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jsMece GlHeeove  efueS DeeeqCJekeÀ pewJe efJe%eeve keÀe meceLe&ve DeepekeÀue DeefveJee³e& nes ie³ee nw keÌ³eeWefkeÀ jsMece GvHeeove
#es$e keÀes HejpeerefJe³eeW mes ner venebr, yeefukeÀ JeweféekeÀ leeHeve, Je<ee& keÀer keÀceer leLee veiejerkeÀjCe kesÀ keÀejCe veF& mecem³eeDeeW keÀe
meecevee keÀjvee Heæ[ jne nw~ mece³e keÀer cee@Bie nw efkeÀ ke=À<ekeÀeW keÀer #eefle keÀce keÀjves kesÀ efueS G®®e jsMece GlHeeove leLee
Òeefleyeue ÒeyebOeve kesÀ meeLe veS jsMecekeÀerì vemueeW keÀe efJekeÀeme efkeÀ³ee peeS~ jsMece pewJe Òeewod³eesefiekeÀer DevegmebOeeve Òe³eesieMeeuee
ceW nceves Yeejleer³e HeL= ekeÌkeÀejer [svmeesv³egeqkeÌue³eesemf eme efJe<eeCeg kesÀ ue#eCe-JeCe&ve, ÒeeflepeerJeeCegkeÀ HesHeìeFæ[ kesÀ meeLe jsMece efJeMes<ekeÀeW
keÀe meb³eespeve keÀjves leLee jsMecekeÀerì keÀer Demeb¬eÀec³elee keÀes jeskeÀves Jeeues keÀJekeÀ, ueIegyeerpeeCeg leLee T]peer cekeÌKeer keÀe DeeefCeJekeÀ
ue#³e Hen®eevee nw Deewj DevegmebOeeve Heefj³eespeveeDeeW kesÀ ceeO³ece mes YeefJe<³e keÀer ®egveewefle³eeW kesÀ ÒeyebOeve kesÀ efueS veS DeeeqCJekeÀ
Jew%eeefvekeÀ DeefYeiece keÀes ÒeejbYe efkeÀ³ee nw~ efJeMes<e ªHe mes kesÀvêer³e jsMece yees[& leLee pewJeÒeewod³eesefiekeÀer efJeYeeie ([eryeerìer, Yeejle
mejkeÀej) ves Menlegle leLee Jev³e jsMece #es$eeW ceW jsMece pewJe Òeewod³eesieerkeÀer ceW veF& DevegmebOeeve ÒeCeeueer kesÀ GHe³eesieeLe& GvekeÀe
efJeÊeer³e meceLe&ve yeæ{e³ee nw~ Yeejle kesÀ mLeeveer³e cetbiee jsMecekeÀerì keÀe mebpeerveer [erSveS Deveg¬eÀce leLee ì=eeqvm¬eÀHìesce efJeMues<eCe
kesÀjsyees kesÀ mebHetCe& meceLe&ve mes ÒeejbYe efkeÀ³ee ie³ee nw leeefkeÀ peerveesce mlej Hej Jev³e leLee JeeefCeeqp³ekeÀ mebK³ee keÀes Deueie efkeÀ³ee
pee mekesÀ leLee DeeeqCJekeÀ ue#eCe-JeCe&ue kesÀ DeeOeej Hej megvenjs cedbiee jsMece kesÀ Jem$e ue#eCeeW keÀer YetefcekeÀe keÀes mHeä efkeÀ³ee
pee mekesÀ~

ef®envekeÀ keÀer mene³elee mes ®e³eue kesÀ peefjS veS mebkeÀjeW kesÀ efJekeÀeme mes SveHeerJeer meb¬eÀefcele oMee ceW Yeer DeefOekeÀ
keÀesmee GlHeeove ngDee~ pewJeÒeewod³eesefiekeÀer efJeYeeie ([eryr eerìer) meceLe&ve mes Hetjs osMe ceW Fve veS mebkeÀjeW keÀe yeæ[s Hewceeves Hej keÀerìHeeueve
ÒemleeefJele nw pees jsMece GlHeeove #es$eeW ceW efJeefYeVe peueJee³eg oMee ceW mebkeÀj keÀer menveMeeruelee keÀer Hegefä keÀjsiee~ yeer. ceesjer
(meerSmeDeej4 leLee meerSmeDeej 27) kesÀ G®®e GlHeeokeÀ megûeen³e Òepeeefle³eeW kesÀ SveHeerJeer menveMeeruelee keÀes yeæ{eves kesÀ
efueS Heejpeerveer efvemlejer mes GkeÌle GlHeeokeÀ jsMecekeÀerì Òepeeefle³eeW ceW SveHeerJeer HeejpeerveeW keÀes nmleebleefjle keÀjles ngS DeejSveS
nmle#esHe leLee HejbHejeiele ÒepeVe lekeÀveerkeÀ keÀe Òe³eesie efkeÀ³ee ie³ee Deewj Fve meerSmeDeej Òepeeefle³eeW keÀes Hejpeerveer meerSmeDeej
kesÀ ªHe ceW HeefjJeeElele efkeÀ³ee ie³ee nQ~ Fme lekeÀveerkeÀ mes meeceev³e meerSmeDeej Òepeeefle³eeW ceW 5% keÀer leguevee ceW SveHeerJeer
meb¬eÀceCe kesÀ yeeo Heejpeerveer meerSmeDeej Òepeeefle³eeW keÀer GÊejpeerefJekeÀe oj ceW 50% lekeÀ Je=odefOe ngF&, efpememes HejbHejeiele
leLee DeeeqCJekeÀ DeevegJebefMekeÀ DeefYeieceW kesÀ meHeÀue meeqcceÞeCe mes GVele jsMece GlHeeove kesÀ HeefjCeece keÀer Hegefä keÀer pee mekesÀ~

Òe³eesieMeeuee kesÀ Jew%eeefvekeÀ ³eesieoeve keÀe ÒekeÀeMeve G®®emlejer³e peve&ueeW ceW neslee nw, veF& DevegmebOeeve Heefj³eespeveDeeW
keÀer mejieefYe&le ³eespevee yeveeles ngS FmekeÀe keÀe³ee&vJe³eve efkeÀ³ee peelee nw ~ FmekesÀ DeueeJee DevegmebOeeve leLee mveelekeÀesÊej
efJeod³eeeELe³eeW keÀes ceeie&oMe&ve leLee ÒeefMe#eCe Yeer efo³ee peelee nw~ ceQ Gve meYeer DevegmebOeeve efJeod³eeefLe&³eeW keÀes yeOeeF& oslee ntB efpevnW
cewmetª efJeMJeefJeÐeeue³e mes HeerS®e[er keÀer GHeeefOe efceueer~ efJeefYeVe DevegmebOeeve Heefj³eespeveeDeeW kesÀ meHeÀue leLee mece³e Hej efve<Heeove
kesÀ efueS ceQ meYeer Jew%eeefvekeÀeW, DevegmebOeeve íe$eeW / meeefLe³eeW leLee Dev³e meYeer keÀce&®eeefj³eeW keÀes GvekeÀer meceeeEHele mesJee keÀer
mejenvee keÀjlee ntB~

ceQ DevegmebOeeve meueenkeÀej meefceefle kesÀ Òeefle GvekeÀer melele mene³elee kesÀ efueS DeeYeej J³ekeÌle keÀjlee nBt leLee Fme
efjHeesì& ceW Deewj megOeej kesÀ efueS meYeer mes cenlJeHetCe& efveJesMe keÀe mJeeiele keÀjlee nBt~

[e@. ÒeoerHe kegÀceej efceÞe
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FOREWORD

Molecular Biology support to sericulture development became imminent these

days as the industry faces lot of challenges in the field not only from parasites but

from newer encounters due to global warming, rain scarcity and urbanization.

Development of new silkworm breeds with high silk production and stress

management became need of the hour to cut short the loss ensued to the farmers.

We at SBRL rolled out new molecular biology approaches to manage the challenges

ahead by opting research projects to characterize Indian isolates of densonucleosis

virus, to generate fusion of silk traits with antibacterial peptides and to identify

molecular targets of fungus, microsporidia and uzifly that suppress silkworm immunity.

Notably Central Silk Board and Department of Biotechnology (Government of India)

enhanced their financial support to utilize new research methodologies in seri-

biotechnology both in mulberry and Vanya silk sectors. Genomic DNA sequencing

and Transcriptome analysis of the muga silkworm, endemic to India has been initiated

with complete support from CSB to differentiate wild and commercial populations

at genome level as well as to elucidate the role of textile characters of golden muga

silk based on molecular characterization.

The development of new breeds through Marker Assisted Selection led to increased

cocoon production even under NPV infected conditions. Large scale rearing of these

new breeds is scheduled throughout the country with DBT support which will confirm

hardiness of the breed under different climatic conditions in the sericultural belt. In

order to enhance the NPV tolerance of high yielding susceptible races of B. mori

(CSR4 and CSR27), RNA interference and conventional breeding techniques were

applied by transferring NPV transgenes from transgenic Nistari to the said productive

silkworm races and these CSR races were transformed to transgenic CSR. The

technique enhanced the survival rate of transgenic CSR races to 50% after NPV

infection compared to 5% in normal CSR races, thereby confirming improved

sericultural output through successful amalgamation of conventional and molecular

genetic approaches.

The scientific contributions of the laboratory are supported by research publications

in fairly high impact factor journals, precise planning and execution of new research

projects including guidance and training of research scholars and postgraduate
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students. I congratulate our research scholars who were awarded with Ph.D from

the University of Mysore. I appreciate the hard work and scientific inputs of all the

scientists and research fellows as well as the dedicated services of all other

supporting staff for the successful timely execution of different research projects.

I thank the Research Advisory Committee for their persistent support and welcome

critical inputs from one and all on this report for further improvement.

Dr. Pradeep Kumar Mishra
Director
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VISION AND MISSION

VISION

To become a Centre of Excellence in Seribiotechnology.

MISSION

To achieve excellence in research in frontier areas of modern biology to transform

Indian Sericulture Industry into a competitive commercial production base.

MANDATE

To conduct research in silk biotechnology towards improvement in silk pro-

ductivity

To interact with reputed R&D institutions in sericulture and allied activities

To develop and disseminate technology to other R&D organizations

OBJECTIVES

Conduct scientific research in frontier areas of modern biology for developing

potential applications in improving silk productivity

Conduct research on silk for biomaterial and biomedical applications

Development and patenting of products/technologies

Capacity building in biotechnology

Strengthening institutional framework to support  research programmes

Publication of R&D outcome

Collaborative research programmes with other R&D organizations in India and

abroad including industry

Efficient functioning through RFD System

Improving internal efficiency / responsiveness / service delivery of the institute

Training for employable manpower development

FUNCTIONS

To formulate and implement research projects in frontier areas of modern

biology

To take up collaborative projects with other institutions in applied research

To develop and disseminate the products/technologies

To generate Human Resource in seribiotechnology

viii
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DevegmebOeeve keÀer cegK³e efJeMes<eleeSB
jesie ÒeeflejesOeer #ecelee ceW Meeefceue peerve veeceleë jsefueMe, mes¬eÀesefHeve yeer, [^esmeesceeFefmeve leLee GmekesÀ ÒeJele&keÀeW keÀes HeermeerDeej odJeeje
mebJeOe&ve efkeÀ³ee ie³ee Deewj ìerS JeskeÌìjeW ceW meb³eesefpele efkeÀ³ee ie³ee~ j®eveeDeeW keÀes jsMecekeÀe rì Deb[s ceW GvekesÀ cew¬eÀesFbpeskeÌMeve
(microinjection) kesÀ efueS Heejpeerveer JeskeÌìj, efHeiieer yewkeÀ (piggy bac) ceW mLeeveebleefjle efkeÀ³ee ie³ee~

l

l

nsceesmeeFì ceW keÀesefMekeÀe ceO³emLe jesOe#ecelee (immunity) meef¬eÀ³e ngF& pees n³etcejue jesOe#ecelee HeodOeefle kesÀ meef¬eÀ³eCe mes meceefLe&le
nQ~ otmejer Deesj, HejpeerJeer HejHees<eer jesOe#ecelee HeodOeefle Hej efJepe³eer nesleer nw Deewj j#ee ³eb$eeJeueer keÀes Heej keÀj uesles nQ~ n³etcejue
ueseqkeÌìve (Humoral lectin), nsceesmeeFefìve (Hemocytin) leLee yeerpeerDeejHeer 2 yee@eqcyekeÌme ceesjer ceW ueIegyeerpeeCeg meb¬eÀceCe kesÀ yeeo
DeefOekeÀ DeefYeJ³eeqkeÌle mlej oeEMele ngDee peyeefkeÀ ceWueeveeFæpesMeve (melanization) peerve ueIegyeerpeeCeg meb¬eÀceCe kesÀ yeeo kesÀ efoveeW ceW
keÀce DeefYeJ³eeqkeÌle osKeer ie³eer~ DeefveOee&efjle ue#eCeJeeues Òeesìerve keÀes ì^evmecescedye´sve HeefjJeenkeÀ kesÀ ªHe ceW ue#eCe efveOee&efjle efkeÀ³ee ie³ee
pees ueIegyeerpeeCeg meb¬eÀceCe kesÀ yeeo nesceesmeeFì ceW yeæ[er cee$ee ceW efJeod³eceeve nQ~

l SkeÌmeDeesefjmlee yeescyeF&efmeme kesÀ meb¬eÀceCe mes haemocytes ceW Dee@keÌmeerkeÀjCe / efj[keÌMeve Òeefleef¬eÀ³eeDeeW Deewj Òeefleef¬eÀ³eeMeerue Dee@keÌmeerpeve
Òepeeefle³eeW kesÀ GlHeeove Deewj yee@eqcyekeÌme ceesjer ceW SbìerDee@keÌmeer[Wì SbpeeFce (Antioxidant) ieefleefJeefOe³eeW keÀe Òesefjle ngDee nQ~

l DeejDeejSveS (rRNA) meeJe&ef$ekeÀ ÒeeFcej kesÀ DeeOeej Hej veesmeercee  peerveme kesÀ ueIegyeerpeeCeg kesÀ oes ve³es ÒeYeso keÀer Hen®eeve keÀer ieF&~

l ®eej efJeefYeVe ueIegyeerpeeCeg ÒeYesokeÀeW mes efvekeÀeuess ie³es [erSveS keÀes HeermeerDeej kesÀ ceeO³ece mes 16S DeejDeejSveS leLee DeeF&peerSme ÒeeæFcej
kesÀ meeLe mebJeOe&ve efkeÀ³ee ie³ee~ DeeF&peerSme #es$e veesmeercee yeeseqcyekeÌme kesÀ ceevekeÀ ÒekeÀej keÀer peeefle keÀer leguevee ceW DeefOekeÀ v³eteqkeÌue³eesìeF&[
efJeefJeOelee oMee&F& ieF&~ ueIegyeerpeeCegDeeW keÀe Helee ueieeves kesÀ efueS HeeefjJele&veer³e #es$eeW keÀes ue#³e yevee³ee peeSiee~

l lemej jsMecekeÀerì me s SLb ees fj³ee ceeFefueìe HeÌues®ejer mecyeoOd e jeis epeuekeÀ keÀer Hen®eeve keÀer ieF&, veeceleë oes ÒekeÀej keÀs  efJe<eeCeg, meeFìesHueeeqmcekeÀ
Hee@efue[s[^esefmeme efJe<eeCeg (meerHeerJeer) FvHesÀeqkeÌMe³eme HeÌues®ejer efJe<eeCeg (DeeF&SHeÀJeer) leLee HeÌues®ejer jesie mes mecyeodOe peerJeeCeg Òepeeefle³eeW
kesÀ ®eej ÒekeÀej pewmes SvìjesyewkeÌìj, Òeesìsme, mìHeÀeefuekeÀeskeÀme leLee SvìjeskeÀeskeÀme peeelf e keÀer Hen®eeve keÀer ieF&, lemej jsMecekeÀerìeW ceW oesveeW
efJe<eeCeg Deewj peerJeeCeg kesÀ keÀejCe HeÌues®ejer neslee nw~

l F14 Heer æ{er (ûeer<ce keÀerìHeeueve) cesW meerSmeDeej4 leLee meerSmeDeej 27 kesÀ Heejpeerveer JebMe kesÀ keÀJe®e Yeej Deewj keÀJe®e DevegHeele ceW yengle
keÀce cetu³e osKee ie³ee peyeefkeÀ ef[cYekeÀer³e leLee H³etHee Yeej legueveelcekeÀ ªHe ceW G®®e jne~ F15 Heeræ{e ceW, keÀesmee ue#eCeeW keÀer ÒeefleÒeeeqHle
ngF& efpememes Heejpeerveer JebMeeW ceW DevegketÀue efJeMes<ekeÀeW Hej G®®e leeHeceeve keÀe DeefOekeÀ ÒeYeeJe osKee ie³ee~

l meerSmeDeej 4  (CSR4) leLee meerSmeDeej 27  (CSR27) kesÀ Heejpeerveer JebMe kesÀ F12 leLee F14 Heeræ{er ves SveHeerJeer meb¬eÀceCe kesÀ yeeo
GÊejpeerefJelee oj 50-55% oMee&³eer~

l 12 ÒeeflekeÀJekeÀ peerve kesÀ legueveelcekeÀ DeefYeJ³eeqkeÌle efJeMues<eCe SHeerSce 2 (AMZ) ceW DeefOekeÀlej peerve ceW DeefOekeÀ Deewj SHeerSce
3 (APM3) ceW meyemes keÀce DeefYeJ³eeqkeÌle oMee&³eer~ keÀJekeÀ y³etJesefj³ee yesefme³eevee keÀe ÒeiegCeve SHeerSce 3 (APM3) ceW meyemes DeefOekeÀ
Deewj ÒeeflekeÀJekeÀ peerve keÀer G®®e DeefYeJ³eeqkeÌle kesÀ meeLe meeLe keÀce keÀJekeÀ ÒeiegCeve kesÀ megPeeJe kesÀ meeLe SHeerSce 2(APM2) ceW keÀce
jne~

l yeerSce yeernerJeer (BmBDV) kesÀ Yeejleer³e He=LekeÌkeÀejer ue#eCe efveOee&jCe mes íë DeesDeejSHeÀSme (ORFs) keÀe Helee ®euee~ efJe<eeCeg keÀe
ÒeiegCeve GlÒesefjle keÀjves kesÀ [erSueS Hee@efueefcejsme peerve kesÀ efueS DeesDeejSHeÀ-4 keÀeseE[ie mecHetjkeÀ jsKee Hej efmLele nw Deewj ³en
He=LekeÌkeÀejer kesÀ yeer[erJeer efmLeefle keÀer Hegefä keÀjleer nw~ DemLee³eer SvemeeryeerDeeF& (NCBI) DeefYeiece kesÀ meeLe yeerSceyeer[erJeer kesÀ Yeejleer³e
He=LekeÌkeÀejer keÀe mebHetCe& mebpeerve efJeMues<eCe yeerSceyeer[erJeer kesÀ peeHeeveer He=LekeÌkeÀejer kesÀ meeLe DeefOekeÀlece mee¢M³e osKee ie³ee~

l yeejbyeejlee meefnle jsMece HeÀeFye´e@Fve peerve kesÀ efJeKeC[ve leLee peerJeeCegjesOe Òeesìerve, mes¬eÀesefHeve yeer keÀe HeermejerDeej mebJeOe&ve efkeÀ³ee ie³ee~
peerve kesÀ meeLe yeveeF& ieF& j®evee Fve Òeesìerve SJeb Hee@ueerefnefmì[erve ìwie keÀer SvekeÀeseE[ie keÀjlee nw~ Fmes efHeef®e³ee Heemìjerme JeskeÌìj ceW keÌueesve
efkeÀ³ee ie³ee~ Hegveë meb³eespeve DeefYeJ³eeqkeÌle kesÀ efueS Devet¬eÀceCe mes j®evee keÀer Hegefä keÀer ieF&~
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1. In the transgenic lines on CSR4 and CSR27, shell weight and shell ratio

showed significantly low value in F
14

 generation (summer rearing) whereas larval

and pupa weight is comparatively higher. In F
15 

generation, the cocoon characters

were regained indicating larger influence of high temperature on the adaptive

traits in the transgenic lines.

2. In F
12

 and F
14

 generations of transgenic lines of CSR4 and CSR27,survival rate

after NPV infection showed 50-55%.

3. A comparative expression analysis of 12 antifungal genes revealed higher

expression of most of the genes in APM2 and least in APM3. Multiplication of

the fungus Beauvaria bassiana was highest in APM3 and lowest in APM2

suggesting a lower fungal multiplication is accompanied with higher expression

of antifungal genes.

4. Characterization of the Indian isolate of BmBDV revealed six ORFs. ORF-4

coding for DNA polymerase gene that catalyse multiplication of the virus is

located on the complimentary strand and it confirm the BDV status of the

isolate. Whole genome analysis of the Indian isolate of BmBDV with temporary

NCBI accession showed maximum homology with that of Japanese isolate of

the BmBDV.

5. Fragments of silk fibroin gene with repeats and an antibacterial protein, cecropin

B were PCR amplified. Constructs were made with genes encoding these

proteins and polyhistidine tags and cloned in to Pichia pastoris vectors.

Constructs were confirmed by sequencing for recombinant expression.

6. Genes involved in immunity, viz., Relish, Cecropin B, Drosomycin and their

promoters were amplified by PCR and ligated into TA vectors. The constructs

were transferred in to the transgenic vector, piggyBac for their microinjection

into silkworm eggs.

7. Infection of Bombyx mori larva with Nosema bombycis activated cell-mediated

immunity in hemocytes which is supported by activation of humoral immune

system. On the other hand, the parasites surmount the host immune system

and overcome the defense mechanisms. Humoral lectin, hemocytin and BGRP2

showed increased expression level after microsporidian infection in B. mori

whereas melanization genes showed lower expression in later days of

RESEARCH HIGHLIGHTS
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microsporidian infection. An uncharacterized protein is characterized as

transmembrane transporter which is present in large quantity in hemocytes

after microsporidian infection

8. Infection by Exorista bombycis induced oxidation / reduction reactions in

hemocytes and production of reactive oxygen species and antioxidative enzyme

activity in B. mori larva.

9. Based on rRNA universal primers, two new strains of microsporidians of Nosema

genus were identified.

10. DNA was extracted from four different microsporidian strains and were amplified

with 16S rRNA and IGS primers by PCR. The IGS region exhibited more

nucleotide variations when compared with standard type species of Nosema

bombycis. These variable regions wil l be targeted for early detection of

microsporidians.

11. Flacherie associated pathogens were identified from tasar silkworm, Antheraea

mylitta, viz., two types of viruses Cytoplasmic Polyhedrosis Virus (CPV),

Infectious Flacherie Virus (IFV) and four types of bacterial species associated

with flacherie disease like Enterobacter, Proteus, Staphalycoccus and

Enterococcus spp. have been identified indicating that flacherie disease is

caused by both virus and bacteria in tasar silkworms.
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LIST OF RESEARCH PROJECTS

ONGOING RESEARCH PROJECTS

1. AIT 3468 (DBT): Development of RNA interference (RNAi) based nuclearpoly

hedrosis virus resistance transgenic silk moth. (Jointly with CDFD, Hyderabad,

APSSRDI, Hindupur) (Under Center of excellence on Genetics and Genomics

of Silk moth to CDFD Hyderabad-Phase II) (Sept. 2011- Aug. 2016)

2. ARP 3518: Expression profiling of genes associated with resistance to Beauvaria

bassiana in Bombyx mori silkworm strains (Oct. 2014 - Sept. 2017)

3. AIT 3494 (DBT): Host-parasite interaction: Transcriptome responses to

parasitism in the silkworm Bombyx mori (Jan. 2013 - Dec. 2016).

4. ARP 3495: Development of immuno-molecular techniques for early diagnosis

of different microsporidians infecting silkworm, Bombyx mori L. (Jan.2013-Dec.2016).

5. AIB 3503: Identi f icat ion of autumn-speci f ic si lkworm breeds/hybrids

suitable for subtropical zones of North and North West India (in collaboration

with CSR&TI Pampore, NSSO Bangalore and CSTRI Bangalore) (Nov.2013-

Oct. 2016)

6. AIT 3538: Development of Fibroin Fusion Silk with Antioxidant and Anti-

bacterial Properties. (Jun 2015- May 2019)

7. AIT 3540: Development of Transgenic Silkworms for the Over-expression

of Disease-Resistant Genes for Enhanced Immunity. (In collaboration with

IISc Bangalore) (Aug 2015 - July 2018)

8. AIT 3544: Validation of Vitellogenin Receptor (VgR) Gene Expression Levels

as Molecular Indicator for Fecundity and Fertility in Silkworm Races. (In

Collaboration with CSGRC Hosur) (July 2015 - June 2016)

9. CFC 7064:  Sericin for cosmetic applications (collaboration with CSTRI and

M/s. Unilever Industries, Bangalore) (May 2015- April 2017)

10. ARP3522. Isolation, cloning, and characterization of antibacterial proteins

from silkworm, Bombyx mori  (Collaborative project of CSR&TI, Berhampore)

(May 2015 - April 2018)
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DST-JSPS Indo-Japan Collaborative Project

1. ARP-3513: Molecular characterization of Indian isolate(s) of Densovirus

(DNV) and viral resistance gene in the host silkworm Bombyx mori (June 2014 

PILOT STUDIES

1. SBRL002 - Male accessory gland proteome analysis and characterization

of oviposition stimulating substances (oss) from tasar silkworm, Antheraea

mylitta (Oct. 2014 - Mar. 2016)

2. SBRL 003 - Identification of uzifly maggot tissue protein that induces toxicity

in silkworm Bombyx mori (Dec. 2014 - March 2016)

3. SBRL 005 – Evaluation of Long duration line of Bombyx mori Nistari in different

seasons at Berhampore (April 2015 – March 2016)

CONCLUDED RESEARCH PROJECTS

1. ARP 3453: Development of Immuno molecular techniques for early diagnosis

of different microsporidians infecting silkworm, Bombyx mori L (Feb. 2013 -

Jan. 2016)

2. ARP 3489: Isolation and molecular characterization of major pathogens

associated with flacherie disease in Anthereaea mylitta D. (in collaboration

with CTR&TIRanchi) (Oct. 2012- Sept. 2015).
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PROGRESS OF ONGOING RESEARCH PROJECTS

AIT 3468 (DBT): Development of RNA interference (RNAi) based Nuclear Poly-

hedrosis Virus resistant transgenic silk moth (Jointly with CDFD,

Hyderabad and APSSRDI, Hindupur under Center of Excellence for

Genetics and Genomics of Silk moth to Center for DNA Fingerprinting

and Diagnostics, Hyderabad]

Duration: Sep. 2011– Aug.2016

Awasthi A. K., A. R. Pradeep and Kanika Trivedy [SBRL, Bangalore]

Ms. Varada Burdekar (JRF, SBRL, Bangalore)

The project is implemented under the aegis of the Centre for Excellence for

“Genetics and Genomics of Silk moth” funded to CDFD, Hyderabad by DBT and

second phase of the project was initiated during 2011. The project is based on the

RNA silencing of NPV genes that will be activated to initiate multiplication of NPV.

Four NPV genes viz ie1, lef1, lef3 and p74 will be silenced by double stranded RNA

through RNA interference technology. In an earlier program of CDFD, transgenic

Nistari race of the silkworm Bombyx mori was synthesized through germline

transformation by implanting a vector carrying short sequences of four essential

BmNPV genes, ie1, lef1, lef3 and p74 in tandem, either in sense or antisense or in

inverted-repeat arrangement (Subbaiah et al 2013, Genetics 193: 63-75) along with

reporter gene, red fluorescent protein (RFP). On NPV infection, the transgenic Nistari

has the capability to silence the NPV genes by RNA interference, thereby preventing

the NPV multiplication and increase the chances of survival of the larvae. It is found

that the transgenes are integrated into the silkworm genome and the transgenes

are mapped in three chromosomes 13, 18 and 20. Expression of RFP will be visible

in the ommatidia of the moths which is used as the reporter.

In the present Phase II of the project, inheritance property of the transgene is

exploited to transfer the transgene in to high yielding but NPV susceptible races,

through conventional breeding programs by crossing with transgenic Nistari. High

yielding races CSR4 and CSR27 are used in the study. Crosses were made between

transgenic Nistari female x CSR4 male and transgenic Nistari female x CSR27 male.

The F
1
 is crossed with CSR4 or CSR27 to develop back cross (BC

1
). Further crosses

were made and developed upto BC
4
 generations. The BC generations were developed

to improve the yield traits to CSR race level. The BC
4
 was used for sibmating and

BC
4
F

1
 generation was created. Followed by 14 generations (BC

4
F

15
) by sibmating
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were developed. All generations were tested for red fluorescence in the eyes of

each individual and confirmed the expression of (RFP). Different intermittent back

cross filial generations were exposed to NPV infection and tested the survival rate.

During last year BC
4
F

11
 to BC

4
F

15
 were reared and the data showed consistent yield

traits among the transgenic lines. In F
14

, the traits showed lower level, probably due

to high environmental temperature (37 ± 2oC) during February to April 2015. Mean

traits of F
15

 showed improvement. The shell weight and shell ratio showed significantly

low value in F
14

 generation whereas larval and pupa weight is comparatively higher

(Fig. 1) indicating the larger influence of high temperature on the adaptive traits in

the transgenic lines. However the cocoons showed uniformity in all transgenic lines

(Fig.2)

On experimental NPV infection of day 0 third instar larvae with 2 x 105 polyhedra/

larva, the transgenic lines showed 50 - 80% survival when compared with non-

transgenic lines (10-20%) (Fig.3) revealing the effectiveness of inherited transgenes

on curtailing NPV multiplication and increasing survival of the worms.

Figure 1: Mean yield traits of transgenic lines developed from crosses of transgenic

Nistari with CSR4 and CSR27.
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Figure 2: Cocoons of BC
4
F

12
 generation of transgenic lines developed from crosses

of transgenic Nistari with CSR4 and CSR27

Figure 3: Mean larval weight and survival (%) of transgenic silkworms developed

from crosses of transgenic Nistari with CSR4 and CSR27 after NPV infection.
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ARP 3518: Expression profiling of genes associated with resistance to

Beauvaria bassiana in Bombyx mori silkworm strains (In Collaboration

with CSGRC Hosur)

Duration: Oct. 2014 - Sep. 2017

Geetha N. Murthy and K. M. Ponnuvel [SBRL, Bangalore]

P. Somasundaram and N. Balachandran [CSGRC, Hosur]

Beauvaria bassiana causes white muscardine in Bombyx mori resulting in

substantial cocoon crop loss especially during humid rainy and winter seasons.

Reports reveal up and down regulations of several antifungal genes on B.bassiana

infection in B.mori. Some of these genes have also been validated through Real

time PCR. Hence, a project was taken up in collaboration with CSGRC Hosur to

investigate the differential expressions of the anti-fungal genes and its correlation

with fungal proliferation among different B.mori breeds. The resultant outcome could

indicate breed specific response of the antifungal genes and their probable feasibility

as markers for susceptibility / resistance to muscardine diseasein B.mori breeds.

During the period under report, maintenance of B.bassiana was continued on

Potato Dextrose Agar [PDA] mediumthrough regular sub-culturing. Further, larvae

of multivoltine and bivoltine B.mori breeds obtained from CSGRC Hosur were

inoculated with B.bassiana fungal spores. Integument samples from around 10 larvae

were collected by dissection at each time point i.e. 0h, 24h control, 24h post

inoculation from each breed. These samples were then processed for extraction of

DNA and RNA. The RNA samples were utilized for synthesis of cDNA. The cDNA

thus obtained were confirmed through semi-quantitative PCR with beta actin primers

and stored at -20°C.

A comparative expression analysis of 12 antifungal genes viz. Lysozyme,

LIM protein, Transferrin, Arylphorin, Glucose transporter, Peptidoglycan precursor,

Ecdysone induced protein, Chemosensory protein, Bm8 interacting protein, Troponin

C, Amidase and Vacuolar ATP synthase was carried out in B.bassiana infected

and control samples of four silkworm breeds viz. MH1, APM2, APM3 and APDR15.

Results revealed higher expression of maximum genes in APM2 and least in APM3.

The multiplication of B.bassiana was highest in APM3 and lowest in APM2

suggesting a lower fungal multiplication with higher gene expression (Fig. 4)
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Figure 4: Comparative expression analysis of antifungal and B.bassiana specific

genes in B.bassiana infected and control B.mori integument samples.
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AIT 3538: Development of Fibroin Fusion Silk with Antioxidant and Antibacterial

Properties.

Duration : July 2015 – June 2019

G. Ravikumar, [SBRL, Bangalore]

K. Vijayan [CSB, Bangalore]

Mrs Chitra, M[JRF, SBRL]

Mrs. Dyna Susan Thomas [Research Fellow, SBRL]

This project is aimed to develop novel fibroin fusion protein for new generation

dressing materials and tissue engineering applications. Fragments of silk fibroin gene

with repeats and an antibacterial protein, cecropin B were PCR amplified. Constructs

were made with these proteins and polyhistidine tags and cloned in to Pichia pastoris

vectors. Constructs were confirmed by sequencing and are being used for the recombinant

expression in P. pastoris. P. pastoris strains were propagated and cells were made for

the transformation of fusion construct and its expression.

AIT 3540: Development of Transgenic Silkworms for the Over-expression of

Disease-Resistant Genes for Enhanced Immunity (In collaboration

with IISc., Bangalore)

Duration : June 2015 – July 2018

G. Ravikumar [SBRL, Bangalore] and

Upendra Nongthomba [IISc, Bangalore]

Sandhya Rasalkar [JRF, IISc]

Mrs. Chitra M. [JRF, SBRL]

Mrs. Dyna Susan Thomas [Research Fellow, SBRL]

The aim of the project is to develop silkworm lines with enhanced disease

resistance to multiple pathogens to increase silk productivity. Genes involved in immunity,

viz., Relish, Cecropin B, Drosomycin and their promoters were amplified by PCR and

ligated in to TA vectors. The inserts were checked for errors by sequencing. Error free

constructs were transferred in to the transgenic vector, piggyBac for their microinjection

into silkworm eggs. The optimization of microinjection process is under progress.
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AIT 3544: Validation of Vitellogenin Receptor (VgR) Gene Expression Levels

as Molecular Indicator for Fecundity and Fertility in Silkworm Races

(In Collaboration with CSGRC Hosur).

Duration : July 2013 – June 2016

G. Ravikumar [SBRL, Bangalore]

Ashok Kumar [CSGRC, Hosur]

Mrs. Chitra M. [JRF]

Mrs. Dyna Susan Thomas [Research Fellow, SBRL]

The project is aimed to develop a molecular tool to identify high yielding breeds of

silkworm using VgR gene in terms of fecundity and fertility.

Pupal ovaries were dissected from 20 silkworm strains (bi- and multivoltine strains)

collected from CSGRC, Hosur. Primers were designed for the semi quantitative and

quantitative Taqman real time PCR analysis. The project is under progress.

AIT 3494: Host - parasite interaction: Transcriptome responses to parasitism

in the silkworm Bombyx mori.

Duration : 2013 January – 2016 July

Pradeep A.R., A.K. Awasthi and K.M. Ponnuvel [SBRL, Bangalore]

Ms. Pooja M. and Ms. Shambhavi P.H. [JRFs, SBRL, Bangalore]

Sericulture is one of the major sources of income for thousands of farmers in

India and in different states, mulberry and non-mulberry silkworms are reared to produce

commercially valuable silk. All silkworm species are exposed to pathogens such as

bacteria, virus, microsporidia and dipteran parasites, uzi fly etc. However different

parasites attack silkworms causing diseases and incurring a loss of 20-30%. Pebrine is

the most dreaded disease of the mulberry silkworm, B. mori caused by the

microsporidian, N. bombycis. It is known that various genes have been activated in the

Chinese strain of B. mori larva after Nosema infection but there are no reports on the

study of  immune reactions at molecular level in tropical strains of B. mori available in

India.

Though early observations have been made at organismal level after infection

by different parasites, only recently molecular level variations have been revealed in

the B.mori–parasite interaction. Our studies showed immuno-competence of B. mori

integument against uzi fly, Exorista bombycis attack. Cell mediated immunity is also

activated in hemocytes which is supported by activation of humoral immune system.
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On the other hand, the parasites surmount the host immune system and overcome

the defense mechanisms.

Aim of this project is to identify host-response proteins and transcriptome

responses in the hemocytes of the B. mori against invasion of the parasites, Exorista

bombycis and Nosema bombycis.

Identification of host-response proteins activated in hemocytes of Bombyx

mori after uzifly and microsporidian infection

Host – response proteins and immune – associated proteins were identified by

mass spectrometry from hemocytes collected from the mulberry silkworm Bombyx

mori larvae infected by uzi fly, Exorista bombycis and the microsporidian, Nosema

bombycis.Among the proteins identified, five uncharacterized proteins were identified

from hemocytes after infection by N. bombycis and no detailed information is available

except that two of them are putatively known to bind with proteins. However,

preliminary analysis showed that the two uncharacterized proteins showed putative

functions of protein binding (H9JAZ8) and lipid transporter activity (H9JJ98). Hence

these two proteins were considered for further analysis. Twenty two peptides were

identified from H9JAZ8 and fourteen peptides from H9JJ98 suggesting its presence

in larger level in the hemocytes after the N. bombycis infection.

  These two uncharacterized proteins with Uniprot accession H9JJ98 and

H9JZ8 has a molecular weight of 127.7kDa and 125.7kDa respectively, and were

partially characterized by in silico analysis and expression studies using RT-PCR.

Both the accessions H9JJ98 and H9JAZ8 showed secondary structure composition

consisting of largest proportion of the loop followed by strand and helices. Kyte -

Dolittle hydropathy plots prepared from the amino acid sequence of the accessions

H9JJ98 and H9JAZ8 showed large number of hydrophilic amino acids with several

negative peaks which indicates the presence of globular proteins.

DAS prediction server identified three potential transmembrane segments from

H9JJ98 and two from H9JAZ8 whereas PredProt revealed two transmembrane

regions from H9JJ98 only (Fig.5). The transmembrane helices in the uncharacterized

protein H9JJ98 showed orientation from ‘outside to inside’ with a larger score of 751

and 1286.Similarly ‘inside to outside’ orientation of helix that corresponds to ‘outside

to inside’ orientation is positioned at 722 amino acid in H9JJ98.  No signal proteins were

identified from amino acid sequences of both the proteins.
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Figure 5:  Transmembrane segments predicted from uncharacterized protein.

Three potential post translational modification sites, N Glycosylationsites were

predicted from H9JAZ8 whereas eight potential N Glycosylation sites were predicted

from H9JJ98. In the accession number H9JJ98, seven protein binding sites with

short protein length were identified and in the accession number H9JAZ8, five protein

binding sites were identified by Predict Protein program.

On similarity search using BLASTP, H9JAZ7 showed close similarity with

hemocytin and its isoforms of lepidopteran insects. The accession H9JJ98 showed

similarity with uncharacterized protein from different insects. During the search, NCBI-

conserved domain (CDD) search identified three conserved domains viz von

Willebrand factor (VWD), cysteine 8 (C8) and trypsin inhibitor like (TIL) from H9JAZ8

whereas epidermal growth factor like (EGF) was also identified by PROSITE. From

the accession, H9JJ98, three conserved domains, Vitellinogen (superhelical), lipid

transport protein (N- terminal) and VWD factors were identified.
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Expression profiles of both genes was analysed by semi quantitative RT-PCR.

The BGIBMGA009599 gene encoding H9JJ98 showed enhanced expression at 10th

day after microsporidian infection than on day 8 after the infection. However

expression of BGIBMGA006693 encoding H9JAZ8 showed reverse pattern in which

enhanced expression was on 8th day after infection, probably due to difference in

ensuing physiological functions of the encoding protein.

Transcriptome responses of hemocytes of B. mori after the parasitic infection.

Transmission electron microscopy (TEM) observations showed appearance

of phagocytic characters on granulocytes such as presence of pseudopodia on

cell membrane and secondary lysosomes after microsporidian infection. This

indicates activation of phagocytosis in the granulocytes. In order to confirm the

activation of phagocytosis, four specific genes associated with phagocytosis

were selected from Drosophila as the same is not known in B. mori. The genes

Eater and Thioester containing protein (TEP) were amplified using the template

cDNA of hemocytes of CSR2 strain. The amplicons showed enhanced expression

in the early stages of microsporidian infection indicating the activation of genes

associated with phagocytosis in hemocytes after the microsporidian infection.

Expression profile of a set of candidate genes associated with host- response,

immune reactions, recognition and antimicrobial protein was examined in hemocytes

of larvae infected with the microsporidia. Genes encoding SERPIN and its family

proteins showed delayed but enhanced expression (Fig. 6). On testing expression

of four Toll genes (BmToll, Toll 9, 11, 18), only BmToll 11 amplified with the Toll

specific primers. Humoral lectin, hemocytin and BGRP2 showed increased expression

level whereas BGRP4 was down regulated. CTL-11, chi tinase and Beta

glucosaminidase showed decreased expression in hemocytes after the infection

showing differential expression in hemocytes induced by the infection.

In order to test the activation of detoxification after the microsporidian

infection, expression of glutathione S transferase (GST), super oxide dismutase

(SOD) and catalase was tested. SOD and GST did not show any variation in

expression profile whereas catalase expression was decreased. The flavin-

dependent monoxygenase (FMO) showed differential expression of alleles in

hemocytes of B. mori larva after infection by N. bombycis. However, assays of SOD

and catalase enzymes as wel l H
2
O

2
 and nitrous oxide did not show any
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significant variation from control indicating low physiological role for detoxifi-

cation after microsporidian infection in hemocytes.

Figure 6: Quantitative expression of candidate genes amplified in hemocytes of

B.mori larva after microsporidian infection.

COLLABORATIVE PROJECTS OF OTHER INSTITUTES

CFC7064: Sericin for cosmetic applications (Collaboration with CSTRI,

Bangalore and M/s Unilever Industries, Bangalore)

Duration: May 2015 – April 2017

G. Ravikumar [SBRL, Bangalore]

Mrs. Chitra M. JRF [SBRL]

Mrs. Dyna Susan Thomas, Research Fellow [SBRL]

M.A.Joseph, [CSTRI, Bangalore]

Jyoti Tiwary, [M/s Unilever Industries, Bangalore]

Aim: To characterize sericin proteins from cocoons and silk gland.

Progress

Sericin was extracted from silk glands of CSR2 at different days (Vth instar day

1 to 5) and subjected to SDS-PAGE. Sericin fragments of varying molecular weights

were observed. Sericin samples (powder made from cocoons) from CSTRI, CSB,

Bangalore were subjected to SDS-PAGE. They were found as smears of different
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molecular weights whereas discrete banding patterns were observed from protein

extracted from the silk glands.

ARP 3522: Isolation, cloning and characterization of antibacterial proteins

from silkworm, Bombyx mori ( In Collaboration with CSRTI,

Berhampore)

Duration: May 2015 – April 2018

Kanika Trivedy and Satadal Chakrabarty [CSRTI, Berhampore]

G. Ravikumar [SBRL, Bangalore]

Mr. Gourab Roy [JRF, CSRTI, Berhampore]

Aim: To isolate and clone antibacterial genes from silkworm Bombyx Mori

Progress

Silkworm Bombyx mori Vth instar larvae were infected with Staphylococcus

vitulinus with controls. Proteins were extracted from the haemolymph and fat body

at 12, 24, 48 hr after inoculation. Proteins were subjected to gel filtration followed

by SDS-PAGE. Proteins of different molecular masses were isolated and subjected

to Mass Spec analysis. The analysis of the peptide sequences is under progress.

DST-JSPS INDO-JAPAN COLLABORATIVE PROJECT

ARP-3513: Molecular characterization of Indian isolate(s) of Densovirus

(DNV) and viral resistance gene in the host, silkworm Bombyx

mori

Duration: June 2014 – May 2016

Ponnuvel K. M.1, Tania Gupta1, V. Sivaprasad1, Keiko Kadono-Okuda2

Yumiko Nakajima3, Katsuhiko Ito4

1Seribiotech Research Laboratory, Bangalore 560035, 2Insect Genome

Research Unit, National Institute of Agrobiological Sciences, Tsukuba, Japan, 3Division

of Functional Genomics, University of the Ryukuys, Okinawa, Japan, 4Department

of Biological Production, Tokyo University of Agriculture and Technology, Japan.

Bombyx mori bidensovirus (BmBDV) previously known as B. mori densovirus

type 2 (BmDNV-2) was earlier grouped under the subfamily Densovirinae of the

family Parvoviridae. BmBDVs are one of the causative agents of the silkworm disease,

‘flacherie’ which causes immense economic loss to the sericulture industry.

Structurally, BmBDVs have a resemblance with Bombyx mori densovirus type 1

(BmDNV-1) and other parvoviruses wherein BmBDVs exhibit a similar non-enveloped,
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spherical, icosahedral structure of approximately 22 nm diameter. However, unlike

the monopartite genomes of BmDNV-1 and other parvoviruses, the BmBDVs have a

bipartite genome. Two non-homologous, single-stranded, linear DNA molecules (VD1

and VD2) encapsulated in separate virions, constitute the bipartite genome of

BmBDVs. The VD1 and VD2 DNA segments of BmBDVs have inverted terminal

repeats (ITRs) and share a common terminal sequence (CTS). However, unlike

BmDV-1 and other parvoviruses, BmBDVs do not possess any common terminal

palindromic sequences that can form terminal hairpins. Adding up to its uniqueness,

BmBDV is the only virus that possesses a single-stranded DNA that encodes for the

DNA polymerase enzyme. Considering all these specificities of the virus, the

International Committee on the Taxonomy of Viruses (ICTV), in 2011, established a

new family of viruses, Bidnaviridae and assigned BmBDV as the type species in the

new genus, bidensovirus.

To date, three isolates of BmBDV have been reported causing the commonly

occurring fatal silkworm disease, ‘flacherie’. They are (1) BmDV-1(Ina isolate), (2)

BmDV-2 (Saku isolate and Yamanashi isolate) and finally (3) BmDV-Z (Zhenjiang

isolate). While most of the strains of B. mori are susceptible to BmBDV, few races

have been found to be completely resistant to the virus. Studies have shown both

dominant and recessive alleles to be responsible for the resistance. So far four genes

have been reported conferring resistance against BmBDV-1 and BmBDV-2. These

are the Nid-1 and nsd-1 genes against BmBDV-1 and nsd-2 and nsd-Z genes against

BmBDV-2.

With this backdrop, BmBDV flacherie diseased silkworm samples were collected

from different sericultural areas of Kolar district. The Indian isolate of BmBDV has

been found to have a closer homology with the Japanese Yamanashi isolate

(BmBDV). Based on these reports several primer sets were designed as per the

sequence of the Japanese isolate of BmBDV. The BmBDV DNA polymerase gene

located on VD1 strand was made the first target for cloning. Primers were designed

to amplify the DNA polymerase gene (3348bp) of BmBDV. This was followed by the

cloning and sequencing of the subsequent regions. The amplified products were

successfully cloned through pGEM-T vector and were sequenced. The cloned plasmid

DNA samples were sequenced using M13 primers at Eurofins Genomics India

Pvt.Ltd., Bangalore. The multiple sequence alignment and phylogenetic relationship

of the Indian isolate of BmBDV with Chinese and Japanese BmBDV isolates were

15Annual Report, SBRL, Bangalore, 2015-2016



analysed using ClustalW and MEGA 5.1.

The complete nucleotide sequence of the Indian isolate of BmBDV has been

determined and submitted to NCBI. The VD1 and VD2 fragments of DNA of Indian

isolate of BmBDV were found to be of 6542 bp and 6023 bp length respectively. The

temporary gene accession numbers assigned to VD1 and VD2 segments are

KX760110 and KX779526, respectively. Since the DNA polymerase gene sequence

of Indian isolate of BmBDV was cloned first, its sequence was submitted to NCBI

database earlier and the accession number assigned to the gene is KP886818.1.

The sequence analysis of VD1 and VD2 DNA fragments of Indian isolate of BmBDV

revealed that it contained six ORFs. Four ORFs were located on the VD1 DNA

fragment while two were on the VD2 fragment. The ORF of Indian isolate of BmBDV

is represented in (Fig 7). The VD1 DNA fragment of Indian isolate of BmBDV was

found to have 5’ 1-224 and 3’ 6318-6542 repeat regions. The ORF-1 (5’-310-690-

3’), ORF-2 (5’-473-1423-3’) and ORF-3 (5’-1416-2915-3’) were all found to code for

a non-structural protein. However, ORF-4 coding for DNA polymerase gene was

found to be on the complimentary strand (3’-6286-2939-5’). On the other hand, the

VD2 DNA fragment of BmBDV was found to have two ORFs. ORF- 1 (5’-684-4163-

3’) was found to code for a minor structural protein while ORF-2 (3’-5437-4769-5’)

was for a non-structural protein obtained from the complement strand.

Dr. Katsuhiko Ito, a member of the Japanese counterpart of the project visited

the laboratory during the study tenure. During his stay, a survey was conducted

wherein diseased silkworm samples were collected from various sericultural areas.

The samples were checked for Densovirus infection. Genomic DNA as well as RNA

extraction was carried out from the Densovirus positive samples. cDNA was further

processed from the RNA samples for checking Densovirus infectivity.

Real-time primers have also been designed to quantify the Densovirus infection.

The RNA was extracted and first strand cDNA was synthesised for RT-PCR analysis.

Results revealed high copy numbers of BmBDV in the midguts of the flacherie

diseased silkworms at the end of the reaction. This confirmed presence of viable

BmBDV in quite high numbers in the field and its widespread association with flacherie

disease in B.mori. Simultaneously, studies were also carried out to screen the Indian

B. mori germplasm races for nsd-2gene. The aa-trans1 forward primer (5’-

TCTACGTGCTTTCATACTACGTATC) designed to have a binding site within exon 4

and the reverse primer (5’-TTCCTCACGTTTCTGAATTTCTCTTG) within exon 14
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was used to screen the Densovirus resistant races. On the other hand, the aa-

trans3 forward primer (5’- GGTAAGAGGTCCAACGCTGTTAAGTT-3’) designed to

have a binding site at exon 13, 3’ f lanking region and reverse primer (5’-

TTCCTCACGTTTCT-GAATTTCTCTTG) within exon 14 was used for the detection

of Densovirus susceptible races.

Figure 7: Details of ORFs position on the BmBDV genome
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PILOT STUDIES

SBRL002: Male accessory gland proteome analysis and characterization of

oviposition stimulating substances (oss) from tasar silkworm,

Antheraea mylitta.

Duration: Oct. 2014 – March 2016

G. Ravikumar [SBRL, Bangalore]

Objective: To characterize male accessory gland proteins

Male accessory gland proteins were separated by SDS-PAGE and analysed

by Mass spectrometer. Homology search indicates heat shock proteins and

uncharacterized proteins.

SBRL003: Identification of uzifly maggot tissue protein that induces toxicity

in silkworm Bombyx mori

Duration: Dec. 2014 - March 2016

A.R. Pradeep [SBRL, Bangalore]

Objective: Identification of uzifly protein that induces toxicity in hemocytes.

Uzifly maggot tissue protein was extracted and syringe filtered (0.22micron).

The protein was resolved by HPLC using a reverse phase C18 column. The

chromatogram showed 17 peaks between 10mts to 25mts and between 35mts to

55mts. The protein from the peaks were collected and used for in vitro bioassay

using hemocytes. Fractions 2 and 7 induced cell rupture and degranulation of

hemocytes and were analyzed by mass spectrometry (C-CAMP). Degranulation was

assessed by hexosaminidase assay which showed increased hexosaminidase

activity.

Mass spectrometry of Fragment 7 showed presence of 44 peptides which showed

presence of hydrolase, histidine kinase, ceramide kinase, methyl transferase, tyrosine

phosphatase, glutamate-1-semialdehyde aminotransferase, Polyprenyl synthetase,

hemocyte aggregation inhibiting factor and pyridoxamine-phosphate oxidase.

Genes of two proteins, hemocyte aggregation inhibiting factor and pyridoxamine-

phosphate oxidase showed amplification in integument of uzifly maggot.
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SBRL005: Evaluation of Long duration line of Bombyx mori Nistari in

different seasons at Berhampore.

Duration: April 2015 – March 2016

A.R. Pradeep [SBRL, Bangalore]

A.K. Verma (CSRTI, Berhampore)

Objective: To examine the performance of Bombyx mori Nistari to artificial selection

in different seasons at Berhampore (West Bengal) conditions

Nistari larvae were reared under selection pressure for long larval duration

four generations and the fifth generation was without selection. The cocoon showed

10-15% increase in weight and fecundity was in the range of 370-420 per DFL. The

DFL was send to Berhampore for rearing. The Berhampore rearing was in summer

(April – May 2016). In the first rearing, the yield parameters did not show significant

difference from control. For each rearing, directional selection should be performed

till stabilization of the trait.

REPORTS ON CONCLUDED RESEARCH PROJECTS

ARP3453: Development of Immuno molecular techniques for early diagnosis

of different microsporidians infecting silkworm, Bombyx mori L

Duration: Feb 2013 – Jan 2016

B. Surendra Nath and Geetha N. Murthy [SBRL, Bangalore]

Objectives:

1. Survey and identification of major unidentified microsporidians through

molecular techniques.

2. Development of different PCR based diagnostic approaches for detection

of different microsporidians as well as virulent and non-virulent species/

strains.

3. Identification of specific proteins as well as induced host specific proteins

using SDS-PAGE, 2D Gel electrophoresis and their characterization for

developing antibodies and development of polyclonal antibodies for

identification of microsporidians (for protein based approach)
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CONCLUSION REPORT

Survey conducted in potentially important sericultural zones of Karnataka. Based

on spore morphology, SEM and TEM, three new different microsporidians have been

identified and their pathogenicity and tissue specificity studied.

Identification by PCR technique

Based on rRNA universal primers, the identified two microsporidians belong to

the genus Nosema. Species specific as well as universal primers have been

developed for detection of Nosema and Vairimorpha by PCR and Real Time PCR.

Two microsporidians from Karnataka were multiplied and purified by using Percoll

gradient centrifugation. The purified mature spore yield is found to be 1x101. DNA

was extracted from four different microsporidian and were amplified with 16S rRNA

and IGS primers by PCR. The IGS region exhibited more nucleotide variations when

compared with standard type species of Nosema bombycis. These variable regions

will be targeted for detecting microsporidians

Spore protein identi f icat ion by SDS-PAGE analysis showed speci f ic

microsporidian spore wall proteins. Unique spore wall protein markers from different

microsporidians have been identified. Two types of antibodies have been developed

for simple detection of microsporidian species.

ARP3489: Isolation and molecular characterization of major pathogens

associated with flacherie disease in Antheraea mylitta D. (in

collaboration with CTR&TI Ranchi)

Duration: 2012 October – 2015 September

B. Surendra Nath and Kanika Trivedy (SBRL)

A.K. Sinha and K.P. Kiran Kumar (CTR&TI, Ranchi)

Objectives

1. To identify the pathogens associated with flacherie disease in A. mylitta

CONCLUSION REPORT

Collection:

Diseased tasar silkworms, Antheraea mylitta were collected by CTR&TI, Ranchi

and were of flacherie disease samples from tasar culture areas. Pathogen infected

guts, culturing of bacterial pathogens and their purification using standard agar

culture and purification methods were done. Various bacterial strains causing rectal
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protrusion, anal lip sealing and bacteriosis were cultured, sub-cultured and purified.

Flacherie associated pathogens were identified from tasar silkworm, Antheraea

mylitta, viz., two types of viruses Cytoplasmic Polyhedrosis Virus (CPV), Infectious

Flacherie Virus (IFV) and four types of bacterial species associated with flacherie

disease like Enterobacter, Proteus, Staphalycoccus and Enterococcus spp. have

been identified. The results clearly indicate that the flacherie disease is caused by

both virus and bacteria in tasar silkworms.

From the findings it is clearly evident that, different viruses and bacteria were

associated with the Flacherie. A suitable prophylaxis measures to be developed to

control the flacherie disease in order to save the tasar sericulture industry.

SILKWORM STOCK MAINTENANCE

1. Transgenic CSR4 and CSR27.

2. Silkworm breeds for NPV resistance developed through marker assisted

selection.

PUBLICATIONS

1. Lekha G, Gupta T, Awasthi A.K, Murthy, G.N., Trivedy K. and Ponnuvel

K.M. (2015) Genome wide microarray based expression profiles associated

with BmNPV resistance and susceptibility in Indian silkworm races of

Bombyx mori. Genomics106: 393–403

2. Rati Sudha, Geetha N. Murthy, Arvind K. Awasthi, Kangayam M. Ponnuvel

(2015). Attacin gene sequence variations in different ecoraces of tasar

silkworm Antheraea mylitta Bioinformation 11(10): 481-483

3. Pradeep AR, Anitha J, Panda A, Pooja M, Awasthi AK, Geetha NM,

Ponnuvel KM and Trivedy K (2015). Phylogeny of host response proteins

activated in silkworm Bombyx mori in response to infestation by Dipteran

endoparasitoid revealed functional divergence and temporal molecular

adaptive evolution. Journal of Clinical & Cellular Immunology 6: 370.

doi:10.4172/2155-9899.1000370

4. Chandrakanth, N., Ponnuvel, K. M., Moorthy, S., Sasibhushan, S.,

Sivaprasad, S. (2015) Analysis of transcripts of heat shock protein genes

in silkworm, Bombyx mori, European Journal of Entomology 112: 1-14.
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5. Lekha G.,Gupta T., Trivedy K., Ponnuvel K.M.  (2015) Paralogous gene

conversion, allelic divergence of attacin genes in silkworm Bombyx mori,

Invertebrate Survival Journal, 12: 214-224.

6. Gupta, T.,Kadono-Okuda,K., Ito, K.,Trivedy K., Ponnuvel, K.M., (2015)

Densovirus infection in silkworm Bombyx mori and genes associated with

disease resistance. Invertebrate Survival Journal, 12: 118-128.

7. Dyna Susan Thomas, Chitra Manoharan, KanikaTrivedy, Kunjupillai Vijayan,

Ravikumar Gopalapillai 2016. Lipophorin and its Immunological Properties

of Eri Silkmoth, Samia ricini. Sericologia (Accepted).

Book Chapters

1. Ponnuvel K. M., Sasibhushan S., Geetha N. Murthy and Rao C.G.P. (2015).

Diapause-Related Gene Expression in Eggs of Multivoltine Bombyx mori

L. Silkworm Races. Chapter in New Horizons in Insect Science: Towards

Sustainable Pest Management, A. K. Chakravarthy (ed.), pp 187-198.

International Conference attended and paper presentation

Pradeep A.R., Pooja M, Anitha J, Shambhavi P.H., Awasthi A.K, Geetha NM,

Ponnuvel K.M and Trivedy K (2015) Immune responses of silkworm, Bombyx mori

against infection by an endoparasitoid. Oral presentation by Dr. A.R.Pradeep in the

IV International Conference on Analytical Proteomics at Caparica, Lisbon,

Portugal,held on 7 -9 September, 2015 (Invited lecture).

Foundation Training Programme by CSB for young scientists

Dr. (Mrs.) K.S. Tulsi Naik, Dr. A Ramesha  and Dr. (Mrs.) Sailaja Bandam,

Scientists B attended 15 days foundation training programme at CSB complex, BTM

layout Bangalore, CSR&TI Mysore and CMER&TI Jorhat, Assam during Feb- march

2016. The training was intended to introduce the young scientists about CSB

Structure, R&D programme and various sectors of CSB.
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8. M/s Unilever Industries, Bangalore

9. C-CAMP, Bangalore

10. NIMHANS, Bangalore

11. SSTL, Kodathi, Bangalore

12. RSRS, Kodathi, Bangalore

13. NSSO, Bangalore

14. CSTRI, Bangalore

15. CSR&TI, Mysore

16. CSR&TI, Berhampore, West Bengal

17. CSGRC, Hosur

18. CTR&TI, Ranchi

19. CMER&TI, Lahdoigarh

20. CSR&TI, Pampore

21. BTSSO, Bilaspur
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RESEARCH ADVISORY COMMITTEE

Sl.No. List of RAC Members Remarks

1 Prof. H.S. Savithri, Dept. of Biochemistry, CHAIRPERSON

Indian Institute of Science Bangalore-560 012.

2 Prof. Usha Vijayaraghavan, Dept. of Microbiology & Molecular Member

Biology, Indian Institute of Science, Bangalore-560 012.

3 Dr. R. Ashokan, Principal, Scientist, Dept. of Biotechnology Member

IIHR, Hesaraghatta Bangalore-560 089.

4 Prof. P.H. Ramanjini Gowda, Professor, Dept. of Biotechnology, Member

UAS, GKVK, Bangalore-560 065.

5 Prof. H.E. Shashidhar, Professor, Dept. of Biotechnology, Member

UAS, GKVK, Bangalore-560 065.

6 Dr. Arunkumar K. P., Staff Scientist & Group Head, Lab of Member

Molecular Genetics Center for DNA Fingerprinting &

Diagnostics [CDFD] Bldg. 7, Gruhakalpa, 5-4-399/B,

Nampally Hyderabad-500 001.

7 The Director (Tech), Central Silk Board, Ministry of Textiles, Member

Govt. of India, CSB Complex, BTM Layout, Madiwala,

Bangalore-560 068.

8 The Director, Central Sericultural Research & Training Institute, Member

Central Silk Board, Ministry of Textiles, Govt. of India

Srirampura, Manandavadi Road, Mysore-570 008.

9 The Director, Central Sericultural Research & Training Institute, Member

Central Silk Board, Ministry of Textiles, Govt. of India,

Berhampore-742 101. West Bengal.

10 The Director, Central Sericultural Research & Training Institute, Member

Central Silk Board, Ministry of Textiles, Govt. of India,

Gallandar Pampore-192 121. (J&K)

11 The Director, Central Tasar Research & Training Institute, Member

Central Silk Board, Ministry of Textiles, Govt. of India,

PO- Piska-Nagri , Ranchi-835 303. Jharkhand.

12 The Director, Central Muga Eri Research & Training Institute, Member

Central Silk Board, Ministry of Textiles, Govt. of India,

P.O. Lahdoigarh, Jorhat-785 700. Assam.

13 The Director, Central Sericultural Germplasm Resources Centre Member

P.B. 44, Thally Road, Krishnagiri Dist., Hosur-635 109. T.N.

14 The Director, Seri-Biotech Research Laboratory, Kodathi, Member-

Carmelram Post, Sarjapur Road, Bangalore-560 035. Convener
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INSTITUTE BIOSAFETY COMMITTEE

Sl.No. Name Address Remarks

1 Prof. Usha Vijayaraghavan Department of Microbiology & Member-Secretary

Cell Biology, Indian Institute

of Science, Bangalore -12.

2 The Director Seri Biotech Research Chairman

Laboratory, Bangalore - 35.

3 Dr. R. Ashokan Principal Scientist, Dept. of Member

Biotechnology IIHR,

Hesaraghatta Bangalore-89.

4 Dr. B.L. Mohan Kumar, AMA-CSB Employees Member

MBBS Dr Mohan Nursing Home

Sarjapura Road, Bangalore-35.

5 Prof.  H.P. Puttaraju Dept, of Life Sciences, Member

Bangalore University

6 Dr. V.V. Satyavati Molecular Genetics LabCDFD, Member

Hyderabad External Expert

7 Dr. A.K. Awasthi Scientist-D & PI Seribiotech Member

Research Laboratory, Internal Expert

8 Dr. A.R. Pradeep Scientist-D & CI Seribiotech Member

Research Laboratory, Internal Expert

Bangalore-35.

HUMAN RESOURCES

Sl No Name Designation

1 Dr. (Mrs.) Kanika Trivedy Director (February 2015 - October 31st 2015)

2 Dr. A. K. Awasthi Scientist-D & Director I/C (from 1st Nov. 2015)

3 Dr. M. Venkateswarulu Scientist-D

4 Dr. (Mrs.) Geetha N. Murthy Scientist-D

5 Dr. B. Surendranath Scientist-D (till 28th February 2016)

6 Dr. K. M. Ponnuvel Scientist-D

7 Dr. G. Ravikumar Scientist-D

8 Dr. A. R. Pradeep Scientist-D

9 Mr. S. Ramesh Kumar Scientist-C

10 Dr Tulsi Naik K S Scientist-B (Joined service on 23-10- 2015)

11 Dr Sailaja Bandam Scientist-B (Joined service on 29-10- 2015)

12 Dr A Ramesha Scientist-B (Joined service on 09-11- 2015)

14 Mr. S. N. Gundurao Technical Assistant

15 Mr. Venkateshaiah Technical Assistant

16 Mr. G. Sumant Kumar Technical Assistant
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RESEARCH FELLOWS

Sl.No. Name Designation Division

1. Mr. Wazid Hussain Senior Research fellow Molecular pathology

2. Mrs. G. Bhuvaneswari Research scholar Molecular pathology

3 Ms. Pooja Makwana Senior Research fellow Proteomics

(till Dec 2015)

4 Mrs Varada Burdekar Senior Research Fellow Genomics

5 Mrs. Lekha G Junior Research Fellow Genomics

6 Ms Tania gupta Junior Research Fellow Genomics

7 Mrs Vijaya Gowri Junior Research Fellow Genomics

8 Ms Shambhavi P Hungund Junior Research Fellow Proteomics

9 Mrs Dyna Susan Thomas Junior Research Fellow Genomics

10 Mrs Chitra Manoharan Junior Research Fellow Genomics

11 Mrs. Sandhya Rasalkar Junior Research Fellow Genomics

ADMINISTRATION

Sl.No. Name Designation

1 Mrs. M. Jayalakshmi Superintendent

2 Mr. Mohan Raj Cashier

3 Mr. Chandrashekhar Rao Assistant

4 Mr. A. Mallesha Assistant Technician

5 Mr. Nagaraja Attender (Retired on 30th June  2015)

6 Mr. S. Nagesh Driver

7 Mr. Kenchappa Multi-tasking Staff

SUPPORTING STAFF

Sl.No. Name Designation

1 Mr. Shankar Shetty SFW

2 Mr. Basavalingaiah SFW

3 Mr. L.P Sampangi Rao SFW

4 Mr. Hombalaiah SFW

5 Mr. M. Krishnappa SFW

6 Mr. N Pillappa SFW

7 Mr. E Shivanna SFW

6 Mrs. Lakshmamma TSFW

26 Annual Report, SBRL, Bangalore, 2015-2016



SUPERANNUATION:

Mr. Nagaraja, Attender, retired from service of Central Silk

Board (Government of India) on attaining superannuation

at the age of 60 years in the financial year (2015-16). The

fraternity of SBRL thanking him for his esteemed service

and wish him a happy retired life.

FINANCIAL PROGRESS (2015-16)

During the year under report, an expenditure of Rs.257.163 lakhs was incurred

from Grants-in-Aid sanctioned by CSB and Department of Biotechnology,

Government of India

Sl.No. PARTICULARS Amount (Rupees in lakhs)

1 Salary and allowances 169.087

2 Wages & EPF 8.088

3 Travelling expenses 3.623

4 Contingent expenses 39.543

5 Assets 10.995

6 Others 15.946

7 Sub Total 247.284

8 DBT assistance 9.879

Total 257.163

EVENTS

Anti-terrorism Day was celebrated on 21 may 2015 as per instruction of Central

Silk Board on the occasion oath taking was also done by all the Scientists and

staffs.

International yoga day was observed on 21 June 2015 as per instruction of Central

Silk Board.

Blood Donation Day was observed on 1 october 2015  and awareness on blood

donation was created and on this occasion few scientists, staff and research scholars

voluntarily donated blood.
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Hindi Fortnight

Hindi fortnight was observed from 15th - 30th September 2015 and conducted

workshops for scientists. Scientists presented technical papers on research program

in Hindi. Various competitions were organised for staff to reveal proficiency in Hindi.

Vigilance Awareness week

Vigilance Awareness week was organized from 26th October to 31th October 2015 as

per instruction of Government of India and Central Silk Board. An debate competition

on increasing corruption in different fields of life was also conducted, and prizes

were distributed accordingly.

Communal Harmony week

Communal Harmony week was celebrated from 20th to 26th August 2015 as per

instruction of Central Silk Board.
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