immune defenses, 

conceivably acting directly against invading microorganisms. Bmlipase-1, a lipase 

purified from the digestive juice of B. mori larvae proved to have a strong antiviral 

activity against BmNPV and showed 56% homology with Drosophila melanogaster 

lipase and 21% homology with human lipase. It has also been confirmed that the 

Bmlipase-1 gene is expressed only in the midgut tissue, but not in other tissues. When the 

fifth instar larvae of silkworm were orally inoculated with pre-treated BmNPV-ODV 

(ODV incubated with Bmlipase); the larvae showed resistance to viral infection and 

successfully entered the pupal stage, thereby indicating the suppression of viral 

proliferation by midgut Bmlipase1 (Ponnuvel et al., 2003).  

Bmlipase-1 gene regulation is unique as gene expression of this enzyme is not 

unregulated by viral infection but seems to be hormonally regulated, suggesting that the 

main role of the enzyme is food digestion. However, Bmlipase-1 is also involved in 

primary defense against viral infection to protect B. mori midgut epithelial cells from 
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ODV at the initial infection stage. The antiviral mechanisms of Bmlipase-1 which 

suppress BmNPV replication remain unclear (Jiang and Xia, 2014). 

It was reported that over expressing the Bmlipase-1 gene in silkworm reduced the 

mortality of the transgenic line by approximately 33% compared to the non-transgenic 

line when the virus dose was 106 OB/larva (Jiang et al, 2012). Cheng et al, (2014) 

reported that relative expression level of Bmlipase-1 in resistant strains increased 

significantly compared to the susceptible strain in the larval haemolymph and midgut. Du 

et al. (2012) identified four lipases directly involved in PBAN (Pheromone biosynthesis 

activating neuropeptide) stimulated sex pheromone biosynthesis in Bombyx mori using 

the DGE and RNAi approaches, but there is no evidence demonstrating the relevance 

between PBAN and viral resistance in insects (Cheng et al., 2014). Expression of 

Bmlipase-1 gene was found only in the midgut, but not in other tissues, nor is it activated 

by BmNPV infection. In addition, the Bmlipase-1 gene was shown not to be expressed in 

the molting and wandering stages, indicating that the gene is hormonally regulated 

(Cheng et al, 2014). 

2.5.2.2 Bombyx mori serine protease (BmSP) an antiviral protein 

Serine proteases are among the group of proteins that regulate several 

invertebrate defense responses including haemolymph coagulation, antimicrobial peptide 

synthesis and melanization of pathogen surfaces (Gorman and Paskewitz, 2001). 

Nakazawa et al. (2004), showed that the presence of serine protease in the digestive juice 

of silkworm larvae has strong antiviral activity against BmNPV. The molecular mass and 

partial N-terminal sequence was determined and cDNA showed 94% homology with B. 

mori serine protease. 

The serine protease had an isoelectric point of pH 10–11 and the pH optimum for 

degradation activity of sucinyl-Leu-Val-Tyr was about 10 (Kotani et al., 1999). The pH 

optimum of BmSP-2 was also determined to be about 11 showing this enzyme is a highly 

basic protease. A sequence comparison of BmSP-2 with other proteases indicated that 

BmSP-2 is a mammalian-type serine protease with a catalytic triad composed of His 45, 

Asp 92, and Ser 186. A large number of Arg may contribute to the stability and function 
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of BmSP-2 by remaining charged at a high pH as suggested by Kotani et al. (1999). 

Nakazawa et al. (2004) isolated and studied pure BmSP-2, it showed that a larva contains 

approximately 0.58 µg BmSP-2. The LD50 of ODV was determined to be 12.0 ng per 

larva. The LD50 was also confirmed by a mortality of 100% in B. mori larvae infected 

with 22.5 ng ODV. The examination of effect of BmSP-2 concentration on a fixed 

amount of ODV (860 ng per larva) showed that ODV treated with more than 3.89 µg of 

BmSP-2/larva cannot propagate at all. These data suggested that the physiological 

concentration of BmSP-2 cannot protect against infection with 22.5 ng of ODV, although 

the same amount of ODV can be completely inactivated by 2.2 µg of BmSP-2. The 

results obtained by Nakazawa et al, (2004) indicated that Bm-serine protease-2 was a 

midgut-specific protease and could significantly reduce the infectivity of BmNPV. 

Li et al., 2017 reported that Bm-SP142 is a 35 kDa protease in the silkworm, but 

its exact functions remain unknown. Recombinant BmNPV treated with purified Bm-

SP142 effectively impaired its ability to infect BmN cells, and Bm-SP142 decreases the 

efficiency of BmNPV and BmBDV propagation in silkworms. Furthermore, 

overexpression of Bm-SP142 in BmN cells inhibited viral propagation. 

The haemolymph of mosquito, Anopheles gambiae also contains five serine 

proteases, which play an important role in insect immunity (Gorman and Paskewitz, 

2001). Among them sp22D was found to be the largest protease with potential pathogen 

binding domains that is expressed in the midgut epithelium, fat body and haemocytes. 

sp14A, sp14D1 and sp14D2 are clip domain serine proteases that are similar to enzymes 

with presumed roles in melanization (Yao et al., 2006).  

2.6 Resistance and susceptible breeds of silkworm 

Different races of silkworm exhibit marked variation in their susceptibility to 

various diseases Watanabe. (1967). India has a rich silkworm germplasm with promising 

economic and breeding characters. The utilization of disease resistant varieties is the 

most economical and effective way in earning better cocoon yield. Larval susceptibility 

to viral disease greatly differed in various breeds/ hybrids. Researchers have reported 

that, interbreed/ strain differences were noticed in susceptibility to BmNPV (Aratake, Y., 
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1971). The resistance in silkworm breeds has physiological and genetic origins that are 

controlled by polygenes. 

Preliminary screening of multivoltine and bivoltine hybrids for their comparative 

rearing performance (Tikoo et al., 1971) and pure races (Krishnaswamy and Tikoo, 1971) 

was conducted. The differential responses of few breeds to the infections of silkworm 

pathogens have been recorded (Chinnaswamy and Devaiah, 1984). Pure Mysore and 

Nistari breeds have been observed to be less susceptible to BmNPV (Baig, et al., 1991). 

Baig et. al., (1998) screened 21 races of silkworm including pure and hybrid races for 

their relative susceptibility to NPV under natural and induced conditions. There was also 

attempt to the induction of resistance to BmNPV into susceptible silkworm breeds. 

Baig et al., (1998) confirmed wide variation in resistance, both among the 

multivoltine and bivoltine breeds, on challenging with uniform dose of BmNPV 

inoculum. Among the multivoltine breeds screened Sarupat, Nistari, Madagaskar, Pure 

Mysore, BL 37, BL 36, 96C, Moria, MAR, Mysore Princess and MR136 were 

comparatively more resistant than other breeds and differed from each other in resistance 

to nuclear polyhedrosis. Similarly among the bivoltine breeds, CSR19, S-1, 5- HT, D-13, 

61N, D-7, CSR4, D-15, CSR2(SL), 8HT, CSR2, CSR-18 and JPN8, were comparatively 

more resistant than other breeds and differed from each other in resistance to nuclear 

polyhedrosis.  

Asha and Bhaskar. (2011) studied that infection during fourth and fifth instar of 

silk worm caused more ET50 value for symptom expression and less mortality in both the 

instars of Pure Mysore breed.  It was also noted that Pure Mysore breed took more time 

(7.67 and 8.33 days) for first symptom expression. Among hybrids, PMxCSR16 has 

recorded highest ET50 value (5.67 and 6.67 days).  The susceptible hybrids viz., 

CSR2xCSR4 and CSR2xCSR16 have reported 100 percent total larval mortality 

indicating their high sensitiveness to the disease while the hybrids involving Pure Mysore 

multivoltine breed as maternal parent exhibited more ET50 value.  



27 Natesh, J.,   M.Sc. (Agri.) 2017 

2.6.1 Differential expression of BmNPV antiviral genes in silkworm resistant and 

susceptible breeds 

In order to gain a better understanding of the mechanisms that underlie resistance 

to BmNPV in B. mori immune-related cells, Bao et al, (2010) investigated the infection 

profiles of BmNPV in the larval fat body and haemocyte of the susceptible and resistant 

B. mori strains by directly injecting the BV virion into B. mori larval haemocoel. Results 

revealed that BmNPV invaded the fat body and haemocyte of both strains and also noted 

slow viral proliferation in fat body and haemocyte of the resistant strain. Genes with 

potential antiviral activities were found by comparing BmNPV responsive genes in the 

larval fat body of B. mori resistant (KN) and susceptible strain 306 by suppression 

subtractive hybridization (Diatchenko et al., 1996). 

Real-time quantitative PCR (qPCR) analysis confirmed that several genes were 

significantly upregulated following BmNPV infection in the larval fat body and 

haemocyte of the resistant KN strain. Genes in the larval midgut of the resistant strain 

and a large number of additional BmNPV-activated genes with oral route of entry, the 

midgut was the defensive barrier against BmNPV infection, whereas fat body and 

haemocyte indirectly responded to viral infection. Comparison of BmNPV responsive 

genes in immune-related cells of resistant and susceptible B. mori strains indicated 

potential candidate genes, which may have important functions in aspects of resistance 

against viral infection (Bao et al., 2010). 

Bao et al. (2010) constructed two complementary fat body cDNA libraries of 

resistant and susceptible breeds of silkworm against BmNPV, and conferred that gene 

with high abundance in the R library but low abundance or absence from the S library. Of 

the 96 functional genes detected in the two libraries, transcripts for ribosomal protein and 

protein synthesis related genes showed the greatest abundance in both S and R libraries 

(25.7 and 17.9%, respectively), indicating that these genes are most likely commonly 

expressed in both B. mori strains. Transcripts for the genes encoding intermediate 

synthesis and catabolism enzymes as well as protein degradation and processing enzymes 

were highly abundant in the S library, comprising a total of 28.6% of the clones. In 
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contrast, some genes only comprised 8.3% in the R library, suggesting that these genes 

may not be highly expressed in B. mori resistant larvae. Immune-related gene transcripts, 

such as defense, stress response, proteases and protease inhibitor gene groups showed a 

relatively high abundance in the R library, comprising a total of 27.1% of the clones and 

suggested that immune related genes may have potential roles in B. mori antiviral 

infection mechanisms. 
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III  MATERIAL AND METHODS 

In the present study, molecular characterization of BmNPV isolates collected from 

different locations of silkworm growing areas as done for diversity analysis. Isolation, 

cloning and sequence analysis of the antiviral encoding protein genes serine protease/ 

lipase was done.  All the research activities pertaining to the “Molecular characterization 

of BmNPV and cloning of BmNPV antiviral encoding protein gene serine protease/ 

lipase” was carried out in the Department of Plant Biotechnology, University of 

Agricultural Sciences, GKVK, Bengaluru-560065 during the year 2016-2017. The 

materials and methods adopted for these studies are presented in this chapter.  

3.1   Experimental materials 

3.1.1 Biochemicals 

The molecular biology bio-chemicals used in the study were of either molecular 

biology or analytical grade.  

3.1.2 Chemicals 

Ethidium bromide, PCR-primers, Isopropanol, DEPC-H2O etc., were from Sigma 

Chemicals Co., St. Louis. DNA ladder and rulers, Chloroform, Phenol, Isoamyl alcohol, 

Agarose, Sodium carbonate, Sodium dodecyl sulphate, Sodium chloride, EDTA, Sucrose, 

Taq polymerase, Taq buffer, Nuclease free water, MgCl2, dNTP, Ribonuclease inhibitor, 

SDS, β-Mercaptoethanol, Glycerol, Bromophenol blue, Ethanol were from Bangalore 

Genei or HiMedia..  

3.1.3 Glass ware and plastic ware 

All the glassware used in the study was from Borosil India Ltd. They were 

thoroughly washed and sterilized as per standard procedure. Micro-centrifuge tubes and 

micropipette tips were from Tarsons (India). 
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3.1.4 Other chemicals and consumables 

Other chemicals of analytical grade were either from Glaxo Laboratories India 

Ltd. or E. Merck India Ltd.  

3.1.5 Media and buffer  

Composition of media, buffers and solutions used in this study are given in 

Appendix I, II and at appropriate places. 

3.1.6 Equipment  

 Refrigerated micro Centrifuge, MPW, Poland.  

 Refrigerated high speed centrifuge, Sorvall RC5C, Dupont, USA.  

 Single pan digital balance, Mettler, AK-100, Switzerland.  

 Bio-Rad Power pack, Bio-Rad, India.  

 Water bath, Heto, Denmark.  

 Gel documentation system, Bio-Rad, India.  

 Air displacement pipettes P20, P100 -Eppendorf, Germany.  

 LG refrigerator, India, -20°C low freezer, Blue Star, India.  

 -70°C ultralow freezer, Sanyo, India; Brunswick Scientific, USA.  

 Microwave oven MX 2100, Microwin Electronic India Ltd.  

 pH meter, ECIL India.  

 Electronic Shaking incubator, Innova-4000, New Brunswick Scientific, USA.  

 Horizontal laminutesar air flow, Klenzaids, India.  

 Bio-Rad PCR Machine, Bio-Rad, India.  

 Microfuge, Eppendorf, model 5415 C, Brinkman Inc, Germany. 

 UV Transilluminutesator, Chouromous Biotech Pvt. Ltd., India. 

 Ultra-centrifuge, Beckman coulter, USA. 
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3.2 Molecular Characterization of BmNPV using Restriction endonuclease profiling 

Isolation of BmNPV viral DNA and molecular characterization of BmNPV 

isolates collected from different localities experimental overview is depicted in Fig. 3. 

3.2.1 DNA isolation from the BmNPV strains 

The viral DNA from BmNPV strains of different localities of Karnataka (Kolar, 

Shidlaghatta, Devanahalli, Ramanagar, Hosakote and Tumakuru) was isolated by 

following a modified standard protocol (Govindan et al., 1998). 

3.2.1.1 Preparation of polyhedra from infected silkworm 

 Silkworms were collected based on symptoms which were typically infected with 

nuclear polyhedrosis virus. 

 Haemolymph was collected from diseased silkworms by cutting the front pair of 

prolegs and the turbid milky haemolymph was stored in sterilized glass tube and 

subjected to refrigeration.  

 After refrigeration, haemolymph was taken and diluted two fold by adding 

distilled water. 

 The haemolymph was filtered through double layer cheese cloth, and the filtrate 

was subjected to centrifugation at 12,000 rpm for 15 minutes at 4˚C. 

 The pellet was resuspended in half the quantity of original volume of sterile 

distilled water and centrifuged at 5,000 rpm for 15 minutes at 4˚C. 

 Repeated cycles of centrifugation at 12,000 rpm followed by 5000 rpm were done 

for 15 minutes each to obtain milky whiteamorphous sediment of nuclear 

polyhedra and the polyhedral were stored in distilled water as suspension.  

3.2.1.2 Purification of virions using sucrose density gradient centrifugation.   

1. Different gradients of sucrose were prepared in Beckman centrifuge tubes in 5 ml 

layers of 60, 55, 50, 45, and 40 % (W/W) sucrose solution, and incubation of the 

gradients at 4˚C overnight. 
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2. Three ml of amorphous sediment of nuclear polyhedra was loaded on to the sucrose 

gradient, without disturbing the gradients and ultra-centrifuged at 32,000 rpm for 60 

minutes at 4˚C, pellet was then collected and dissolved in 1.5 ml of distilled water. 

3.2.1.3 Isolation of DNA from purified virions. 

 1.5ml of resuspended polyhedral pellet from ultra-centrifugation was taken and 

pelleted at 9000 rpm for 2 min. The pellet was resuspended in 200µl distilled 

water. 

 20l of 0.5M EDTA and 2l of proteinase K were added and incubated for 5 

hour. 

 Half the volume of sodium carbonate (0.1M) was added to this and incubated at   

37° C for 15 minutes, 20l of 10 % w/v SDS was added and incubated at 37C for 

15 minutes and then centrifuged for 30 s at 6500 rpm, the supernatant was 

collected in a clean test tube. 

 An equal volume of Tris-saturated phenol was added to this and gently agitated 

for 2 minutes followed by centrifugation at 9000 rpm for 2 minutes the upper 

phase was removed carefully and transferred to a clean tube without disturbing 

the interface.  

 An equal volume of 25:24:1 Tris-saturated-phenol: chloroform: isoamylalcohol 

was added and gently agitated for 2 minutes followed by centrifugation at 9000 

rpm for 2 minutes, the upper phase was removed carefully and transferred to a 

clean tube without disturbing the interface. 

 To the supernatant, 2.5 times absolute alcohol was added and incubated at -20°C 

overnight and then the pellet was collected at 9000 rpm, supernatant was removed 

and pellet was allowed to dry, the pellet was then dissolved in nuclease free water 

and stored in a freezer. 

3.2.1.4 Confirmation of viral DNA using gel electrophoresis: 

Viral DNA isolated from the BmNPV infected silk worm samples (5 µl) was 

mixed with   1 µl of loading dye and eletrophoresed in 0.8 % w/v gel in TAE buffer 



 

 

 

 

 

 

Fig. 3: Schematic representation of overall method followed for diversity analysis 

of BmNPV by restriction endonuclease profiling. 
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(Appendix I) along with 1 Kb ladder and then run at 70 V for 1 hour 30 minutes. The 

DNA bands in the gel were visualized on a UV- transilluminator. 

3.2.2 Restriction endonuclease profiling 

Components Quantity (μl) 

BmNPV DNA 2.0 μg 

10X NEB Cut Smart Buffer 2.0 μl 

Restriction enzyme HF (20units) 0.5 μl 

Nuclease free water 10.5 μl 

Total 20.0 μl 

All the above components were mixed properly. The reaction mixture was 

incubated at 37°C for 3 hours and then inactivated at 60°C for 20 minutes. The restriction 

digested sample was then run on 0.8 % w/v agarose gel (Appendix 1) to visualize 

restriction enzyme profiling. Restriction enzymes used for the characterization were 

EcoRI, SacI, BamHI, SmaI and BamHI+NcoI. 

3.2.3 Lethal dose 50 (LD50) study of silkworm  

3.2.3.1 Rearing of Silkworm  

For lethal dose 50 study hybrid Kolar Gold (Pure Mysore x CSR2) was used. 

Rearing of silkworm was conducted in the Department of Plant Biotechnology, UAS, 

GKVK, Bengaluru. The disease free chawki worms of 2
nd

 instar, of the hybrid Kolar 

Gold (KG) were procured from Q3 Chawki center, Devanahalli. Silk worms were reared 

on disinfected plastic trays and were fed fresh mulberry leaves 3 times in a day as per the 

standard schedule. During first and second instars, silkworms are fed with chopped tender 

and succulent mulberry leaves and from third instar, 3-4 pieces of medium sized to large 

sized leaves were given to the silkworms. For LD-50 studies silkworms were divided into 

9 treatments (1 control+ 8 treatment) and for each treatment 3 replication of silkworms 

containing 50 worms were separated. 
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3.2.3.2 Purification of polyhedra 

Grasserie infected silkworm of fifth instar larvae were collected and haemolymph 

was taken into sterilized glass tubes from infected worms shortly before death by 

puncturing the first pair of prolegs with the help of surgical blade followed by gentle 

pressing. The turbid milky haemolymph was stored and then subjected to refrigeration for 

few days till the polyhedra settled at the bottom. Later, the haemolymph was filtered 

thourough 2 layers of muslin cloth. The filtrate was subjected to differential 

centrifugation at 12000 rpm for 15 minutes followed by 5000 rpm for 15 minutes. The 

pellet was resuspended in sterile distilled water to half of the original volume. Viral 

suspension centrifuged further at 12000 rpm for 15 minutes and at 5000 rpm for 15 

minutes was repeated till milky whitish amorphous sediment of purified nuclear 

polyhedral suspension. The polyhedral inclusion bodies were suspended in distilled water 

and stored at 4˚C in the refrigerator. 

3.2.3.3 Serial dilution of polyhedral suspension 

From the original stock suspension of the polyhedral inclusion bodies, eight 

concentrations viz., 10
0 

to 10
-7

 were serially diluted in distilled water 

3.2.3.4 Infectivity technique 

The infection of BmNPV to the silkworms was carried out per os. The worms 

were starved for 24 hrs and virus suspension was smeared on mulberry leaves which 

dried under shade and then cut to a size 50 cm
2 

were prepared and washed in sterile water 

and surface sterilized by using 70 % ethanol (by cotton swab). The sterilized leaves were 

shade dried and such leaves were smeared evenly with virus suspension using non-

adsorbent cotton. The leaves were shade dried and fed to the silkworm. Control batches 

were fed with surface sterilized mulberry leaves for the first feed. For subsequent 

feeding, inoculum free leaves were provided for both treated and untreated batches. Three 

replication were maintained for each treatment.  
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The treatment details were as follows 

T1=10
-0

 T6= 10
-5

 

T2=10
-1

 T7=10
-6

 

T3=10
-2

 T8= 10
-7

 

T4= 10
-3

 T9= Absolute control. 

T5=10
-4

   

3.3 Cloning and characterization of the antiviral serine protease and lipase genes 

The strategy used for this study is outlined in Fig. 4 

3.3.1 Isolation of total RNA from silkworm midgut 

Precautions: All materials used for RNA isolation such as pestle, mortar, scalpel, 

forceps, micro tips, water, surgical blade which were treated with DEPC water and 

autoclaved before use. 

RNA isolation was done using NucleoSpin RNA isolation kit of catalogue 

number 740955.50 from Macherey- Nagel Company and the protocol used was as 

follows 

 Silkworm of 5
th

 instar was used for RNA isolation. Using surgical blade, thoracic 

region of larvae was cut and from mid gut portion mid gut juice was collected.  

 The collected sample of approximately 30 mg was homogenized by grinding in 

pestle and mortar. 

 Sample was lysed by adding 350 μl Buffer RA1 and 3.5 μl ß-mercaptoethanol (ß-

ME) to the sample pellet and vortexed vigorously. 

 To reduce viscosity and clear the lysate by filtration thourough NucleoSpin® 

Filter (violet ring), the sample was applied and centrifuged for 1 minute at 11,000 

rpm. 
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 The NucleoSpin® Filter was discarded and 350 μl ethanol (70 %) was added to 

the homogenized lysate and mixed by pipetting up and down (5 times). 

 For each sample preparation, one NucleoSpin® RNA Column (light blue ring) 

was taken and placed in a collection tube. Lysate was pipetted up and down for 2–

3 times and the lysate loaded to the column and centrifuged for 30 s at 11,000 rpm 

and the filtrate discarded.  

 350μl of MDB (Membrane Desalting Buffer) was added and centrifuged at 

11,000 g for 1 minute to dry the membrane. 

 DNase reaction mixture was prepared in a sterile 1.5 ml micro centrifuge tube: 

For each isolation, 10μl of reconstituted DNase was added to 90μl reaction buffer 

for DNase and mixed by flicking the tube. 95μl DNase reaction mixture was 

directly applied onto the center of the silica membrane of the column and 

incubated at room temperature for 15 minutes. 

 Washing  and drying of silica membrane 

o 1st wash- 200μl buffer RAW2 was added to the NucleoSpin® RNA Column. 

centrifuged for 30 seconds at 11,000 rpm, and  the flow thourough was 

discarded. 

o 2nd wash- 600μl Buffer RA3 was added to the NucleoSpin® RNA Column. 

centrifuged for 30 seconds at 11,000 rpm, flow thourough discarded. 

o 3rd wash- added 250μl Buffer RA3 to the NucleoSpin® RNA Column. 

centrifuged for 2 minutes at 11,000 rpm to dry the membrane completely. 

Then column was placed in a nuclease free collection tube. 

 The RNA was eluted by adding 60 μl RNase-free H2O, and centrifuge at 11,000 

rpm for 1 minute and the eluted RNA was stored at -20˚C for further use. 

3.3.2 Synthesis of C-DNA from total RNA 

PrimeScript™ 1st strand cDNA Synthesis Kit of catalogue number # 6110A from 

TAKARA was used and procedure was as follows. 



 

 

 

 

 

 

 

Fig. 4: Schematic representation of overall method followed for cloning and 

characterization of the antiviral protein genes serine protease and lipase. 
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1. The following mixture was prepared in a microtube.  

Reagent Volume ( μl) 

Oligo dT Primer (50 μM)  1 

dNTP Mixture (10 mM each) 1 

Template RNA 5 

RNase Free dH2O  3 

Total  10 

2. The mixture was incubated at 65℃ for 5 minutes, and then cooled immediately on 

ice. 

3. The next reaction mixture was prepared in a total volume of 20 μl as follows 

Reagent  Volume  

Template RNA Primer Mixture (from step 2)  10  

PrimeScript Buffer  4  

5X RNase Inhibitor (40 U/μl)  0.5  (20 units) 

PrimeScriptRTase (200 U/μl) 1.0  (200 units) 

RNase free H20 4.5  

Total 20 

4. The reaction mixture was incubated at 42℃ for 30 - 60 minutes  

5. The enzyme was inactivated by incubating at 95℃ for 5 minutes and stored at -20˚C. 

3.3.3 Designing primer for lipase and serine protease gene 

Bombyx mori lipase and serine protease gene sequence were downloaded from 

the NCBI nucleotide database of gene I. D AY945209.1 for lipase and AY945211.1 for 

serine protease, these sequences were aligned through Bio Edit (Version 7.0) sequence 

alignment software and two regions with maximum sequence homology were selected 

and designed. 



38 Natesh, J.,   M.Sc. (Agri.) 2017 

Primers for lipase gene: 

Forward Primer :  5‟ATTGAATTCATGCCTGATGGCGAGGGTGTT 3‟  

Reverse Primer  :  5‟ ATTGAGCTCTTAGAAAGGCCAACTGCT 3‟  

Primers for serine protease: 

Forward Primer         : 5‟ATAGAATTCATGAAGGTCTTCGCAGCAGTACT 3‟ 

Reverse Primer          : 5‟ ATTGAGCTCTTAAATTCTAGCCCGGATCCAGGAGT 3‟  

Primers with the restriction sites of XbaI and SacI were added respectively for 

forward and reverse primers using Primer3 software. 

3.3.4 Amplification of lipase and serine protease gene 

The c-DNA synthesized from m-RNA which was isolated from silkworm midgut 

was subjected to polymerase chain reaction using Bombyx mori lipase and serine 

protease gene specific primers. 

PCR reaction mixture  

PCR reaction components Quantity ( μl) 

Deionised nuclease free water 11.0  

10X PCR buffer with 15 mM MgCl2 2.0 

2 mM dNTPs 2.0  

Forward primer(10 pmol/μl) 1.0  

Reverse primer (10 pmol/μl) 1.0  

TaqDNA polymerase(3 U/μl) 1.0  

DNA template (50-60 ng) 2.0  

Total 20  

The PCR amplification of lipase and serine protease gene using gene specific 

primers was carried out in a thermal cycler (Bio-Rad) with the following temperature 

profile:- 
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Initial denaturation 94ºC for 5 minutes 

Denaturation 94ºC for 45 seconds 

Annealing 55ºC for 1 minute 

Extension 72ºC for 1 minute 30 seconds 

Final Extension 72ºC for 10 minutes 

Hold 4ºC (∞) 

3.3.5 Analysis of amplified gene product using agarose gel electrophoresis 

The amplified PCR product of 20 µl was mixed with 4 µl of loading dye and 

electrophoresed in 1 % w/v agarose gel along with 100 bp ladder at 50 V for the initial 30 

minutes and then at 70 V for 1 hour. The buffer used was 1X TAE pH 8 (Appendix I). 

After electrophoresis, the DNA bands were visualized on UV Transilluminator. 

3.3.6 Development of recombinant B. mori lipase (Bm-Lp) and B. mori serine 

protease (Bm- Sp) construct for molecular characterization  

PCR based cloning  

Cloning of the amplified Bm-Lp and Bm- Sp was done in pGEM-T Easy cloning 

vector (Fig. 5) using InsT/A cloning kit. The amplified Bm-Lp and Bm- Sp genes were 

loaded in the gel and specific amplicons of 885 bp and 855 bp respectively were excised 

using a sharp sterile surgical blade on a low intensity UV Transilluminutesator and 

collected in sterile pre-weighed 2.0 ml micro centrifuge tubes. The Fermentas GeneJET 

gel extraction kit (#K0691) was used to elute the amplicons from the agarose block as 

described below: 

 Equal weight by volume (1:1) of Solution Buffer was added to the gel slice and 

incubated at 60 degree for 10 minutes. 

 The tube was mixed by inversion every few minutes to facilitate the melting 

process till a yellow colour was obtained. 
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 The solution was then poured to a fresh adsorption column and centrifuged at 

13000 rpm for 1 minute. Flow-thourough was discarded. 

 700 μl washing buffer (WB) was added and centrifuged at 13000 rpm for 1 

minute. 

 The liquid in the collection tube was poured off into beaker and washing step was 

repeated again. Empty column spun again for 1 minute to remove the ethanol. 

 The column was put into a fresh 1.5ml tube and 50μl elution buffer (EB) was 

added and spun at 13,000 rpm for 1 minute to elute the DNA and stored at -20˚ C. 

 5μl of the eluted sample was electrophoresed to confirm the gene. 

3.3.7 Cloning of PCR product 

The purified PCR fragments of about 885 bp and 855 bp  were separately ligated 

to pGEMT Easy cloning vector (Fig. 5) (3015 bp) as described in InsTAclone
TM

 PCR 

cloning kit, Fermentas, USA. 

3.3.7.1 Ligation 

An optimal molar ratio of ends of vector: insert (1:3) was computed and the 

components of ligation mix were added to 0.5 ml micro centrifuge tubes and incubated at 

4°C overnight for ligation. 

Components  Volume (μl) 

pGEM-T Easy Cloning vector (50ng) 1.0 

Purified PCR fragment (Approx. 150ng) 3.0 

5x ligation buffer 6.0 

T4 DNA ligase, 5U 1.0 

Deionized water  18.0 

Total  30.0 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 5. Vector map of T/A cloning vector pGEM-T Easy vector. 
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3.3.7.2 Preparation of competent cells  

1. The competent cells of E.coli strain α-DH5 were prepared following the protocol 

mentioned by Sambrook and Russell (2001) with minute modifications.  

2. An isolated colony from E.coli α-DH5 plate was inoculated into 5 ml of Luria 

broth (Appendix III) and incubated at 37°C overnight at 200 rpm.  

3. The next day, the culture was diluted to 1:100 using Luria broth i.e., 0.5 ml 

culture was added to 50 ml Luria broth.  

4. It was incubated for 2 – 3 hours till it attained an OD of 0.3 to 0.4 at 600 nm. The 

culture was chilled on ice for 30 minutes and 25 ml of culture was dispensed into 

two centrifuge tubes of capacity 50 ml.   

5. The cells were pelleted at 6000 rpm for 10 minutes at 4˚C. The supernatant was 

discarded and the pellet was resuspended in 12.5 ml of ice-cold 0.1M calcium 

chloride.  

6. The centrifuge tubes were again kept in ice for 10 minutes and later centrifuged at 

6000 rpm for 10 minutes.  

7. The pellet was dispensed in 1 ml of 0.1M CaCl2 and to this 88μl of glycerol was 

added. About 200 μl of cells were distributed to each chilled micro centrifuge 

tubes and used immediately. 

3.3.7.3 Transformation of E. coli α-DH5 cells 

1. About 100 μl of freshly prepared competent cells were taken in chilled centrifuge 

tubes and 10 μl of ligation mixture (pGMET- Bmlp and pGMET- BmSp) was 

added and mixed gently.  

2. The mixture was chilled on ice for 45 minutes and subjected to heat shock by 

shifting the chilled mixture to a pre heated 42°C water bath for exactly 90 

seconds. 

3. It was immediately transferred to ice to chill for 5 minutes. To this 800 μl of Luria 

broth (Appendix III) was added and incubated at 37°C at 200 rpm for 1 hour to 
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allow bacteria to recover and express the antibiotic marker encoded by the 

plasmid.  

4. The culture was centrifuged at 13,000 rpm for one minute and about 700 μl of 

supernatant was discarded and the pellet was dissolved in remaining supernatant 

and spread on the agar plates with Ampicillin (50 mg/L), X-Gal and IPTG which 

was then incubated overnight at 37°C.  

5. The recombinant clones were identified by blue- white screening. 

3.3.8 Confirmation of clones 

The confirmation for the presence of desired DNA fragment in cloning vector was 

done by PCR amplification using gene specific primers and by restriction analysis. 

a) PCR confirmation of clones 

For PCR confirmation of clones, the template DNA from plasmid was isolated 

following the alkaline lysis protocol of Brimbion and Dolly (1979). 

Plasmid Isolation  

A) Reagents (Appendix II) 

B) Protocol for plasmid isolation 

1) Single white colony from the transformed plate was inoculated and grown overnight 

in Luria Bertani (LB) broth (Himedia) at 37 °C. 

2) Bacterial culture of 2 ml was micro-centrifuged at 6,000 rpm for 5 minutes at 4 °C 

and this step was repeated. 

3) The pellet was resuspended in 200 μl of ice cold solution І and vortexed. RNase A 

(10 mg/ml) was added and vortexed. 

4) Further 100 μl of solution II was added and mixed gently. 

5) The mixture was then incubated for 5 minutes at room temperature. 

6) To this mixture 150 μl solution III was added and incubated on ice for 5 minutes. 



Molecular Characterization of BmNPV and Cloning of BmNPV ..... Serine Protease and Lipase 43 

7) The bacterial lysate in the tube was centrifuged at 13,000 rpm for 15 minutes at 4 °C 

and supernatant was transferred to a fresh tube. 

8) To the supernatant collected, 240 μl of isopropanol was added, mixed well and 

centrifuged at 13,000 rpm for 15 minutes at 4 °C. 

9) Pellet was washed in 750 μl of 70 % (v/v) ethanol (10,000 rpm for 5 minutes at 4 °C) 

and pellet was air dried. 

10) Plasmid was dissolved in 40 μl of 10 mM Tris-EDTA (TE) buffer (Appendix I) and 

stored at -20 °C. 

Confirmation of the presence of cloned fragment was done by PCR amplification 

of clones with respective primer pairs. 

b) Restriction analysis of recombinant clones 

Restriction digestion of T/A cloning vector with Bm Lp and BmSp gene 

Components Quantity (μl) 

T/A cloning vector+ Bm Lp/Sp                        20  

10X NEB Cut Smart Buffer                         5  

XbaI-HF (20units)                         1.5  

SacI-HF(20units)                         1.5  

Nuclease free water                                                                         22  

Total                         50  

All the above components were mixed properly. The reaction mixture was 

incubated at 37°C for 3 hours and then inactivated at 60°C for 20 minutes. The restriction 

digested sample was then run on 0.8 % gel to confirm the 800 bp release from the 

recombinant clones. 

3.3.9 Sequencing of cloned lipase and serine protease gene into T/A cloning vector 

The strategy used for this study is outlined in Fig. 6 
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The Bmlp and BmSp genes cloned into pGEM-T Easy vector were sequenced using 

M13 forward and reverse primers at Chromous Biotech Pvt. Ltd., Bangalore. The 

sequence was analyzed using BLAST algorithm available at 

http://www.ncbi.nlm.nih.gov. 

3.4 Screening of a few breeds of the silkworm Bombyx mori L for resistance to 

BmNPV and sequence comparison of serine protease and lipase genes in these 

breeds. 

3.4.1 Rearing of Silkworm  

Rearing of silkworm Breeds i.e. Pure Mysore, CSR2, and their hybrid Kolar Gold 

(PM x CSR2) was conducted at Department of Plant Biotechnology, UAS, GKVK, 

Bengaluru for screening of resistance against BmNPV and sequence characterization of 

BmNPV antiviral proteins Bm lipase and Bm serine protease. The disease free chawki 

worms of 2
nd

 instar, of the breeds CSR2, Pure Mysore (PM), and Kolar Gold (KG) was 

procured from Q3 Chawki center, Devanahalli. Silkworms were reared on plastic trays 

and were fed 3 times in a day, morning (9-10 A.M.), afternoon (1-2P.M.), and night (8-9 

P.M.). During first and second instars, silkworms were fed with chopped tender and 

succulent mulberry leaves and from third instar, 3-4 pieces of medium sized to large 

sized leaves were fed to the worms.  

3.4.1.1 Screening of PM, KG, and CSR2 for their resistance against BmNPV 

Silkworms of breeds Pure Mysore, CSR2, and their hybrid Kolar Gold (PM x 

CSR2) were taken in 3 replications of 30 worms each. LD-50 concentration of 10
-2 

was 

used for infection. Infectivity to silkworms was done as mentioned in 3.2.3.4 i.e. leaves 

were smeared with 10
-2

 dilution of BmNPV and fed to each replications and for control 

each breed were fed with non-treated leaves. 

3.4.2 Isolation of total RNA from Pure Mysore, Kolar Gold and CSR2 was done as 

mentioned in 3.3.1 

3.3.3 Synthesis of c-DNA from Pure Mysore, Kolar Gold and CSR2 total RNA was 

done as mentioned in 3.3.2 



 

 

 

 

 

 

Fig. 6: Schematic representation of overall method followed for sequence 

comparison of serine protease/lipase genes isolated from Pure Mysore and 

Kolar Gold. 
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3.3.4 Amplification of BmLp and BmSp from Pure Mysore, Kolar Gold and CSR2 

c-DNA using PCR was done as mentioned in 3.3.4 

3.3.5 Integration of BmLp and BmSP intopGEMT cloning vector and 

transformation into DH5α E-coli was done as mentioned in3.3.6 and 3.3.7. 

3.3.6 Confirmation of integration using colony PCR and restriction digestion was 

done as mentioned in 3.3.8 

3.3.7 Sequencing of cloned BmLp and BmSp from PM, CSR2, and KG breeds gene 

was done as mentioned in 3.3.9. 

3.3.8 Analysis of sequences from these breeds 

After sequencing, obtained sequence results were confirmed using NCBI Blast. 

Using Mega 6 software multiple sequence alignment was done and analyzed for 

variations in nucleotide variations between the breeds of silkworm. Amino acid 

sequences from nucleotide sequence were predicted using EMBL- Transeq tool. Multiple 

amino acid sequence alignment of these genes were done using Clustlw tool. Secondary 

and tertiary structure of these predicted amino acid were done using phyre2 tool. 
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IV  EXPERIMENTAL RESULTS 

The present research work focuses on Molecular characterization of BmNPV and 

cloning of BmNPV antiviral encoding protein gene serine protease/ lipase. 

4.1 Molecular characterization of Bombyx mori nuclear polyhedrosis (BmNPV) 

isolates using restriction endonucleases (REN). 

4.1.1 Purification and isolation of BmNPV viral DNA 

BmNPV infected silkworms were collected from different regions of Southern 

Karnataka such as Devanahalli, Hosakote, Shidlagatta, Kolar, Ramanagaram, Tumakur. 

Haemolymph from BmNPV infected worms was collected, purified by differential 

centrifugation and sucrose density gradient centrifugation and the presence of BmNPV 

confirmed under 100 x compound microscope (Plate 1).  Viral DNA was isolated from 

purified polyhedra and confirmed by gel electrophoresis (Plate 2). 

4.1.2 Restriction endonuclease profiling of BmNPV viral genome. 

The isolated viral DNA was digested with EcoRI, BamHI, SmaI, NcoI, and 

BamHI + NcoI. Results obtained in banding pattern were scored and analyzed using 

NTYSYS software to obtain phylogenetic tree. Most of the banding pattern (plate 3-7) 

were same between isolates except that restriction digestion of viral genome with BamH1 

enzyme produced a polymorphic band of 4kb in Tumkuru and Ramanagara isolates and 

another band at 1.5 kb only in Ramanagara isolate. EcoRI digestion produced a band at 

3.5 kb of Ramanagara isolate and digestion with NcoI + BamHI yielded a polymorphic 

band at 2 kb. Based on the scoring results a dendrogram was drawn (Fig. 7) using 

NTYSYS software which represented the relationship among six isolates of BmNPV 

containing two large clusters, in one cluster Ramanagra isolate was present, in another 

cluster containing two sub clusters with one sub cluster containing Tumkuru isolate and 

the other Devanahalli, Shidlaghatta, Hosakote and Kolar isolates. Similarity indices 

between the isolates shown in Table 2.  
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Table 2: Similarity indices of six BmNPV isolates collected from different locations 

of Karnataka 

 Kolar Hosakote  Shidlghatta  Devanahalli  Tumakuru  Ramanagar 

Kolar 1.000      

Hosakote  1.000 1.000     

Shidlghatta  1.000 1.000 1.000    

Devanahalli  1.000 1.000 1.000 1.000   

Tumakuru  0.964 0.964 0.964 0.964 1.000  

Ramanagar 0.871 0.871 0.871 0.871 0.871 1.000 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Plate 1: Confirmation of presence of polyhedra under 100x compound 

microscope 

BmNPV 
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Plate 2: Agarose gel electrophoresis of viral DNA isolated from BmNPV infected 

silkworms collected from different locations of Karnataka. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Tumakur isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Hosakote isolate 

Lane 6- Ramanagar isolate 



 

 

 

 

Plate 3: Agarose gel electrophoresis of restriction endonuclease profiling of 

BmNPV isolates using SmaI enzyme. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Tumakur isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Hosakote isolate 

Lane 6- Ramanagar isolate 



 

 

 

  

 

Plate 4: Agarose gel electrophoresis of restriction endonuclease profiling of BmNPV 

isolates using BamHI enzyme. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Hosakote isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Tumakur isolate 

Lane 6- Ramanagar isolate 



 

 

 

Plate 5: Agarose gel electrophoresis of restriction endonuclease profiling of BmNPV 

isolates using NcoI enzyme. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Hosakote isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Tumakur isolate 

Lane 6- Ramanagar isolate



 

 

 

 

Plate 6: Agarose gel electrophoresis of restriction endonuclease profiling of BmNPV 

isolates using EcoRI enzyme. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Hosakote isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Tumakur isolate 

Lane 6- Ramanagar isolate 



 

 

 

 

 

Plate 7: Agarose gel electrophoresis of restriction endonuclease profiling of BmNPV 

isolates using BamHI+NcoI enzyme. 

M 1- 1 Kb ladder (Thermoscientific) 

Lane 1- Kolar isolate 

Lane 2- Hosakote isolate 

Lane 3- Shidlaghatta isolate 

Lane 4- Devanahalli isolate 

Lane 5- Tumakur isolate 

Lane 6- Ramanagar isolate



 

 

 

 

 

Fig. 7: Dendrogram representing relationship among six BmNPV isolates 
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4.1.3 Lethal dose 50 study  

Kolar Gold breed of silkworms were infected with 10
0
 to 10

-7
 dilution of BmNPV 

in three replications and a control after 3
rd

 moult of silkworm. Initially for four to five 

days there were no symptoms of BmNPV identified. After which specific symptoms of 

graserrie like crawling around the periphery of the rearing tray, swelling of inter 

segmental areas, shining and yellowish body, rupturing of the skin, white ooze filled with 

polyhedral were observed. After 6 hours of first symptom worms started to die, which 

were collected and separated to reduce secondary infection of BmNPV. The mortality of 

worms were recorded on daily basis from each treatment and its replication. Maximum 

mortality was observed in stock (10
0
) and minimum mortality was observed at 10

-7
, 50% 

mortality was observed at 10
-2

 (Table 3). In control only 2% of mortality was observed, 

the dilution of 10
-2

 was taken as lethal dose 50 for further study (Fig. 8). 

4.2 Isolation of BmNPV antiviral BmLp and BmSP genes 

4.2.1 Primer designing 

The BmLp gene sequence (Ref. ID: AY945209.1) and BmSP gene (Ref. ID: 

AY945211.1) sequence was downloaded from NCBI nucleotide database and the primers 

were designed using software Primer3 such that the entire BmLp and BmSp gene were 

amplified.   

4.2.2 PCR amplification of BmLp and BmSP genes. 

Amplification of BmLp and BmSP genes from the cDNA using Taq DNA 

polymerase enzyme with gene specific primers revealed an amplicon size of 885 bp of 

BmLp and 855 bp of BmSp on 1% agarose gel which was eluted from the gel (Plate 8). 

4.2.3 Cloning of BmLp and BmSP genes in T/A cloning vector 

4.2.3.1 Ligation and transformation of E.coli DH5α 

The amplified and eluted BmLp and BmSP genes and the vector pGEMT were 

ligated in the molar ratio 3:1 using T4 DNA ligase. The ligated product was transformed 
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Table 3: Lethal dose 50 study of BmNPV on Kolar Gold breed of silkworm showing 

cumulative mortality at different dilution treatments.   

Treatment 
Replication 

Cumulative 

mortality 

Percent of 

Mortality 
1 2 3 

T1 (10
-0

) 39 36 35 110 73.33% 

T2 (10
-1

) 34 25 29 88 58.67% 

T3 (10
-2

) 21 24 30 76 50.67% 

T4 (10
-3

) 18 20 13 51 34% 

T5 (10
-4

) 10 13 11 34 22.67% 

T6 (10
-5

) 10 10 11 31 20.67% 

T7 (10
-
 
6
) 7 3 5 15 10% 

T8 (10
-7

) 5 3 6 14 9.3% 

T9 (Absolute control) 3 0 0 3 2% 



 

 

 

Fig. 8: Graph representing per cent cumulative larval mortality at different 

dilution treatments of BmNPV 
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Plate 8: Agarose gel electrophoresis of amplification of Bombyx mori lipase and 

serine protease genes from the midgut of Kolar Gold breed of silkworm. 

M1 : 100 bp DNA ladder (Genei) 

Lane 1 : Bombyx mori lipase 

Lane 2 : Bombyx mori serine protease 
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into E.coli DH5α cells by heat shock method. After incubation at 37˚C overnight, 

transformed colonies were observed (Plate 9 & 10). 

4.2.4 PCR and restriction confirmation of recombinant pGEMT- BmLp and 

pGEMT- BmSp clones 

Transformed colonies were selected based on blue white screening, white 

colonies were selected and by colony PCR transformed colonies were confirmed (Plate 

11 & 12) and inoculated for plasmid isolation. The plasmid DNA from the transformed 

E.coli DH5α cell was cultured and the BmLp and BmSP genes in pGEMT plasmid was 

confirmed by plasmid restriction digestion using Xba1 and Sac1 and a fragment of 885 bp 

and 855 bp  was found with vector backbone of 3kb fragment (Plate 13) and the 

integration of pGEMT- BmLp and pGEMT- BmSp was confirmed.   

4.2.5 Sequencing of BmLp and BmSp gene 

The plasmid DNA isolated from the transformed E.coli DH5α cells were 

sequenced using M13 primers. The sequences obtained from the automated sequencing 

was analyzed using NCBI-BLAST to find possible matches with the BmLp and BmSp 

genes reported globally and confirmed that isolated genes were Bomyx mori lipases and 

serine proteases (Fig. 9 and 10).  

4.3.1 Screening of a few breeds of silkworm Bombyx mori L for resistance to 

BmNPV 

For this experiment Kolar Gold, Pure Mysore, CSR2 breeds of silkworms were 

chosen. Lethal dose 50 dilution 10
-2

 of BmNPV was used to infect silkworms. In each 

breed three replications were made of thirty worms and infected after 3
rd

 moult of 

silkworm. Larval mortality was observed based on symptoms and recorded mortality of 

worms. % of cumulative mortality of Kolar Gold breed was 48.89%, CSR2 breed was 

65.56% and in Pure Mysore breed 35.56% of laval mortality were observed. (Table 4 and 

Fig. 11) 
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Table 4: Cumulative mortality of different breeds of silkworms at lethal dose 50 

dilution of BmNPV 

Breeds 
Replications 

Control 
Cumulative 

mortality 

% of  

Mortality 
1 2 3 

Pure Mysore (PM) 13 9 10 1 32 35.56 % 

CSR2 19 18 22 0 59 65.56% 

Kolar Gold 17 13 14 4 44 48.89 % 



 

 

 

 

 

 

 

Plate 9: Transformed E. coli DH5α cells with Bombyx mori lipase- pGMET vector, 

selection by blue white screening. 

 

 

 

 

 

 

 

 

 

Plate 10: Transformed E. coli DH5α cells with Bombyx mori serine protease- 

pGMET vector, selection by blue white screening. 



 

 

 

Plate 11: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant clones BmLp- pGEMT. 

 M1 : 100 bp DNA ladder (Genei) 

 Lane 1-10 : Clones in replicates 

 

 

 

 Plate 12: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant clones BmSp- pGEMT. 

M1 : 100 bp DNA ladder (Genei) 

Lane 1-10 : Clones in replicates 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 13: Agarose gel electrophoresis of confirmation of recombinant pGEM-T- 

BmLp gene and pGEM-T- BmSp gene construct with Xba1 and SacI 

restriction digestion. 

M1 : 1Kb DNA ladder (Genei) 

M2 : 100bp DNA ladder (Genei) 

Lane 1 : Recombinant pGEMT- BmSp gene construct 

Lane 2 : Recombinant pGEMT- BmLp gene construct 

 

 



 

 

 

Fig. 9: Sequencing result showing percent identity of Bombyx mori lipase gene isolated from Kolar Gold breed of silkworm 

with other Bombyx mori lipase genes using BLAST analysis. 

 



 

 

 

 

Fig. 10: Sequencing result showing percent identity of Bombyx mori serine protease gene isolated from Kolar Gold breed of 

silkworm with other Bombyx mori serine protease genes using BLAST analysis. 

 



 

 

 

 

Fig. 11: Cumulative larval mortality of different breeds of silkworm at lethal dose 

50 of BmNPV. 
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4.3.2 Sequence comparison of serine protease and lipase genes in Kolar Gold, CSR2, 

and Pure Mysore breeds. 

4.3.2.1 PCR amplification of lipase and serine protease genes from PM and CSR2 

breeds 

Amplification of lipase and serine protease genes from the cDNA using Taq 

DNA polymerase enzyme with gene specific primers revealed an amplicon size of 885 bp 

of Lipases and 855 bp of Serine proteases on 1% agarose gel which was eluted from the 

gel (Plate 14). 

4.3.2.2 Cloning of lipase and serine protease genes from PM and CSR2 breeds in 

T/A cloning vector and its confirmation 

4.3.2.2.1 Ligation and transformation of E.coli DH5α 

The amplified and eluted lipase and serine protease genes and the vector pGEMT 

were ligated in the molar ratio 3:1 using T4 DNA ligase. The ligated product was 

transformed into E.coli DH5α cells by heat shock method. After incubation at 37˚C 

overnight, transformed colonies were observed (Plate 15, 16, 17 and 18). Transformed 

colonies were selected based on blue white screening, white colonies were selected and 

by confirmed by colony PCR (Plate 19, 20, 21 and 22) and inoculated IN LB media for 

plasmid isolation. The plasmid DNA from the transformed E.coli DH5α cell was cultured 

and the lipase and serine protease genes in pGEMT plasmid was confirmed by plasmid 

restriction digestion using Xba1+ Sac1 enzymes the of 885 bp and 855 bp of lipase and 

serine protease were found to be released along with vector backbone of 3kb fragment 

(Plate 23) by the integration of lipases and serine proteases into pGEM-T vector was 

confirmed. 

4.2.5 Sequencing of lipases and serine protease genes in these breeds. 

The plasmid DNA isolated from the transformed E.coli DH5α cells were 

sequenced using M13 primers. The sequences obtained from the automated sequencing 

was analyzed using NCBI-BLAST to find possible matches with the BmLp and BmSp 

genes reported globally and it was confirmed that the isolated genes were Bomyx mori 
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lipases and serine proteases (Fig. 12, 13, 14 and 15). Using MEGA 4 software multiple 

sequence alignment was done a variation within nucleotides (Fig. 16 and 17) was 

observed in serine protease from Pure Mysore differed from that of Kolar Gold by 3.16 

%, while variation between CSR2 and Kolar Gold was differed by 1.29 % and that 

between Pure Mysore and CSR2 serine protease was 4.4 % of variation. In Bomyx mori 

lipase, variation in nucleotides between CSR2 and Kolar Gold was 1.13 %, between 

Kolar Gold and Pure Mysore was 1.01 %, and between CSR2 and PM was 1.33 %.  

Multiple amino acid sequence   alignment (Fig. 18 and 19) shown variations 

within amino acid sequences were observed, in serine proteases PM differed from KG by 

7.04 %, while variations between CSR2 and KG was differed by 1.76 % and between PM 

and CSR2 was 5.98 %. In lipase amino acid sequences, variations between KG and CSR2 

0.34 %, between KG and PM was 2.04 % and between CSR2 and PM was 2.38 % were 

observed. 

Using phyre2 tool secondary and tertiary structure of lipase and serine protease 

were predicted (Fig. 20, 21, 22, 23, 24 and 25). Minute variations were observed in 

helical and sheet structures between secondary structures of proteins. Predicted catalytic 

site for lipase found amino acid sequence of FLDH and for serine proteases HDGGG 

which were similar in sequence and no variations were observed in all breeds. 

   



 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 14: Agarose gel electrophoresis of confirmation of recombinant pGEM-T- 

BmLp gene and pGEM-T- BmSp gene construct with Xba1 and SacI 

restriction digestion. 

M1 : 100 bp DNA ladder (Thermoscientific) 

Lane 1 : Pure Mysore serine protease 

Lane 2 : CSR2 serine protease 

Lane 3 : Pure Mysore lipase 

Lane 4 : CSR2 lipase 

M2: 1 kb DNA ladder (Thermoscientific) 



 

 

 

 

 

 

 

Plate 15: Transformed E. coli DH5α cells with Bombyx mori lipase- pGMET vector 

isolated from CSR2 breed. 

 

 

 

 

 

 

 

 

 

Plate 16: Transformed E. coli DH5α cells with Bombyx mori lipase- pGME-T 

vector isolated from Pure Mysore breed. 



 

 

 

 

 

 

 

Plate 17: Transformed E. coli DH5α cells with Bombyx mori serine protease- 

pGMET vector, isolated from CSR2 breed. 

 

 

 

 

 

 

 

 

  

Plate 18: Transformed E. coli DH5α cells with Bombyx mori serine protease- 

pGMET vector, isolated from Pure Mysore breed. 



Plate 19: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant clones CSR2 Lp- pGEMT. 

M1 : 100 bp DNA ladder (Thermoscientific) 

Lane 1-10 : Clones in replicates 

Plate 20: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant clones PM Lp- pGEMT clones. 

M1 : 1 kb DNA ladder (GCC biotech) 

Lane 1-10 : Clones in replicates 



Plate 21: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant CSR 2 Sp- pGEMT clones.  

M1 : 100 bp DNA ladder (Thermoscientific) 

Lane 1-10 : Clones in replicates 

 

 

Plate 22: Agarose gel electrophoresis of colony PCR for confirmation of 

recombinant PM Sp- pGEMT clones.  

M1 : 1kb DNA ladder (Genei) 

Lane 1- 8 : Clones in replicates 

 



 

 

 

 

 

Plate 23: Agarose gel electrophoresis of confirmation of recombinant pGEMT- 

PmLp gene, pGEMT- PmSp, pGEMT- CSR2 Lp and pGEMT- CSR2 Sp 

gene construct with BamH1, and Xba1 + SacI   restriction digestion. 

M1: 1 kb DNA ladder (Genei) 

Lane 1, 4, 7, 10: Undigested plasmid 

Lane 2, 5, 8, 11: Single digested plasmid with size of 4 kb 

Lane 3, 6, 9, 12: Double digested plasmid with size of 3 kb and 1 kb 

 

 

 



 

Fig. 12: Sequencing result showing percent identity of Pure Mysore lipase gene with other reference sequences using BLAST 

analysis. 

 

Fig. 13: Sequencing result showing percent identity of CSR2 lipase gene with other reference sequences using BLAST analysis. 



 

Fig. 14: Sequencing result showing percent identity of PM serine protease gene with other reference sequences using BLAST 

analysis. 

 

 

Fig. 15: Sequencing result showing percent identity of CSR2 serine protease gene with other reference sequences using 

BLAST analysis. 



 

 

Fig. 16: Multiple sequence alignment of serine proteases isolated from PM, CSR2, 

KG breeds of silkworm. 

 



 

 

 

Fig. 17: Multiple sequence alignment of lipase isolated from PM, CSR2, KG 

breeds of silkworm. 

 



 

 

 

 

 

 

 

 
 

Fig. 18: Multiple amino acid sequence alignment of predicted lipase isolated from 

PM, CSR2, and KG breeds of silkworm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 
Fig. 19: Multiple amino acid sequence alignment of predicted serine protease 

isolated from PM, CSR2, and KG breeds of silkworm. 

 

 

 

 

 

 

  

 

 

 



 
 

 

Fig. 20: Predicted secondary and tertiary structure of KG lipase using phyre 2. 
 

 



 
 

 

Fig. 21: Predicted secondary and tertiary structure of CSR2 lipase using phyre 2 
 

 

 

 

 

 

 



 
 

 

Fig. 22: Predicted secondary and tertiary structure of Pure Mysore lipase using 

phyre 2. 

 

 

 



 

 

 

 
 

Fig. 23: Predicted secondary and tertiary structure of KG serine protease using 

phyre 2. 

 

 

 

 

 

 

 



 

 

 

 
 

 

Fig. 24: Predicted secondary and tertiary structure of CSR2 serine protease using 

phyre 2 

 

 

 

 

 

 



 

 

 

 
 

Fig. 25: Predicted secondary and tertiary structure of CSR2 serine protease using 

phyre 2. 
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V DISCUSSION 

The B. mori nuclear polyhedrosis virus (BmNPV) is one of the most harmful 

pathogens in the silk industry as it causes substantial damage in the production of silk 

(Tamura et al., 2000). Management of BmNPV by traditional breeding methods have 

limitations such as enhancing pathogen resistance at the expense of the quality of 

economically important characteristics. It can be improved by transgenic technology such 

as overexpression of an endogenous or exogenous antiviral gene, RNA interference of the 

BmNPV gene, or regulation of the immune pathway to inhibit BmNPV at different stages 

of infection (Jiang and Xia, 2014). 

The results of the present investigation have revealed interesting facts regarding 

diversity studies in BmNPV using restriction endonuclease profiling and the findings 

regarding sequence comparision of antiviral protein genes from resistant and susceptible 

breeds are discussed in this section. 

5.1 Molecular characterization of Bombyx mori nuclear polyhedrosis (BmNPV) 

isolates using restriction endonucleases (REN). 

In the present investigation infected BmNPV isolates were collected from 

different locations of Karnataka, i.e. Devanahalli, Shidlaghatta, Kolar, Hosakote, 

Tumakuru and Ramanagar from these isolates polyhedra were purified and viral DNA 

was isolated. Restriction fragment analysis was done using the enzymes BamHI, EcoRI, 

SmaI, NcoI, and BamHI+NcoI, similar banding pattern was observed in all isolates but 

also sub molar variation in banding pattern was observed in Ramanagar and Tumakuru 

isolates. Based on banding pattern dendogram showed that Ramanagara isolate was 

separated in a single large cluster whereas there were two sub clusters formed, Tumakuru 

isolate was in one of these sub clusters and the remaining isolates were in the other.  

Similar study was done by Peter et al. (2016), used AFLP marker to characterize 

the BmNPV ioslates which were collected from different locations of Karnataka. Results 

obtained were showed Mandya isolate was more polymorphic. Phylogenetic analysis 

shown Mandya isolate separated in a large cluster and remaining isolate Kolar, Melur 
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divivided into a sub cluster and Hebbal, Devanahalli, isolates were grouped in other sub 

cluster. 

Palhan and Gopinathan (1996), who found distinct differences for restriction 

enzyme Hind III for the Bangalore (BLR) and Dharwad (DHR) isolates of BmNPV in 

Karnataka. Hong et al., (2000) also used restriction endonuclease analysis of viral DNA 

which has been used to distinguish and characterize closely related genotypic variants 

and species and observed BmNPV isolates from wild stocks were closely related but still 

slightly different in banding pattern. 

Similar differences in fragmentation profile of different insect NPVs have been 

noticed. Difference in fragmentation profile for MNPV and SNPV infecting Heliothis and 

Orygyia pseudotsugata has been reported (Rohrmann and Beaudreau, 1977) also for 

Tricoplusia ni (Smith and Summers, 1979). These minor genotypic variations serve as 

genetic markers for the particular isolate. Thus variation in baculoviruses has been 

observed between geographical regions, within virus isolates, within single agricultural 

fields, between different polyhedra in a single host and polymorphism has also been 

detected in baculovirus genotypes, derived from a single isolate. Variation has also been 

noticed in pathogenicity of virus. (Williams and Payne, 1984; Bilimoria, 1983; Burgess, 

1977; Smith and Summers, 1979). 

The reasons for these variations could be due to the insertion of host DNA into 

the viral genome, duplication of virus sequences, insertions, deletions and point 

mutations in the viral DNA. Thus molecular markers in viruses can be used to understand 

biodiversity of the viruses, their evolution patterns and recombination. It could also help 

in developing better immunodiagnostic kits for the identification of BmNPV and better 

management of the disease. 

The present study has shown genotypic variation between isolates for particular 

restriction enzymes. Further analysis of this variation can enhance the knowledge 

pathogenicity of BmNPV can help with suitable measures to combat and diagnose this 

disease. 
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5.2 Cloning and characterization of the antiviral serine protease and lipase genes. 

The total RNA was isolated from the midgut of silkworm, cDNA was synthesized 

from total RNA, using sequence specific primers of lipases and serine proteases, antiviral 

genes were amplified and an amplified product of 885 bp for lipase and 855 bp for serine 

protease was obtained, which were cloned into pGMET cloning vector and transformed 

into DH5α E. coli cells. Recombinant clones were confirmed by colony PCR and 

restriction digestion and by sequencing. BLAST analysis shown that sequenced lipase 

gene showing 99 % of identity with other reference sequences whereas serine protease 

shown 94-96 % of identity. 

Ponnuvel et al. (2003) isolated Bmlipase gene from silkworm and has shown its 

homology with other lipases and suggested that lipases act as physiological barriers 

against BmNPV at the initial site of viral infection. Jiang et al. (2012) reported that 

overexpression of lipase decreased larval mortality against BmNPV in silkworms. 

Nakazawa et al. (2004), showed that the cDNA showed 94% homology with B. 

mori serine protease in the digestive juice of silkworm larvae which had strong antiviral 

activity against BmNPV. He also studied concentrations of serine proteases at which 

mortality of silkworm were reduced. These studies have reported the antiviral activity of 

lipase and serine protease against BmNPV, its characterization can enhance the 

knowledge of these enzymes. 

5.3 Screening of a few breeds of the silkworm Bombyx mori L. for resistance to 

Bombyx mori nuclear polyhedrosis virus and sequence comparison of serine 

protease and lipase genes in these breeds. 

5.3.1 LC50 studies for breed resistance 

The lethal dose 50 concentration was determined by treating purified polyhedra at 

different concentrations on Kolar Gold breed of silkworm, and based on % of mortality 

and survivability lethal dose 50 concentration of 10
-2 

was determined. For screening of 

resistance against BmNPV, Pure Mysore, Kolar Gold, and CSR2 breeds of silkworms 

were infected with 10
-2

 dilution of polyhedra and analyzed for mortality. Results shown 
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that maximum 65.56 percent of mortality was observed in CSR2 breed, minimum 

mortality 35.56 percent was observed in Pure Mysore, in Kolar Gold it was 48.89 

percent. 

Asha and Bhaskar, (2011) found similar observations in which multivoltine breed 

i.e. Pure Mysore showed minimum mortality, and the bivoltine breeds such as CSR2 

recorded maximum mortality was observed. 

It can thus be infer that Pure Mysore is a resistant breed for BmNPV, and 

analyzing and characterizing antiviral properties in this breed can combat BmNPV. 

5.3.2 Sequence comparison of serine protease and lipase genes in Kolar Gold, Pure 

Mysore, and CSR2 breeds. 

The total RNA was isolated from the midgut of silkworm from KG, PM and 

CSR2 breeds, cDNA was synthesized from total RNA, using sequence specific primers of 

lipases and serine proteases antiviral genes were amplified and obtained amplified 

product of 885 bp for lipases and 855 bp for serine proteasess which were cloned into 

pGMET cloning vector and transformed into DH5α E. coli cells. Recombinant clones 

were confirmed by colony PCR and restriction digestion and by sequencing. BLAST 

analysis shown that the sequenced lipase gene i.e. CSR2 lipase and PM lipase shown 99 

percent identity, and CSR2 SP and PM SP shown 94-96 percent with other reference 

sequences. Multiple sequence alignment was done to analyze sequence variation between 

breeds and it recorded that serine protease variations between Pure Mysore with Kolar 

Gold was 3.16% of variation, between CSR2 and Kolar Gold 1.29 and between Pure 

Mysore and Kolar Gold it was 4.4 percent. In Bomyx mori lipase, variation between 

CSR2 and Kolar Gold were 1.13 percent, between Kolar Gold and Pure Mysore 1.01%, 

and between CSR2 and PM a variation of 0.33% was noticed. These results probably 

indicates single nucleotide variations. 

In a study by Silva et al., (2016) on tomato leaf miner Tuta absoluta,  a major pest 

of tomato which is primarily controlled by the insecticide spinosad which targets the 

nicotinic acetylcholine receptor (nAChR).  In leaf miners resistant and susceptibleto the 



Molecular Characterization of BmNPV and Cloning of BmNPV ..... Serine Protease and Lipase 58 

insecticides, cloning and sequencing of the nAChR α6 subunit from T. absoluta, the 

spinosad target-site revealed a single nucleotide change in exon 9 of the α6 subunit of the 

resistant strain, resulting in the replacement of the glycine (G) residue at position 275 

with glutamic acid (E) and inferred that a nucleotide variation can lead to resistance and 

susceptibility.  

Polymorphisms (SNPs) in the Bm lipase and Bm serine protease genes will be 

interesting to understand. These can create particular changes in the structure of these 

enzymes in the resistant and susceptible breeds, mainly in the binding sites of these 

enzymes to BmNPV and thus inactivating it which could be of potential use. 
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VI  SUMMARY 

The results pertaining to the molecular characterization of nuclear polyhedrosis 

virus infecting Bombyx mori L. (BmNPV) using restriction endonucleases, screening of 

few breeds for resistance against BmNPV and cloning and characterization of BmNPV 

antiviral encoding genes, lipase and serine proteases from Kolar Gold, Pure Mysore and 

CSR2 breeds are summarized in this section. 

In the present study BmNPV infected isolates were collected from different 

locations of Karnataka. Polyhedra were purified and viral DNA were isolated from these 

NPVs. Using restriction endonucleases banding pattern as analyzed for genotypic 

variation and it was found that Ramanagara isolate showed more variation for the specific 

endonucleases and followed by Tumakuru isolate, the remaining isolates were similar in 

banding pattern. 

Screening of PM, KG, and CSR2 breeds for resistance revealed that PM was 

resistant and CSR2 was susceptible. 

Cloning and characterization of antiviral protein genes from these breeds was 

done by isolating total RNA, synthesizing cDNA and amplification of the genes i.e. 

lipase and serine protease using sequence specific primers. Amplicon of size 885 bp and 

855 bp corresponding to these genes was found , which were  integrated into pGEMT 

cloning vector and transformed to E. coli DH5α cells, and confirmed for integration, 

sequencing analysis using BLAST tool, revealed that the lipase genes shown 99 % 

identity, whereas serine proteases revealed 96 % with other reference sequences. 

Multiple sequence alignment of these genes showed variation in nucleotides between 

breeds, between lipases it shown 0.33 % - 1.13 % variation and between serine proteases 

it was 1.29 % to 4.4 %. 
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Future line of work 

• Characterization of antiviral protein genes, at protein levels in resistant and 

susceptible breeds can enhance the knowledge about antiviral activity. 

• Serine protease activity in inhibition of ODV‟s has been revealed in earlier 

studies too, hence expression of these antiviral proteins in mulberry plants can 

increase the antiviral protein content and can resist against BmNPV. 
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APPENDIX I 

50X TAE buffer (pH 8.0) 

 Tris Buffer 242 grams 

 Glacial acetic acid 57.1 ml 

 EDTA 93 grams 

Volume was made upto 1000 ml using distilled water 

 Working concentration 1X TAE (2ml of 50X TAE/100 ml) 

Loading dye (6X) 

 0.25 % Bromophenol blue – 0.25 g 

 0.25 % Xylene Cyanol FF 

 30 % Glycerol 

Ethidium Bromide 

 Ethidium bromide – 10 mg 

 Double distilled water – 1 ml 

 Note: Wrap the container with dark paper. 

TE buffer 

 1M Tris-Cl – 10 ml 

 0.5M EDTA – 2 ml 

Mix the solutions with distilled H2O and make up the volume to 1000 ml. 

Preparation of 0.8 % w/v Agarose gel 

Weigh 0.8 gm of agarose, add in 100 ml of 1X TAE buffer and melt agarose using micro 

wave oven, after completion of melting kept for cooling, then add 4 μl of ethidium 

bromide, mix properly and pour on gel casting tray with required gel comb and allow for 

solidification.    
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APPENDIX II 

Reagents for Plasmid Isolation 

 Extraction / Lysis buffer 

1) Alkaline lysis solution І 

 50 mM Glucose 

 25 mMTris-HCl (pH- 8.0) 

 10 mM EDTA (pH- 8.0) 

2) Alkaline lysis solution Π (freshly prepared) 

 0.2 N NaOH and 

 1 % SDS (w/v) 

3) Alkaline lysis solution Ш 

 5 M Potassium acetate 60 ml 

 Glacial acetic acid 11.5 ml 

 Distilled water 28.5 ml 

(Solution І and Ш were autoclaved and stored at 4 °C) 
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APPENDIX III 

Media used in the experiments 

I. LB media 

Bactotryptone- 10 g/l 

Bacto yeast extract- 5 g/l 

Sodium chloride – 10 g/l 

pH adjusted to 7.0 

For Solid media Bacto agar of 1.5 % was included 

IPTG 

Dissolve 2 g IPTG in 8 ml water make up volume to 10 ml, filter sterilize, aliquot, store 

at –20°C 

X-gal solution (2% w/v) 

Dissolve X-gal at concentration of 20 mg/ml in water 
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