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mÉëxiÉÉuÉlÉÉ

UåeÉæmÉëÉæAmÉë qÉåÇ ÌMüL aÉL zÉÉåkÉ MüÉrÉï Måü qÉÑZrÉ AÉMüwÉïhÉ SzÉÉïiÉå WæÇû ÌMü E±ÉåaÉ ElqÉÑZÉ 
AlÉÑxÉÇkÉÉlÉ lÉå ÌmÉNûsÉå  xÉÉsÉ  mÉÉUÇmÉËUMü mÉëeÉlÉlÉ AÉæU UåzÉqÉ-eÉæuÉ mÉëÉæ±ÉåÌaÉMüÐ EmÉMüUhÉÉåÇ 
Måü xÉÎqqÉ´ÉhÉ MüÉ EmÉrÉÉåaÉ ÌMürÉÉ Wæû | QûÏLlÉuÉÏ - mÉëÌiÉUÉåkÉÏ lÉxsÉÉåÇ AÉæU xÉÇrÉÑ£ü LlÉmÉÏuÉÏ-
QûÏLlÉuÉÏ  mÉëÌiÉUÉåkÉÏ LqÉLLxÉLlÉ lÉxsÉÉåÇ MüÐ mÉWûcÉÉlÉ lÉå zÉWûiÉÔiÉ UåzÉqÉMüÐOû eÉlÉlÉSìurÉ xÉqÉÔWû 
qÉåÇ ÌuÉwÉÉhÉÑ xÉÌWûwhÉÑ mÉëeÉÉÌiÉ MüÐ ÌuÉ±qÉÉlÉiÉÉ SzÉÉïD | EssÉåZÉlÉÏrÉ ÃmÉ xÉå ClÉ eÉÉÌiÉrÉÉåÇ Måü 
Ì²mÉëeÉ xÉÇMüU AÉæU oÉWÒû X Ì² xÉÇMüU MüÉ ¤Éå§É qÉÔsrÉÉÇMülÉ WÒûAÉ ÎeÉxÉxÉå E¨ÉU pÉÉUiÉ AÉæU 
mÉÍ¶ÉqÉ oÉÇaÉÉsÉ qÉåÇ qÉÉæeÉÔSÉ mÉëcÉÍsÉiÉ lÉxsÉÉåÇ MüÐ iÉÑsÉlÉÉ qÉåÇ EmÉeÉ AÉæU E¨ÉUeÉÏÌuÉiÉÉ qÉåÇ uÉ×Î® 

SåZÉÏ aÉD |

oÉÏ.qÉÉåUÏ qÉåÇ OíûÉÇxÉÌMÇüaÉQûqÉ AÉULlÉL WûxiÉ¤ÉåmÉ AÍpÉaÉqÉ MüÉ EmÉrÉÉåaÉ MüU LlÉmÉÏuÉÏ mÉëaÉÑhÉlÉ qÉåÇ 50% MüÐ MüqÉÏ 
mÉëÉmiÉ MüÐ eÉÉ xÉMüÐ | SÕxÉUÏ AÉåU LlÉmÉÏuÉÏ Måü xÉqÉÉlÉ ÌuÉwÉÉhÉÑ Måü MühÉÉåÇ MüÉå ÌuÉwÉÉhÉÑ eÉÏlÉÉåqÉ AlÉÑ¢üqÉ ÌuÉzsÉåwÉhÉ 
Måü qÉÉkrÉqÉ xÉå AÉåMü iÉxÉU UåzÉqÉMüÐOû LÇjÉåËUrÉÉ mÉëÉrÉsÉÏ qÉåÇ OûÉCaÉU oÉæÇQû UÉåaÉ Måü mÉëÌiÉ ÎeÉqqÉåSÉU UÉåaÉeÉlÉMüÉåÇ Måü 
ÃmÉ qÉåÇ mÉWûcÉÉlÉ MüÐ aÉD |

xÉWûrÉÉåaÉÏ MüÉrÉï¢üqÉÉåÇ Måü qÉÉkrÉqÉ xÉå LMü AÉæU xÉÉkÉlÉ xÉÇmÉ³É EmÉsÉÎokÉ qÉÔaÉÉ UåzÉqÉ MüÐOû LÇjÉåËUrÉÉ AxÉÉqÉålÉÍxÉxÉ 
Måü mÉÔUå eÉÏlÉÉåqÉ MüÉå AlÉÑ¢üÍqÉiÉ AÉæU mÉëÌiÉsÉåZÉÏrÉ ÌuÉzsÉåwÉhÉ MüUlÉÉ jÉÉ ÎeÉxÉxÉå rÉWû mÉëSÍzÉïiÉ WÒûAÉ ÌMü qÉÔaÉÉ 
UåzÉqÉMüÐOû eÉÏlÉÉåqÉ MüÉ AÉMüÉU sÉaÉpÉaÉ 500 LqÉoÉÏ Wæû ÎeÉxÉxÉå ÌuÉÍpÉ³É zÉÉUÏËUMüÐrÉ pÉÔÍqÉMüÉAÉåÇ xÉå eÉÑÄQûÏ 
ÌOûmmÉhÉÏ Måü xÉÉjÉ sÉaÉpÉaÉ 23000 eÉÏlÉ xÉqÉÉÌuÉ¹ jÉå | eÉÏlÉÉåqÉ AÉÇMüÄQûÉ EimÉÉSlÉ sÉ¤ÉhÉÉåÇ AÉæU UÉåaÉ xÉÌWûwhÉÑiÉÉ 
xÉå xÉÇoÉ® AÉÎhuÉMü qÉÉMïüUÉåÇ Måü xÉÇuÉkÉïlÉ Måü mÉëÌiÉ EmÉrÉÉåaÉÏ WûÉå xÉMüiÉÉ Wæû,  ÎeÉxÉå AÍkÉMü EimÉÉSlÉ ¤ÉqÉiÉÉ AÉæU 
E¨ÉUeÉÏÌuÉiÉÉ Måü xÉÉjÉ lÉrÉå qÉÔaÉÉ UåzÉqÉ MüÐOû lÉxsÉÉåÇ MüÉå xÉÇzsÉåÌwÉiÉ MüUlÉå qÉåÇ CxiÉåqÉÉsÉ ÌMürÉÉ eÉÉ xÉMüiÉÉ Wæû |

mÉëÉåOûÏlÉ ÌuÉsÉrÉlÉ AÍpÉaÉqÉ Måü qÉÉkrÉqÉ xÉå, TüÉCoÉëÊClÉ-xÉå¢üÉåÌmÉlÉ xÉÇsÉrÉlÉ mÉëÉåOûÏlÉ MüÉå xÉÇzsÉåÌwÉiÉ ÌMürÉÉ aÉrÉÉ 
eÉÉå eÉæuÉ ÍcÉÌMüixÉÉ AlÉÑmÉërÉÉåaÉÉåÇ qÉåÇ EmÉrÉÉåaÉÏ WûÉå xÉMüiÉÉ Wæû | AÌiÉ-AÍpÉurÉ£ü UåÍsÉzÉ AÉæU QíûÉåxÉÉåqÉÉCÍxÉlÉ eÉÏlÉ 
Måü xÉÉjÉ OíûÉÇxÉeÉåÌlÉMü UåzÉqÉ MüÐOûÉåÇ lÉå qÉÉC¢üÉåxmÉÉåËUÌQûrÉÉ mÉëoÉsÉiÉÉ Måü ÍsÉL oÉåWûiÉU xÉÌWûwhÉÑiÉÉ ÌSZÉÉD |

uÉæ¥ÉÉÌlÉMüÉåÇ, AlÉÑxÉÇkÉÉlÉ AkrÉåiÉÉAÉåÇ LuÉÇ zÉÉåkÉ NûÉ§ÉÉåÇ, iÉMülÉÏMüÐ AÉæU mÉëzÉÉxÉÌlÉMü MüqÉïcÉÉËUrÉÉåÇ AÉæU xÉWûÉrÉMü 
MüÉÍqÉïMüÉåÇ MüÐ OûÏqÉ pÉÉuÉlÉÉ Måü cÉsÉiÉå WûÏ rÉWû EmÉsÉÎokÉ WûÉÍxÉsÉ WûÉå xÉMüÐ | qÉæÇ CxÉ AuÉxÉU mÉU ElÉ zÉÉåkÉ NûÉ§ÉÉåÇ 
MüÐ xÉUÉWûlÉÉ MüUiÉÉ WÕÇû, ÎeÉlWåÇû qÉæxÉÔU ÌuÉµÉÌuÉ±ÉsÉrÉ xÉå mÉÏLcÉQûÏ EmÉÉÍkÉ xÉå xÉqqÉÉÌlÉiÉ ÌMürÉÉ aÉrÉÉ AÉæU lÉL 
UåzÉqÉMüÐOû AÉÎhuÉMü eÉÏuÉ ÌuÉ¥ÉÉlÉ AlÉÑxÉÇkÉÉlÉ qÉåÇ lÉL AlÉÑxÉÇkÉÉlÉÉåÇ Måü ÍsÉL WûqÉÉUå xÉÉjÉ eÉÑÄQåû lÉL AluÉåwÉMüÉåÇ 
MüÐ pÉÏ mÉëzÉÇxÉÉ MüUiÉÉ WÕðû |

MåÇüSìÏrÉ UåzÉqÉ oÉÉåQïû Måü ÌlÉUÇiÉU xÉqÉjÉïlÉ, eÉæuÉ mÉëÉæ±ÉåÌaÉMüÐ ÌuÉpÉÉaÉ (pÉÉUiÉ xÉUMüÉU) AÉæU CÇQûÉå-xuÉÏÌQûzÉ 
AlÉÑxÉÇkÉÉlÉ MüÉrÉï¢üqÉ xÉå ÌuÉ¨ÉÏrÉ xÉWûÉrÉiÉÉ AÉæU AlÉÑxÉÇkÉÉlÉ xÉsÉÉWûMüÉU xÉÍqÉÌiÉ LuÉÇ QûÏoÉÏOûÏ ÌuÉzÉåwÉ¥É xÉÍqÉÌiÉ MüÐ 
iÉMülÉÏMüÐ xÉsÉÉWû Måü ÌoÉlÉÉ rÉWû mÉëxiÉÉuÉlÉÉ AkÉÔUÏ UWåûaÉÏ | rÉWû mÉërÉÉåaÉzÉÉsÉÉ, MåÇüSìÏrÉ UåzÉqÉ oÉÉåQïû Måü AkÉÏlÉxjÉ 
xÉÇxjÉÉlÉÉåÇ AÉæU UÉ·íÏrÉ LuÉÇ AÇiÉUÉï·íÏrÉ mÉërÉÉåaÉzÉÉsÉÉAÉåÇ eÉæxÉå AÉDAÉDLxÉxÉÏ, oÉåÇaÉsÉÔÂ, AÉDAÉDOûÏ aÉÑuÉÉWûÉOûÏ 
xÉå mÉëÉmiÉ iÉMülÉÏMüÐ xÉWûÉrÉiÉÉ MüÐ GhÉÏ Wæû | UåzÉqÉ eÉæuÉ mÉëÉæ±ÉåÌaÉMüÐ AlÉÑxÉÇkÉÉlÉ MüÉrÉï¢üqÉ MüÉå oÉåWûiÉU oÉlÉÉlÉå Måü 
ÍsÉL ÌuÉÍpÉ³É xÉÇxjÉÉlÉÉåÇ xÉå mÉëÉmiÉ xÉqÉjÉïlÉ Måü mÉëÌiÉ kÉlrÉuÉÉS SåiÉå WÒûL pÉÌuÉwrÉ qÉåÇ pÉÏ ClWûÏÇ mÉërÉÉxÉÉåÇ MüÐ AmÉå¤ÉÉ 
MüUiÉÉ WÕðû iÉÉÌMü UåzÉqÉ E±ÉåaÉ sÉÉpÉÉÎluÉiÉ WûÉå xÉMåü |

QûÊ. AÉU. Måü. ÍqÉ´É

											                ÌlÉSåzÉMü
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Foreword

Highlights of the research work carried out at SBRL showed that industry 
- oriented research has taken lead in the past year utilizing an amalgamation 
of conventional breeding and Seri-biotechnology tools. Identification of 
DNV- resistant breeds and combined NPV-DNV resistant MASN breeds 
have shown the existence of virus tolerant races in the mulberry silkworm 
germplasm pool. Notably bivoltine hybrids and multi x bi hybrids of these 
races are under field evaluation which further showed enhanced yield and 

survival in comparison to existing ruling breeds in north India and West Bengal. 

Reduction in NPV multiplication by 50% using Transkingdom RNA interference approach 
could be achieved in B. mori.  On the other hand virus particles similar to NPV were 
identified as the pathogens responsible for Tiger band disease in the oak tasar silkworm, 
Antheraea proyeli through virus genome sequence analyses.

Another resourceful achievement through a collaborative program is the whole genome 
sequencing and transcriptome analysis of muga silkworm, Antheraea assamensis which 
showed size of the muga silkworm genome as approximately 500Mb comprising nearly 
23000 genes associated with different physiological roles. The genome data could be useful 
to exploit the molecular markers associated with yield traits and disease tolerance which 
in turn can be used to synthesize new muga silkworm breeds with larger yield potential 
and survival.

Through fusion protein approach, fibroin-cecropin fused protein was synthesized which 
could be useful in biomedical applications. Transgenic silkworms with overexpressed 
Relish and Drosomycin genes showed better tolerance to microsporidia attack.

The achievements accomplished are outcome of the sincere team work of the scientists, 
research fellows and scholars, technical and administrative staff and supporting system. I 
take this opportunity to appreciate the research scholars who were awarded with the Ph. 
D Degree from University of Mysore   and the new investigators who joined us to take new 
path in silkworm molecular biology research.

This foreword will be incomplete without mentioning the constant support from Central 
Silk Board, financial support from Department of Biotechnology (Government of India) 
and Indo-Swedish Research program and for the technical advises from Research Advisory 
Committee and DBT expert committee. This laboratory is indebted for the technical support 
received from National and International Laboratories like IISc, Bangalore, IIT Guwahati, 
University of Delhi (south campus) and sister Institutes under CSB. While thanking for the 
support received from different Institutions, the same is expected for our future endeavour 
to improve the Seri-biotechnology research programme to benefit the sericulture industry.

								        Dr. Rakesh Kumar Mishra
									                 Director
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VISION AND MISSION

VISION

To become a Centre of Excellence in Seri-biotechnology.

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 and silk- based biomaterials towards improvement 
in silk productivity

• 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 and by-product 
utilization

• 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 Seri-biotechnology
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AlÉÑxÉÇkÉÉlÉ mÉËUhÉÉqÉ MüÐ qÉÑZrÉ ÌuÉzÉåwÉiÉÉLÇ
1. mÉëÌiÉU¤ÉÉ eÉÏlÉ (UåÍsÉzÉ AÉæU QíûÉåxÉÉåqÉÉCÍxÉlÉ)  MüÐ AÍpÉurÉÌ£ü mÉU mÉÉUeÉÏuÉÏ UåzÉqÉMüÐOûÉåÇ MüÉ xÉTüsÉiÉÉmÉÔuÉïMü ÌuÉMüÉxÉ 

ÌMürÉÉ aÉrÉÉ AÉæU CxÉxÉå LlÉmÉÏuÉÏ,  lÉÉåxÉåqÉÉ oÉÊÎqoÉÍxÉxÉ AÉæU eÉÏuÉÉhÉÑ UÉåaÉeÉlÉMüÉåÇ Måü mÉëÌiÉ  xÉÌWûwhÉÑiÉÉ SåZÉå aÉD |

2. TüÉCoÉëÊClÉ-xÉå¢üÉåÌmÉlÉ oÉÏ xÉÇsÉrÉlÉ mÉëÉåOûÏlÉ MüÐ mÉÑlÉrÉÉåïeÉlÉ AÍpÉurÉÌ£ü, ÌuÉwÉqÉ AÍpÉurÉÌ£ü mÉëhÉÉÍsÉrÉÉåÇ qÉåÇ mÉëÉmiÉ MüÐ 
aÉrÉÏ |

3. eÉæuÉ-AÉqÉÉmÉlÉ Måü qÉÉkrÉqÉ xÉå oÉÏLqÉQûÏLlÉuÉÏ-2 mÉëÌiÉUÉåkÉ Måü ÍsÉL xÉÏLxÉAÉU 6-AÉU, xÉÏLxÉAÉU26-AÉU, 
LqÉLLxÉxÉLlÉ-6 AÉU, LqÉLLxÉLlÉ 7 AÉU AÉæU eÉå2mÉÏ-AÉU Måü LlÉLxÉQûÏ-2 qÉÉMïüU xÉWûrÉÉåaÉÏ Måü xÉÉjÉ 
cÉrÉÌlÉiÉ uÉÇzÉ¢üqÉ MüÉ ÌuÉMüÉxÉ AÉæU ClWåÇû qÉÉlÉMüÐM×üiÉ ÌMürÉÉ aÉrÉÉ | xÉqÉ-ÌuÉwÉqÉ ÎxjÉÌiÉ qÉåÇ LqÉLxÉQûÏ-2 mÉëÌiÉUÉåkÉÏ 
ÌuÉMüsmÉÏ uÉÉsÉå lÉU-qÉÉSÉ xÉÇMüUhÉ xÉå EimÉ³É xÉÇMüU mÉÔUÏ iÉUWû xÉå oÉÏLqÉQûÏLlÉuÉÏ-2 Måü mÉëÌiÉUÉåkÉÏ jÉå | uÉæxÉå,   
oÉÏLqÉQûÏLlÉuÉÏ-2 mÉëÌiÉUÉåkÉÏ AÉæU EimÉÉSMü UåzÉqÉMüÐOû lÉxsÉÉåÇ LuÉÇ xÉÇMüUÉåÇ Måü ÌuÉMüÉxÉ WåûiÉÑ LlÉLxÉQûÏ-2 sÉÉåMüxÉ  
mÉU cÉrÉlÉ mÉrÉÉïmiÉ Wæû |

4. QûÏLxÉAÉULlÉL EmÉcÉÉËUiÉ LlÉmÉÏuÉÏ xÉÇ¢üÍqÉiÉ UåzÉqÉMüÐOûÉåÇ Måü qÉkrÉÉÇ§É lÉqÉÔlÉÉåÇ Måü uÉÉxiÉÌuÉMü xÉqÉrÉ qÉåÇ qÉÉ§ÉÉiqÉMü 
ÌuÉzsÉåwÉhÉ xÉå OíûÉÇxÉÌMÇüaÉQûqÉ AÉULlÉL ÌuÉzsÉåwÉhÉ xÉå oÉÏLqÉLlÉmÉÏuÉÏ xÉÇ¢üÍqÉiÉ lÉqÉÔlÉå MüÐ iÉÑsÉlÉÉ qÉåÇ ÌuÉwÉÉhÉÑ eÉÏlÉ MüÐ 
xÉÇZrÉÉ qÉåÇ MüqÉÏ SåZÉÏ aÉDÇ | eÉæuÉ AÉqÉÉmÉlÉ lÉå ÌuÉwÉÉhÉÑ mÉëaÉÑhÉlÉ mÉU QûÏLxÉAÉULlÉL Måü mÉëpÉÉuÉ xÉå oÉÏLqÉLlÉmÉÏuÉÏ 
xÉÇ¢üÍqÉiÉ UåzÉqÉMüÐOûÉåÇ Måü QûÏLxÉAÉULlÉL EmÉcÉÉU Måü oÉÉS E¨ÉUeÉÏÌuÉiÉÉ mÉëÌiÉzÉiÉiÉÉ qÉåÇ > 50% uÉ×Î® WÒûD | 

5. iÉÇiÉÑ sÉÇoÉÉD  Måü ÍsÉL AÉlÉÑuÉÇÍzÉMü qÉÉMïüU [eÉÏLTüLsÉ1] MüÉå 600 oÉÏmÉÏ ÌuÉMüsmÉÏ uÉÉsÉå oÉWÒûmÉëeÉ mÉëeÉÉÌiÉrÉÉåÇ AÉæU 
700 oÉÏmÉÏ ÌuÉMüsmÉÏ uÉÉsÉå Ì²mÉëeÉ mÉëeÉÉÌiÉrÉÉåÇ MüÉå mÉWûcÉÉlÉÉ aÉrÉÉ Wæû AÉæU oÉÏ.qÉÉåUÏ Måü aÉÑhÉxÉÔ§É 16 qÉåÇ qÉÉlÉÍcÉÌ§ÉiÉ 
ÌMürÉå aÉrÉå WæÇû | uÉÇzÉÉlÉÑaÉiÉ ÌuÉzsÉåwÉhÉ xÉå mÉiÉÉ cÉsÉÉ Wæû ÌMü mÉÏLqÉ X xÉÏLxÉAÉU 2 AÉæU ÌlÉxiÉÉUÏ X xÉÏLxÉAÉU 2 
Måü LTü 1 qÉåÇ ÌuÉwÉqÉrÉÑaqÉeÉÏ ÎxjÉÌiÉ qÉåÇ jÉå iÉjÉÉÌmÉ 1: 2: 1 SU xÉå LTü 2  mÉÏÄRûÏ qÉåÇ mÉ×jÉ‚üUhÉ SåZÉÉ aÉrÉÉ | UåzÉqÉ  
aÉëÇÍjÉ ¤Éå§É Måü ÌuÉzsÉåwÉhÉ xÉå mÉiÉÉ cÉsÉÉ  Wæû ÌMü SÉålÉÉåÇ ÌuÉMüsmÉÏ (600  oÉÏmÉÏ AÉæU 700 oÉÏmÉÏ) uÉÉsÉå MüÐOûÉåÇ qÉåÇ 
LTüAÉDoÉÏ-LsÉ 2 AÉåU LTüAÉDoÉÏ-LcÉ, mÉÏ 25 Måü AÍpÉurÉÌ£ü xiÉU Måü 600 oÉÏmÉÏ ÌuÉMüsmÉÏ uÉÉsÉå MüÐOûÉåÇ MüÐ 
iÉÑsÉlÉÉ qÉåÇ AÍkÉMü mÉÉrÉÉ aÉrÉÉ Wæû eÉÉå iÉÇiÉÑ sÉÇoÉÉD Måü xÉÉjÉ eÉÏLTüLsÉ-1 Måü xÉWûrÉÉåaÉ MüÉå SzÉÉïiÉÉ Wæû |

6. xÉÇ¢üÍqÉiÉ AÉåMü iÉxÉU (L.mÉëÉrÉsÉÏ ) UåzÉqÉ MüÐOûÉåÇ Måü ÌuÉwÉÉhÉÑ MühÉ zÉÑ® ÌMüL aÉrÉå | mÉ×jÉMü AÉæU xÉÇUÍ¤ÉiÉ ¤Éå§ÉÉåÇ MüÉ 
eÉÏlÉÉåÍqÉMü QûÏLlÉL M×ÇüiÉMü [YsÉÉålÉ] MüU ClWåÇû AlÉÑ¢üÍqÉiÉ ÌMürÉÉ aÉrÉÉ | ÌuÉwÉÉhÉÑ MüÐ mÉÔhÉï sÉÇoÉÉD uÉÉsÉå eÉÏlÉÉåqÉ MüÐ 
mÉWûcÉÉlÉ MüÐ aÉD (AÍpÉaÉqÉ: eÉÏAÉD : 1371952746) 

7. LÇjÉåËUrÉÉ qÉÉCÍsÉ�ûÉ MüÉå xÉÇ¢üÍqÉiÉ MüUlÉå uÉÉsÉå CnsÉÉ ÌuÉwÉÉhÉÑ MüÉå sÉ¤ÉhÉ ÌlÉkÉÉïUhÉ ÌMürÉÉ aÉrÉÉ | ÌuÉÍpÉ³É FiÉMüÉåÇ qÉåÇ 
ÌuÉwÉÉhÉÑ Måü mÉëaÉÑhÉlÉ Måü xÉÉjÉ-xÉÉjÉ xÉÇcÉUhÉ MüÐ ÌuÉÍkÉ MüÉ ÌuÉzsÉåwÉhÉ ÌMürÉÉ aÉrÉÉ | qÉÉiÉ×zÉsÉpÉ xÉå xÉÇiÉÉlÉÉåÇ qÉåÇ AÇQûÉåÇ 
Måü qÉÉkrÉqÉ xÉå AlÉÑsÉÇoÉ xÉÇcÉUhÉ SåZÉÉ aÉrÉÉ |

8. LlÉmÉÏuÉÏ xÉÌWûwhÉÑ EŠ EimÉÉSlÉ uÉÉsÉå Ì²mÉëeÉ xÉÇMüU, LqÉLLxÉLlÉ 4 x xÉÏLxÉAÉU 4 Måü ¤Éå§É qÉÔsrÉÉÇMülÉ lÉå mÉÔuÉÏï 
pÉÉUiÉ qÉåÇ ÌlÉrÉÇ§ÉhÉ (LxÉMåü 6 x LxÉMåü 7) qÉåÇ 50 ÌMüaÉëÉ/100 UÉåqÉÑcÉ Måü xÉÉmÉå¤É 52 ÌMüaÉëÉ/100 UÉåqÉÑcÉ MüÉ MüÉåxÉÉ 
EimÉÉSlÉ SzÉÉïrÉÉ | CxÉÏ mÉëMüÉU E¨ÉU-mÉÔuÉÏï ¤Éå§É qÉåÇ ÌWûqÉÉcÉsÉ mÉëSåzÉ qÉåÇ 51-54 ÌMüaÉëÉ /100 UÉåqÉÑcÉ AÉæU  eÉqqÉÔ 
uÉ MüzqÉÏU qÉåÇ 49 ÌMüaÉëÉ /100 UÉåqÉÑcÉ MüÐ SU mÉU MüÉåxÉÉ EimÉÉSlÉ WÒûAÉ | qÉÔsrÉÉÇMülÉ AkrÉrÉlÉÉåÇ lÉå LqÉLLxÉLlÉ 
uÉÇzÉ¢üqÉ  AÉæU  xÉÇMüUÉåÇ qÉåÇ LlÉmÉÏuÉÏ xÉÌWûwhÉÑiÉÉ Måü ÍsÉL qÉÉMïüUÉåÇ MüÐ EmÉÎxjÉÌiÉ MüÐ mÉÑÌ¹ MüÐ |

9. mÉÔUå xÉÇeÉÏlÉ AlÉÑ¢üqÉhÉ ²ÉUÉ qÉÔaÉÉ UåzÉqÉMüÐOû xÉÇeÉÏlÉ AÉMüÉU  sÉaÉpÉaÉ  500 LqÉoÉÏ mÉÉrÉÉ aÉrÉÉ | AÉæxÉiÉ xÉqÉÏmÉxjÉ 
[MüÉÇÌOûaÉ] sÉÇoÉÉD 185827.3 jÉÏ eÉoÉÌMü MÑüsÉ xÉqÉÏmÉxjÉ [MüÉÇÌOûaÉ] MüÐ sÉÇoÉÉD 501176205 jÉÏ | mÉÔUå 
MüÐOûmÉÉsÉlÉ xÉÇeÉÏlÉ xÉå MÑüsÉ  23,770 eÉÏlÉ AÉæU uÉlrÉ mÉëÃmÉ xÉå 23,651 mÉëÉåOûÏlÉ MüÉ mÉÔuÉÉïlÉÑqÉÉlÉ ÌMürÉÉ aÉrÉÉ | 
MüÐOûmÉÉsÉlÉ mÉëeÉÉÌiÉ xÉå MÑüsÉ 17,527 mÉëÉåOûÏlÉ mÉëÉmiÉ ÌMürÉÉ aÉrÉÉ AÉæU uÉlrÉ mÉëÃmÉ xÉå 17,415 mÉëÉåOûÏlÉ mÉëÉmiÉ WÒûAÉ 
| xÉÇeÉÏlÉ Måü LxÉLxÉAÉU ÌuÉzsÉåwÉhÉ xÉå mÉåÇOûÉlrÉÔ YsÉrÉÉåOûÉCQèxÉ AÉæU OåûOíûÉ lrÉÔÎYsÉrÉÉåOûÉCQû MüÉå xÉÎqqÉÍsÉiÉ MüUiÉå 
WÒûL AÉæxÉiÉlÉ 25,600 LxÉLxÉAÉU mÉëÉmiÉ WÒûAÉ |
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RESEARCH HIGHLIGHTS

1. 	 Transgenic silkworms over-expressing immunity genes (Relish and 
Drosomycin) were successfully developed and have shown enhanced 
tolerance to NPV,  Nosema bombycis and bacterial pathogens. 

2. 	 Recombinant expression and purification of Fibroin-Cecropin B fusion 
protein was achieved in heterologous expression systems for biomedical 
applications.

3. 	 Developed and validated nsd-2 marker- assisted selection lines of 
CSR6-R, CSR26-R, MASN-6R, MASN7R and J2P-R for resistance to 
BmDNV-2 through bioassay. Hybrids generated by crossing parents 
carrying nsd-2 resistant allele in homozygous condition were completely 
resistant to BmDNV-2. Moreover selection at nsd-2 locus is sufficient for 
the development of BmDNV-2 resistant and productive silkworm breeds 
and hybrids.

4. 	 Transkingdom RNAi studies found that the midgut samples of dsRNA- 
treated BmNPV- infected silkworms showed decrease in the copy 
number of viral genes compared to control samples. Bioassay validated 
the effect of dsRNA on viral multiplication and found that there was 
>50% increase in the survival percent after dsRNA treatment of BmNPV 
infected silkworms.

5. 	 Genetic marker for filament length (GFL1) has been identified in 
multivoltine races with 600bp allele and in bivoltine races with 700 bp 
allele and are mapped Chromosome 16 of B. mori. Analysis of posterior 
silk gland region showed that in the individuals possessing both the 
alleles (600bp and 700bp) the expression levels of Fib-L and Fib-H 
and p25 were higher compared to individuals with 600bp allele only 
indicating association of GFL-1 with the filament length.

6. 	 Virus particle in Tiger band disease infected oak tasar (Antheraea 
proylei) silkworms was purified. Genomic DNA isolated from the virus 
and conserved regions have been cloned and sequenced. The full length 
genome of virus revealed that the Antheraea proylei nucleopolyhedrovirus 
as a causative agent (Accession: GI: 1371952746). 

7. 	 Iflavirus infecting the Antheraea mylitta has been characterized. The 
multiplication of virus in different tissues as well as mode of transmission 
have been analysed. The vertical transmission through egg was observed 
from mother moth to the offsprings. 
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8. 	 Field evaluation of  NPV tolerant high yielding bivoltine hybrid, MASN4 
x CSR4 indicated cocoon yield of 52 kg/100 dfls against 50 kg/100 
dfls in the control (SK6 x SK7) in Eastern India.  Similarly, in North-
west region, the cocoon yield was in the range of 51-54 kg/100 dfls  in 
Himachal Pradesh and  49 kg/100 dfls in Jammu. Validation studies 
confirmed presence of the markers for NPV tolerance in  the MASN lines 
and  hybrids.

9. 	 Muga silkworm genome size is found approximately 500Mb by whole 
genome sequencing. Average contig length was 185827.3 whereas total 
contig length was 501176205. Total 23770 genes were predicted from 
whole genome of reared and 23651 from wild type muga silkworm. Total 
17527 proteins were annotated from reared race and 17415 proteins 
annotated from wild types.  SSR analysis of the genome showed an 
average number of 25600 SSRs including penta-nucleotides and tetra-
nucleotide repeats.
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LIST OF RESEARCH PROJECTS

ONGOING RESEARCH PROJECTS

1.  AIT 3538: Development of Fibroin Fusion Silk with Antioxidant and Antibacterial 
Properties (May 2015- 2019)

2.  AIT 3583: Transkingdom RNA interference approach for  disease resistance against 
BmNPV infection in silkworm Bombyx mori - Collaboration  with University of Delhi, 
South Campus (Sep 2016-Aug 2019) 

3.  AIT 3584: Identification of molecular markers associated with filament characters 
and its use in improvement of multivoltine races- Collaboration with CSR&TI, Mysore 
and CSTRI, Bangalore (Sep 2016-Aug 2019)

4. ARP-3605: Validation of the DNA markers in silkworm breed developed by 
introgression of DNA markers associated with NPV resistance using Marker Assisted 
Selection Breeding and large scale field trial of the breed (funded by Department 
of Biotechnology, Govt of India, New Delhi)- Network project with CSR&TI, Mysore, 
CSR&TI, Berhampore and CSR&TI, Pampore (Feb 2017 – Jan 2020)

5.  ARP-3606: Development of diagnostic tool for early detection of baculovirus causing 
tiger band disease in Antheraea proylei (Feb 2017 – Jan 2020)

6. ARP- 08001 CI : Studies on the genetic characterization, transmission and tissue 
distribution of Iflavirus infecting the Indian tropical tasar silkworm, Antheraea mylitta 
(Funded by  Swedish University of Agricultural Sciences, Sweden)

CONCLUDED RESEARCH PROJECT

1. AIT 3540: Development of Transgenic Silkworms for the Over-expression of Disease-
Resistant Genes for Enhanced Immunity- Collaboration with IISc, Bangalore (July 
2015-  March 2019)

2. AIT 3582: Development of densovirus resistant productive bivoltine silkworm breeds 
through marker assisted selection - Collaboration with CSR&TI, Mysore (Sep 2016-
Aug 2018 )

3. AIT 5872: Whole Genome Sequencing and functional genomics of Golden Silk Moth, 
Antheraea assamensis- Collaboration with IISc, Bangalore, IIT, Guwahati, CDFD, 
Hyderabad, CMERTI, Lahdoigarh (Oct 2015 –Mar 2019)



Annual Report, SBRL, Banglore, 2018-19 	 			              			      		    2

PROGRESS OF ONGOING RESEARCH PROJECTS

AIT 3538: Development of Fibroin Fusion Silk with Antioxidant and Antibacterial Properties

G. Ravikumar, K. Vijayan*,  
M. Chitra and Dyna Susan Thomas, JRFs 

*CSB, Bangalore

Objective:

To make a multifunctional silk fusion protein

Silk proteins from silkworm, B. mori are now recognized as excellent biomaterials for bio-
medical applications. The aim of the project is thus to develop a recombinant fusion protein of 
fibroin-cecropin B for wound healing and cell culture applications. Fibroin-Cecropin B was ex-
pressed, detected and purified from Pichia pastoris. To get a better yield of the recombinant fusion 
protein for various assays, new Pichia clones were tested for their expression levels. Out of ten 
clones, two clones were short-listed for further assays. These clones were used for scaling up the 
expression in large volumes using shake flask culture. SDS-PAGE and Western Blot detected the re-
combinant proteins from supernatant and cells. As observed earlier, more amount of recombinant 
proteins were confined to supernatants. 

The vector construction with fibroin promoter and fibroin – cecropin fusion gene was complet-
ed for the expression of fusion protein in the cocoon. Vector construct consisted of fibroin heavy 
chain promoter followed by Exon 1, Intron 1 and 5’ Exon 2, fusion gene, 3’ Exon 2 along with polyA 
tail (Fig. 1). In addition GFP gene with ELF promoter is used as screening marker for the transgene. 
The construct is introduced into the piggyBac vector and microinjected to pre-blastoderm eggs for 
germline transformation. Transgenic silkworms showed the presence of GFP in the cocoons indi-
cating the successful expression of transgene. 

Fig. 1: Vector construction for the Fibroin-Cecropin fusion expression in  
cocoon by transgenesis 

Fig. 2: Cocoons of transgenic silkworms showing GFP expression in CSR2 race
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AIT 3583: Transkingdom RNA interference (tkRNAi) approach for resistance against  
	            BmNPV infection in silkworm Bombyx mori. L 

K. S. Tulsi Naik, K. M. Ponnuvel, and  M.V. Rajam* 
Ms. Sahar Ismail , JRF  

*Dept. of Genetics, University of Delhi, Delhi
Objectives

a) To identify and analyze the essential viral gene(s) involved in BmNPV multiplication.
b) To clone the essential viral genes in suitable vector that can express dsRNA.
c) To validate the effect of dsRNA on viral multiplication. 
d) To analyze the  viral copy number in dsRNA treated silkworms as well as control 
    silkworms infected with BmNPV

To check the effect of dsRNA against the viral genes, the mid gut tissue from the dsRNA fed 
silkworms was dissected after 24 hrs and the genomic DNA was analyzed for the viral copy number 
using Gp41 primer. The real time PCR analysis of the genomic DNA showed approx. 1x107 copies 
of virus in the NPV infected and NPV+L4440 fed silkworms, but the copy number was significantly 
low  100 copies in the dsRNA fed infected silkworms. This result clearly indicate that the dsRNA 
ie-1 and dsRNA lef-1 fed silkworms showed the RNAi effect and inhibited BmNPV multiplication 
(Fig 3A). Further, the study was extended to compare the differential expression of viral genes ie-1, 
lef-1 and Gp41 in the NPV infected and dsRNA fed infected silkworms by real-time analysis after 
24 hrs of feeding. The NPV infected silkworms fed with dsRNA ie-1and dsRNA lef-1 constructs 
showed decrease in the transcript levels of GP41, ie-1 and also lef-1.

Among both the constructs that were fed independently to the infected silkworms, the dsRNA 
ie-1 construct was more effective  and also the mRNA levels of lef-1 gene ie-1 genes werel compar-
atively lower than the mRNA levels expressed in dsRNA lef-1 constructs, this may be attributed to 
the fact that early genes ie.,  Ie-1 genes  are generally encoded proteins of regulatory functions and 
modifications of host process and generally the early gene transcription takes place within 0-6hpi 
and late and very late transcription is dependent on early viral gene expression and viral DNA rep-
lication (Asha et al., 2002, Katsuma et al., 2007) (Fig 3B).  Therefore the study showed that dsRNA 
fed silkworms increased the tolerance level to the virus infection by producing siRNA specific to 
viral mRNA which in turn elicit RNAi effect against the viral genes in Bombyx mori and due to this 
the virus particles were unable to synthesize proteins that were required for its multiplication and 
formation of virus particles.

Based on the above results, the survivability analysis was done for three batches to check the 
effect of dsRNA against the infected larva, the number of dead larvae against the survived larvae 
was calculated for different treatments ie, dsRNA ie-1 and dsRNA lef-1after BmNPV infection till 
the cocoon formation. In larvae fed with NPV and NPV + L4440 vector alone 1-2% of the larvae 
looked healthy and spun cocoons and the remaining larva died due to infection. The Ie-1 dsRNA 
fed BmNPV infected larvae showed 52.8% survival against the infected silkworms and Lef-1dsR-
NA fed BmNPV infected larvae showed 58.8% survival rate (Fig.  4). The overall results indicated 

> 
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>50% increase in the survivability of virus-infected silkworms fed with dsRNA lef-1 and dsRNA 
ie-1 compared to infected silkworms. The survivability may be attributed to the RNAi mechanism 
triggered by the siRNA in the midgut tissue upon virus infection. 

This study has shown that feeding bacterially expressed dsRNA led to a significant drop in 
the transcript levels of viral genes and restricted the viral multiplication in the host as compared 
to control. Hence, bacteria expressing the desired dsRNA(s) against viral gene(s) in insects may be 
effectively used for combating viral infections in silkworm Bombyx mori

 A.                                                                                                   

Fig. 3 : Expression analysis of genes involved in NPV multiplication: (A) Copy Number estimation 
using Gp41 specific primers in bioassay samples dissected from NPV infected and dsRNA fed 
infected silkworms (B). Quantitative analysis of BmNPV viral gene expression in midgut samples 
of dsRNA fed infected silkworms.

B.



Annual Report, SBRL, Banglore, 2018-19 	 			              			      		    5

Fig. 4: Bioassay experiments to validate the effect of dsRNA lef-1 and dsRNA ie-1 in  
BmNPV infected silkworms.

AIT 3584: Identification of molecular markers associated with filament 
characters and its use in improvement of multivoltine races

(In collaboration with CSR&TI, Mysore and CSTRI, Bangalore)

K. S. Tulsi Naik and A.R. Pradeep
G. Hariraj* and L. Kusuma**

Ms. Sahar Ismail  and Mr. S. Aravind JRFs,
*CSTRI, Bangalore and **CSR&TI, Mysore

Objectives

a) To  identify and analyze association of selected candidate genes with the  filament 
characters in the divergent multivoltine accessions

b) To develop F2 & F3 populations from divergent multivoltine parents for analyzing the 
segregation and inheritance pattern of markers associated with filament characters.

Multivoltine races are relatively inferior in terms of qualitative traits but superior 
in their survival and hardiness. Therefore, in this context development of cross breeds  
(M x B) has gained importance over the years owing to field constraints, fluctuations in the 
environmental conditions as well as socio economic compulsions and it is also strongly 
believed that the lustre, dye uptake and the stiffness of cross breed is superior compared 
to bivoltine silk and largely preferred by the reelers. The variations that exists between 
the bivoltine and the multivoltine races with respect to silk quality can be attributed to 
the differential expression of the major genes associated with silk proteins. Therefore, 
in this study real time PCR analysis was done to identify the genes that are differentially 
expressed in the posterior silk gland region (PSG) of the popular multivoltine races and was 
statistically correlated with genes involved in silk processing. 
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Posterior Silk gland (PSG) is the region where fibroin Heavy chain (Fib-H), Fibroin 
Light chain (Fib-L), p25, ion transport genes, cuticular proteins and other genes that are  
responsible for silk protein synthesis are produced. Among the multivoltine races, the 
expression level of Fib-L, Fib-H and p25 was significantly high at p<0.05 in Kollegal 
Jawan, Sarupat, Ap12, MW13 compared to other pure multivoltine races. The cross breeds  
PM x CSR2 and Nistari x CSR2 also showed significantly high expression of Fib-L, Fib-H 
and p25 compared to their multivoltine parents, but expression level did not reach to 
the level of bivoltine races any of the above genes. Other genes like  ion transport genes, 
cuticular proteins, serine –glycine metabolism pathway genes showed significantly higher 
expression at p<0.05 in the cross breeds PM x CSR2 and Nistari x CSR2 compared to pure 
multivoltine races, these results indicated that though Fib-L, Fib-H and p25 are the major 
genes associated with silk filament and variations in gene expression was very clear among 
the races, but other genes that are responsible of ion transportation, maintain acidic 
environment and serine –glycine metabolism pathway genes are the ones that contribute 
to efficient silk processing and production (Fig  5). 

 The Pearson correlation also showed positive correlation existing between the 
genes that are taken in this study (Fig 6), indicating that with increase in expression of 
ion transportation genes, maintain acidic environment, cuticular genes and serine–glycine 
metabolism pathway genes the silk protein expression was significantly increased. It is also 
observed that these genes are significantly expressed at higher rate in the bivoltines, and 
that is the reason they are able to spin better quality silk compared multivoltine races. 
Hence, it is highly relevant to identify multivoltine germplasm accessions possessing 
high yield characters particularly filament characters which can be used to produce new 
silkworm breeds possessing better filament characters.

Post Cocoon analysis  
The seven important characters/parameters, Shell ratio, Average filament length, 

Reelability, Renditta, Raw silk percent, cleanness and neatness were compared between 
the parents and the F1 individuals (cross breeds). The cross breeds PM x CSR2 and Nistari x 
CSR2 showed significant increase in Shell ratio, Reelability, Raw silk percent, Cleanness and 
Neatness and significant decrease in the Renditta when compared with multivoltine parents. 
The Pearson correlation showed positive correlation existing between six characters, 
except Renditta which had a negative correlation with other six characters indicating that 
with decrese in Renditta there was a significant increase in Reelability, Raw silk percent, 
Cleanness and neatness (Fig 6). The quality of silk produced from theses cross breeds 
were highly improved and showed 2A gradable silk compared to their multivoltine parents 
most of the characters met the bench mark specified for cross breeds. The results clearly 
indicate the scope for developing potential cross breeds with improved yield characters, 
particularly filament characters to support the Indian sericulture industry.
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Fig.6: Multidimensional scaling (ALSCAL) (A) and Pearson correlation (B) of post cocoon 
parameters among multivoltine, bivoltine and the cross breeds.

ARP 3605 (DBT): Validation of the DNA markers in silkworm breed developed by 
introgression of DNA markers associated with NPV resistance using Marker 
Assisted Selection Breeding and large scale field trial of the breed

(Jointly with CSR&TI’s of Mysore, Berhampore and Pampore and 
 in technical collaboration with NSSO, Bangalore)

Co-Ordinator: Dr. V. Sivaprasad, Director, CSR&TI, Mysore
A. R. Pradeep, K.M. Ponnuvel and Gopika Padmakumar (JRF) SBRL, Bangalore

Dr. S. Manthira Moorthy # B. Mohan##

# CSR&TI, Mysore & ##SSBS, Coonoor
Dr.Gopalchandra Das1 and N. Chandrakanth

1 CSR&TI, Berhampore
Sardar Singh2 , Mohamed Aslam2 and Pankaj Tiwari3

2 CSR&TI-RSRS Jammu; 3 RSRS, Dehradun

Objectives of the project under CSR&TI Mysore, Berhampore and Pampore 
a) To evaluate evolved lines in various agro-climatic conditions and select lines for their suitability 

in that particular environment at RSRS/ REC at Bangalore, Salem, Chamarajnagar, Ananthapur, 
Berhampore, Jammu Kashmir and Dehradun

b) To Prepare DFLs of PM / Nistari x MASN and MASN x CSR4 through NSSO (CSB) - Bangalore 
and distribution to Sericulture farmers for field evaluation. Few DFLs of CSR2 x CSR4 will also 
be produced for control observations.

B.
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Objectives under SBRL:
a) Validation of DNA markers for NPV resistance and stress tolerance in selected lines being used 

for field trials. 
b) Continuous maintenance of MAS-N lines, Co-ordination and statistical analyses of observations 

from lines reared at different stations
	 Improvement of sericulture in the country depends on synthesizing new breeds with 
specific traits by crossing between multivoltine x bivoltine and bivoltine x bivoltine races. Marker 
Assisted Selection (MAS) lines for NPV tolerance and high yield traits were developed from Sarupat 
x CSR2 cross through selection processes. The lines were reared for over 45 generations and were 
used as parents for hybrid development by crossing Nistari / PM x MASN4 and MASN4 x CSR4 for 
field level test.
	 Performance of the cross with multivoltine and bivoltine races were assessed initially at 
SBRL and the successful crosses of MASN4 x CSR4 (bi x bi), Nistari x MASN4 (multi x bi) and PM x 
MASN4 (multi x bi) were used for field test. MASN4 x CSR4 (bi x bi) and Nistari x MASN4 (multi x 
bi) were tested at Berhampore sericulture districts and MASN4 x CSR4 (bi x bi) and Pure Mysore 
x MASN4 (multi x bi) were tested in South India. At Jammu and Dehradun, MASN4 x CSR4 (bi x bi) 
was tested for field trial.
Obj. 1:  Validation of DNA markers for NPV resistance and stress tolerance in selected lines  	
               being used for field trials
	 The lines selected were evaluated for presence of DNA markers associated with NPV 
tolerance Viz. Three markers identified at SBRL, three genic markers developed from deoxy kinase 
(Nag 88), protein kinase G-1B (Nag 65) and glucosyl transferase (Nag 84). 
	 MASN 4, 6 & 7 lines are reared and maintained at SBRL continuously and the presence of 
markers are confirmed. All the three lines are uniform in yield traits however, MASN4 showed 
better yield traits than other two lines. In addition to SBRL lines, MASN lines have been maintained 
at Silkworm Breeding station, Coonoor which is the source for parents to develop F1 hybrids. 
As reported earlier, on an average of 90% moths showed presence of the markers indicating 
requirement of further stabilization of the lines through continuous screening and validation. The 
F1 hybrids collected from Berhampore showed uniform amplification. 

Fig 7: Amplification profile of F1 individuals with different NPV tolerance associated markers 
showing uniform presence except absence in few individuals
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Obj 2: Continuous maintenance of MAS-N Lines; Co-ordination and statistical analyses 	
             of observations from lines reared at different stations.
	 At SBRL, we maintain MASN4, 6 & 7 lines throughout the year. The DFLs are preserved 
for 4 months or 6 months period schedule in the cold room facility available with CSB-NSSO 
at Hosur or Mysore. After the preservation duration, the eggs will be released and reared and 
the cycle is repeated. 
	 Original cross of Sarupat x CSR2 (parental cross of MASN) had silk ratio (SR%) of 20.88 
± 1.2% which was improved to 22.78 ± 1.08 % in back crosses (Sarupat x CSR2) x CSR2 and 
presently after 30 generations it has been stabilized at 20 ± 1.3%. SR% of the hybrid (MASN4 
x CSR4) has reached upto 20.86 ± 3.83% (range 20 – 24%). However SR% of CSR2 x CSR4 has 
reached a higher peak of 23% though achieving this level is difficult as both CSR2 and CSR4 
parents are highly susceptible to pathogens. Hence the MASN lines are predictably better in 
tolerance as well as carry stabilized high yield parameters. 

	 Under summer conditions of Bangalore, high temperature combined with low humidity 
led to poor leaf quality and low moisture content.  Under this condition, the MASN 4, 6 and 7 
lines showed SR% of 19 – 20% there by showing traits in pure races. In addition to the MASN 
lines, the pure lines are used to develop cross/ hybrids of Nistari x MASN, PM x MASN and 
MASN4 x CSR4 (Fig. 8) which showed 95-99% survival in laboratory rearing conditions. These 
larvae showed better yield traits.

MASN4

CSR4

MASN4 x CSR4

Nistari x MASN4 

PM x MASN4 

Multi x bi and bi x bi 
hybrids developed from 
MASN lines

Fig 8: Cocoons developed from parents, multi x bi crosses and bi x bi hybrids 
from MASN4 parents.
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The MASN x CSR4 produced a larger yield of 88.93 kg cocoons / 100 DFLs whereas the 
control CSR4 x CSR2 produced a higher yield of 95 Kg/ 100 DFL under our rearing conditions. 
However achieving the higher target is difficult because under field conditions, both parents 
CSR2 and CSR4 are highly susceptible to various diseas. On the otherhand MASN4 is a better 
tolerant breed and consistently better yield could be produced in the field.

	 ARP-3606: Development of diagnostic tool for early detection of baculovirus 
causing tiger band disease in Antheraea proylei

                     (Funded by DBT, New Delhi, In collaboration with RSRS Imphal)
K. M. Ponnuvel & Diksha Khajje (JRF)

S. Subharani N* & Ibotombi Singh*  
*RSRS, Imphal, Manipur

The oak tasar silkworm, A.proylei is a semi‐domesticated sericigenous insect which is 
commercially exploited for the production of silk. Oak tasar silk production has declined in 
the recent past and the estimated silkworm crop loss is more than 60-80 %, mainly due to 
tiger band disease. The disease outbreaks are high during summer due to fluctuations in 
temperature and humidity. The disease could be transmitted through transovum/transovarial 
means and is an important issue in the management of the disease.  Due to limited information 
available on tiger band disease such as causative agent , the spread of disease etc., it is 
imperative to develop precise diagnostic tools for the early detection as well as sources 
of infection to prevent (or) and to have a better control on the spread of the disease. The 
complete viral genome sequencing revealed that the group I alphabaculovirus i.e. Antheraea 
proylei nucleopolyhedrovirus (AnprNPV) is the casauitive agent of this disease 

i. Characterization of baculovirus causing Tiger band disease in Oak tasar silkworm, 	
	 Antheraea proylei 

The Viral particles were isolated and purified to extract viral genomic DNA from infected oak 
tasar (A. proylei) silkworms (samples obtained from fields) for the purpose of characterization 
of the Baculovirus (Fig. 9). In support of characterisation studies, the viral conserved regions 
were targeted for designing primers to aid in further (cloning and sequencing) studies. The 
complete viral genome sequencing revealed that the group I alphabaculovirus i.e. Antheraea 
proylei nucleopolyhedrovirus (Anpr NPV) is the causative agent of this disease.

The full length genome of the virus has  been sequenced  (Accession: GI: 1371952746) and the 
analysis of the complete viral genome revealed six conserved regions. The conserved regions 
of Antheraea proylei nucleopolyhedrovirus (AnprNPV) were further found to share homology 
with Antheraea pernyi NPV (AnpeNPV)(Fig-10). Phylogenetic analysis of the viral genome 
revealed clustering of AnprNPV in one clade of alphabaculovirus group I of the saturniidae 
silkworm viz. A. pernyi and Philosamia cynthia ricini,  indicating a close relationship between 
them. Furthermore, it was found that the isolates of AnprNPV and AnpeNPV had sequence 
identity above 95%, leading to a conclusion that AnprNPV may be a variant of AnpeNPV.
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Fig. 9: Infected Oak Tasar Silkworm with disease manifestation of tiger band disease

Fig. 10: The PCR amplification of AnprNPV using primers targeted for the conserved regions.

(i)	 Pathogenesis: 

	 The mode of infection of the viral pathogen was studied initially by analysing the surfaces 
of the A. proylei eggs. The virus particles were detected on silkworm egg surfaces and also in 
its inner contents. The presence of viral particles was detected and confirmed on surfaces 
of both washed as well as unwashed eggs, through conventional PCR technique . In order to 
counter the issue of surface transmission of disease, appropriate egg disinfection method has 
been developed tried, tested and found effective on overcoming the spread of the disease.

Fig. 11: The PCR amplification of AnprNPV using primers targeted for the conserved regions.
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iii. Detection of disease at various life cycle stages of silkworm using PCR

	 The presence of virus particles was also detected at different developmental stages of the 
silkworm A. proylei . The PCR technique was successfully used to detect the virus at the egg, 
larval and moth stages. The viral copy number in the different tissue samples i.e egg, larva and 
moth were also quantified through qPCR.  

	  The above analysis techniques have also led to the identification of other viral pathogens 
such as  Iflavirus which can cause co-infection in oak tasar silkworms Antherea proylei 
along with baculovirus. The co-infection was detected using the primers specific for both 
the viruses (Baculovirus and Iflavirus). The p94 segment specific primer was used for the 
detection of AnprNPV(baculovirus) while the RdRp specific primer was used for the detection 
of ApIV(Iflavirus). Genomic DNA and cDNA obtained from infected Antheraea proylei moths 
were used as templates for the detection of AnprNPV and ApIV, respectively. The conventional 
as well as the Real time PCR, both showed amplification for AnprNPV and ApIV, respectively. 
These results clearly indicated that silkworms (A. proylei) can be co-infected by different viruses 
simultaneously. However, the impact of this co-infection needs to be analysed. Further, the 
detection of co-infection at different tissues and stages of infected A. proylei through Real time 
PCR was attempted. Different tissues from infected A. proylei samples were dissected, processed 
and tested for the presence of both AnprNPV and ApIV. The analysis revealed the presence of 
both the viruses in almost all the tissues and stages, which included the midgut, fat body, trachea, 
Malpighian tubule, ovary, pupa, moth and eggs (Fig 11). ApIV was detected in all the tissues and 
stages while AnprNPV was detected in all except the moth, pupa and egg stages.

(iv) Development of Diagnostic tool for early detection of the Tiger Band  
        Disease

Fig 12: Comparison of Lamp Assay with conventional PCR using 
serially diluted p94 gene of AnprNPV cloned in pGMT-T vector.

A Loop-mediated isothermal amplification (LAMP) technique was standardized for easy & 
simple identification of the virus infection (Fig.12). The virus load was quantified in the dif-
ferent tissues and eggs of infected oak tasar silkworms. The genomic DNA from the infected 
samples was used as template for the LAMP assay. The technique proved to be simple conve-
nient and allowed an early detection of infection.
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ARP- 08001 CI: Studies on the genetic characterization, transmission and tissue 
distribution of Iflavirus infecting the Indian tropical tasar silkworm, 
Antheraea mylitta (Funded by  Swedish University of Agricultural Sciences, 
Sweden)

 K. M. Ponnuvel, Olle Terenius*, Siripuk Suraporn**
Wenli Li#,  Joachim de Miranda* and Helena Bylund*,

*Swedish University of Agricultural Sciences, Sweden,  
** Maha Sarakham University, Thailand 

# Dalian University of Technology China, Sweden

	 The tropical tasar silkworms, Antheraea mylitta and Antheraea proylei are affected 
with gastrointestinal disease and the causative agent is suspected to be a virus. EST 
database developed by various investigators in A. mylitta included a transcript that 
was found to have strong similarity with that of Iflaviruses, a genus of positive sense 
single-stranded RNA viruses belonging to the order Picornavirales, which are primarily 
infecting insects. In this study the full length genome sequencing of this novel virus was 
attempted.    

	 The genome organization, amino acid sequence similarity and phylogenetic analyses 
all indicate that the virus is a new member of the genus Iflavirus - closely related to 
Antheraea pernyi Iflavirus (91% amino acid similarity), with the proposed name of 
Antheraea mylitta Iflavirus (AmIV). The genome sequencing revealed 9837 nucleotides 
of contiguous sequence excluding the natural poly-A tail, encompassing the full length of 
the single, large open reading frame, flanked by untranslated regions at 5′ and 3′ ends. 
As per the available literature,  open reading frame is predicted to encode a 2967 amino 
acid polyprotein possessing four viral structural proteins (VP1-VP4) located at the 
N-terminal end and the non-structural proteins, including a helicase, RNA-dependent 
RNA polymerase and 3C-protease, located at the C-terminal end of the polyprotein.
	 The putative 3C-protease and autolytic cleavage sites were identified in this study, 
which are required for processing polyproteins into functional units, similarly found in 
other iflaviruses. The virus was maintained in A. mylitta populations and upon injection 
into A. mylitta larvae, AmIV spread through systemic infection to silkworm epidermis, 
midgut, fat body, ovary and eggs. The AmIV infected gravid female moths of   A. mylitta 
and A. proylei produced AmIV-infected offspring, demonstrating vertical transmission 
route for AmIV. The study has successfully demonstrated key findings such as discovery 
of novel member of Iflavirus through genome sequencing molecular characterisation of 
open reading frames and vertical transmission route for AmIV infecting tasar silkworms, 
A. mylitta and A. proylei.
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CONCLUDED RESEARCH PROJECTS
AIT 3540: Development of Transgenic Silkworms for the Over- expression of   
 		   Disease-Resistant Genes for Enhanced Immunity 
	     (collaboration with IISc Bangalore)

G. Ravikumar, Upendra Nongthomba* 
Sandhya Rasalkar, Chitra M and  Dyna Susan Thomas, Research Fellows 

*Indian Institute of Science, Bangalore

	 Development of silkworm lines with enhanced disease resistance to multiple pathogens 
to increase silk productivity is the need of the hour.  Development of silkworm line resistant to 
different pathogens through transgenic approach was the objective of the study.  The immune 
genes, Relish 1, Cecropin B, and Drosomycin (from Drosophila melanogaster) were used  for 
the investigation. These genes were introduced into piggyBac vector under the independent 
control of CMV promoter. In addition, three separate constructs with Ceceropin A promoter 
for Relish1 gene, Cecropin B for Cecropin B gene and Drosomycin promoter for Drosomysin 
gene were prepared. As a marker, GFP gene was used with ELF promoter with each transgene. 
The transgene constructs along with helper vector were microinjected or electroporated in to 
pre-blastoderm eggs of silkworms. The success rate using both the techniques by survival of 
the transgenic silkworms was 9-16% initially (Table 1). Transgenic silkworms (CSR2 and PM) 
over-expressing different constructs were reared for 10 generations. 

	 The presence of transgenes and their over-expressions were carried out using GFP 
screening, PCR, Real Time PCR, Inverse PCR and bioassays (Fig. 13). The GFP expressions were 
also seen in the cocoons (Fig. 14) apart from egg, larvae and pupae. Presence of all transgenes 
were detected in all stages of silkworms using amplification by vector specific- and gene 
specific- primers. The copy number of transgenes was found to be one each. Among various 
transgenic lines developed, enhanced resistance to pathogens (NPV/Nosema bombycis/
bacteria) was observed in the transgenic silkworms carrying Relish followed by Drosomycin. 
Silkworms carrying Drosomycin were effective against N. bombycis causing pebrine disease. 
The mortality was reduced after infection in the transgenic silkworms (Fig. 16). The survival 
rate after infection with various pathogens was increased to 50 - 55% in the transgenic lines 
compared with non-transgenic lines. The economic parameters were improved considerably 
from first to tenth generation after selection and breeding of transgenic silkworms over 
generations. Induction of homozygozity and stabilization of generations is underway. 
Development of the transgenic silkworms pave way to reduce the crop loss due to pathogens 
and to enhance silk production by using them as parents in the hybrid development programs.

Table1: Comparative effect of transgenesis using microinjection and electroporation tech-
niques in silkworm, B. mori strain CSR2

Treatment No. of Injected 
/treated Eggs

No. of 
hatched 

Eggs

No. of 
moths G0

GFP Posi-
tive larva 

in G1

% of success

Microinjection 500 150 42 4 9.5 
Electroporation 500 10 6 1 16.6
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Fig. 13: Expression levels of Relish and Drosomycin genes in transgenic and control silkworm

Fig. 14: Over expression of Relish 1 gene in fat body under the control of CMV and CecA 
promoters after infection in 3rd instar larvae of B. mori CSR2 with BmNPV

Fig.  16: Mortality rate after infection of 3rd instar larvae of B. mori CSR2 with N. bombycis showing 
better tolerance of transgenic silkworms (Non-inf: Non-infected control; Inf-C: infected control; 
Transgenic CMV Relish and CecA Relish after infection)

Outcome of the project with future action plan  

The transgenic silkworms may pave way for enhancing silk production by reducing the crop 
loss due to pathogens.

Fig.15: Expression of GFP transgene in cocoons
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AIT 3582: Development of densovirus resistant productive bivoltine silkworm breeds 	
	             through marker assisted selection

(Collaboration with CSR&TI,Mysore)

                 Ramesha A, Ponnuvel K.M., Tania Gupta

and Manthira Moorthy*

*CSR&TI, Mysore

	 Among  different viruses  causing Flacherie disease in silkworm, Bombyx mori 
nucleopolyhedrovirus (BmNPV) and Bombyx mori densovirus (BmDNV) are the two major 
prevalent viruses. The Bombyx mori Bidensovirus (BmBDV)/ Bombyx mori Densonucleosis 
virus-2 (BmDNV-2) is one of the causative agents of this disease.  

	 A major gene, nsd-2 (non-susceptibility to densovirus-2), a putative BmDNV-2 receptor 
involved in resistance under recessive mutation condition has previously been identified. The 
natural deletion occurring in the nsd-2 gene disrupting gene function has contributed to the 
evolution of BmDNV-2 resistant silkworm breeds. However, nsd-2 has not yet been exploited 
as a molecular marker or as a transgene for the development of BmDNV-2 resistant breeds. In 
this study, we have attempted to use  the functional/gene marker, nsd-2 for the development 
of absolute BmDNV-2 resistant productive mulberry silkworm breeds. 

	 A total of  49 productive bivoltine breeder stock/productive breeds were screened and  
28 breeds carrying the nsd-2 resistant allele in either heterozygous or homozygous condition 
were identified. The nsd-2 molecular marker was used for the development of BmDNV-2 
resistant productive breeds like CSR6-R, CSR26-R, MASN6-R, MASN7-R and J2P-R.

	 Among the hybrids generated by crossing DNV-2 resistant parental stocks, CSR6-R 
CSR26-R and J2P-R showed the complete resistance against the DNV-2 infection suggesting 
that hybrids generated by crossing homozygous breeds for DNV-2 resistant allele will be 
completely resistant to DNV-2 infection.

	 Outcome of the project with future action plan 

1. Twenty eight bivoltine Breeders stock/productive germplasms are identified as a carrier 
of DNV-2 resistant gene, these breeds/germplasm are routinely used in different breeding 
programme. The outcome of this result can be used to incorporate DNV-2 resistant allele 
from the identified breeds to develop commercial breeds/hybrids. 

2. DNV-2 resistant CSR6-R, CSR26-R, MASN6-R, MASN7-R and J2P-R were developed. Phase-II 
of the project will be taken up to study in hot spots and also test combination of crosses for 
new hybrid combination resistant to DNV-2 and also for productive traits.

3. Demonstrated/validated selection for single molecular marker, nsd-2 is sufficient for 
developing complete DNV-2 resistant silkworm breeds and hybrids without compromising 
economic traits. Breeders can utilize nsd-2 marker which is easy to perform, efficient and 
accurate in their breeding programme
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Fig. 17: Validation of BmDNV-2 resistant Hybrids through artificial inoculation.

AIT 5872: Whole Genome Sequencing and functional genomics of Golden Silk Moth 
Antheraea assamensis (Collaboration from CMERTI, Lahdoigarh and technical input from 
IISc- Bangalore, IIT, Guwahati, CDFD, Hyderabad)

A. R. Pradeep , K.M.Ponnuvel, A. Ramesha , Kartik Neog* ,  
Upendra Nongthomba** , Utpal Bora#, K.P. Arun Kumar* and K.Vijayan##

*CMERTI, Jorhat,  **IISc, Bangalore, #IIT Guwahati,
 ##CSB, Bangalore

 	 Muga silkworm (Antheraea assamensis Helfer) produces golden silk, which is unique 
among the varieties of silk. It is lustrous, highly durable, and strongest among all silk fibers 
with higher tensile strength. However the muga silk production is restricted to North – East 
(NE) India as its geographical distribution is endemic to Brahmaputra river valley in Assam 
and Meghalaya. Due to the endemic nature, the muga silkworm underwent strong inbreeding 
leading to high susceptibility causing large scale disease incidence. On the other hand, the 
inbreeding seems to have contributed to its silk strength probably due to additive dominance 
of specific alleles as an adaptive mechanism to protect pupa from the wilderness.

	 Genetics of muga silkworm has not been analysed in detail. Recently, six populations of 
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the muga silkworm collected from the West Garo Hills of Meghalaya and commercial crops 
of Assam were analysed by specific SSR markers which revealed high homozygosity and 
depletion in genetic variability. The silk proteins and transcriptome variations of this species 
have not been studied in detail despite the unique properties of golden silk.  Moreover no 
genome sequence information is available for any of the Indian wild silk moths. Hence analysis 
of the whole genome sequence and functional genomics of the muga silkworm to understand 
the basic variation from other silkworms, formed the objective of the study. Transcriptome 
profiling of muga silkworm at different developmental stages or after pathogen infection will 
be useful to analyse the genetic structure. The information thus generated will be used to 
investigate association of genes with the quality of muga silk fiber and tolerance to pathogens. 
Immune genes associated with bacterial infection also could be identified by transcriptome 
analysis. 

(i) Whole genome sequence analysis of the muga silkworm

	 Single male moths each of the wild type of Muga silkworm,  Antheraea assamensis collected 
from Mokokchung, Nagaland and the reared type  collected from CMER&TI, Lahdoigarh, Jorhat 
were used for whole genome sequence analysis. Raw DNA sequence reads from both samples 
were collected using Illumina and PacBio platforms.

	 The reads were quality checked using FastQC tool. Data was processed for adapters and 
low-quality bases. The read statistics showed a total of 156.88 X reads for the cultivar type 
and 123.51 X reads from wild type from Illumina platform. From the PacBio platform, 4.11X 
and 4.76 X reads were resolved from cultivar and wild type samples, respectively.

Table 2: Primary alignment statistics to the Bacterial completed DB

Sequence Tag
Total 
Reads

Processed 
Read

Mapped to 
bacterial 

DB

Percentage 
of Bacterial 

Contami-
nation

Unmapped 
to Bacterial 

DB

SO-6793-Set2-
Muga-C1- Ext2-
long-insert

87923333 82585545 20218 0.024 82565327

SO-6793-Set2-
Muga-C1- Ext2-

85825377 81646036 19354 0.024 81626682

short-insert

SO-6793-Mu-
ga-WT1-Male- 
Long-Insert

69963188 64801925 50750 0.078 64751175

SO_6793_Muga_
WT1_Male_ Short_
Insert

30085334 28734265 11751 0.041 28722514
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	 In the whole genome data, 0.024 to 0.04% bacterial sequence contaminations were  
identified and clipped off (Table 2) and then the whole genome sequence is used for secondary 
assembly. For the final assembly MaSuRCA (Hybrid assembler) was used which showed best 
assembly (Table 3). The final draft assembly was obtained using Gapcloser program with paired 
end and mate pair libraries generating a final draft genome. Cultivar sample has genomic size 
of ~500 Mb with N50 > ~661k and 2456 scaffolds. For the WT1 sample the assembly resulted 
in genomic size of ~501 Mb with N50 > ~683k and 2697 scaffolds. The secondary assembly 
is performed using the Platanus assembly program. The assembly generated 1026427 contigs 
and 138357 scaffolds from wild type whereas   624016 contigs and 116039 scaffolds from 
cultivar. Final draft assembly using Gap closer program has yielded the following features for 
the whole genome:

 Masurca  
Contig

Masurca Draft 
Genome

(Scaffold)

Contigs 
>=1000 bp

Final Draft 
Genome (Using 

Gapcloser)

Contigs Generated : 16,067 9,171 2,697 2,697

Maximum Contig 
Length :

19,12,716 49,53,011 49,53,011 4953275

Minimum Contig 
Length :

67 101 1,000 1,000

Average Contig Length 31613 54969.5 185746 185827.3

Median Contig Length 455.0 447.0 1,48,028.0 89743

Total Contigs Length 50,79,26,524 50,41,24,852 500957088 501176205

Total Number of 
Non-ATGC Characters 

0 71,04,038 7104038 4185318

Percentage of Non-AT-
GC Characters 

0.000 1.409 1.418 0.835

Contigs >= 100 bp 16,060 9,171 2,697 2,697

Contigs >= 200 bp 15,962 9,166 2,697 2,697

Contigs >= 500 bp 11,314 5,082 2,697 2,697

Contigs >= 1 Kbp 8,098 2,697 2,697 2,697

Contigs >= 10 Kbp 4,463 1,750 1,750 1,749

Contigs >= 1 Mbp 27 113 113 113

N50 value 2,34,657 6,73,754 6,83,227 683,227

Table 3: Final Draft assembly using Gapcloser Program
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Read usage in assembly: The genomic data generated were aligned back to the assembled 
genome using bowtie2 and read utilization was observed 95% for both the samples indicating 
the quality and completeness of the assembly (Table 4). Also on average of 87% RNA-seq 
reads aligned to the cultivar genome.

Read 
Utilization

C1 WT1

Final 
Processed 
Reads

Read 
Mapped to 
assembly

% of Read 
Usability

Final 
Processed 
Reads

Read 
Mapped to 
assembly

% of Read 
Usability

SI Reads 81626682 79455103 97.33 28722514 28013601 97.53

LI Reads 82565327 80731483 97.77 64751175 62151807 95.98

MP 5_7 4377259 4324380 98.79 21355830 21206456 99.3

MP_7_10 14233488 14061812 98.78 12988340 12866770 99.06

Pacbio 234308 234308 100 227694 227694 100

(ii) Analysis of  transcriptome profile of specific larval tissues of A. assamensis after 		
        bacterial infection vis a vis control

RNA was extracted from 24 samples comprising control and Aeromonas caviae bacteria- 
infected samples. RNA of fat body, haemocytes and mid gut were extracted. High purity samples 
was used for library preparation. Transcriptome analysis of 18 samples from control and 
infected tissues was performed and sequenced. In addition anterior, middle and posterior silk 
glands also were analyzed and transcriptome sequencing was performed. The Transcriptome 
data were mapped into whole genome data and found matching of both sequences confirming 
the sequences.

From a total of 672.24 million Illumina (150x2) reads, 638.87 high quality reads were used 
in downstream analysis. Average of 87.14% of the reads aligned to assembled C1 genome. On 
an average 13054 transcripts were expressed across all samples. 

The raw data generated was checked for the quality using FastQC1. Reads were pre-
processed to remove the adapter sequences and low quality bases (<q30). Pre-processing of 
the data is done with Cutadapt2.

Reference Mapping

HISAT23, a splice aligner was used to align the high quality data to the reference genome 
with the default parameters. All the processed reads were aligned to the assembled cultivar 
whole genome. 

Transcript abundance estimate:  On an average 26.61 million reads from 95.15% of high 
quality data were used for downstream analysis (Table 5).

Table 4: Read Utilization for the whole genome of cultivar (C1) and wild type 1 (WT1) 
	       muga  silkworm
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Table 5: Transcript abundance obtained from different tissues
Sample name Raw reads Processed reads % High quality data
ASG-5D1 27183432 25545468 93.974
ASG-5D1 23448691 23185229 98.876
C1-FB1 28743424 28466125 99.035
C1-FB2 29113809 26938146 92.527
C1-FB3 34659312 32523665 93.838
C1-Hemocytes 1 33055277 30440744 92.09
C1-Hemocytes 2 32801098 30277176 92.30
C1-Hemocytes 3 29229967 28852815 98.70
C1-MG1 26760466 26422339 98.73
C1-MG2 24652440 23867836 96.81
C1-MG3 26309784 24553602 93.32
I1-FB1 30216903 28073510 92.90
I1-FB2 25775567 25454829 98.75
I1-FB3 26831500 25222330 94.00
I1-Hemocytes 1 28376961 25917074 91.33
I1-Hemocytes 2 28726066 25931286 90.27
I1-Hemocytes 3 (repl) 27813870 27644420 99.39
I1-MG1 25812996 24163898 93.61
I1-MG2 23467544 22680227 96.64
I1-MG3 29423224 27449666 93.29
MSG1-5D1 36129694 34400353 95.21
MSG1-5D2 27933738 27504229 98.46
PSG1-5D1 23262509 21586787 92.79
PSG1-5D2 22515497 21776337 96.71

Reference Mapping and expression
	 All the processed reads were aligned to cultivar assembled genome. An average of 87.14% 
of the reads was aligned to genome (Fig. 18). On an average 13054 transcripts were expressed. 

Fig. 18:  Read distribution (raw and processed reads) representing the total number of 
reads generated (in blue color) and high quality reads used for downstream analysis (in 
red color).
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Compiled expression profile at transcript level has been represented in form of Read Count 
Matrix.
Differential Gene Expression (DGE) analysis:  Group wise comparison at transcript level 
was performed to identify differentially regulated transcripts between control and infected 
tissues. Sample-wise absolute counts were normalized by DESeq library normalization 
method. Average expression of samples in a group was considered for fold change calculation. 
Further analysis on the whole genome and transcriptome data is in progress.

Silkworm Stock maintenance
1.	Six lines of Transgenic CSR4 and CSR27 for NPV tolerance
2.	Transgenic lines CSR2, CSR4, CSR 27 and PM for fusion protein genes and immune genes
3.	Silkworm breeds for NPV/BmBDV resistance developed through marker assisted selection
4.	Silkworm races BMI002, BMI003, BMI005, BMI009, BMI034, BMI043, BMI059, BMI063, 

BMI064 collected from CSGRC, Hosur under the project AIT-3584 for improvement of filament 
characters.

Trainings Organized
	 As part of capacity building programme, 21 students belonging to different colleges were 
given 1-6 months training in the molecular biology techniques, including for M.Sc/M.Tech 
dissertation work. 
Research Advisory Committee (RAC) meeting
	 25th Research Advisory Committee meeting was held  on 27th November 2018 for 
reviewing the concluded and new project proposals and also to evaluate the progress of the 
ongoing projects at SBRL under the Chairmanship of Professor P. N. Rangarajan, Department 
of Biochemistry, Indian Institute of Sciences, Bangalore.

UÉeÉpÉÉwÉÉ MüÉrÉÉïluÉrÉlÉ- OFFICAL LANGUAGE IMPLEMENTATION 
The progress achieved under Implementation of Official Language is as follows:

(i)	 The Institute has complied with the provisions of article 3(3) and all 
documents were issued in bilingual.

(ii)	 The targets for correspondence in Hindi in respective zones were 
achieved ( 100% in Zone A, 100% in Zone B and 55% in Zone C). It has 
also achieved the targets with respect of Hindi notings in the files.

(iii)	Joint Hindi workshops was conducted each quarter along with SSTL 
and RSRS, Kodathi. 

(iv)	Hindi Pakhwada was celebrated from 14 – 28th September 2018 and 
various events were conducted.

(v)	 Two scientists of the Institute (Dr. K.S. Tulsi Naik, Sci-B & Dr. A. 
Ramesha, Sci-B) passed the Pragya Examination with distinction.
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early gene (IE1) for inducing virus resistance against grasserie disease caused by BmNPV 
by RNA interference technology. Sericologia 59: 39-44

4. Pawan Shukla1*, Ramesha A.1, Kangayam M. Ponnuvel, Gulab Khan Rohela, Aftab Ahmad 
Shabnam, S. S. Chauhan, Mrinal Kanti Ghosh and  Rakesh Kumar Mishra (2018) Comparative 
analysis of gene expression profiles among contrasting mulberry varieties under cold stress 
condition. Journal of Experimental Biology and Agricultural Science. 6(6): 973-982. 

5. Varada B, A.R. Pradeep, A K. Awasthi and K M Ponnuvel (2017) Modulation of NPV gene 
expression pattern in RNAi- based transgenic silkworm regulate NPV multiplication. 
International Journal of Tropical Insect Science (Accepted)

6. Ravikumar G, DS Thomas, M. Chitra, K. Vijayan and RK Mishra( 2018) Development of a 
sensitive real time PCR assay for the detection of microsporidia in silkworms. Sericologia 
58(2), 140-143.

7. Esvaran VG, T Gupta, Mohanasundaram A and Ponnuvel KM (2018) Development of 
isothermal amplification assay for detection of Nosema bombycis infection in silkworm 
Bombyx mori targeting polar tube protein 1 gene.  Invertebrate Survival Journal 15: 352-
361

8. Esvaran VG, T Gupta, Nayak ARN, Sivaprasad V and and Ponnuvel KM (2018) Molecular 
characterization of Nosema bombycis methionine aminopeptidase 2 (MetAP2) gene and 
evaluation of antimicrosporidian activity of Fumagilin-B in silkworm, Bombyx mori. 3 
Biotech. 8:386

9. Esvaran VG, Aarthi M, Shruthi M, Tania G and Ponnuvel KM (2018) development and 
comparison of real time and conventional PCR tools targeting B-tubulin gene for detection 
of Nosema infection in silkworms. Journal of Parasitic Disease. In Press

Book Chapter

1. Thammineni Chakradhar, Ramesha A. and Thummala Chandrasekar.  Protein Kinases and 
Phosphatases in Stress Transduction: Role in Crop Improvement: Plant Signaling Molecules 
(Elsevier)-  Accepted
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Conference papers 

1. Gupta T, Ito K, Kadono-Okuda, Murthy GN, Gowry EV and Ponnuvel KM (2018) 
Characterization and genome comparison of an Indian isolate of bidensovirus infecting the 
silkworm Bombyx mori. 10th International Workshop on the Molecular Biology and 
Genetics of the Lepidoptera. Greece, Aug 19-25, 2018

2. Ponnuvel KM, Ito K, Terenius O, Miranda J and Mishra RK (2018) Molecular characterization 
of a novel member of Iflavirus infecting Antheraea mylitta and Antheraea proyeli, the wild 
silkworm of India. 10th International Workshop on the Molecular Biology and Genetics 
of the Lepidoptera. Greece, Aug 19-25, 2018.

3. Shambhavi P Hungund, Pooja Makwana, Appukuttan Nair R Pradeep and Rakesh K. Mishra 
(2019). Microsporidian infection in Bombyx mori: Molecular events and new targets to 
control infection. Research paper presented at Asia-Pacific Congress of Sericulture and 
Insect Biotechnology (APSERI-2019); 2- 4 March 2019

4. Ravikumar G and Mishra RK (2019) Vitellogenin receptors in silkworms:Molecular analysis 
and their role in egg production. Research paper presented at APSERI-2019; 2- 4 March 
2019

5. Chithra M, Thomas D, Rasalkar S, Vijayan K, Mishra RK and Ravikumar G (2019) Recombinant 
expression of silk fibroin fusion protein in Pichia pastoris. Research paper presented at 
APSERI-2019; 2- 4 March 2019

6. Thomas D, Rasalkar S, Chithra M, Upendra N Mishra RK and Ravikumar G (2019) Development 
of transgenic silkworm Bombyx mori expressing Drosomycin. Research paper presented at 
APSERI-2019; 2- 4 March 2019

7. Ramesha A.1, Tania Gupta1, Kangayam M. Ponnuvel, Appukuttannair Pradeep, Rakesh K. 
Mishra, Manthira Moorthy, Vankadara Sivaprasad (2019) Loss of function in susceptibility 
gene: utilization in development of Bombyx  mori Bidensovirus (BmBDV) resistant 
productive silkworm breeds.  Research paper presented at APSERI-2019. 1Co-First authors

8. Vijayan K, Ramesha A. and Mishra R.K. Contribution of breeding and biotechnology to crop 
improvement in mulberry (Morus spp.). Lead paper presented at APSERI-2019.

9.  K. S. Tulsi Naik, Sahar Ismail, K M Ponnuvel and R,K Mishra (2019) A stable and efficient 
method to produce dsRNA to elicit RNA interference against BmNPV infection in silkworm 
Bombyx mori-L A Transkingdom RNAi approach APSERI-2019.

10. K. S. Tulsi Naik, Shambhavi Hungund M.V. Rajam, K M Ponnuvel, R K Mishra (2018) A 
Bacterial Transkingdom RNAI Approach for expression of dsRNA in Silkworm Bombyx 
mori.L to elicit RNA interference against Viral genes associated with BmNPV infection, IISF, 
Young Scientist conference Lucknow 
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ii Workshop / Trainings attended

1. Dr K. S. Tulsi Naik and Dr A. Ramesha -   Workshop on Communication and presentation 
skills organized by CSB at Centre of excellence from 29th -30th  May 2018

2. Dr K. M. Ponnuvel, Dr G. Ravikumar, Dr A. R. Pradeep, Dr K. S. Tulsi Naik and - Dr A. 
Ramesha attended Orientation Training Programme for Seed Officers and Seed Analysts 
organized by NSSO, Bangalore during 17th to 22nd December 2018 at SSTL, Bangalore 

3. Dr A. R. Pradeep attended National Training Programme on “The issues and policies 
related to GMOs/GM Crops in India” at UAS , GKVK Bangalore during 4-8th February 2019

Sl No RAC Members Remarks

1 Prof. P.N. Rangarajan
Dept. of Biochemistry, 
Indian Institute of Science 
Bangalore

Chairperson

2 Prof. Upendra Nongthomba
Dept. of Molecular Reproduction 
and Developmental genetics
Indian Institute of Science 
Bangalore 

Member

3 Dr. Malali Gowda			 
Professor
Transdisciplinary University
Yelahanka, Bangalore

Member

4 Prof. Anitha Peter			 
Professor, 
Dept. of Plant Biotechnology, 
UAS, GKVK, 
Bangalore

Member

5 Dr. R. K. Mishra
Seri-Biotech Research Laboratory
Kodathi, Carmelram post, Sarjapur 
Road Bangalore

Member- Convener

RESEARCH ADVISORY COMMITTEE
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Institute Bio safety Committee (IBSC)

Sl no Name and Address Remarks

1 Prof.  Usha Vijayaraghavan
Department of Microbiology & Cell Biology, Indian 
Institute of Science, Bangalore  

Member-Secretary

2 The Director 
Seri Biotech Research Laboratory, Bangalore

Chairperson

3 Dr. R. Ashokan
Principal Scientist 
Dept. of Biotechnology 
IIHR, Hesaraghatta
Bangalore 

Member

4 Dr.B. L.Mohan Kumar, MBBS
AMA-CSB Employees Dr Mohan Nursing 
Home,MBBS Sarjapura Road, Bangalore

Member

5 Prof.  H.P. Puttaraju
Department of Life Sciences,  Bangalore University

Member

6 Dr. V.V. Satyavati
Molecular  Genetics Lab CDFD, Hyderabad

Member -External
Expert

7 Dr. A. R. Pradeep
Scientist D, Seri biotech Research Laboratory, 
Bangalore

Member -Internal 
Expert

HUMAN RESOURCES
Sl No Name Designation

1 Dr. R. K. Mishra Director

2 Dr. K. M. Ponnuvel Scientist- D

3 Dr. G. Ravikumar Scientist- D

4 Dr. A. R. Pradeep Scientist- D

5 Dr. K. S. Tulsi Naik Scientist- B

6 Dr A. Ramesha Scientist- B

7 Dr Himanshu Dubey Scientist- B

8 Mr. S. N. Gundurao Technical Assistant

9 Mr. G. Sumant Kumar Technical Assistant

10 Mr. R. S. Srikantaiah Technical Assistant

11 Mr. K. M. Humayun Technical Assistant

12 Mr. G. Raghavender Field Assistant
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RESEARCH FELLOWS/ASSISTANTS

ADMINISTRATION

Sl No Name Designation

1. Mr.Wazid Hussain Research Associate (CSIR)

2 Mrs Varada Burdekar Senior Research Fellow

3 Ms Tania Gupta Junior Research Fellow

4 Mrs Vijaya Gowri Junior Research Fellow

5 Mrs Shambhavi P Hungund Junior Research Fellow

6 Mrs Dyna Susan Thomas Junior Research Fellow

7 Mrs Chitra Manoharan Junior Research Fellow

8 Mrs.Sandhya Rasalkar Junior Research Fellow

9 Ms Shruti M Junior Research Fellow

10 Ms. Sahar Ismail Junior Research Fellow

11 Ms Gopika Padmakumar Junior Research Fellow

12 Ms Aarti Project Assistant

13 Ms Diksha khajje Project assistant

14 Mr Naresh Kumar Rearing Assistant

Sl No Name Designation

1 Mrs. Shyamala Murthy Asst. Director

2 Mr. Mohan Raj Asst. Superintendent (up to  
02.06.2018

3 Mr Chandrashekhar Rao Asst. Superintendent

4 Mr A. Mallesha Asst. Technician

5 Mr. S. Nagesh Driver

6 Mr.Kenchappa Multi tasking Staff
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Superannuation
              

Shri. S. N. Gundu Rao, Technical Assistant and Shri Mallesha, Asst. Technician retired from 
service of Central Silk Board (Government of India) on attaining superannuation at the age of 
60 years. The fraternity of SBRL thank them for their esteemed service and wish them happy 
retired life.

Financial Progress (2018-19)
During the year under report, an expenditure of Rs. 330.15 lakhs, under following heads, was 
incurred from Grants-in-Aid sanctioned by CSB and from funds received from Department of 
Biotechnology, Government of India.

S No. Particulars Amount (Rs. In lakhs)

1 Salary and allowances 187.08

2 Wages and EPF 17.06

3 Travelling Expenses 2.18

4 Contingent expenses 31.09

5 Assets 9.73

6 Others 56.31

Subtotal 303.99

7 DBT assistance 26.16

Total 330.15

Other Events

Vigilance Awareness week

Vigilance Awareness week was organized from 31st October to 3rd November 2018 as per 
instruction of Government of India and Central Silk Board. A debate competition on the theme 
“Eradicate Corruption-Build a New India”  was also conducted and the winners were awarded.

Swachhta  Pakhwada 

Swachhta pakhwada was organised from 01.03.2019 to 15.03.2019 jointly with Silkworm 
Seed Technology Laboratory, (SSTL), Kodathi  and various programmes were organised  as 
per  Central Office instructions.
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