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HhY

AR H I9T SedTe T Seferee 3 fohrd § Tl fHehadl & ST gaN & | 19
i AR U / 1S G 39 Herdeh &Y &, e T et J8THehle wre,
LI 3cqTe SR g5 STANT 3 for Sreqife e a STHT STereaeh & | §Ho X9 S
I oYl o IR T 1 el T o fore sfafera o fosr, Tem @ie @l gean
3fR SER TUTE S IIT 1 S $B U HRh € S Ueh Hecaqul Yfieht
¥ | 39 T P I T 5 A, T SiR Sf0aes Tt S Wi & fofg /i o =1e,
T3 % St SgHANT T 7T gfReehio, ATSTHRT T Il T AR g e, StHifies aeor
Ui 3 gigferey farvervmr o1fE & foTT 3 TEMTTel & 8 Stg-aehHieh 2f¥ehIo STqIT 7T & |
AT 3 fafiret v hrelchai 3 T YReATE-STarT Sea 3iR Ster steafiren! farsm (7% fowel) &
T § e 19 SIS, fae SR e forvm (VR ) & foriid S e @ g 3iK
TH TN 3 9 W & RO &N

af 2016-17 % <R g9 sEET 3 A aRASEel i siftw w9 fear sik g iy
YRAISHIBH T YR 1 3 =1t T8 TR &l SIKY T | U T YRS QahR) araket
AT, NS (HUaEI) 1 R e ST o T 37K 36 BIEST F 377 S
Joredl & T e GHETAT feErl § 1 e wSi Thug-5 S dieig198 # TuEe-2 St
S AT T o S e A H ST e A 3 S A e
R & | 3T STAET, STATERG-2 I S o e areft 30 afervrt St b <t off gt
1 ferrmgrest g9n & fopan T | S SaTar AR USTH &A1 6 A1 19 i bl Tee b T
o, 39 hie et @ ST g o RAET ST o1 < A1k 3 &Y & fear ST wehr 8
&l T 3 HfRETTCHeR T oh STTel &t I, TRe eafehe 31 UROTHIR S U ofed 3703t 1 FeiHerel!
3 AT YohHT 3 Fieha Tfre & e 1T, Forghr ST ot S <6t sifcred sreferal 1 aeere
o foru fema St e Ry wferes § ik A wfcrierss &rwan o ferepry B S oo shrdehy &
SR fohalT ST Wehel |

TS GohHo R 9 H 19 AN B BHA-BI 1 HTE HR ¢ | TS RS F @3
T & G 3o IUST & TN Hid) o farenr &, TR Hoi 3R ARTTT gwiar dedifien
BT TR T T & | DUTRIR 4 37K GrugeiR 27 Sidh == 197 Yera areft sreiiferali 1 sEmremed
T R YRS e 3 GugeiR g 3 e TRuRen e ohig ISt SaR] a8 T afesye
& G UIGSIA a9l H et fedm | gud % Tudiet oA b R e & foe sEimmet
T R Il SIRTTTSTE o Y JE3TTT 1 TE @ T Seck g Aeivil o ref TS ahie Ffiferad
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& =TI ¥g T 0N § Yerge 31T Al Sl Uee ot IE I T § | 9 el I e
feTu, 3TfTeeh Wkt HerRIdI-ITat == SR TAdET TiesI[dr 3 91 8 3= IS alell %l ol (e
e T 37 38 g9 o § ferfirer wiiiferen oIk Hfy-siorarg Wikl & Hia-pismand & gean
U e 1 ol Terar & W i T & Siaia T T § | SEvaeh S SEay Wl U
3 & IT-Jd YR 3 feAreral & & afien qeR TgHeIE 1 W UghHUl & ST TR o AT 3
3{1eh THT B 1 T L &A1 § | TPt H SheraTemy-arasieh & Feam U Sl 9 fexiia @
& I MOk el & SR ATSHD &l TeoH =1t @ |

T & Shafsfened STgHn 3 EAe K, gertfad e oN & e wigsie S faehfad
T & AT TR 3 T Heaa WA T 3 ST § U et o fehr femam T Tt &)
T RIS, TR SRR, o Nelfvereh Gohaor 3 39 ToN § Sf3 Hehraicash S o TeeIH
T o foru fafie Ui Seml & wre fetent R STHI STgehwun e fafis Sdehl &1 stgered favermm
il o R

Y A R g L9 Staiteaifient 3 Qi &t § gl s aRErsrsi 1 forn & fRrgen
TrfiTend G T9H ITe 3 e § 2 | SHeh STelra, SEITSTer fafis Sraeial aRasHs & areaq
Y o T & dufrent i fafie faufaearedl & 6 @ afe g @ 8

& g TR I e Frorsit ik wreichal 1 o] XA o fou s STET & 37
TATE! 1 GRIEAT Bl & | Fafiret wiver aRASHISH bl o e  @eft wiver K 31 Seifieh & Sgoed
TR 3 T ST HT hLell § 3 H 3 BT T T < & 2 o 2016-17 3 4R Sereie
fedit et &t |

39 N R F fafiret T SR SRl Sy TaHt ohr o 3R o5t el =g ot
T A1 W U Y gAR STIHYM & § Al Yo i |

# o1 a1t ot # aififer RO & Qo & AT IR STASHT T TR e & |

2. Sifeierd quEe
[GENED
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FOREWORD

In India, silk production is closely associated with development of the rural
economy. Sericultural farmers and the reeling / weaving community are
the supporting stem, who are needed to be encouraged towards disease-
free silkworm rearing, silk production and its utilization. In order to enhance
the overall silk production, development of methodologies for early
pathogen detection, silkworm protection and production of improved quality silk are some

of the factors that will play a pivotal role. In order to achieve the said goals, conventional
and molecular breeding, marker assisted selection for disease tolerance, newer
approaches on biomedical applications of silk, detection of pathogens and its control,
genomic characterization and transcriptome analysis are the few biotechnological
approaches followed in this laboratory. The laboratory received financial assistance from
Central Silk Board, Department of Science & Technology (Government of India) through
Indo-Japanese collaboration and Department of Biotechnology (New Delhi) for various
research programs and we always owe it to them for the financial and scientific support.

Under 2016-17, this laboratory concluded three major research projects and
initiated five new ones and implemented the ongoing projects. Indian isolate of a major
viral pathogen, BmDNV (or BmBDV) is completely sequenced and its phylogeny showed
close homology with its Japanese isolate. Expression of nsd-2 gene in productive races
APS-5 and BBE 198 confirmed the DNV tolerance in high yielding productive accessions
of the silkworm Bombyx mori. In addition, 30 bivoltine breeds carrying densovirus-2
resistance gene either in homozygous or heterozygous condition were also identified. In
an attempt to identify silkworm races with high fecundity and fertility, vitellogenin receptor
gene could be identified as a marker for screening silkworm races. On investigating the
immunogenic mechanism of B. mori, new target molecules such as humoral lectin and
arylphorin were identified in close association with uzifly and microsporidian infection
which will be used to identify immunocompetent races of B. mori that can be used further
in the future breeding programs for developing disease resistance. ldentification of
functional gene markers associated with fungal infection in B. mori needs to be applied
in furthering breeding programs including tolerance to fungal attack.

NPV infection is the major cause for crop loss for the sericulture industry, throughout
India. In order to develop high yielding races with larger level of NPV tolerance, an
amalgamation of conventional breeding and RNA interference technology has been used.
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High silk yielding races such as CSR4 and CSR27 were transformed to transgenic lines
with larger NPV tolerance by conventional back cross breeding between transgenic Nistari
and CSR races at laboratory level. On the other hand, transkingdom RNAi mechanism
has been initiated at laboratory level to control the NPV infection. In order to identify
molecular markers associated with the filament characters molecular approach has been
initiated to identify the silkworm races with better filament characters. Towards assistance
to sericulture farmers, new high yielding breeds with larger NPV tolerance are developed
by molecular marker- assisted selection and they are under farm trials from this year at
different geographical and agro-climatic conditions through collaboration with CSB-
CSR&Tls with financial assistance from DBT. Another area of urgent molecular intervention
is the drastic infection of oak tasar silkworm in the north- east India and Himalayan belt
where tiger band disease has wiped out oak tasar culture. Identification of the pathogen
through molecular means is under progress with DBT funding in collaboration with
CTR&TI- RTRS at Imphal.

On the utilization of biomedical applications of silk, development of new approaches
using fusion protein technology coupled with transgenesis is under progress to develop
fibroin protein with anti- microbial properties. In order to identify functional genes
associated with bacterial infection and silk properties of muga silkworm, Antheraea
assamensis, whole genome sequencing and Transcriptome analysis of different tissues
are under progress in collaboration with different national institutes.

In general we have taken up challenging research projects in frontier areas of
Seri-biotechnology that has direct relevance with sericulture development. Moreover,
the laboratory is giving training to scientists of different institutes and students of different
universities through post graduate projects.

| appreciate the administrative wing for their untiring effort in implementing various
schemes and programs of Government of India. Valuable contribution of all research
fellows and scientists in implementing different research projects is acknowledged and |
congratulate the scholars who received the Doctoral Degree during 2016-17.

In this occasion | would also like to thank the various National and International
research organizations that supported our area of research directly or indirectly.

| welcome the constructive criticism on this edition of annual report for improvement.

Dr. KALIDAS MANDAL
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
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4 2016-17 =t g fagrgant

TS IRSTHI & ST e RURE 08 Wil g Iod 3cUIeeh HITHai4 7ol Sty
TR yetfaal ® aRkafad fam 747 | 4 TE 1 6-Th 1 8 Wt o TSI a9 & Il <ol foh Tt
GeRHU & IUA AT HITHSTR ¥l & 123 Sl ST0&T S6H 563 i Iusiifad off | Gugeig
T HITHSAR27 & FHT g SN 1 Goidl § TH16 71 TH18 Giel & IRsiHl oei H fsrien
TN U1 R H 1 Jig o | g WTHAR USTIfrdl sl Jor1 H gRSiH el | i forgeenl &t
3y § 3o TdEr iSar qen 397 WHsTR RSIH! a9 § Icure fawisar & o 912

SN Al (TR arwitag) & T94 9 fafsharcae sfiddisH Temfadl # gfg IRa g8, s
WHHE, FifEeg FRY ) T PRt § ik faw At fepar ok aftrfera afafsrarnsdt @ gamer
ST TEsie STSio T g3 | & 9 forieh | qeeiisny] (AT ar<ifis) & Hehn & T,
3t ATt wfshar & 30 g€, Ywad: I8 et A ) Tfehd A o o S 3 gR R A STavgehdr
& wIeTdl ga, Fore shoy] et HRfes STsiferdr AR TIom G gaT | Seoied ¢ foh Aeigsie
SIaIShH a1 o feii # ga ST &, S o Yyl feres H Gohnor 3 g et fet § s
3 e STRSTerT o iK1 quel el & | G STHeRRY <A1 ST it U, WIS Fifeey
ARt % wfatel Qe a9 A veeH sFHgeT ¥ @ ST S AU nfaRel Tem i I= It
T 9l ANl 1 YA T & AT ST drishHl @ STANT foRa Stma |

T WM, Pigsied, Pt ot oIk wealed- SRt Teram Wi & fafhean siwEnit & faw
St frrdierctlia s Sk e et Wi fopfa e & T 38 ek o waT e T 3
g ot foran | Seere aRady % AT s MR A TR wRA aret S % g de, 3
¥ QRS & fT GO R

THaHIE I AfeeT s & T 3 gew Sifereh AvTsTeht o Wriier Sifren feen & Ty (ymehial
& o1 ferepfia ey & foru, i ufeen Gy Si, S Aferer, Yopife o i Sramrefy il
TR T BT GIR ek deet H Fl R T 3K ST STehHU gRT U gfF & T | i
a7 3y e Tl H PE uRedd T gol, fSraet gy srgeham § @ T | ufeRen i s
& o wfceen W& & srcafien fawwdr & fAT aeet @ geie feam siam |

THETg-TeshE faverm oiR g SegHfala g1 Loy fefad Sty Gk & a5
T TeTwenie ARiferd S o fervaror & ST Side SR Teliaf oik arsgiargs & i
e ¥ Yersy & Iufefd 3@ |

Fdeh AR S R WshT & d1& Ffel ST |feha @l gge & & foT o= foust &
& femiahrg STeATa & T, Hohw & 24 Hdl % 18 Tha [T T | STeAaRy T7 § et 3TTAY
FoeprcY T | et fereheleh ST, S ST, SRR, TP Ziaiiet TelaRe ik oo 37g-
TR fyeafth favee # favees sifveafth 9 | aTdfas 99 fasiwu & STl W) &
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3YET-3TeAT TSVl Sia-STHIe & fo7T 3K Hftieneh ST ifeafth @K sesh TOH &X & o
ey faveiour & U I T | T ST 1 ITART DI Sl BhifT o e fomar S aifes
3% e YR % G WHSHIE TEAl & GYeiqul & forw §qes & &9 § gLt fomar ST 9 |

7. e AR SO Hehaor & ARy GUR o, Th T AT e AT eiehTeH SIRTTY
SRERG’ R fhar 7 &1 e doreor § wnfiret B8 T S st 1, A%, a3,
§74, W35 SR $143 N SRAT STHBRT FATT 3 AR Fergeiow & Hrezm & 0 oy T
& | U 3TTTET S ST I TeT 4440 JT & &Y & Fei fohar 77 @ AR & S i 1 8ik
AE] % Y STHHARTAY Ieqre Y& foman 71 2|

8. Iy dg el ¥ R 3N "l Wl Y 3R g 3T Wikl @l STANT gt St
¥ QUR % foru, Fwricrn S AR -Seg favein I R T 21 g e % e s 9
ST o e ferfirer Ziafenein feryeroo & & € | Tl 37afy o SR STeTT-3TeT THE T =i
TSt SR & T3 URAT & fafire &l § S ST ot sifireafth- favetwo foman | 12 St
¥, Y0 Togdie s A, Pgsie-Ue K Bigsie-Te S & S A St 9 gt
fo 31¢ AETE UGBTI g0 SiA sifveafch & frerar ot |

9. DuR-HRE Sk rfirgaeTyier A @ Sl & SR W STareRy Hfekid-f-gent &
ferenrd & foTU, WISSYH ohid 3 Ugeh B SHIT T& &l TE | §ialE 266 3K GTHSIR 6 &I 729,
fegent farenfid en 3 foTT Uqer & &9 § &1 STl § 3IK adaM & fe18266 i 3T Gegem?
3N ATGAR27 F WY T4 Gohe & fIhrg B ST ATk o &9 & fopan STl @ | SgTarag-
2 Ui ST a9 & arel 30 fgust % off Tgsh A fauHgwst <9 H 9 T |

10. 31Ty T H 3= Ul o 3 T arel STl Sl Te=M &g IS ST Sl TR T
Fraices AT & &Y H foran ST Gl § | 359 AT Hfierd Wi arel 354 SSiial Ghricish
oGy @ gU oS G § 3iS- SeqeA & fofq ST STl €, SHehT YA I STH-&Fal
T F I RIS W HI FSTfaqal @l GerlHT § Teh A AL & &9 H R ST
el B

1. ol g & YR JerdepR ST Siereelidt 1 (T s J&am Hua760110 3R HT
779526) STShTH fEhall T | BIgareRIeeh 3K STehH fergeivor & T =refl foh Suraisial 3 HRdd
JuEER] & GESTAAT STUHT JoahR) STaeET & It Ha9 &

12. Sifyeafth 3T Tehuw 3 i GaY: TIUEE)-2 S & ifeafth erea & foe st Wwm @i
et § et Tehfia HeAi ek & T I fern A1 | S weita uiieg-5 S
qAE198 3Tq oy ufcrelt Feon @ gfF &% Trr = Il @ | st St @
sfveafts o oy fafi 1o Icared &3 W U Gehiia 1M @id H fau) YR wfid fman
|
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RESEARCH HIGHLIGHTS

High yielding CSR4 and CSR27 races were transformed to transgenic races by introgression
of NPV transgenes and conventional back crossing. The transgenic lines of BC4F16 —
F18 generations showed 56% survival rate after NPV infection in comparison to 12% in
infected control CSR lines. In F17 and F18 generation of transgenic lines there was
significant increase in larva and pupa weight as well as cocoon traits which are nearing to
pure lines of CSR4 and CSR27, thereby attained higher NPV tolerance and yield traits in
the same transgenic CSR lines.

Uzifly (Exorista bombycis) infestation induced increase in Reactive oxygen species which
induced cytotoxicity in hemocytes of the silkworm, Bombyx mori and suppressed immune
responses enabling the parasitic survival. After infection with microsporidian (Nosema
bombycis) spores in B. mori larva, Toll pathway activation is delayed, probably due to
requirement of a threshold level of spores to activate toll pathway which enabled initial
survival and multiplication of the spores. Notably, melanization events are suppressed in
the later days which further supported the multiplication and successful survival of
microsporidian in the later days of infection in the host silkworm larva. Utilizing the
information generated, immunocompetent strains of the silkworm, Bombyx mori will be
identified from the germplasm and will be utilized for breeding programs to synthesize
new immunocompetent and high yielding strains.

In order to develop biodegradable wound healing protein for medical applications of silk
protein, Fibroin, Cecropin B and fibroin-Cecropin fusion proteins were expressed, detected
and purified. The vectors with the genes encoding these proteins are ready for microinjection
into eggs for germline transformation.

In order to increase the immunity of silkworm and develop silkworm lines with  larger
immunity against microbial pathogens, three immune associated genes viz Relish, Cecropin
B and Drosomycin and their promoters were cloned in piggy Bac vectors and is confirmed
by DNA sequencing. There were no mutations either in the genes or its respective promoters
which was confirmed by sequencing. The vector will be injected for overexpression of the
immune proteins to increase the immunity.

Analysis of silkworm haemolymph proteins collected after Staphylococcus vitulinus
bacterial infection on cross breed of B. mori, M.com4 x B.com4 by SDS-PAGE analysis
and mass Spectrometry showed presence of significant number of peptides of antibacterial
proteins viz gloverin and lysozyme.

In order to identify the immune gene activation after infection by the fungus, Beauveria sp,
larval integument samples from five bivoltine breeds were collected at 24h post infection.
Total RNA was extracted from the integument samples. Five antifungal genes viz Amidase,
Arylphorin, Glucose transporter, Gloverin and Lysozyme showed differential expression in
semiquantitative expression analysis. Based on the real time PCR analysis, two divergent

Xii
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10.

1.

12.

races were selected for bioassay and correlation analysis between antifungal gene
expression and fungal multiplication rate. The identified genes will be used for screening
silkworm accession to use them as parents for synthesizing silkworm breeds with fungal
tolerance.

In order to improve the resistance to BmNPV infection in Bombyx mori, a new disease
management approach ‘transkingdom RNA interference’ has been initiated. The sequencing
information of six NPV genes ie 1, lef1, lef3 ,p74, p35 and p143 involved in BmNPV
infection has been obtained through cloning and BLAST analysis. Further these genes
have been cloned into L4440 vector and dsRNA production for two genes ie7and Lef1 has
been initiated.

To identify molecular markers associated with the silk filament characters and to utilize
these molecular markers for improving the multivoltine races, functional gene marker-
association analysis is initiated. Several genes that are associated with the filament
characters have been identified from various transcriptome analyses. Expression of twelve
genes was analyzed in different regions of silk glands of selected multivoltine accessions
at different time points during the phago period. Out of 12 genes, three genes associated
with serine- glycine metabolism pathway, fibroin-H and fibroin—-L genes showed variation
in the gene expression.

For developing Densovirus resistant- double hybrid based on the presence of DNV- resistant
and susceptible markers, screening for parents of foundation cross are initiated. BBE266
and CSRG6 are identified as parents to develop double hybrids and presently BBE266 is
used as donor parent for developing back cross with CSR2 and CSR27. Further 30 bivoltine
breeds carrying densovirus-2 resistance gene either in homozygous or heterozygous
condition were also identified.

VgR gene is identified as a functional marker to identify accessions producing higher
quality eggs. Breeds with high VgR transcript levels are shown to be producing larger
number of eggs revealing positive correlation indicates its use in screening promising
silkworm races for the selection of high fecundity.

The full length genome of Indian isolate of BmBDV (DNV) has been sequenced (NCBI
accession number KX760110 and KX779526). Phylogenetic and sequence analysis have
revealed close similarity of the Indian isolate of BmBDV with the Japanese isolate of
BmBDV.

Prevalence of densovirus resistance gene (nsd-2) was screened in 20 bivoltine (BV) and
12 multivoltine (MV) races out of which APSHT—P5 (BV) and MV-76 & MV-77 (MV) revealed
the presence of nsd-2resistant gene in homozygous condition in all the individuals tested
indicating the availability of Indian silkworm germplasm resources with probable resistance
to Indian isolate of BmBDV.
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LIST OF RESEARCH PROJECTS

ONGOING RESEARCH PROJECTS

1.

10.

ARP 3518: Expression profiling of genes associated with resistance to Beauvaria
bassiana in Bombyx mori silkworm strains (In collaboration with CSGRC, Hosur)
(Aug 2014-Sep 2017)

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

AIT 3540: Development of Transgenic Silkworms for the Over-expression of
Disease-Resistant Genes for Enhanced Immunity. (In collaboration with lISc
Bengaluru) (Aug 2015-July 2018)

CFC 7064: Sericin for cosmetic applications (In collaboration with CSTRI and
M/s Unilever Industries, Bengaluru) (May 2015-April 2017)

ARP 3522 : Isolation, cloning, and characterization of antibacterial proteins from
silkworm, Bombyx mori ( In Collaboration from CSRTI, Berhampore) (May 2015-
April 2018)

AIT 5872: Whole Genome Sequencing and functional genomics of Golden Silk
Moth Antheraea assamensis (In Collaboration with 1ISc, Bengaluru, IIT,
Guwahati, CDFD, Hyderabad, CMERTI, Ladoigarh) (Oct 2015-Sep 2018)

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

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

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, Bengaluru) (Sep 2016-Aug 2019)

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. (Network project of
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11.

SBRL, CSRTI- Mysore, CSRTI- Berhampore and CSRTI- Pampore, funded by
Department of Biotechnology, Govt of India, New Delhi) (February 2017 — 2020)

ARP 3606: Development of diagnostic tool for early detection of baculovirus
causing tiger band disease in Antheraea proylei (In collaboration with
CTRTI-RTRS, Imphal, Manipur) (February 2017 — 2020)

CONCLUDED RESEARCH PROJECTS

1.

ARP 3513 (DST-JSPS Indo- Japan Collaborative Project): Molecular
characterization of Indian isolate(s) of Densovirus (DNV) and viral resistance gene
in the host, silkworm Bombyx mori (June 2014-May 2016)

AIT 3544 (CSB): 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)

AIT 3468 (DBT): Development of RNA interference (RNAi) based
nuclearpolyhedrosis 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 Il) (Sept.2011- March 2017)

AIT 3494 (DBT): Host-parasite interaction: Transcriptome responses to parasitism
in the silkworm Bombyx mori (Jan.13- July.16).

Annual Report, SBRL, Bangalore, 2016-2017



PROGRESS OF ONGOING RESEARCH PROJECTS

ARP 3518 : Expression profiling of genes associated with resistance to
Beauvaria bassiana in Bombyx mori silkworm strain (In Collaboration
with CSGRC Hosur)

Duration: Oct. 2014 - Sep.2017

Tulsi Naik K. S., Geetha N Murthy* and K. M. Ponnuvel
P. Somasundaram* and N. Balachandran* [*CSGRC, Hosur]

Beauvaria bassiana causes white muscardine in Bombyx mori resulting in
substantial crop loss especially during humid, rainy and winter seasons. Reports reveal
upregulation and down regulation of several antifungal genes on B.bassiana infection
in B.mori. Some of these genes have been validated through Real time PCR. Hence,
a project was taken up in collaboration with CSGRC Hosur to investigate the differential
expressions of the antifungal 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 disease in B.mori breeds.

A comparative expression analysis of 14 antifungal genes viz. Lysozyme, LIM
protein, Transferrin, Arylphorin, Glucose transporter, Peptidoglycan precursor, Ecdysone
induced protein, Chemosensory protein, Bm8 interacting protein, Troponin C, Amidase,
Gloverin, Neutral Lipase and Vacuolar ATP synthase was carried out in B.bassiana
infected and control samples of 15 Multivoltine and 14 bivoltine silkworm breeds.

Differential expression analysis of antifungal genes in multivoltine races

From the semi quantitative expression analysis of 14 antifungal genes we
shortlisted five antifungal genes viz. Neutral lipase, Amidase, Glucose transporter,
Arylphorin, and Gloverin based on their differential gene expression in the multivoltine
(MV) races . The MV races were also analyzed for the B.bassiana gene for determining
the fungal multiplication and the results revealed that APDR15 (highly productive Breed)
and Nistari (Popular Breed) showed lower fungal multiplication in contrast with C. nichi
and MH1 (highly productive Breed) that showed higher fungal multiplication as indicated
by increased copy number of fungal multiplication gene (Fig 1). Real time PCR analysis
was carried out for the 14 multivotine races using five shortlisted antifungal genes.
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APDR15 and Nistari revealed higher expression of antifungal genes in infected samples
and C. nichi and MH1 revealed decrease in antifungal gene expression after infection
indicating tolerance/susceptibility to fungal multiplication respectively (Fig 2). Therefore
APDR15 and MH1 were short-listed among the highly productive breeds and C. nichi
and Nistari from popular breed for further studies at different time points.

Differential expression analysis of antifungal genes in bivoltine races

From the semi quantitative expression analysis of 14 antifungal genes five
antifungal genes viz. Glucose transporter, Amidase, Gloverin, Arylphorin and Lysozyme
were short listed based on their differential gene expression in the 14 bivoltine races
. The BV races were analysed for the fungal multiplication using specific B.bassiana
fungal multiplication primers and the results revealed that the BV races, A and J2(P)
showed lower fungal multiplication and CSR 27 and CSR 4 revealed higher fungal
multiplication indicating susceptibility/tolerance to fungal infection.(Fig 3). The breed
A and J2(p) among the autumn top performing breeds, breeds APS5 and APS4 among
robust breeds, CSR27 and CSR 4 among popular breeds, and Barupat among low
performers revealed higher expressions of the genes in infected compared to control.
Comparison of the genes tested revealed that, the breeds J2(P) and A revealed higher
expressions of the antifungal genes and CSR 4 and CSR 27 revealed lower expressions
of the antifungal genes (Fig 4).

Figure 1: Beauvaria bassiana gene copy number (Fungal Multiplication) in multivoltine races
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Figure 3: Beauvaria bassiana gene copy number (Fungal Multiplication) in bivoltine races
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Figure 4: Relative gene expression of antifungal genes Amidase, Arylphorin, Lysozyme, Glucose
transporter and Gloverin in control (without infection) and B. bassiana- infected bivoltine races.

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

Duration: July 2015 — June 2019

G. Ravikumar and K. Vijayan [CSB, Bengaluru]
Mrs Chitra, M and Mrs. Dyna Susan Thomas

Aim: To develop novel fibroin fusion protein for new generation dressing materials and
tissue engineering applications.

Silk fibroin, Cecropin B and fibroin-Cecropin fusion proteins were expressed in
the yeast Pichia pastoris expression system and in cell-free system. The recombinant
proteins were detected by Western blotting and purified by Immobilized Metal Affinity
Chromatography (Fig 5). The purified protein will be tested for wound healing and
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antibacterial assays. Vector constructs are underway to express the same fusion protein
in transgenic silkworms using the transposon vector piggy Bac and fibroin gene
expression system.

Figure 5: Western blot with anti - histidine antibody showing the expression of
fusion protein at 96 and 120 hrs.

AIT 3540 : Development of Transgenic Silkworms for the Over- expres-sion
of Disease-Resistant Genes for Enhanced Immunity (In
collaboration with lISc Bengaluru)

Duration : June 2015 - July 2018

G. Ravikumar and Upendra Nongthomba [lISc, Bengaluru]
Sandhya Rasalkar [JRF, [ISc].Mrs Chitra M., Mrs. Dyna Susan Thomas [JRFs]

Aim: Development of silkworm lines with enhanced disease resistance to multiple
pathogens to increase silk productivity.

Relish, Cecropin B and Drosomycin genes and their promoters were constructed
in piggyBac plasmids. To test the promoter activity of CecA, CecB and Drosmycin, GFP
wer cloned downstream to these promoters. These were injected/electroporated in to
pre-blastoderm silkworm eggs. Observations are underway.
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AIT 5872 : Whole Genome Sequencing and functional genomics of Golden
Silk Moth Antheraea assamensis (In Collaboration with [ISc - Bengaluru,
lIT - Guwahati, CDFD - Hyderabad, and CMERTI- Lahdoigarh, Assam)

Duration : Oct 2015 - Sep 2018

A. R. Pradeep , K.M.Ponnuvel, Ramesha A. [SBRL]
Kartik Neog [CMERTI, Jorhat], Upendra N [lISc, Bengaluru]
Utpal Bora [IIT Guwahati], Arun Kumar K.P. [CDFD, Hyderabad]
Vijayan. K [CSB]

Muga silkworms of wild and commercial populations were collected and reared
at CMERTI, Jorhat and presently under multiplication. Among the individuals of A.
assamensis, homozygosity test was conducted using Antheraea assamensis specific
microsatellite primers (AaSat) on agarose gel. Homozygosity analysis in commercial
population of muga silkworm was analyzed in 16 individuals after genomic DNA isolation.
Seven SSR primers were used to asses homozygosity level in 16 individuals revealed
that the commercial population is highly homozygous confirming homozygosity in
populations of the muga silkworm found earlier (Fig. 6).

M1 M2 M3 M4 M5 M&E M7 ME MS M10 F1 F2 F3 F4 F5 F& NTC

Aasat 001

Aasat 002

Aasat 003

Aasat 005

Aasat 006

Aasat 020

Aasat 020

Figure 6: Homozygosity test conducted for muga silkworm, Antheraea assamensis provided by
CMERTI, Jorhat using AaSat microsatellite primers. M- male; F- female; NTC- Non-template
control
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AIT 3582 : Development of densovirus resistant productive bivoltine
silkworm breeds through marker assisted selection (In Collaboration
with CSR&TI, Mysore )

Duration : Sept. 2016 - Aug. 2018

Reporting period: (Sept. 2016 to Mar. 2017)
Ramesha A, Ponnuvel K.M and Ms. Tania Gupta [JRF ]
& Manthira Moorthy [CSR&TI, Mysore]

Viral diseases account for majority of the total cocoon loss due to pathogens.
Bombyx mori nucleopolyhedrovirus (BmNPV) and B.mori densovirus (BmDNV) are the
two major prevalent viruses. Flacherie disease is one of the widespread and severe
diseases in silkworms, causing up to 20% crop loss. BmDNV is one of the major
pathogen causing flacherie disease in silkworm. Major symptoms associated with
BmDNV infections are flaccid larval body and diarrhoea and turn to dark brown and
finally die. It is essential to develop an appropriate disease management strategy to
control the disease. Other than disinfection, development of disease resistant breeds
is a prominent approach to control the disease outbreak. In this back drop, recently,
a major gene i.e. nsd-2 (non susceptibility to DNV-2) involved in DNV-2 resistance has
been mapped and isolated. Based on sequence and localization analysis it is proposed
to function as a receptor for DNV-2 in the silkworm (Ito K, et al. (2008) Proc Natl Acad
Sci USA 105:7523-7527)

This project aims to develop DNV-2 resistant productive bivoltine silkworm breeds/
hybrids using two approaches. First approach is introgressing nsd-2 resistance gene
from the resistant parent to CSR breeds by marker- assisted backcross method. Other
approach is to identify DNV-2 resistant productive bivoltine breeds from the breeding
stock and utilize them for hybrid development.

During the period under report, 45 productive silkworm breeds collected from
CSR&TI, Mysore and from CSGRC, Hosur were screened for the presence of DNV-2
resistant allele (is it correct terminology) through PCR. Genomic DNA was isolated from
the moths and two sets of primers were used to identify resistant and susceptible allele
of nsd-2 gene (Fig 7). We have identified 27 breeds carrying DNV-2 resistant allele
either in homozygous or in heterozygous condition (Table 1). The identified breeds
carrying DNV-2 resistant allele can be used to develop DNV-2 resistant productive
silkworm breeds.
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Figure 7: Screening for DNV-2 resistant allele in CSR27 and CSR26 through PCR:
Two sets of primers were used specifically to identify resistant and susceptible allele of nsd-2.
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AIT 3583 : Transkingdom RNA interference approach for disease resistance
against BmNPV infection in silkworm Bombyx mori (In collaboration
with University of Delhi, South Campus)

Duration : Sep 2016 - Aug 2019
Reporting period: (Sept. 2016 to Mar. 2017)

K. S. Tulsi Naik and K. M. Ponnuvel
M. V. Rajam [UDSC, New Delhi]
Mrs. Shambhavi P Hungund [JRF]

Bombyx mori L. (Lepidoptera: Bombycidae) nucleo polyhedrosis virus (BmNPV)
is a highly pathogenic virus encountered in the sericultural industry, often causing
severe damage which hampers silk cocoon production in tropical countries. Effective
management of the virus has been a challenge because of its sturdy nature and the
lack of control strategies. RNA mediated silencing technology has become present day’s
tool of choice for induction of virus resistance in most of the higher animal systems.
In this context, a new approach, known as transkingdom RNA interference (tkRNAi), was
discovered where the E. coli are engineered to transcribe short RNA (shRNA) from a
plasmid known as transkingdom RNA interference plasmid (TRIP). This method utilizes
attenuated, non-pathogenic bacteria that are safe, effective, and inexpensive vectors
for delivering RNAI to target cells. Bacteria-based RNAI is technically suitable for
production of large quantities of dsRNA, and therefore opens interesting perspectives
for mass screening of novel gene targets and development of environmentally-safe
sericulture applications.

In the above context two genes IE-1, a transregulator that is responsible for
activation of a number of late expression factors (encoded by lef genes), LEF-1, a
DNA primase of the replication complex (Mikhailov and Rohrmann 2002) are the most
important factors in viral DNA replication. The gene sequence was analyzed for the
presence of potential siRNA using Whitehead SiRNA software analysis tool and found
that there are around 7 potential SIRNA in the selected sequences

Cloning of IE1 and LEF 1genes into L4440Vector

The IE1 and LEF 1 genes were PCR amplified from BmNPV genomic DNA and
cloned into pJet vector. (Fig 8). After confirmation of the sequences, both genes were
subcloned into Bacterial L4440 vector and clones were screened by restriction analysis
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for confirming the insert of 300bp for both the genes (Fig 9). The confirmed clones
were transformed into E.coli HT115 host strain that is RNase Il deficient for expressing
dsRNA against both the genes.

Expression analysis of le1 and Lef1 dsRNA in bacteria

E. coli HT115 strain harbouring plasmid L4440-le1 as well as L4440 Lef 1and
empty vector L4440 was grown overnight in an incubator shaker at 37°C and 250 rpm.
One per cent of inoculum was transferred to 50 mL LB broth and grown at 37°C and
250 rpm. At OD 600 % 0.6, the cultures were induced with 0.25 mM IPTG and grown
for another 4 hrs. The cultures were then harvested by centrifugation at 8000 rpm for
5 min at 25°C, followed by RNA isolation using RNA isoplus (Takara Bio) as per the
manufacturer’s instructions. The RNA samples were quantified using Nanodrop™ and
used for cDNA preparation using Prime script cDNA synthesis kit (Takara Bio). The
resulting cDNAs were then PCR amplified using gene-specific primers and checked on
1.5% agarose gel.

E.coli HT115 strain lacking the RNaselll activity was used to express the dsRNA
against IE1 and LEF 1genes. The expression of dsRNA was checked by semi-
quantitative RT-PCR, which showed the amplification of desired sequence with specific
primers (Fig. 10). IPTG induced T7promoter was hence found to transcribe the desired
sequence in bacteria, which was then used to feed the insect larvae for studying gene
silencing. Further studies include standardization of feeding bioassay experiments and
dosage of dsRNA that is to be fed to study the effect of dSRNA on the targeted genes
is underway.

Figure 8: Restriction analysis of pJET1.2 clones to Figue 9: Restriction analysis of L4440 clones to
release the 310bp insert Lef 1 and le1 release the 310bp insert Lef 1 and le1
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Figure 10: Expression analysis of genes sub cloned into L4440 vector by semi quantitative PCR.

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)

Duration : Sep 2016 - Aug 2019
Reporting period: (Sept. 2016 to Mar. 2017)

K. S. Tulsi Naik and A.R. Pradeep
G. Hariraj [CSTRI, Bangalore], L. Kusuma [CSR&TI, Mysore]
Mrs. Shambhavi P Hungund [JRF]

The silkworm, Bombyx mori, is an agriculturally important economic insect that
has been used for silk production. Though India is today the second largest producer
of silk in the world, the twin problems of low productivity and poor fibre quality continue
to impair an increase in production. Though the bivoltine breeds/hybrids are known
for their productive merit, absence of genetic plasticity to buffer against adverse
conditions prevailed in the field acts as a constraint to exploit the full economic potential
of these new hybrids and these breeds/hybrids continue to suffer badly in adverse
conditions prevailed in the field.

Multivoltine silkworms are best suited for the tropical climates of India. Performances
of multivoltine silkworms are better in terms of their robustness, adaptability to the
changes in the environment and most importantly the disease resistance compared to
bivoltine. But as far as the post cocoon parameters are concerned, the performance
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of multivoltine is low compared to bivoltines in terms of shell weight, cocoon shell
percent, filament length, denier, reelability, non breakable filament, raw silk percentage
and neatness. More than 90% of silk produced in India is either from multivoltine or
(multi) x bivoltine (bi) hybrids. Silk produced in India, particularly of multivoltine
silkworms, suffers from variation in the denier which breaks during winding and weaving
and thus is not preferred as a warp in the power loom. If Indian silk can be better with
respective denier uniformity and strength, it can be wound without breaks on automatic
reeling machines and the thread can be used in power looms as it has a better lustre
and dye affinity.

Importance of the study

The situation analysis and future strategy for multivoltine silkworm breeding
suggest for the improvement of the multivoltine in terms of their economic characters.
In this context, identification of molecular markers for fibre quality and molecular
characterization of multivoltine races utilizing the markers to improve the multivoltine
breeds by marker assisted selection are important. The comparison of the quantitative
filament characters in bivoltines and multivoltine silkworms are listed.

Important parameters for grading of silk yarn

(Filament characters)

1. Reelability,

5 HERITABLE

. Neatness, ohio & Yamashita
il ; lensth 1977, Kawabata,
3. filament size and length, 1673 and

4. Raw silk percent, otsuku, 1966
5. Boil off loss ratio

6. Lousiness,

7. Winding breaks,

8. Eveness,

9. Tenacity and

10. Cohesion
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The silk gland is the only organ where silk proteins are synthesized and secreted
in the silkworm (Fig 11). Silk proteins are stored in the lumen of the silk gland for around
eight days during the fifth instar. Determination of dynamic changes in different regions
of silk glands is helpful to clarify the secretion mechanism of silk proteins. The recent
progress in the construction of molecular genetic maps, BAC libraries and a variety
of molecular marker assays will further widen the scope of genetic analysis of this
organism.

In the above context this project was proposed to identify molecular markers for
the filament characters, that includes filament size, neatness of the filament, reelability,
raw silk percentage in multivoltine silkworms. Since the filament characters are
controlled by poly genes identification of combination of multiple markers/genes
responsible for better filament characters is the objective of this project. Based on the
passport data from silkworm catalogue published by CSGRC Hosur, five each of low
performing and high performing multivoltine races (with respect to filament characters)
were identified. These races were collected from the Silkworm germplasm and reared
under prevailing conditions. Anterior, middle and posterior silk glands were dissected
out from seven multivoltine races of fifth instar on day 1,3,and 6 of phago period and
isolated genomic DNA and total RNA. cDNA was synthesized to analyze the gene
expression of 12 genes that are associated with filament characters. Out of 12 genes,
three genes, fibroin light chain region, fibroin heavy chain region, and BGIBMGA009925
(Fig 12) that is involved in serine glycine metabolism pathway showed variations in gene
expression. Further experiments are in progress.

CSR2

Figure 11 : Silk glands dissected from different silkworm races
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Figure 12: Differential expression analysis of three genes associated with filament characters

in selected multivoltine races

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.

(Network project of SBRL, CSRTI- Mysore, CSRTI- Berhampore and CSRTI-
Pampore, funded by Department of Biotechnology, Govt of India, New Delhi)

Duration

: Feb 2017 — Jan 2020

Report period: February — March 2017

Project co-ordinator: Dr. V. Sivaprasad, Director, CSR&TI, Mysore

Manthira Moorthy, CSRTI, Mysore and B. Mohan, SSBS, Coonoor ,
Gopal Chandra Das, and S. Chandrakanth, CSR&TI, Berhampore,
Mukesh Tayal, Regional Sericultural Research Station, Miransahib, Pampore,
Mohammed Aslam, CSR&TI, Pampore, J&K,

Pankaj Tiwari, Regional Sericultural Research Station, Dehradun, Uttarkhand,

A. R. Pradeep and K.M.Ponnuvel, SBRL, Bangalore
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Objectives (SBRL)

* Validation of DNA markers for NPV resistance and stress tolerance in selected
lines being used for field trials.

.S Continuous maintenance of MAS-N Lines; Co-ordination and statistical analyses
of observations from lines reared at different stations

CSRTIs of Mysore, Berhampore and Pampore
%* To evaluate the evolved bivoltine lines in various agro climatic conditions and
select lines for their suitability at different regions

%* Preparation of Dfls of PM / Nistari (or other promising multivoltine of the area)
X MASN and CSR4 x MASN crosses through NSSO, Bangalore and distributed
to Sericulture Farmers of area under CSRTI, Mysore

Research progress

The project is initiated in February 2017. First batch of DFLs of MAS-N lines 4,
6 and 7 were send to CSRTI Berhampore and Pampore for stock development. At
CSR&TI, Mysore, rearing will be initiated at the onset of favorable environmental
conditions after peak of summer followed by multiplication at SSBS, Coonoor.

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

Duration : Feb 2017 — Jan 2020

Report period: February — March 2017
K.M Ponnuvel (SBRL, Bangalore), Sinam Subhrani Devi (RTRS Imphal),
Ms. Shruthi (JRF) & Ms. Aarthi (Proj Asst.)

Objectives

1. To characterize the baculovirus pathogen causing tiger band disease in
oak tasar silkworm, Antheraea proylei

2. To study the pathogenesis, source and mode of transmission of the viral pathogen

3. To develop DNA based diagnostic tools for early detection of baculovirus causing
tiger band disease

4. Validation of developed diagnostic tools in Oak tasar Grainages and egg
production centers
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Progress:

The project is initiated in February 2017. Collection of infected A. proyeli larvae
is underway at RTRS, Imphal.

COLLABORATIVE PROJECTS OF OTHER INSTITUTES

CFC 7064 : Sericin for cosmetic applications (In Collaboration with
CSTRI, Bengaluru and M/s Unilever Industries, Bengaluru)

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 extracted from silk glands of CSR2 larva and Sericin powder made from
cocoons were resolved by SDS-PAGE. The cocoon sericin appeared as smears of
different molecular weights whereas discrete banding patterns were observed fromprotein
extracted from the silk glands. Further analysis is under progress at Unilever Industries.

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, Rahul and Zakir Hussain [CSRTI, Berhampore]
Mr. Gourab Roy, [JRF] and G. Ravikumar [SBRL]

Objectives: To clone and characterize antibacterial proteins from silkworm, Bombyx
mori

Analysis of silkworm haemolymph proteins collected after Staphylococcus vitulinus
bacterial infection on cross breed of B. mori, M.com4 x B.com4 by SDS-PAGE analysis
and mass Spectrometry showed presence of significant number of peptides of
antibacterial proteins viz gloverin and lysozyme. Proteins up-regulated by bacterial
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infections were analysed by MALDI/TOF. Five proteins were short-listed based on their
homology to antibacterial proteins and sequence features. Primers were designed from
these genes encoding these proteins, RNA isolated from fat bodies, first strand cDNAs
were synthesized and PCR amplifications were done. The PCR products were cloned
and clones were sent for sequencing.

CONCLUDED RESEARCH PROJECTS
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

Ponnuvel K. M.', Tania Gupta', V. Sivaprasad', Keiko Kadono-Okuda?
Yumiko Nakajima®, Katsuhiko Ito*

'Seribiotech 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, “Department of
Biological Production, Tokyo University of Agriculture and Technology, Japan

The complete nucleotide sequence of the Indian isolate of BmBDV has been
determined and submitted to NCBI. The sequence data was assembled into two
contiguous sequences named VD1 (6542 nts) and VD2 (6023 nts). The DNA
polymerase gene located on the VD1 fragment was cloned and sequenced first followed
by the cloning and sequencing of the subsequent regions of the VD1 fragment. The
Genbank accession numbers assigned for VD1and VD2 DNA segments are KX760110
and KX779526, respectively, while the Genbank accession number assigned for DNA
polymerase gene of Indian isolate of BmBDV is KP886818. The base composition of
VD1 was found to be 71.12% A+T, while, that of VD2 is 67.92% A+T. Both VD1 and
VD2 DNA fragments were found to possess high A+T content. The complete linear
genomic text map of the VD1 and VD2 DNA segments of the Indian isolate of BmBDV
has been given in Online Resource 1 and 2, respectively. As per previous reports, the
terminal palindromic sequences commonly present in other densoviruses were not
found in the Indian isolate of BmBDV, thereby depicting the typical feature of the
Bidnaviridae family. VD1 was found to have inverted terminal repeats (ITRs) of 224nts,
while, VD2 had ITRs of 499nts.The ‘panhandle structure’ formation by the single
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stranded viral DNA molecule can be suggested by the structural analysis of both VD1
and VD2 ITRs. The 5 terminal end sequence from 1-224 nts of VD1 was found to be
complimentary with that of 6318-6542 nts of 3’ end terminal sequence. The GC content
of Indian isolate of BmBDV ITRs (VD1:42.41%; VD2:43.34%) was found to be much
higher than that of the entire viral genome (VD1: 32.06%, VD2: 28.86%).

The putative ORFs present in the genome of Indian isolate of BmBDV were
identified using the NCBI ORF finder software. Methionine-initiated codon (ATG) and
stop codons (TAA, TAG and TGA) along with amino acids with a minimum of 100aa
in length and showing minimal overlap were some of the criteria kept for searching ORFs
in the Indian isolate of BmBDV. Six putative ORFs were identified in the genome of Indian
isolate of BmBDV. The VD1 DNA segment of the Indian isolate of BmBDV was found
to have four ORFs while the VD2 DNA segment comprised of two ORFs, similar to the
Yamanashi and BmBDV-Z isolates. The VD1 segment of DNA was found to contain four
ORFs (VD1 ORF1, VD1 ORF2, VD1 ORF3 and VD1 ORF4), while, VD2 had two ORFs
(VD2 ORF1, VD2 ORF2). The orientation and the number of putative ORFs identified
in the Indian isolate of BmBDV resembled that of the Japanese and the Zhenziang
isolates which have also been reported to have six ORFs in total.

To have a better understanding of the genomic structure of the Indian isolate of
BmBDV, the distribution of initiation and polyadenylation signals were also analyzed by
using the NNPP algorithm. The genomic organization of the VD1 and VD2 DNA
segments along with the promoter signals have been shown in (Fig: 13a &13b),
respectively. The first putative TATA box (TATATAA), on VD1, was found to be located
between nts 259 and 265. This putative promoter might control the transcription of VD1
ORF1 and VD1 ORF2. Another TATA box was found to be located between nt 1401
and 1407, which possibly controls the transcription of VD1 ORF3. Further, a third TATA
box was found located on the minus strand between nt 6300 and 6306. The VD1 ORF4
transcription might possibly be controlled by this promoter. Polyadenylation signals
(AATAAA) were also found located between nt 1406-1411 and nt 2911- 2916. This
signal was also found located on the complementary strand at nt 2943-2938. In case
of the VD2 DNA sequence, a putative TATA box was found between nt 644 and 650
which could possibly control the transcription of VD2 ORF1. Also, a polyadenylation
signal was noted between nts 650-655. However, no promoter signal was detected for
the VD2 ORF2 gene sequence.
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Transcript analysis through q-PCR

The identification of 6 putative ORFs for the Indian isolate of BmBDV was
confirmed through g-PCR and the expression level of each of the ORFs was analyzed
as well as compared through quantification. All the putative ORFs showed significant
transcript levels. However, VD2 ORF1 and ORF 2 showed the maximum transcript level.
Among all the six ORFs, VD2 ORF 1 was found to exhibit the maximum transcript level
while VD1 ORF4 had the least expression (Fig. 14).

Comparison of the Indian isolate of BmBDV with other reported isolates

The comparison of the genome length, ORF length and ITRs of the Indian isolate
of BmBDV with that of the other reported BmBDV isolates has been shown in (Table
2-5). The VD1 DNA segment of the Indian and the Japanese isolates are of the same
length i.e. 6542bp, while the Chinese and the Zhenjiang isolates are 1bp larger than
the Indian isolate (6543bp). However, the VD2 DNA segment of all the four isolates vary
in their lengths with the Japanese isolate having the maximum length of 6031bp, while,
the Chinese isolate has the shortest length of 6022bp. The Indian BmBDV and BmBDV-
Z differ in their VD2 lengths only by one nucleotide wherein the Indian isolate is 6023bp
in length, while, BmBDV-Z has a length of 6024bp. Further, the ORF characterization
revealed the Indian, Japanese and BmBDV-Z isolates to have a total of 6 ORFs; four
on the VD1 segment and two on the VD2 DNA segment. However, the Chinese isolate
has been reported to have seven ORFs; four on the VD1 segment and three on the
VD2 DNA segment. A single nucleotide “A” deletion at position nt 1583 of VD2 ORF1
in the Chinese isolate resulted in a frameshift mutation that brought about a premature
stop codon. Consequently, the Chinese isolate has three ORFs on VD2 viz., VD2 ORF1-
a and VD2 ORF1-b. However, no such mutation was observed in the other isolates.
Further, the Indian isolate was individually compared with each of the reported isolates.
Tables 3, 4 and 5 show the comparison of the Indian isolate of BmBDV with that of
the Japanese, Chinese and Zhenjiang isolates, respectively. The comparison of the
Indian isolate with that of the Japanese isolate revealed a total of 221 bp out of which
159 substitutions were found to occur in the coding regions of the six ORFs.
Consequently, 58 amino acid changes were observed in all the 6 ORFs of the Indian
isolate of BmBDV. Among the 159 substitutions in the coding regions, 101bp
substitutions were silent. Similarly, the comparison between BmBDV Z and the Indian
isolate revealed a total of 310 bp substitutions out of which 159 substitutions occurred
in the 6 ORF sequences just like the Japanese isolate. However, the overall number
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of substitution was higher in this case wherein the substitutions majorly occurred in the
non-coding region of the sequence. The comparison between the Chinese and the
Indian isolates of BmBDV revealed a total of 271 bp substitutions out of which 153
substitutions occurred in the coding regions. The 153 substitutions brought about only
46 amino acid changes in the ORF sequences thereby suggesting that 118 nt changes
were silent. The ITR comparison of the Indian isolate with that of the other isolates
revealed the VD2 DNA segment of the Indian isolate to possess a 26 bp nucleotide
addition on the 5 terminal end.

Phylogenetic analysis of the Indian isolate of BmBDV

The phylogenetic analysis of all the reported isolates of BmBDV sequences was
carried out using Megab6 software for studying the homology between the VD1 and VD2
DNA segments of the isolates. The scale range for analysis of VD1 DNA segment was
from 0.001 to 0.005 (Fig. 15), while, in case of VD2 DNA segment the scale range
was from 0.002 to 0.012 (Fig. 16). The scale range clearly indicates the fact that both
VD1 and VD2 DNA segments share a close homology without any significant
differences. However, in spite of the close homology between the VD1 and VD2 DNA
segments, VD1 has a higher conserved homology than the VD2 DNA segment as
indicated by the scale range. Further, the phylogenetic tree constructed revealed two
separate clusters wherein the first cluster was formed by the Indian and the Yamanashi
isolates, while, the Chinese isolate and BmBDV-Z isolates formed the second cluster.
Phylogenetic analysis of each of the ORFs was also carried out separately wherein
each of the ORFs revealed a close homology, which indicated towards the fact that
the ORF sequences have been highly conserved in all the reported isolates of BmBDV.
However, among all the ORFs, VD1 ORF 2 showed the maximum conserved sequences,
while, VD2 ORF 1 and 2 exhibited the maximum variability in sequences. Among the
two DNA segments the VD1 ORFs seem to have been highly conserved.
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Figure 13a : The genome organization of VD1 DNA segment of Indian isolate of BmBDV. Horizontal
line represents the VD1 DNA segment. The colored bars above the line represent the ORFs
encoded by the positive strand and those below the line represent the ORFs encoded by the
complimentary sequence. The TATA boxes indicate the functional promoters.

Figure 13b : The genome organization of VD2 DNA segment of Indian isolate of BmBDV. Horizontal
line represents the VD2 DNA segment. The colored bars above the line represent the ORF
encoded by the positive strand and the one below the line represents the ORF encoded by the
complimentary sequence. The TATA boxes indicate the functional promoters.
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Figure 14: Differential level of viral ORFs expression in BmBDV (Indian isolate) infected silkworms.

Figure 15 : Phylogenetic tree of VD1 DNA segment of Indian isolate of BmBDV.

Figure 16 : Phylogenetic tree of VD2 DNA segment of Indian isolate of BmBDV
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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 : May 2014 — Dec 2016

G. Ravikumar and Ashok Kumar [CSGRC, Hosur]
Mrs Chitra Manoharan and Mrs. Dyna Susan Thomas, [Research Fellow]

Objectives: To develop a molecular tool to identify high yielding breeds of silkworm
using VgR gene in terms of fecundity and fertility.

Insect vitellogenin receptor (VgR) belongs to the low-density lipoprotein receptor
(LDLR) gene superfamily and play a critical role in oocyte development by mediating
endocytosis of the major yolk protein, vitellogenin (Vg). In our earlier study we found
that the vitellogenin receptor (VgR) gene has direct involvement in the production of
viable eggs in silkworms and was further validated in the present project.

Using quantitative real time PCR, the present study determined the mRNA
expression levels of VgR gene among different races of silkkworm, Bombyx mori. VgR
gene expression levels were studied among 17 mulberry silkworm genetic stocks, in
which high transcripts levels were observed in BBE0213, BB10255, BBE0293, BB10290,
BBE0244, BB1291, BBE0247, and BBI0325 among bivoltine strains and in a multivoltine
strain, BMIOO7. These breeds are high yielders in terms of fecundity (>500) whereas
the rest 8 low yielders (<500) showed lower VgR expression levels. The differential
expression levels of VgR in silkworm races were found to be correlated with that of
fecundity, high VgR transcripts leads to high fecundity. The highest expression level
was seen in BBE0213 in which the fecundity is reported to be 590 followed by BBI0255
whose fecundity is 572 (Fig 17).

These results are consistent with our earlier observations on the impact of VgR
gene on fecundity and fertility of silkworms. Further, validation of the VgR gene through
this study strongly indicates its use as a functional marker in screening promising
silkworm races for the selection of high yielders.
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Figure 17: Tagman Real Time PCR analysis of VgR gene expression of silkworm strains. The
name of the silkworm accession (Lower), its common name and fecundity (Upper)
are indicated in each histogram. Values represent mean + SE.

AIT 3468 (DBT) : Development of RNA interference (RNAi) based Nuclear
Polyhedrosis 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 — Mar 2017

Awasthi A K, A. R. Pradeep
Mrs. Varada Burdekar [JRF]

Rearing performance of transgenic larvae of BC4F16 — BCA4F19
generations

BmNPV is one of the most devastating microbial parasite that causes upto 50%
loss in Indian sericulture. Conventional breeding techniques are employed to develop
NPV tolerance in high yielding silkworm strains. However, the NPV multiplication rate
is at a higher rate and the parasite prevailed. In order to develop NPV resistance in
silkworm races, RNA interference (RNAJ) technique is employed by which double
stranded (ds) RNA has been incorporated into the Nistari strain of B. mori through
piggybac vector- mediated germline transgenesis (Subbaiah et al (2013) Genetics,
(193: 63-75). These authors found that the transgenes are integrated in the silkworm
genome and were mapped in different chromosomes which facilitate the transfer of
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transgenes from one generation to the next. In order to increase the NPV tolerance
in high yielding CSR4 and CSR27 races, crosses were made between transgenic pure
races with CSR4 and CSR27 and developed F1 generation. The F1 moths were back
crossed with CSR4 / CSR27 parent for four generations (BC4) followed by sibmating
among the BC4 individuals (BC4F1) and was continued for 18 generations (BC4F18).
In the year 2016-17, BC4F16 to BC4F19 were developed. Survival rate after NPV
infection and yield traits of the four generations were noted.

The silkworm rearing to introgress transgenes in recipient lines have been
continued to BC4F19 generations. Larvae of BC4F16 generation were infected with
NPV polyhedra (20000 PIB / larva) and the mortality and infection symptoms were
recorded. Larval weight of NPV- infected worms was reduced significantly (P<0.01) in
CSR27- crosses compared with CSR4 crosses. Survival after NPV infection remained
at 56% in both groups (Fig. 18). Survival rate of transgenic lines were tested after
exposure of BC5F18 generation larva to NPV. The transgenic CSR27 and transgenic
CSR4 lines showed survival up to 65%. Moths were examined for presence of
“transgene reporter, red fluorescence” in ommatidia through visual markers (RFP). Out
of the moths tested, 99% were with RFP and few were identified as without red
fluorescence.

BC4F17 and BC4F18 generations showed significant increase in larval and pupa
weight in transgenic lines compared to normal pure lines of CSR4 and CSR27. The
shell weight did not show significant variation from normal CSR races indicating that
yield characters in transgenic lines attained that of pure race

Mature larval weight of CSR4 and CSR27 were 4.58 £ 0.31g and 4.75 + 0.24g
respectively whereas in the BC4F19 generation, mean larval weight was 4.3 £ 0.22g
for transgenic CSR27 and CSR4 larvae. The cocoon weight of CSR27 was 2.19 +
0.0569g with shell ratio of 23% whereas that of transgenic CSR27 has 1.94 + 0.07g with
20.13% shell ratio (Fig 19). The DFLs prepared were preserved for four months and
six months hibernation schedule. Transgenic CSR4 and CSR27 were developed with
45-50% survival after NPV infection. Reduction in survival and yield traits in BC4F19
generation may be due to the effect of increased environmental temperature during
summer. Moths of the transgenic CSR4 and CSR27 lines were independently kept for
sibmating and egg layings. The disease- free layings (DFLs) were preserved at specific
temperature schedule for four and six months hibernation schedule for maintenance.
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Survival rate (%) of transgenic larvaelifgsEd A86 and BC4F18 generations developed

by back cross breeding of CSR4 and CSR27 with transgenic Nistari lines in comparison with
parental races

Figure 19 : Yield traits of transgenic silkworms of BC4F16 and BC4F 18 generations developed
by back cross breeding of CSR4 and CSR27 with transgenic Nistari lines in comparison with
parental races (circled)
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AIT 3494 (DBT) : Host - parasite interaction: Transcriptome responses to
parasitism in the silkworm Bombyx mori.

Duration : Jan 2013 — July 2016

Pradeep A.R, A. K. Awasthi and K. M. Ponnuvel
Ms. Pooja M. and Ms. Shambhavi P. H. [JRFs]

In sericulture, infestation of silkworm, Bombyx mori with the uzi fly, Exorista
bombycis is rampant. Though mechanical measures to prevent uzi attack are being
practiced, if attacked, the larvae will succumb. Infection of another dreaded parasite,
microsporidian, Nosema bombyecis causes the pebrine disease. Though moth examination
procedures are continuously practiced to control microsporidian infection, target
oriented control of the parasite are not yet identified. Moreover, immune responses of
silkworm against different parasites have to be explored to identify immunocompetent
strains to use them as parents to synthesize new strains with larger tolerance against
parasites. The project is aimed to identify the molecular responses of B. mori against
the infection of E. bombycis and N. bombycis.

Detailed analysis on the impact of parasitism in B. mori showed infection- induced
modulation in gene expression, induction of cytotoxicity, activation of detoxification
mechanisms and immune reactions. In the present study, few important molecules that
are closely associated with the parasite interactions were identified. These include
heme agglutination factor, humoral lectin and lipid transporter cum recognition protein,
apolipophorin. Most of the immunity — associated genes showed suppressed activity
after microsporidian infection. Two important mechanisms like toll pathway activation
and melanization showed varied responses. Toll pathway was activated in the later
stages of microsporidian infection and the melanization is suppressed in the later stage.

Present investigation for the first time showed cytotoxicity induced by a dipteran
parasitoid larva (uzi fly, Exorista bombycis) in any host insects. Signs of cytotoxicity as
well as activation of detoxification genes and mechanisms in haemocytes unambiguously
showed that the host immune system is suppressed by inducing toxicity in hemocytes
by E. bombycis larva. Due to the infection, level of reactive oxygen species (RoS), H,,
was increased and in synchronization with increased lipid peroxidation, degranulation
of structured granules and porosity of plasma membrane of hemocytes revealed that
the toxicity is caused by increase in H,q, elicited by E. bombycis invasion. Moreover
microarray showed upregulation of several genes associated with detoxification
mechanisms and down regulation of immune genes, molecular functions and other
biological processes (Fig. 20)
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Infection of B. mori larvae with Nosema bombycis (microsporidian) induced
expression of an exclusive protein band of 55kDa in haemolymph at 8" day and180kDa
size in hemocytes on 11" day after infection. Mass spectrometry of protein band
resolved from hemocytes by 10% SDS-PAGE showed enhanced expression of few
proteins viz, hemocytin, antichymotrypsin, chymotrypsin inhibitor, prophenol oxidase 2
(PPO2), apoplipophorin and arylphorin. These proteins are associated with immune
activity such as serine protease inhibition, cell adhesion and parasitic recognition.

Analyses of mass spectrometry data showed presence of ten uncharacterized
proteins which are predicted to have different functional roles (Table 6). Two
uncharacterized proteins among the ten showed putative functions of protein binding
(H9JAZ8) and lipid transporter activity (H9JJ98).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 further
indicates the presence of globular proteins.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) identified three conserved domains
viz von Willebrand factor (VWD), cysteine 8 (C8) and trypsin inhibitor like (TIL) from
H9JAZB8whereas epidermal growth factor like (EGF) was also identified by PROSITE.
From H9JJ98, three conserved domains, Vitellinogen (superhelical), lipid transport
protein (N- terminal) and VWD factors were identified. Present observations showed
functional activity of the uncharacterized proteins induced after the microsporidian
infection. Modeling and simulations of the uncharacterized proteins showed presence
of disuplhide bonds in both proteins (Fig. 21)

Figure 20: WEGO output showing the functional genes that were upregulated or down regulated
in hemocytes of B. mori larva after infestation by uzifly, Exorista bombycis.
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Figure 21 : Protein models realized by Raptor X showing disulphide bonds from the amino acid
sequence of two uncharacterized proteins H9JJ98 and H9JAZ8

Table 6 : Protein models realized by Raptor X showing disulphide bonds from
the amino acid sequence of two uncharacterized proteins H9JJ98 and H9JAZS8

S.No.| Protein accession Name Putative function
1. Uncharacterized protein Ommochrome Involved in coloration and
(H9JCPO) binding protein like detoxification pathways by

transporting tryptophan metabolites
and increase in haemolymph
concentration prior to diapause

2. Uncharacterized protein | Sex specific storage Hemocyanin an important antigen
(H9JP12) protein - 1 non-specific immune protein.
(Hemoyanin domain)

3. Uncharacterized protein Basic juvenile Role in hormonal regulation
(H9JH62) hormone suppres-

sible protein - 2
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4. Uncharacterized protein Atlastin like Member of the dynamin protein
(H9J236) superfamily and it can mediate
homotypic fusion of endoplasmic
reticulum (ER) membranes, which
is required for many biological
processes.
5. Uncharacterized protein | ripeptidyl-peptidase A serine peptidase involved in
(H9J8BO) T 2 isoform X1 antigen processing, cell growth,
DNA repair, and neuropeptide
mediated signaling.
6. Uncharacterized protein
(H9JFE1) Plexin A3 Combining with a semaphorin,
and transmitting the signal from
one side of the membrane to the
other to initiate a change in cell
activity.
7. Uncharacterized protein Transmembrane
(H9JJ98) protein Lipid transporter
8. Uncharacterized protein UDP-glucose: Glucosyltransferase activity
(H9JDB5) glycoprote in
glucosyltransferase
9. Uncharacterized protein Uncharacterized Actin binding activity
(H9JV11) protein
10. | Uncharacterized protein Uncharacterized Protein binding
(H9JAZS8)
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BRAIN STORMING SESSION ON
SERIBIOTECHNOLOGICAL INTERVENTION
IN SERICULTURE

A brain storming session participating different research Institutes of CSB was
convened on 28th January 2017 at the institute which was chaired by of Prof. H.S.
Savithri, Department of Biochemistry, Indian Institute of Science, Bengaluru and
Chairperson, RAC, SBRL. At the outset, Dr. R.K. Mishra, Director, SBRL welcomed all
participants from CSRTI- Mysore, CSRTI- Berhampore, CSRTI- Pampore, CSGRC-
Hosur, CTRTI- Ranchi and CMERTI- Jorhat. He explained the need of conducting the
session following instruction of RCC as well as to identify new projects that have direct
bearing on the improvement in sericulture through biotechnological tools.

Prof Savithri explained the necessity of multi Institutional Projects that lead to
improvement in sericulture, qualitatively and quantitatively. She invited Professor
Upendra Nongthomba, [ISc and Dr V Sivaprasad, Director, CSRTI, Mysore for initial
remarks. Dr. Upendra explained the necessity to exploit the strength of SBRL through
network projects with other CSB Institutes and other relevant agencies. Dr. Sivaprasad
emphasized the need of application level projects from SBRL through integrated
approach culminating in the synthesis of breeds that have high productivity.

Dr. K M Ponnuvel, Scientist D of SBRL briefed the contributions and achievements
of SBRL. New marker- assisted selection (MAS-N) breeds for NPV resistance,
development of RNAI- mediated transgenic CSR races through back cross, identification
and utility of functional genomics in diapause- induction, vitellogenin expression and
identification of high- fecundity races, long duration lines of Nistari with larger cocoon
weight, identification and utility of immune genes for identification of immunocompetent
strains against different pathogens and parasites, identification of DNV2 pathogens and
resistant races, autumn — specific breeds for J & K, molecular identity of ecoraces /
populations of Samia Cynthia ricini, Antheraea mylitta and A. assamensis, multiplex PCR
for detection of three pathogens in one reaction, identification of Ifla virus of A. mylitta,
causative agents for Tiger band disease in A. pernyi of Manipur/ Himachal Pradesh
were explained. He requested for use of new techniques like CRISPR/CAS9 for genome
editing where specific gene is known to contribute largely in future along with Marker
assisted selection.

Dr. Girish Naik, Scientist D of CSRTI presented the achievements in mulberry
genomics and suggested to improve the mulberry varieties through identification of
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disease resistance, leaf yield output, development of mapping population and utility
in converting leaf protein to silk protein. Dr. Mantira Murthy, Scientist D, CSRTI, Mysore
explained utility of antiviral genes like BmNOX, Pure Mysore race- specific markers,
markers associated with different yield traits and thermo tolerance from B. mori.

Dr Saumen Chattopadhyay, Scientist D, CSRTI, Berhampore emphasized the
need of study on white fly infecting mulberry causing 26% crop loss, water deficient
stress tolerant variety, marker- assisted selection of high temperature and high humidity
tolerant varieties. Moreover he emphasized the need of early detection of Pebrine and
BmNPV that are essential to prevent the spreading of the pathogens. On white fly
infestation on mulberry at Berhampore, the house suggested to take up an initial
assessment on resistant and susceptible varieties, identify phenotypes before molecular
variation studies on resistance.

Dr Pawan Shukla, Scientist B from CSRTI, Pampore requested the need to
investigate cold tolerant mechanism in Leh, Laddakh and Gurej regions, to develop
mulberry varieties with biotic and abiotic stress tolerance, high leaf yield and palatable
leaf and disease resistant silkworm hybrids, genome sequences of NPV isolates from
north India and diagnostic kit for rapid detection of diseases and identify autumn-
specific breeds.

Dr Geetha N Murthy, CSGRC emphasized the need to investigate on molecular
Ids for all accessions and creation of a National database. She requested to identify
tolerant silkworm races and novel genes to utilize them in improving wild silkworm races
and non-sericultural use of silkworm genetic resources.

Dr. Pandey Scientist C from CTRTI, Ranch emphasized that Tasar industry
requires new breeds for high disease resistance and high yield and control of pebrine
disease. Dr. Sivaprasad suggested to have close monitoring on pebrine detection and
spreading in north India through pebrine monitoring committee and immediate disposal
on detection.

The house suggested initiating collaboration with SBRL on the following areas:

1. Mulberry — related research with CSRTI, Mysore as the centre of activity.

2. Disease resistance and pebrine control in non-mulberry sector with SBRL as
centre for molecular analysis.

3. To develop methods for early detection of microsporidian spores in mulberry
sericulture to avoid spreading and multiplication in north India under collaboration
with CSRTI, Berhampore.
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4. Development of new breeds for NPV resistance suitable to northern India under
collaboration with CSRTI, Berhampore and SBRL.

5. Developing database on mulberry and silkworm research as a project at national

level
6. Induction of diapause in muga silkworm- in collaboration with CMERTI, Jorhat.
7. Identification of beneficial microorganisms associated with mulberry and non-

mulberry silkworms for its utilization in silkworm improvement through better leaf
conversion.

Silkworm Stock maintenance
1. Six lines of transgenic CSR4 and CSR27

2. Silkworm breeds for NPV resistance developed through marker assisted selection
(MAS-N 4, MAS-N 6 and MAS-N7).

3. Silkworm races BMI002, BMIO03, BMIO05, BMIO09, BMI034, BMI1043, BMI059,
BMI063, BMIO64 collected from CSGRC, Hosur under the project AlT-3584 for
improvement of filament characters.

TRAININGS/CONFERENCES/WORKSHOPS

As part of capacity building program in this institute 21 students belonging to
different colleges were given 1-6 months training in the molecular biology techniques
and the project report have been submitted to the respective Universities.

CENTRAL SEED ACT IMPLEMENTATION

Dr. A. Ramesha and Dr. K.S. Tulsi Naik attended a short term training organized
by NSSO, Bangalore from 04.01.2017 to 06.01.2017 at SSPC Bangalore in Quarantine
procedures as a part of implementation of the provisions of Central Silk Board(Amendment)
Act 2006.

Under the Seed Act implementation program, Dr. A. R. Pradeep, Scientist D, Dr.
G. Ravikumar, Scientist D and Dr. K. M. Ponnuvel, Scientist D were attended duty of
Seed Analysts in Sericultural belt in Southern Karnataka.

CONFERENCE

Dr. K.S. Tulsi Naik attended five days “Programme on Integrated Scientific
Project management for women Scientists and Technologists” sponsored by
DST, Govt. Of India from November 21 to 25, 2016 at the Centre for Organization
Development (COD), Hyderabad.
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OVERSEAS VISIT

Dr. G. Ravikumar, Scientist-D was deputed by Central Silk Board to Transgenic
Silkworm Research Unit, National Agriculture Research Organization (NARO), Tsukuba,
Japan for undergoing training in Microinjection technique for developing transgenic
silkworms from January 12-16, 2017

PUBLICATIONS

1. Pooja Makwana, Pradeep AR, Shambhavi. PH, Ponnuvel KM and Trivedi K (2017)
The dipteran parasitoid Exorista bombycis induces pro- and anti-oxidative
reactions in the silkworm Bombyx mori : Enzymatic and genetic analysis: Archives
of Insect Biochemistry and Physiology 94(2):e21373.

2. Rajni Bala, Ulfath Saba, Meenakshi Varma, Dyna Susan Thomas, Deepak Kumar
Sinha, Guruprasad Rao, KanikaTrivedy, Vijayan Kunjupillai and Ravikumar
Gopalapillai (2016). Cloning and Functional Characterization of a Vertebrate Low-
Density Lipoprotein Receptor Homolog from Eri Silkmoth, Samia ricini. Journal
of Molecular Biochemistry 5: 87-94.

3. Dyna Susan Thomas, Chitra Manoharan, KanikaTrivedy, Kunjupillai Vijayan and
Ravikumar Gopalapillai (2016). Lipophorin and its Immunological Properties of Eri
Silkmoth, Samia ricini. Sericologia 56:74-83.

4, Pradeep ANR, Asea A, Kaur P (2016) Nucleolin Transports Hsp72 to the Plasma
Membrane Preparatory to its Release into the Microenvironment. Journal of Cell
Science & Therapy 7: 254. doi: 10.4172/2157-7013.1000254
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Lekha G, Gupta T, Vijayagowri E, Awasthi AK, Ponnuvel KM (2016). Genome —
wide identification, characterization of sugar transporters genes in the silkworm
Bombyx mori and role in Bombyx mori nucleopolyhedrovirus (BmNPV) infection.
Gene 579, 162- 171

K.M.Ponnuvel, S. Sasibhushan, E.Vijaya Gowri, Geetha N.Murthy and A.K.
Awasthi (2016) . Expression of paralytic peptide binding protein (PP-BP) gene
during Induction of Egg Diapause and its multi-gene organization in Silkworm
Bombyx Mori. Sericologia 56(1): 49-53,

Wazid Hassan, B. Surendra Nath and Geetha N. Murthy (2016) Comparative
phylogenetic analysis of intergenic spacers and small subunit rRNA gene
sequences of two microsporidian isolates from Antheraea myllita. African Journal
of Biotechnology.15(47): 2678-2686

Wazid Hassan and B. Surendra Nath (2016) Sequence and phylogenetic analysis
of Intergenic spacer (IGS) region of ten microsporian isolates infecting Indian
vanya silkworms (Samia cynthia ricini and Antheraea assamensis). Int. J. Indust.
Entomol. 33(2) 121-131

Following research scholars of SBRL were awarded PhD from University
of Mysore

1.

Dr. G. LEKHA : Topic - Differential level of gene expression in silkworm
associated with resistance to Bombyx mori nucleopolyhedrovirus (BmVPV) -
Guide: Dr. K.M.Ponnuvel

Dr. G. BHUVANESWARI : Topic - Molecular characterization and phylogenetic
relationship of microsporidians species infecting various mulberry insect
pest: Studies on cross infectivity to silkworm, Bombyx mori L -
Guide: Dr. B. Surendranath

Dr. WAZID HASSAN : Topic - Genetic diversity and phylogenetic relationships
among microsporidia infecting non-mulberry silkworms - Guide: Dr. B. Surendranath
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Sl. No Name of the Institute
1. Department of Biotechnology, Government of India
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3. Japanese Society for the promotion of Science, (JSPS) Tokyo, Japan
4, [ISc, Bengaluru
5. [IT, Guwahati
6. Dept. Of Genetics, University of Delhi , South Campus
7. CDFD, Hyderabad
8. APSSRDI, Hindupur
9. M/s. Unilever Industries, Bengaluru
10. C-CAMP, Bangalore

—_
—_

NIMHANS, Bangalore

12. SSTL, Kodathi, Bangalore
13. RSRS, Kodathi, Bangalore
14. NSSO, Bangalore

15. CSTRI, Bangalore

16. CSR&TI, Mysore

17. CSR&TI, Berhampore, West Bengal
18. CSGRC, Hosur

19. CTR&TI, Ranchi

20. CMERA&TI, Lahdoigarh

21. CSR&TI,Pampore

22. BTSSO, Bilaspur

Annual Report, SBRL, Bangalore, 2016-2017 43



RESEARCH ADVISORY COMMITTEE

Sl.No.

List of RAC Members

Remarks

Prof. H.S. Savithri
Dept. of Biochemistry,
Indian Institute of Science
Bengaluru — 560 012

Chairperson

Prof. Usha Vijayaraghavan

Dept. of Microbiology & Molecular Biology
Indian Institute of Science

Bengaluru — 560 012

Member

Dr. R. Ashokan

Principal Scientist

Dept. of Biotechnology IIHR,
Hesaraghatta, Bengaluru — 560 089

Member

Prof. P.H. Ramanjini Gowda
Professor

Dept. of Biotechnology,

UAS, GKVK, Bengaluru - 560 065

Member

Prof. H.E. Shashidhar
Professor

Dept. of Biotechnology,

UAS, GKVK, Bengaluru-560 065

Member

Dr. Arunkumar K. P

Staff Scientist & Group Head,

Lab of Molecular Genetics

Center for DNA Fingerprinting & Diagnostics
[CDFD] Bldg.7,Gruhakalpa,5-4-399/B,
Nampally, Hyderabad - 500 001

The Director (Tech),

Central Silk Board

Ministry of Textiles, Govt. of India
CSB Complex, BTM Layout, Madiwala,
Bengaluru — 560 068

Member
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Si.No.

List of RAC Members

Remarks

The Director

Central Sericultural Research & Training Institute
Central Silk Board, Ministry of Textiles,

Govt. of India

Srirampura, Manandavadi Road, Mysore — 570008

Member

The Director

Central Sericultural Research & Training Institute,
Central Silk Board, Ministry of Textiles,

Govt. of India, Berhampore — 742 101

West Bengal

Member

10

The Director

Central Sericultural Research & Training Institute,
Central Silk Board, Ministry of Textiles,

Govt. of India, Gallandar, Pampore -192121 (J&K)

Member

11

The Director

Central Tasar Research & Training Institute,
Central Silk Board, Ministry of Textiles,
Govt. of India PO - Piska-Nagri,

Ranchi - 835 303, Jharkhand

Member

12

The Director

Central Muga Eri Research & Training Institute,
Central Silk Board, Ministry of Textiles,

Govt. of IndiaP.O. - Lahdoigarh,

Jorhat — 785 700, Assam

Member

13

The Director

Central Sericultural Germplasm Resources Centre
P.B. 44, Thally Road, Krishnagiri District

Hosur — 635109, Tamil Nadu

Member

14

The Director

Seri-Biotech Research Laboratory
Kodathi, Carmelram Post, Sarjapur Road
Bangalore - 560035

Member-Convener
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INSTITUTE BIO SAFETY COMMITTEE

S| No Name Address Remarks
1 Prof. Usha Department of Microbiology Member-
Vijayaraghavan & Cell Biology, Indian Institute of | Secretary

Science, Bangalore -12

2 The Director Seri Biotech Research
Laboratory, Bangalore - 35 Chairman

3 Dr. R. Ashokan Principal Scientist Dept. of
Biotechnology IIHR, Hesaraghatta
Bangalore — 560 089 Member

4 Dr. B. L. Mohan Kumar| AMA-CSB Employees

MBBS Dr. Mohan Nursing Home

Sarjapura Road,
Bangalore - 35. Member

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

6 Dr. V. V. Satyavati Molecular Genetics Lab, CDFD, |Member
Hyderabad External Expert

7 Dr A.K. Awasthi Scientist D & Pl Seribiotech Member
Research Laboratory, Internal Expert

8 Dr. A. R.Pradeep Scientist D & CI Seribiotech Member
Research Laboratory, Internal Expert
Bangalore - 35
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Shri A. H. Hanumatharayyappa was appointed as new Chairman of the
Central Silk Board. He visited SBRL on 25-08-2016.

Dr. S. Ayyappan formerly Director — General of ICAR, Chairman,
CSB Research Co-ordination Commitee (RCC) visited SBRL on 12-08-2016.
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HUMAN RESOURCES

SI.No. Name Designation

1 Dr P.K Mishra Director 01.09.2016-30.09.2016

2 Dr R K Mishra Director17.10.2016-12.02.2017

3 Dr. Kalidas Mandal Director13.02.2017-till date

4 Dr. A. K. Awasthi Scientist - D & Director I/c (till 31.07.2016)

5 Dr. M. Venkateswarulu Scientist - D till 10.06 2016

6 Dr. (Mrs.) Geetha N. Murthy [ Scientist - D till 31.05.2016

7 Dr. K. M. Ponnuvel Scientist - D

8 Dr. G. Ravikumar Scientist - D

9 Dr. A. R. Pradeep Scientist - D

10 Mr. S. Ramesh Kumar Scientist - C till 30.05.2016

11 Dr Tulsi Naik K S Scientist - B

12 Dr Sailaja Bandam Scientist - B (till 04.08.2016)

13 Dr A Ramesha Scientist - B

14 Mr. S. N. Gundu Rao Technical Assistant

15 Mr.Venkateshaiah Technical Assistant till 25.06.2016

16 Mr. G. Sumant Kumar Technical Assistant

17 Mr. R N Sreekantaiah Technical Assistant from 01.06.2016

18 Mr. Rangaiah Field Asst. from 25.06.2016 till 09.01.2017
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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. |Mrs. Lekha G Junior Research Fellow Genomics
4. [Mrs Varada Burdekar Senior Research Fellow Genomics
5. |Ms Tania Gupta Junior Research Fellow Genomics
6. |Mrs Vijaya Gowri Junior Research Fellow Genomics
7. |Ms Shambhavi P Hungund | Junior Research Fellow Proteomics
8. |Mrs Dyna Susan Thomas Junior Research Fellow Genomics
9. | Mrs Chitra Manoharan Junior Research Fellow Genomics
10. |Mrs. Sandhya Rasalkar Junior Research Fellow Genomics
ADMINISTRATION
SI No Name Designation
1 Mrs. M. Jayalakshmi Asst. Director(A&A)
2 Mr. Mohan Raj Asst.Supreintendent
3 Mr Chandrashekhar Rao Asst.Supreintendent
4 Mr A. Mallesha Asst.technician
5 Mr. S. Nagesh Driver
6 Mr.Kenchappa Multi Tasking Staff
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Dr. Arvind K. Awasthi, Scientist D and Director (l/c) retired from service of Central
Silk Board (Government of India) on attaining superannuation at the age of 60 years
on 31 July 2016. Dr. Awasthi’s contribution include development of NPV resistant lines
and development of transgenic CSR races with higher NPV tolerance through
conventional as well as molecular breeding showing application of biotechnological

principles in development of sericulture.

The fraternity of SBRL thanking him for his esteemed service and wish him a
happy retired life.

SUPPORTING STAFF
S| No Name Designation
1 Mr. Shankar Shetty SFW (volunteer
retirement 3.09.2016)
2 Mr. L.P Sampangi Rao SFW
3 Mr.Hombalaiah SFW
4 Mr M. Krishnappa SFW
5 Mr N Pillappa SFW
6 Mr E Shivanna SFW
7 Mrs. Lakshmamma TSFW
SUPERANNUATION
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Dr. Pradeep Kumar Mishra and Dr. P. Jayaprakash rendered their esteem service
as Directors of SBRL during intermittent period in the year. Both Dr. Mishra and
Dr. Jayaprakash were Senior Scientists of Central Silk Board and have contributed
immensely towards the development of mulberry and non-mulberry sericulture in the
country. We, SBRL fraternity thankfully remember the contribution and support
extended to this laboratory for improving Seri biotechnological research and wishes
them happy retired life.

Dr. P. K. Mishra Dr. P. Jayaprakash
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Financial Progress (2016-17)

During the year under report, an expenditure of Rs.279.59 lakhs was incurred
from Grants-in-Aid sanctioned by CSB and Department of Biotechnology, Government
of India

S| No Particulars Amount (Rupees in lakhs)
1 Salary and allowances 143.75
2 Wages & EPF 14.33
3 Travelling expenses 2.83
4 Contingent expenses 48.21
5 Assets 29.93
6 Others 32.52
7 Sub Total 271.57
8 DBT assistance 8.022

Total 279.59
EVENTS

International Yoga Day was observed on 21 June 2016 as per instruction of Central
Silk Board.

Hindi Fortnight

Hindi fortnight was observed from 1 — 14th September 2016 and conducted
workshops for scientists. Various competitions were organised for staff to reveal
proficiency in Hindi.

Vigilance Awareness week

Vigilance Awareness week was organized from 31st October to 5th November
2016 as per instruction of Government of India and Central Silk Board.

Swacchta Pakwada

Swacchta Pakwada was organised from 15.05.2016 - 31.05.2016 jointly with
Silkworm Seed technology laboratory, (SSTL), Kodathi and various programme was
organised as per central office instructions.
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