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FROM THE DIRECTOR’S DESK

The vision of the ICAR-National Institute of
Biotic Stress Management, which was founded
in Raipur, Chhattisgarh state during the 12" Five
Year Plan, is to successfully reduce biotic
pressures for improving farm prosperity. The
ICAR-updated NIBSM's mission is to do
1) Basic, strategic, and adaptive research on
biotic stressors in crops, and 2) Quality human
resource development for academic excellence,
linkage with various stakeholders for
technology management, and policy support
research.

Six externally sponsored research
projects and 25 institute-supported projects
were conducted during the reporting year.
Gene-pool profiling and alien introgressions,
non-host resistance, whitefly genetic groups,
kairomones, stress-induced promoters and
super-donors, epigenetic regulation,
bacteriophages and Chromobacterium as
biocontrol agents, and endophytes are just a few
ofthe research leads discovered through various
projects. In addition, a few technologies are
undergoing evaluation at different stages which
include the use of kairomons to increase the
effectiveness of biocontrol, Silicon-mediated

tolerance to the wheat pink stem borer,
Endophytes to increase tolerance to biotic stress
and drought, and Native Bacillus thuringiensis

for the control of Lepidoptera insects.

To conduct various fundamental and
strategic research related to biotic stress
management, work is being done at NIBSM to
create four cutting-edge facilities, including
1) Molecular biology and genome editing
laboratory, i1) Chemical ecology laboratory,
iii) Pest and pathogen genetic resources, and
iv) Pest and pathogen monitoring unit. The
increase in the average NAAS rating from 5.94
to 8.44 between 2017 and 2022 is evidence of
the contributions made by NIBSM scientists to
the publication of research in peer-reviewed
journals. With a budget of Rs. 26.31 lakhs, the
NIBSM has been awarded a NASF-sponsored
research project to study agripreneurship for
sustainable agricultural development:
technological and institutional innovations and
strategies.

With ICAR-IARI, New Delhi, the
NIBSM, a Deemed to be University, has started
an academic programme for the academic year
2020-21 during which eight students from six
different disciplines have finished their theses.
The second group of 16 students admitted to
NIBSM in 2021-22 has been working on their
theses. In order to advance student training and
high-caliber postgraduate research in cutting-
edge fields, the NIBSM has inked MOUs with
two institutions, namely Rajmata Vijayaraje
Scindia Krishi Vishwavidyalaya (RVSKW),
Gwalior (MP), and Ravishankar University,
Raipur.
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Nine webinars/seminars in total were
held at the national and international levels to
reorient the understanding of scientists of
NIBSM on new fields in biotic stress research.
These webinars/seminars may have helped the
scientists create joint research projects on biotic
stress mitigation. On the eve of Azadi Ka
Amruth Mahotsav, a series of five lectures
focused on managing biotic stress were held.

Farm will be divided into experimental
plots, sick plots, horticultural blocks, gene
gardens, sensor-based irrigation, micro-
irrigation system, natural farming, and organic
formation as part of the NIBSM farm
modernization project. Recent improvements
include the addition of 20 lakhs worth of text
books, e-books, and e-journals to the NIBSM
library, the installation of a 535 KW solar panel,
the opening of a residential dispensary, wi-fi
connections to the main buildings, school
buildings, and hostels, and a farmers' residential
training hostel. A few student-related facilities,
such as a gymnasium, a football field, a
volleyball court, a basketball court, and indoor
activities, are now being built.

Annual Report 2022

Through the management of FFP and
DBT Biotech KISAN, NIBSM has contributed
to improving the standard of living for SC and
ST farmers in Chhattisgarh. For the benefit of
457 women farmers and 818 village youths, a
total of 38 trainings, 46 demonstrations, three
front line demonstrations, and one field day
were held. Two success stories were published

and 14 innovations were made popular.

The NIBSM scientists are applauded for their
accomplishments in the TSP and SCSP plan
projects, where a farmers residential training
hostel was dedicated. The introduction of
premium rice varieties and exposure trips to
FFP-adapted communities to learn about
cutting-edge agricultural methods and success
stories benefited many hundreds of SC and ST
farmers. For the benefit of 285 farmers, NEH
organised a five-day training course on the
production of wild honey, scientific fish
farming, vegetable cultivation, poultry farming,
organic farming, and plant protection for

potatoes.

O —e

(P. K. Ghosh)
Founder Director & Vice-chancellor
ICAR-NIBSM, Raipur
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foIc o1 Bl BTH A

VG-I I TH Jae TR (AT,
W /0T g & TH TH) @ RO 1241 daadiy
IS & SR BTG 1Y & AR 4 Bl T ol
forTepT e T a9 B TEdl @ 9 @ forg
Sifde Tqral I AheIdTdd BH BT © | HIHATU
ERT ISR YN, & Srfeeer &1 wenfed foam 1 §
AT TR BT (1) Bl # Sifdd garal W Alfera,
BRI T TAIR-3TJehdl FTHEM T 3R (2)
Uit Jpedl & U UG HFG HEE
faaRIT a1 o drenfal yderm vd Hife Ferm
AU Bq (A= feurel & dua-g3 werfid
R BT T |G TRTR |

giqafed 9 & SR B 9Ed WErdl
YRR SIHe URASTIY 3R 25 WM R
fauifya oRAIeAN gdre T2 g fafre
ARAGAIRIT & AFH 9 By ST|u™  JUclerd]
(cfrew) ura @1 T8 R 9= ®U d WH-Ud
YIBTSfeltT U Uferdd SgIaH, IR-TRUMT UfRTy,
AHE Hed] ARG TE, HIM, Ia9-URd
JEley U9 gR SR, UUeiHfed e,
Staupiforal  (@@IRImiae) dar Saf[ao
ANERDT & U H HAEMFINTH, AR AT
A 8 | 39 AN, Ho Uil o A=
R W I [Ga1 S R8T & R4 Siaieao
AT qRIBSIA DI GHEGBIRGT Bl GGH B
BIRMAI B STINT ST, T T defeb Arfroig
e wa Iw) @ RiforaH-wafia v o
eI, Sifdd TEE Td G@UT ¥ | Bl 96
g Jduredl Al USIBlged BI JUIEaeINGT Bl
STt IRer YRFSR &1 START vt anfivet 2 |

Sifde qarg yaud & Hag H, AR ger
Uq HRIAIIS SIEETH B 2 ML I, H B
R & T TR YBR B BICT Yol Al 3Ael

R 3PS | TALAH, B Il gRT dRR-
Rege Sl # gaid 2 73l # Seoraa 3fE g8
€ | ST TV U T T TR () 1 3iivaer ST
TET S AT B, S 2017 H 594 oY Siafs 2022 H
TT IQPN 844 T | RO YA, BT W P fdwr
& foly Y IeFelieidl BT T o Tq 26.31
IRI T B goIc b <1 U U9 U T TH-RITa
STHYT URATSHT Ul Td | Tarmy
Tq iR i TS & |

T AHS fAeafdenery & ®U §, AL,
7 qY 2020-21 NeIOH I8 @ forT vep f0eT HRIsH Bl

HIPITI-HIG3, T3 el & W1l 3% forarT € | 398
RIeT ST & ded A fawal & ame Bl 7 ¥
& QR T AevEe o foby & | 9 2021-22 # T,
SIFUE. W SIRIA QT Y 16 BAI HT GAT A8
AT TYYSY W BRI G V& & | Bl DI IR
YIRIETOT o AT ATl &3 W TN I & Tl
FAPRR SHIH 2, IO IH, o &I G,
it o fasrRml [T Sy fovafderea
(3R & 7 & ), TR (HEd W) 3R RfAeraw
fereafoermera, ITAYR & AT THATY TR TR fHU 2 |
Sifde ¥ ST @ Y &3 H 37U qHE
q S BT 95 8, TORLIN. B I @ forg
UL T4 FRET WRI W ol e Al
afgarR /dAfar grafag fev 77| 9
IR /AAARE & Al @l Sifdd wd @
FAIHRT T G ATHUT TRATSIG FFord B
¥ qergar fell 8| STTel BT oHd Weled @
HTHR W, SAfdF 919 S Jee IR Bfed ¥ed g U
SR DI Ueh T S BT ST [T 17 |

Annual Report 2022



Annual Report 2022

HIE I
ICAR

IV UH, B B ST e URATSHT
& 9N & WY H, B B I W e, fagfr arel
Ri=rg, wgen-Riarg womeh, wofis T, ok Sfew
il | fITITa BT ST | er T a9 & SR
By SUARIIT U B T fH 20 IRT R
fqehT @1 T8 UTeT TRID, 5-TKID, AR 1.9 FIH.
& QI B 3-olid; Udb 535 fdhallare |IoR
USTel 1 RATYAT, U SR MVETerd TiefT, §&
e, fdemdie | el waei vd s ¥ arg-
BT IR BT AT, AR Th fhdH Mari
gRIET TE B RO A 2| HB BE-HaE
Gl A Uh AR 9 RHATEE, U
3R SR Gl (§TeR BAferds) @1 i
PRIIT 1 BT 5 |

% U6 41 v S aRcd fedE @ yeed @
e ¥, 0L F U9, 1 BTiTe | S S
g A STl & Gl & SHa-am @
Rerfa # IR @™ & AFTQE feam €1 457 wfeen
fesaml ofR 818 M Jawit & R H Gt 38

ufdteror. 46 UesiH, O snrufad UesiH, ok U wd
fea9 &1 AR T TAT| S Aherar TR &
UepTer b AT MR 14 TS DI ATBUT IR
7|

Soadt vd v W ve 0 9 94t aRaemRi @
T AT IE. & ISP gRT U U
WEAE g 3 uRaerel & ded UE fhar
3marira wfEroT e wenfid o T | 7 3% @ TS
TRl ¥ TaqUoR 9 e aR g e il
BT TSl AT SFTe HY AR & IR H SATBRI
YT 1 T A | e T3l 6T Yhrer g o
| T S U SF{fAd S & el
fepAT=T ATt B | 285 foharil @ f2d #, Tgvd =
T 'S & SUGH, ASHe R | ASell qre,
B B folg ITey Rl Il W Ua e feawi
UIGsHH AT fdam 7T |




EXECUTIVE SUMMARY

A total of 25 institute funded projects and six
externally funded projects sponsored by ICAR-
AICRP on Nematodes, ICAR-FFP, DBT and
DST were carried out by four schools of ICAR-
NIBSM during 2022. The findings and leads
obtained from various research projects are
summarized hereunder.

School of Crop Health Management
Research (SCHMR)

% A flagship programme was initiated to
assess the real-time crop losses in rice and
wheat due to biotic stress using satellite
remote sensing data and machine learning
technique. Few basic information
including satellite remote sensing (SRS)
data from Earth Explorer platform
(Sentinel-2; Resolution-10 m; Date of
Pass-22.10.2021 & 27.10.2021) were
retrieved and pre-processed with base map
to extract geometrically corrected image of
the study area (Raipur district). Extensive
field survey in two different transects was
made to collect ground control points in
prevailing rice crop during kharif 2022.
Although several patches of rice crop
which were affected due to yellow stem
borer (YSB) and brown plant hopper
(BPH) were observed but the severity of
attack was very low (mostly between 5-
10%).

¢+ Plant volatiles induced by herbivores were
collected, using suitable adsorbent in
volatile trapping unit. Identification of
suitable solvents to dissolve maximum
number of volatile compounds can reflect
on the results while detecting the samples
through GC-MS. Out of two solvents used,
22 hydrocarbons, induced by rice yellow
stem borer were detected when the
absorbent was washed in dichloromethane
(DCM) whereas only six hydrocarbons
were detected in ethyl acetate (EA). DCM
was found comparatively more efficient in
collection of volatiles from adsorbent.

X/

¢ A total of 37 volatile compounds were
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detected in rice plant, infested with yellow
stem borer (YSB+) which included 25
hydrocarbons. Only 15 compounds were
detected in rice plant, treated with jasmonic
acid (JA+) 5SmM, out of which 10 were
hydrocarbons. Six compounds including
Hexatriacontane, Octacosane, 2-methyl-;
2-Methyl pentacosane, Carbonic acid,
decyl pentadecyl ester; Carbonic acid,
decyl hexadecyl ester and Carbonic acid,
decyl octadecyl ester present in JA induced
profile have not appeared in YSB induced
profile.

Twenty selected synthetic form of volatiles
induced by YSB+ and JA+ in rice plants
were screened at two concentrations of 200
ppm and 500 ppm for their efficacy on
parasitic activity of Trichogramma
Jjaponicum. More than 90% parasitization
by 7. japonicum on Corcyra eggs was
recorded on 7" day after exposure at 200
and 500 ppm of octadecane, eicosane, 3-
methylpentacosane, docosane and n-
hexadecanoic acid which was comparable
with untreated eggs (92.1% to 64.5%)

Two rounds of exogenous application of
jasmonic acid at 5 mM in chickpea at 10
days intervals on 30" and 40" DAS reduced
the larval population by 29.76% and pod
damage by 14.83%, besides increasing the
yield by 14.83%. Wheat plants were
protected from pink stem borer due to two
rounds of foliar application of jasmonic
acid 5 mM at 10 days intervals on 35" and
45" DAS reduced the dead heart by 34.01%
and white ear by 31.17%, besides
increasing the yield by 25.78%

A purple pigment yielding bacterium,
Chromobacterium sp., was isolated from
water samples of fish ponds of
Chhattisgarh. Characterization of pigment
indicated the present a content, Violacein,
which was found to possess wide spectrum
anti-fibrotic, anti-inflammatory, anti-
oxidant, anti-apoptotic and anti-tumour
properties. Species was identified as
Chromobacterium pisceane through whole
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genome analysis of the bacterium. Genome
assembly and annotation, antimicrobial
resistance genes, and phylogenetic tree
were studied. Molecular information
generated would be useful to understand
the global genomic diversity of
Chromobacterium spp. A bio-project was
opened at NCBI GenBank to deposit
information related to whole genome
sequencing of Chromobacterium.

In order to elucidate the effect of climate
change on one health components, 1145
bacteria isolated in cross-talk project were
used as lead materials. The 16S rDNA
sequence analysis of bacterial isolates
indicated the presence of Gram Negative
Bacilli (73%), Gram Positive Bacilli
(18%), Gram Positive Cocci (6) and
unclassified isolates (4%). Bacterial
pathogens causing diseases in plant,
animals and humans were identified which
belonged to more 90 different genus and
species. Tagman based RT-PCR molecular
assays were standardized to identify
various genes which were responsible for
vector borne diseases.

L)

L)

used for biocontrol of phytopathogens.
Among nine different plant growth
promoting and antagonistic Bacillus
isolated from rhizosphere soils of chickpea
growing areas of Chhattisgarh,
B. carbrialesii (1S-10) has shown ability to
produce biosurfactant type molecules that
inhibited growth (50-60%) of chickpea
disease causing pathogens such as
F. oxysporum f. sp. ciceris and F.
oxysporum £. sp. lycopersici.

To study the genomic variations related to
stress adaptation in weed species from
India twenty-three seed samples of five
most important weed species from nine
states in India were collected and
multiplied at ICAR-NIBSM for genomic
characterization.

Conservation agriculture is an emerging
agricultural production system which helps
to protect the soil health and environment.
In order to generate information on pest
status, observations were made at
periodical interval in various systems
including Rice-wheat-greengram, Maize
based, Cotton-wheat and Pigeonpea-

School of Crop Health Biology Research wheat, being maintained at I[CAR-IARI,
(SCHBR) New Delhi and ICAR-DWR, Jabalpur.
Incidences of key insect pests were noticed

7/

¢ Bacteriophages are being employed as

biocontrol agents to manage bacterial
diseases of crops. Selected 19 phages found
to be promising against rice bacterial leaf
blight were identified to possess 8-15
structural proteins in SDS-PAGE assays.
All phages possessed ds-DNA as nucleic
acid. Genome size of the 16 phages ranged
from 43.6 kbp to 203 kbp with number of
genes ranging from 56 to 418. A bio-project
was started in NCBI to deposit raw data of
WGS of 16 phages. Complete genome
sequence of bacteriophage
vB_ Xo00oS NROS8 has been deposited in the
NCBI database as SRA accession number

X3

2

in different systems, however the
infestation level or population was less than
ETL.

To develop RTPCR based disease
diagnostic kit for Phytophthora infection in
citrus leaves, an 82 bp large subunit
ribosomal RNA gene sequence was
synthesized using the standard gene
synthesis protocol. For this purpose, two
synthetic long oligomers were designed
from the consensus sequence of 1752 large
subunit ribosomal RNA genes of different
Phytophthora spp. available in the NCBI.

SRR19757545. School of Crop Resistance System Research
(SCRSR)
¢ Antimicrobial peptides (AMPs), produced

by a diverse group of bacteria are being +» Isoflavon is responsible to confer resistance
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in soybean against yellow mosaic disease.
Isoflavon contents were quantified in
yellow mosaic disease resistant and
susceptible lines of soybean, using HPLC.
Various forms of isoflavons were detected
in resistant line (CAT-1808) in the higher
side while traces of them or no one of them
was detected in the susceptible line (CAT-
313-A).

Soybean (cv. DS-9712) was transformed
using Agrobacterium harbouring the Cas9
vector containing sgRNA (Target-1) to
study the gene function for mitigation of
crop biotic stress. In PCR diagnosis using
phosphinothricin acetyl transferase (PAT)
gene specific primers, the transformants
showed only discolouration of chlorophyll
while the phosphinothricin (herbicide)
painted plants turned with typical burning
symptom in seventh day after sowing. In
order to confirm Cas9 activity, IFS gene
was amplified from the T, plants and
sequenced. Singe base editing (T to C) was
observed in /FS2.

To understand the activity of promoter of
Isoflavone synthase gene in chickpea
against collar rot disease, the upstream
region of Isoflavone Synthase I gene of
chickpea was cloned and sub-cloned with
vectors and finally GUS assay was done
after transferring to Agrobacterium
tumefaciens EHA105. GUS staining was
found higher in the infected samples
compared to control indicating the
inducible nature of IFS1 upon infection of
Sclerotium rolfsii

To develop a super donor rice of possessing
tolerance to multiple stresses, crosses were
made between IRBB-66 and Pita. DNAs of
F1 and F2 plants were isolated and tested
for the presence of resistant genes for BLB,
BPH and blast, using linked molecular
markers. Based on literature surveys, gene
specific primers were developed and
reaction conditions were optimized for
PCR based detection of broad spectrum
resistance (BSR) genes in the rice
germplasm.

Vii

In order to identify potential bacterial
endophyte against chickpea soil borne
pathogens, 119 bacterial endophytes were
isolated from five different tissues of
chickpea. Out of them, NIBSM CalLl
showed the highest inhibition of fungal
growth. Bacterial isolates, NIBSM_Cal.l,
CaS25 and CaS37 significantly enhanced
the root and shoot length. Bacterial isolates
NIBSM_CaS25 showed the presence of
Surfactin and Iturin A while isolate
(NIBSM_CaL5) showed the presence of
surfactin and Bacillomycin D genes.

Tri-partite interaction (Chickpea-
Fusarium-Endophyte) was studied to
understand differential expression of genes
in imparting endophyte mediated
resistance against Fusarium. An increased
expression of the genes namely NAC TF,

Auxin binding protein ABP19a (AUX BP)
(15 fold as compared to 2.5 fold), 14-3-3
like protein (14-3-3 P), Linoleate 9S-
lipoxygenase (LOX) and Leucine-rich
repeat protein (LRR) were found in the
endophyte bio-primed and pathogen
inoculated plants in early stage of pathogen
infection as compared to the plants without
endophyte bio-primed. Chickpea bacterial
endophytes having antagonistic activity
against Fusarium wilt can be used to
understand the molecular mechanism of
endophyte mediated resistance.

Anatomical modifications in Si-induced
rice yellow stem borer was studied of using
scanning electron microscope. Highest Si-
deposition (24.32%) was noticed when the
rice plant was Silicon-treated and YSB-
infested. Microtomy studies revealed the
aberration in the lining of midgut
epithelium, damage in peritrophic
membrane and disintegration of epithelial
cells of the larva fed on silicon-treated
plants. Volcano plots representing the
distribution of genes revealed that the
maximum number of genes were expressed
during 3, 4 and 5 days after the larval
release.
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¢ In order to identify novel genetic resource

and genes against sucking pests in crops,
124 accessions of okra received from
ICAR-ITHR, Bengaluru which included
cultivars and wild relatives were screened
against leathopper. The jassid injury index
was < 1 for all the wild species and > 4 for
all cultivars. Out of 50 accessions of okra
received from ICAR-NBPGR, New Delhi,
nine cultivars and 12 wild relatives were
highly resistant to the yellow mosaic virus.
Seven wild relatives of okra were found
resistant to highly resistant to okra enation
Leaf Curl Virus disease.

Under AICRP-Nematodes project, among
50 rice germplasm lines screened, five
(ITRRN-2,3,9,29,34) showed moderately
resistant reaction, 12 lines were susceptible
and remaining all were highly susceptible
to Meloidogyne graminicola. Out of 50
germplasm lines of brinjal, one line (IC-
090786) was resistant, 3 were susceptible
and remaining all were moderately
resistant to M. incognita with respect to
number of galls and egg masses per 5 g of
root samples

Soil application (at sowing) of fluensulfone
2% GR @ 1 kg a.i/ha was found to cause
the highest reduction in population of
M. graminicola in low land rice, followed
by soil application (at sowing) of
carbosulfan 6 G @1lkga.i./ha. Rice nursery
bed treatment with Biofor pf-2 @ 20 g/m’
was found to be the most effective in
reducing nematode population (87 per 200
cc soil and 12.36 per 5g root), seedling
height (25.7 cm), no of galls per seedling
(3.24), RKI (1.56), besides recording the
highestyield (8.05 t/ha).

School of Crop Health Policy Support
Research (SCHPR)

7
A X4

Pest risk analysis (PRA) is one of the tools,
being used to study the extent of economic
losses caused by the potential insect pests
in crops. Some of the potential insect pests

viz., Loreyi leaf worm, wheat midge,
hessian fly, grain dermestid beetle,
glaberous cabinet beetle, and hairy fungus
beetle and the crop diseases like maize
lethal necrosis or corn lethal necrosis,
banana Xanthomonas wilt, wheat blast,
downy mildew of soybean, Phomopsis
stem canker of sunflower, Ug99 races of
Puccinia graminis f. sp. tritici (stem rust of
wheat), bean pod mottle virus and peanut
stunt are not present in India and have the
potential to enter through various routes in
the country.

Extension and adaptive research

7
L X4

A total of 118 trainings and 125
demonstrations were conducted under
FFP, DBT Biotech KISAN and DST SYST
Foldscope projects, benefiting 3812
farmers. Around 113 ha and 137 ha were
covered with improved crop varieties
during kharif and rabi 2022, respectively.
A total of 104 success stories, 28
foldscopic observations and one mobile
app on Kadaknath were prepared for the
benefit of stakeholders

Others

X/
°e

Climate resilient Agro-forestry and
livestock-based Integrated Farming
Systems were established at ICAR-
NIBSM under SCSP and TSP for
demonstrating the models to farmers.

Whole campus of the ICAR-NIBSM was
provided with wi-fi connections. Recently
NIBSM was awarded ISO 14001: 2015
certificate for Environmental Management
System.

Few important publications in emerging
areas of biotic stress management
including 'Microbial Biopesticides in
India' and 'Indigenous technical
knowledge for biotic stress management'
were published.
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9y 2022 & SRM, WIHAII-RL.E T4, - AP
TR HTG3ITY-TTSHINRY], HTHFTI-THUHYI, ST
AR STES R YEING B Aed-AeErad uT
TRITSTAIY TN el 25 AT faTuIfye uRATGHTY
Torg | 37 fafreT QrgRe aRaorTel & A 3
feam T 2 |

Hel WY yded faamdis
(T 41 U= UH 37R)

/7

% 3D ST SUUE GR FIgT STl B TN
PG AT A AT ThAIh] B T Gh,
Ueh HECATDhe] T FTIRIY HIIsHHA T T
e e a1 & BRO & 3R g, Bl
@1 Gl H TTceblicie HHel BIRAI Pl [MERT g
B fhar o | | 3 TIARY TIchH
(AfveTat-2; RSTreed-10 41, Ur &= & fafdr
- 22102021 TE 27.102021) ¥ STIE X
Haed (T8 3R TH) Sl Afd §8 wifie
AT U B TS O eI & (AR
forem) @ s sfie & oRepd awiR @
SHOT UTEl e o STER AMRE & |1 Ja-
Y (T T | 19 el @l H 9 T
g3l T TR v o T 2022 & ARH
=T SR &3l | e W FdeT o
7| BTeifes Ul o S il (a8 v
) @ 1 Urey A ARfeid (@ 0 vE) @
BRI G B B by Wl Bl HepiAd UrdT
T, Wfh 37 Afioial & MA@l g
95 & 1 (B 5-10% & 919) |

% Biard ARGl gRT URG UIRU drerersd

e U MU e oy dreergd ¢ft

e H IUY ADTE g USuildT bl JANT

fpar W1 AIcTeIRd BUSSl BT 3fShan

e | fgfed o o Suyd faorEi g

dfcde @ 9gaM @ T8 S SR SIRil-
TAGH & SIRY A B @Il N gY d8R
RO 9Tt BT T | WRINT o 7T < oo
# 22 BgSIEEA (W e dief a1 9ud
oot g7 9Rad fahar Tar o) @t uga™ a9
B TE W9 IIRRNYSG T USWlee Bl
SRTARITIA (S1 1 TH) o erar T, et
3URd VRICE (8 1) § 9ad ©: BRgIdel o
A B TS | ARATS B gRT delersel b
TRV H SRAITA B, JATd U 9, A0S
YHTIehTeT UIIT 7T |

el T e Aol (@euadi+) & dshfia
oI IRl H 5l 37 AIAICIS e HUSS| Bl @Il
Pl T3 74 25 BESIGET o | SIS 3T
(ST0+) 5 mM ¥ SU=IRT &7 UIedl H dad 15
BUSS! DI QST DI TS | 374 ¥ 10 BRQIPTE
o | oY URT B o Aivlg B: HURSS], 31id
SRR, Jifderde, 2-fHergd-; 2-
fremge dered, FEIMG v, SRId
Uerefid R, deifae otd, sfud
TSN TeeX U4 BEid v, Sidl
ifFeTsRie TRex &l arsvwd! URT Wwrgd d
TEI 97T 7T |

o1 el H aIgUdEl+ Ud oii+ ol 9 URd
qTersa & 49 9ata Rigfed wat a 200
drdes vg 500 YrdioH oo <) AT @ 6T S|
B TS T STSHIUTH STNAEH B TRofd!
AT TR ! YHTaHTRAT BT I AT Sff
TS | S, MedH, 3-Mergaueram,
SIHIIA U4 UA-gaaISdge 37 dl 200 Ud
500 YT AR & TEIOoR & SWRIT <.
SIAIEH BT BRSNS 3] W 74 & 90%
3 3fed URGIAIGRT URIT TR, S SFUEG

31l ¥ i oI (92.1% ¥ 64.5%) |
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N
0

% PGl T BEA H 30 3R 40 SWH W

SIIHITE 37T BT 5 mM @I 713 BT 912 o
# 10 a1 & 3R W T IR AT U o |
ATl Bl FHME 29.76% T T 8 SR Well B

AN 14.83% $ AT TAT IUT H 14.83%
B! gl g8 | Al O 9ud ATeig B
foTg 35 3R 45 SIYTH W BIgell T B A
ST 3 5 mM @ /T BT 10 fadli &
AR W & IR ufviel fedra fhar

o JUSt ¥ 25.78% gl &I & 37elrdl, S
T H 34.01% 3R TR R ¥ 31.17% B
HHI TS |

$ BN & WYl el b ool T § U

@ faaifor foar war | dadiRam & avie &
FETUTGUI ¥ U gl <icd T T ForH
IS TN W Gredifcad-vE, ifwise-,
TUICIfeh-RIET SR TZAR e U U1y Y |
yoTfcrRl @1 UgdE daIRGH & IO M
fereeToT & AT & PIHIGICINTA USRI &
WO H PN A | SIAE IR T TAICY,
ol I UfoRE il 3R SR
ARG BT ALY [T AT | e ¥ T 1
TS MU AT PRGN TS @
IR S fAfduar @ g o Suarh
BT | SIAIdacIRGH & qof S AHA0T A
AT AT BT AR FR B, TAAIEIag
I 9 ¥ U ia-URA ST IfUd &1 TS |

el TR HTdh W SIoary URat & JTd
1 qUF PR B, PIE-cib URAGHET |
ST 1145 dFSTRET BT GANT 3ol AR
& WU H f6A1 | S e s
AEHICICH & 16S rDNA (A faveryor 4

M AT d™tell (73%), I gioifed d¥ell
(18%), 7™ Urifcd dRA (6) MR 3radiisha
foRgaRT (4%) @1 Aot Urg TS | UreY, Rt
3R HFEl § AT IO PR qTd Sarad
RITSTD! &1 UgdT & T8, SiT 90 e
9 79 gl ¥ ST O | die | [
IO~ PR aTel A= ST @1 Uga aRe
?q, CHHA NG ARCI-URIRIR  frorfaes
frgeTyoT BT HAFDIBROT foa T |

hRTel TR Safdsi e faemdis
(wwa%ﬁw\f)

> BHAl H SAmIad I B YeT A 2]
SR SBRD & wY H, SHarMifl
T JFARABITS BT JANT o o XeT B |
oI ST Uil STHRY T & faeg Taf+ia
19 SIQIMEIRNEl BT JESR TR TR |
THSITH-UST fAgelyor #, g7 SHaropiforal 4 8-
15 ARECASD JISI UTY T | Gl Saroiforal
H TG afdt FAfd delidr VRIS & w9 H
SITH-SITT o7 | 16 AT FT i
3MHR 436 kbp ¥ 203 kbp @ &9 off, S&fdh
SIHI B G 56 W 418 @ dg oAT| 16
ATl & Seog Sl U & STferd sel
(37 S21) BT ST HRA 5 TAAIEIaS H Uah oia-
gRIITAT T DI ALY | SAATLETS
vB_X00S_NRO8 & U SIHM fJsHH Pl
TIEIRTE SCled H THIIRY d9detl |, T4
3R TR 19757545 & WU H ST [T T |

% UIGU RITST] & SIAa & foIg SaiNaT &

e g grr weffa herRe Terme (0
T ) &1 YA fbar o <@ | BN B
FIgell 1 I<UTGA &3l Dl GURDRR (el
oRaw) &Rl W o A R e
fqeTaece Td 23 dIci H ¥, IRFed (IS-10)
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Y qRNhEC <9y Aidiiagd YaRid B @ el fCRTE JOTTell AT fdendis

& <l T3 T U, SffeRieH U, . (T <) R T ATR)

FIRE 1l T SRR W W et s wae G R 2
N il Sl it v Roior & fog W Wt

B # S I & AP BT 3R (50-
60%) foaT |

R ¥ WRUGAR Yol H GE1d dhe
e S fogerl @1 oeude @ B
WRA @ Al 1941 4 Ui 3 AedqUl ERYAIR
OSTTRIT & %9 STl 31 Bl FEI febam T
AR SIS Aeoraui &g S AIHaru-1.1
T UE. H agOrd foar |

Y TWRET BN (W U) T I PN Seured

Ullell ©, i T & WReY Ud AR Pl
RO B H FEIAT Bxll 7 | ATl a
Rerfer & IR | T FIoTd &= Y, HpATu-
WIGaTE, T8 faeell iR WIHeru-1 Sy TR,
PUN-IIE, U4 3RER-1g, Hod YuIerdl Afed
fafy=1 gomferal # srrafiier 3feRTeT IR Yeror fohy
Q| Y AATRIdl & U T YT IFeATl-
3T Hel YUferdl ¥ Ty U, Teifd AehHoT
TR AT ITo0] FAlE SeIve 1 &4 o |

% Rigd arld Aiqaiia ol ufkrll # BrecreiRT &

THA BT UA AT B o0 IRETGRIRMR
IR I -eid e el a9 =g
A6 S RIIRIT TIeidiel B YA HRa Uh
82 4T TSl HaZIT LA STRYT S+
ST BT WAV o1 T | 3 YA 2,
TATEIeTS H SUae = BIgereRT yoifo
& 1752 fel FY-IC ISAMS YT Sii1

& HUE IpH W § Rifed @i
aiforae fae fbg e |

IR 8| S, TAUITeRT B YA IRa,
e & den fedR T ufREr d
Gaemefie denhdi H ongded dw @l
aded fhar | ufRe dersd (-
1808) ¥ 3MEAITIA & faf~ wul FT qgar
R U7 T, S el e (-
313-V) H fdciepet 1 <Tel Urar 1 A1 Geye W
# T T |

% B 4 WIfdd 919 & FAIBRYT & (ol il

PRIHBT HT AT ax 2], sgRNA
(ERAe-1) wf=fEd Cas9 ddex a_H

TIEAIRTH BT YA axo, AREE  (f
vg-9712) &1 ufRkafda fear war)
HIREAIRT TR im (@ T ) oiF
fafdre grgwRY &1 W FRe AR e
ST i IRad®! 7 Bl FaARIthd
P! foRSTwar wefdia @, Safs HIRGIIRMA
(errepetrel) RifUe ureul # qarg & A oAl o
gJeT OI¥l CEToT U 77T | Cas9 1 Tiafdfer el
gfte HR1 B, SMEUBUH S Bl I, urel |
YA (TRelhiss) &R SThiAd fhar |
FETBRT 2 F RiFTer 99 TR (€ % < )
TN o 7S |

o 3fiaT T T AT PieR e foil & fawng

PGl A1 B H ASAITAa (G 1 S
@ U &3 Bl JqTH & A1 FAMIGT Td SU-
Farigd fhar T SR SfdaTHaIRTH
THHRITE EHA105 # RIFIART a- Sigud
VR e T | GIRUE )T I
AT BT B Jell ¥ |ehiHd T A TS T,
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N
0

S XHeRIPRM AR & AT b SIRId
ATETHT 1 BT Al YT BT A & |

% 95 <9l U ARYE B Y U6 GR SR

et / 9T T4 B 2, TS AR 41 41-66
3R fer & dig dd) /P faaRia fy o |
T% 1 T4 U% 2 IeUl & SIvAV Bl [
PG Y], T Ud e (@RS) B
forg UfeRTe ST @1 Aty &1 Sig ol T8
e forv g amufae At &1 JamT o
TIT| AfeTd Al @ MR W, e
g ¥ g8 UMM @ dfeRel (€ 79 9IR)
St @ GRAeR areiRa @iet ey @ forg,
S faRme g faefia fey o oeiR
JMAfhar x= e Rl &1 seddiaxoT
o 1 |

% PIell T BEA H Fal S oD B

fdwg |uifdd Siarrfde  sduey I
GSIHISE S UgdM @~ g, 119 SAamiidd
3{TATEU! DT Bl o1 & J1d =1 el A
faifora fdar Tar| &4 ¥, NIBSM_Call,
CaS25 U4 CaS37 7 $da (41 BT Hdified
FeRIgE foar| ofaifas  fage, I
NIBSM_Cas25 1 dWfded Ud SSRT T &l
Aol U, Sl e (NIBSM_CaLs)
q Wwided v dRIdmERE S SiEl A
S fde Ud 3R U ol Atspel 3o |

* TRRE B g dauey @i gRRY

1 rA i B e B ro LG | B R s e
JETHAT (TFUeE) B G 7 SI8-
URCC ScXdE i PR srarwfeha
(@rgell aT-TgaRaA-Temige & di) @
I fohaT T | T U TR oAUy &

Sg-ofUe 2T Uyl & qoTd, d:UTey & id-
IfUT Td IFTOS Clabrdhd eyl H 3d S,

I NAC TF, 3fffa S8 0= ABP19a
(AUX BP) (25 BIcs @I el # 15 Hics),
14-3-3 WG UICH (14-3-3 P), foAITeTUe 9S-
foareiIfom (LOX) 3R gare-wgeg e
T (Tel @R 31R) DI Fedll AfeiTdhar s
T Jfquey W Uk @ evifdd
PRIUG B FsH ¥, THRIA T @
foeg uftRiell wfofofy ot @gel =
StraroTfae Sfd:aTedl BT YT fhar S a2 |

% DT Solded AISHhIRGIY BT AN IR,

Rferepr=-aRd &1 e a1 9ud e @
RP uRacd=T o1 sz fovar mar | Riferet
(Si) @ TG AN (24.32%) TG IS T 96
g Uey  RIferpH-SuaiRd Td  argude-
AT T | FISHICT ATIAT H g TT 7T
fo Riferd ST=IRa urey Raemy 0 el &
7eg-9ex @ vfufdforaw @1 arsfi A
Jifrafiar o, S9a1 URSIfhed Aw erfoira
of AT 3! Vfueiferrel BRI faafed off |
1515 20 s o e A 1 1 e e e B
ST dTel Ygel 31 el @icd H
IE 7T T o Sfyamad eeam # Sfi ol Big
M @ SWId 3, 4 3R 5¢ fei & SR
o gY |

% wal H que Areial s afbT ed @

faeg U ATJdfre HareH Ud Sl ol g
PR TG, WIHTIU-IMEIAEUIANR, dTe® H
g S @1 124 qemafaa (REH
IUfh¥H / Feciast Ud =g gorferat amfiet of)
@1 eI e oot ee TrRiele @ fawg
SE B S | W g goridl & oy Sifis
&R qAHIH < 1 o1, T4 T et & forg
T8 >4 A T | AHFTI-TAGIIGHAR, g
feeell 9y ReT @1 50 demaferal # ¥, 1




SR 3R 12 T Ftaat dier fepdiR famoy

¥l TNy FeTd A4ur faemdia
(7 <t 7 1 9T)

(Il AIOI aTIR) | S TfoRre off | e @

g%mﬁ _'ﬁﬁ@w'??a%ﬂmﬂzﬁ%ﬂ & T SR R @ R v) R
G fauI] I 3 SUE W U6 B, e W Bl |
qreve FEOTIST A JRRIE | oo ST gl AR e R @) T onfe af @
1T 747 |

% TATSHISRU-EGM  (Farcre) gRasHT &

37, ST fhU 77 50 €T STHEed qeThar |
3, Ui Al (IRRN-2, 3, 9, 29, 34)
Aoligelogd UAFaIl 3 #egq  UfoRe
rfuferar wefRid @, 12 99 HdgTeie I 3R
Y JIHA Sod [dge A S B 50
STEe dHH! | |, T a3 (IC-090786)
e B AT 3R 5 1. T TS T O 919
B MR W, TH. SRR F JRRE o, 3
HdeTeie o Safh AT JIHH HeIH GoRIed

R BT I B & forg e ST @1 2 | 58
Pfe dicd, IR 8a BN died dl fp
B I, i o HarehT BTcie SIcherd AT i
| SHAherd I, bell SIMITH R 0,
TOE! BAIfEE WA Flax I, R
B G G Rr E URAGE IR
), Bell el ¥ Alcd daevd IR el
R R I WIRe | TE IR ATl g, BTt

g % T8 G B 5 3 S 3 e AT @
T PR Fhd & |

EESIERCRERRIR R RIn
o THUGE, SIS dRICH A 3R U

RY

P FATH (98 T W) FUAEen 2%
TSR T 1 b, 9T, (T 2are. b1 &% & WA fahy
ST ¥ el 4 a1 el | UH. e

! e ¥ waifde ARmae ag, e 91
BT 6 Sil BT 1 fob. IT. UfeT B, B X A
TRINT ) | TS 718 | 20 T, Of 9 1 1 <®

¥ AR NU%G-2 & A1 99 TN /AR D
SUAR & YAGH Al () B
TS BT HH B+ (87 Tfererd 200 I a1 Ud
12.36 Tl 5 9T, W), U B SaTg Bl gar, Uil
UleT TTed @1 GT (3.24), RGNS (1.56) B
H¥ HR TAT FATIS ST (8.05 T Uil 2.
TS1 PR W G A THITHNI TR TR |

THARUHAC] Hleevdd TRATGHIST & Jfd
B 118 UIRIETI IR 125 YSHI FT IS
febar w2, T4 3812 fohar emTivad g |
ST WS el @ 1T AT 113 7ae. iR
137 2. &ABe Bl HAL: TR AR &l 2022
& SR HR [T 77| FReRl & o 2,
B 104 TG T BT YebTRIA T 7T,
28 icetdITUd Y&u 6y T 3R Heder
HAHe T W U Hargel VU faed fbar
T |
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HIE I
ICAR

g3l

WA Y IJHET URYS (MIgery), 75 faeet! o
I ¥ Ud 3olfad F¥ TR SFTHET H & o1y

BTG & IR H TAT BRI & g0 & e
IRTC H AT BT I FREAT DI AT FRA B
3T, FRYS & I H ARAI IV Sauen e
FTET B RATIAT B | HHIII-RTEI Wil T4
e | B AU B GGl Bl 98 B
forg Sifde ¢ & JTd! Ao [ & |
TS | 39 099 & IgI9R, WHu-I0 %09, &
afereer 1 |t fovar war fored (1) wadll o
Sifdes q@ral W Hiferd, BRIAfTS T dhea
FTHUE TR, (2) UeAlrd Seprear b forg
RIS A A [AHRa @A, TR
yeed @ forg dem Ny Ferar oHdE @ forg
[ fecuRel & | WEerdl 9 HUh-9F
T T S ot T enmfivet foar T € |
W HhAT W A W Ugdl, I qUH
AT T © b HPIU-RIOF I T AR
ITHY HRIBA, AT (1) ST Td IS
3Tafre e (1 0 i aTR) 3iR ST Ueer, (2)
Sifad w4 AT &1 oifae Siafasm, (3)
RO & oY AR vd i T, SR
(4) VI T AfwT H SRS Ta e
Y Fied HRM B | SR b iR 39
SR Bl 802.76 1 O I 18 HRIH-fawaIyd
IR T & 9ed el g faxaid
YRS e Jeiferd far| afiiel 2021 W, W,
WUE 7 IR WA . WA WReY Siafde
T he! (Al U 91 IR), Bl R Yaer
AU Whel (V1 T4 TH 31R), Bl UfRIe yorredl
T Whel (U1 3R TH 3TR) 31K (4) Byl Weey
T FERIAT A Whe (A U9 0 aR) & a1
U Thol-3eIRd Hieed & dgd HRl 6T | Fer
& IR IgIavad Sl & wU ¥, Fewd 3R wyad

feere! |z gt 99 IS B FRE ¢ |

UGB! 2021-26 BT TIR B B 3 U8
541 3R 64T TR, FIIARC (2017-22) BT RywerRal
& IMER W AR PN H W fdbr™ & dedi dn
[T SRS & SR W BB ATHD Tl
P! ffved fomam T, i1 39 UK 9 - (1) Sifda &4
& BRI B B B ddliad e, (2)
s &4 & G & foly TU S Ud Sa!
FRiTEd, (3) SMP™H Td WH-UR Aefioial o
gyaierd wY | FIRE Td AT, (4) Aeiola-
ATE Bl AAHART R AAdR IR &
U TT Ul XaRed A s, (5) Ball # Jaifd
3l Td Sifde I & (oY AFes Ud $RIUG(,
3R (6) IR I<UTGH Yoferdl & ded Arefong @
Tfcfehal Td Sufeddr & TIRRfADH 3R |
SUBHT 2021-26 o ATAR, YD et Bl U [ARTE
A, IRy &l (R UNAT), WETardlel
SIUHHI, IR & T4 IU-SHRIFBA (T 39 H T
T W JrIed 7 8) @ A wfd fam
faffy=T HrizhHT & ed, v HecdTial TRATSH
Qe WRE Y ARA- I e e
fg |

SRIFT A Aecdrdiel  uRAHRT @
ST 19 BRI - Qd-<Ial Ud By Bl
e, Aeiig YR & fofg Tdeaa il ol
Gl a9y, SR Udh ISR ARG Hed
R fRRE 92 (U7 T ) U9 TF TF) Tl
T | MFHIU-T L IH, | R-wenfia agan
& T5d HY BRSA do] o B &, o (1)
WIHATY - TRYTAR FTHEH (e, TR &
I WRUGIR SIHIHGE, (2) HIH3Y - WRUTAR
ST fQITerd, STaelqR Ug WIpard, 78 faecll &
A WV BN H ARG @ Tfeal SR
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TSN G AT B fAfAear &F @il BT,

3R (3) WY - TRYGIR ATHUM e,
SEAQR & 1 WRUGIR SiIIHa JANTRIE, (4)
WHATIU-3MIMSVAI, (A T SUSIAIIUEy,
AR & W1 A Ry W SIefarg URac ol
T, 31R (5) HIHATTU-STEINSUANR, ST b A1
Wit WA & foly Fd9a9 SiFl & @l be
MAA T WY & R dA I HY
faeafdeneral (T T ) & |1 GedIT wIud & &
forg T QR et W =t fafi=T TRl W
2| A AT AT &5 T UIR & - 9 Bhd @
forg amgdivd Afege, drcdlicrd wae 8N &
B HAT, HHA DI a3 YTl BT START
R, WeIieal SR Siarel vd Ted Bl
USRll @ IRDIST &A1, e ARael &
SRS TRl DI @Il BRAT, DI BRI DT 1
freun, R I ARE B WRed (R
TS |

Y, R1el, WA & 9, SR G
3 HaO 3 BRIl W 7d] ST HARHR
M, FBIRS (2017-22), 3R 9dl FIH Yaerd
|l @ doai § g9l vd far-fawet faar )
AL § AT fhT MU 25 IET ST
ARl H W, W FAT TR AR GG
RISTTST AT BT AT & Aol RIS WY
SOl SaTbed € | TR H 3Fd gl
AT el URATSHIY 9t & €, AT LS. 9.9,

BT BT ST ehRvT, Teh UTRIRTE T FHTOT, FRITH
& ORI & T W9 ER, UF GReTHH! A,
HHI-FEH B foTQ A T faml, U ool
UG <4 ddA, e Wb & foly Ua o a7 IR,
T GUh GSh, 3R U T Tex or fgfor| g
gfrard) efar gRIeR & fog 19 aRIs S0 &
qoTe amdfed feam Tar g |

ST YE, & Rl wrisd, R Higary-
WIHaTE D AR H aY 2020-21 & SR IO fdbar
TN T, & AT B UGIHA - PN Dl A7,
UIey Al 99, B gewoila fagH, e
Siafae™ v Stauenfa), odfe vd ey
o SR T = # A1 o, TR () BTl &
SIRgl fam 71| 39 B1A1 | ¥, Ugel W8 @ TS
BT 7 3TI-3T0 AeIviaer gt o forg & | ST g
(2021-2022) i@ Sfcta & et fawaal &1 16 T,
TR BT STHTET R TR PR R R ¢ |

qY 2021-22 B SR AR $T g9Ic 2105.
43 TG YU o, O W 206532 AN U
STHYM, WRINA Ud AR & Wad & AT o
e fafr= wfafafer w @ fv v | a 2022-
2023 % fory ammafed fu 7T 1688 <R $UAT H 9,
fadi 15 fodaR, 2022 TH 1108.55 G T W
oy S g & |
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HIE I
ICAR

3ToyeIo] IUcIieErel

T e Yee STIEH Wl

(e € o7 T 9TR)

PN 4 WIfIh TqT & G & foly BAGTIRTH
yoTfadl @ oWl Herdlargel @1 oo d
LRUCE
PHAIGFINIA U, & dedl 3fdh Dbl Aeorgur
gelggra Sifdicy 7 Waghcl & |

HHAGFIRTT YT, & gAIId o 37 B ARl
HHTCIITHI

(feere . ), war AN,
. STER, T, &, I)

TRl HHCHITH! SIdERY ARG 3IF-20
R AT (Teril-gas / THed) Hasus v
ALY Has H Harford ol T, For arivereii ol
et @ gfte aRepd d T avfe § @t | fawga
fageryor & fofy, Al ®I HARANH, facaws,
AR VA-gRRRY 9fRd faff= Werdiersel A
forifora foar T | 399 @, WM # g8 UM W
wregifed-vell, IATF-Uef,  afaefic -,
TUIeIfe -1l Ud CYAR-XIE TUER U1 Y, g¥fery
TUSHTST UGCING, ARBISTd STHHI UG D
B YR & foTT ATUD ®Y I {61 91T © | 3901 G,
Iz R foba o1 veT © & faefara (ufiifa-a-¥i-
INES) W AUd GHEdAiad TE g |
cfovwIfe™ & R # I8 #FT o7 © {6 399 DR
I HIRTGIA H T 3 ALY BT AR FA A
AT HER I B Bold Bl UG S U2 |

qul M SIHAT & AIH W PIAEACINGH Bl
SRS i

S SRTIell Ud TAICed
PIAISTCIRTA-TRRMSITATA & qof SiHM )R g
Y fAeClyor o U S SRl U g fora!
Tl AdTS U Bif~eT & |1 2,717, 327 AT o 3R

3 SIHM H SN + T T TR 64.29% T (dTferan
2)| SIFM @ @ReT (TAICY) o T3 o forw
IR (RAST) T fdve (RASTtk) T YT fdam 11T |
ST ¥ 53562 BT U P MM MGSCIHRR
SUCTE B3 | 59 SiIIH Pl AR B 8 SANRTD
dfgar 11 &1 YA BT T, S gw fbTeH
JFINAT § |aRd © | 39 S9M H 3873 UICH-
PIFST 3 (Al < w), 30 e I Ud 95
TRGR ARUAT ((RNA) S T 25 Igarard
JRTAY (rRNA) <9 & | srardaciRam-
UMTSHIYYH B aiieh] 59 R © : Aol Ri-od
> IR > MR > fremnfeaaiiar >
RITe > HANTIRIIRRT > PrHgaCIRET 0 >
PIAFCIRE R |

PIAFCIRIA-TAMEAITATH Bl SHIHD
AR § HEATAS SZHCH & A1 3,319 UITH
AT 554 BTRUNATCDHE UICH o | S Siferatol (Sft
3) TS CH H 984 UICH o | HRITHS AT &
STER, UIEHT H 1177 USTgH S (S ) |,
3R ST Sffereirol (Sf 31T) & Hrer 984 off | Gt 851
TIET BT Bgoioll Ters § J9 fopar T, fRiean
TN IRTGRI TG ARTHo & Sed Wi Yabrdl
@ T Dol SfeTeron Aed BT U ACqD
faaRId & @ forv o | YeR& (PATRIC)
gRT 3l 5 AR & AR, I H ol YbR &
TN IRAR < 3R 39 SiMM # 3610 W €, St
PIRI-STT WIS IRAR & Haferd €, 3ik 3598 e
Sia-fafdre Urdi uRaR & et & |

S T @ faaRer | urar e
HifcT 9eg | 3w o ¥ o, A€ BRas
wie Ud Ra¥ T2 W o1, SI9M H 3IRTAV i+ o,
S et e UioRE i & SR e
o, ORI T U9 oIl I o | BRas v Ras
wie W AT & T & MR R, I8 o fafa=
Su-yonferdl ¥ WS & waar 71 39 difen
qeg ¥ 3few (v # o, AEivd wRae ¥gie vd
Rew TgTe W o, S H 3TRYAY S o, F1 Siar]
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ST T A e v o 2 S s M
faoeT PRPI A ASTHIT S 1T AR o1, STy
TG Td ST fawH o | BRas U9 Ra¥i g W
W & 37 I8 3T oal & o 3 o = 3u-
yonferat | Heferd o |

SIEIUNEIRIRNEIRVIE

TUHAIR ik uRadl @ UgdM k-mer-
amRa fafy Afed @ SiFM vaRce wafd) &
TART @R DI T3 | 39 oM H @ran fey My
TUHRIR SiF! &R S9al [/ Grivgiodl & U
<ifera fagmmaciia Sgd fhar T g |

fergRia fageryor
I Ui IR AEyul WeW drel vd ufae
ST} Bl TIIIIaTS gRT ARV R IR R T
quifepet febam Il & | SIfergiTg faweryor, i gyl
ST faveryoer Rurd o1 917 B, Ufed g1 Suerer
RIT 7T Hed vd gfaff St w smena 2 | ta
791 / AR YT faveryor ¥ fAdeaw ud ufafafer shem
P! UEA B TS | §9 SIHMI BT SAINTGT ©IHC,
WWWW(WW)?%WW
AR oI | Aol (TSR, 2004) 7 WIS AehAl B
g IRART W WA fhar iR foeraegs! o
T W R & fore 79 foha | 1fHT o T
fdeIcss AUl gRT @fid Se1 Higad &
[T @ g RaxML &1 YA febam 7 &R
IS IR Ueh ARG H SUYa Al bl GOt dxel
B BT TS U BT YT fobat 7 |

IE AT ATUA AT SUART BRI T,
S PHAICIRGH-Tdg [agdl & | gD

Td BRITAd Il & forv Ue A

TR IR 9l & SR BIATeNgd Jomfadl af
IRaed e fAfded & IR H g9R) 9931 f 937
THd B | TS ofF §6 TR # oS-
RIS @refl T3 & T 371 TRy (Riad de
Arpigen) 1 qu febam o Wb | GRAIaE ¥ o
RIS ST : PRINAS03347 Syl B, Sl
RN RAHRYT JASSl: SUB11014007 & T8t
2 | qUT S SIeH @ forg Ueeiidiens demaet @,
CP092474% |

TrefSHa dee & forv urey Seaeie Wifdd Aifirel
(1 317 ¥Y) BT HSRIE BT AT

(3TR. . FRell IR, AN e,

%, Y. 3)

&7 UTefl T 9eT ATeiolia gRT IR ey Seeiel
B UdHe b forv Wfde AT BT ATTHIHRT
el U JMe & gRI USailde H s Y
ey SS9 ®I A% dRF U4 fqufed T H
A IeTeiet B THIaHIRAT H fwia &1 Fehell & |
Pict gRT URT ey Seelid &l Sfdiaa e |
ydhed & foly T1 317 SUARI & foly U Suga
[T T UaT ST 2, T UielT 1 ded & el
UG QR AT AT | Tl § S MU 25 fod
JRAT & Uyl (W @) @ e fgam
TTRCR /UIEY & &R ¥ Uiell &1 986 o Sshiid
fomam 1T | T § SV T YIS} Bl 12-15 €l dd
arater Rerfer s foram 7 3R eI
e & Feudl v@ 1| U Eel @ JURid,
IS & N YSalide Bl AR (bar 721 3R
S U YRS U TSRS # SferT
ATH TR S TLATT SN -UAUR & AIegH 3 fageryor
foham T | ST & 1T Teuifde Bl SiRil-THTe
@ o ST # Uouer ®U & TaRyuIet foham T |
QIS Bl g STl B3l Bl Jeil I fafer
P UEATH PR & foIq @ T3 1 3rfdrapad avem |
IR DT YHST oI T |

STRI-THTH BT YA FRD O1d HUTSS] D
dad Tedilde #, gUEA URice (U) # SR
SEFARIMA (SIATUH) H o7 T 76 AT Bl
W,sgaﬁwowmﬁa%@ﬁaa%ﬂ’s‘lé’ﬂﬁwﬁ
139 BISSIBIa! Bl WIol Bl T8, STafdh 30U H dad
wzﬁmaﬁaﬁﬁaﬁﬂélwwﬁ S #
11 3T, Vedblgel U4 3eed a1 1T T HUTSS!
B WIS BT TS, Safh T H 17 3], Tedblgel UG
TN TAT 16 3T HUTSS! BT Wil B TS | IIT TV

BTSSIBIaH! B T HI €4 H W g, I8 [Ty
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FReTeT T & Tesitde | SSRITe Bl Gard dvel
AT I% €M T AT I H SNATYHA 1S JHTaHIR
gl

&1 BRTeT § Tl T 98 UG dffdhel TfeTRiex gRT
URT ST DI THISet
T ¥ ST 7Y 25 AT BT FaweqT dTel Ueyi bl
Al T d9% IR SRAIe 37T 5 mM 9
AHAT /SUARG fbar T o1 dleergdl @
wTfreliet ISTRfte SIUT e | Ul T 7T, S
fo5 STRIaT § o+ fopam a7 2 | U €l & U,
SeTlle & WT Yeaide I STeRT-3el HEd
B B ST SIETFARITAST § A fobar foam 3R
G 9. 1 fhoex BTl ¥ foheex foram T | Sfiefi-
Tl W S Igeliel q el T 9ge Ug o
SR ¥ URT STt I |

o1 Uil T 98 §IRT YR &t 37 ATei
P @I DI TS T4 25 BISSIBIE o, S e
TG e (STl eHRIDITH; SIcATdiCH;
UCICRITICH: CUIdie, Sred; aaarsd;
RRISH; JAFCRSD,; AETASISH; SIShH, 2, 6,
11-CTefId-; S&H, 1-3MATSl-; 2, 6, 10
STSMAEACZSH,; AMSdH, 2, 6, 10, 14, 18-
coImegd, ISP, 2, 6, 10, 14, 18-UrCIHergd-;
JFTSDH, 2, 6, 10, 14, 18-CSIMATZA-; A, 5-
fATIe-5-Tuge (B IPRIA; TSHRA: CEThR:
WS-5-ASD; 1-JASHAA, 1-SBMI, 1-
ERISHMIA, 1-CgISHMIA 25) | Al o, wrafd
12 37 %A, Uedlgd (FEING I, SHgd
RRISATSd XX, SIBRIgA AT $2R; A
SCTPINTA 3R, AR sffdcidiie 82R; 1-
ISP 1-ShIFIT; Bifd I, SR WX
eMfeAs® 3 (Vrs), AFreIeRia 3w (3); 1-
ERISHMIA; 1-CETSBMIe]; SulTgHIUISd ) A
e o |
SIS 3T 5 mM URd Whlsd § dad 15

QDT B G BT T8, FH 9 10 BTSQIPE 3R 5
IR, WX AT Tedled | SHRICRITGIH,
difqerpras, 2-fRergd-; 2-femsd Userar,
FIEID 3, SIS UreTsRie S¥ex; Iaifd o,
SRS ISR 3¥eR U9 BIEiMG 3, ST
igereiic gy dfd o Afirel Sv IRT Mhgd
% A 9, TRy e IRd seige # wige T
| SIH-THTE T TN dxd @il by g At
QAP I CEIPle, FRITHeH, ISP,
UeTCTATdICH; CEIUTCIdleH, BHIPhIH: TP,
BTG 3T, SRTeT TS g¥es Ud SIdIRTd
<RI 3oR ST &R Baet Wv g7 IR ()
YIGTZal H AloE 8l o |

U Uil O dgd gRT URA ISR & W
Rigfer w7 @ Wi 3R dgd <€ b gRIT <.
SIUIRH I SfshaT | SIS 3t Bl ST
SIRI-UATE @ §RT @i 36U 0§ =gt
fRiefee TmafTa! o 9 200 (2 . 71 ufa . )
3R 500 UdTeH (5 . 911 wfcr 10 1. oft.) @1 <1 A
(o feRees Tadiverd! Ie g & SUdd AT
BT YR TR o) W B T AIfp . SaifAeH @
TRoNd! A R DT GHIaBIRGT BT YT TR
ST 0% | DTSR T dre, fSTIa1 719 7 x 2 9. .

o 3R IAD! YRONIAT TTHT 80-100 AT oY, T
YT Afe o B NI SUAR IR fhar AT
TR o AP BV T 3fe) fled O @rs @ Ridfed
RTRATATTRT DT ST TAT-TlT AIARN W SuanRa forar
T 3R BT H YU AT | SIRATET & SN
37l 3R BRI | AT fh TTT 37l Pl HHT: FAfed
TG UIoifed delell & oY § faaRT 77 | U Blei d
U6 IReH & fed (8.5 9. A1, SrHies: 5 9. 1. @l
a1g) H 22 T TS Ui S of &= 9 @7 747 3iR
TRGTITI Bl 1:6 I (TRSITAT: IUATRG 37S) B
WA AX | BT M| STR & 7 i & 918
T IR IaROT ST foham 7 | Ui SUAR @l
HEREREIRET
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Slldcledd, PN, 3-fherre=rd @I'_‘T,

PR UG UH-gaTShAlgd 3% & 200 Td 500
e R TaaoR @ 7 ol & 91g 3. SaifHeH

ERT 90% 9 JAfE IRIAIBROT Tof fhar T, S

FIUAIRT 3fel (02.1%) W Teg o qAT T
SUAIRT fel H dad 268% A 281% @I
RGN Gol Bl TRIT| CEISdd, BRI,

RAATHIAA, ATgFAIRdd A, SIhIfud, 2-
TS aCRITGIH, saTdIC U4 C3ShSd 3R
W SYAIRT el W T 60 F 70% TRSIATR0T
3ol foaT I | TS @, RIS ®A 3R AFSH A

I DT HH [UIS fba T SR dbadl 30% 4
40% T IRGHGTERRT 3T |

Bl T el U d Y9I W IMEAND
UfeRYCRT &7 JTa

W@l 2021-22 & GRM, PGl o B ([
SIRATSI 202) W U Wl WXIETvT o 77 feh Wet!
U ARSI & favng AR oM $¥ 8] al
AR W IR RS YleiieH & 1l Wg T &
YMTAGHIRGT HT UaT SRIAT S e | BIgell o1 &
ISl T AT W & ©d 9. 71 9 30 x 10 9. 4.
P 3RS H faA1H 16.12.2021 DI AT fham 11
(fer 6) | W TeTor # S SUART T Aedid ot

T - 4 dfRifad v (25 mM); <
Aferfiferd omat (5 mM); 3, : ferge Afemgere
(25 mM); &, : MUEd AfeRgee (5 mM); T, :
SIS e (25 mM); < SIS 37 (5
mM); ﬁ,iﬁlaW(Z.S mM); agif%la?:l:f(S mM);
<l Bad DRI W, T Feld |

Y% SUAR I 19 IR SIEv 147 | IS
QRRTER 3 x 3 41, HTY BT o7 | &1 SURI & drel 1 .
3R BT gRIEEl & dra 3 L B X W@l S dTfeh
UfeiRIe] & JART W URT UIQY dralergal &l i
BT e o ST 9@ | 2.5 3iR 5 mM @ & ARl
R IR YfeIRiexl &1 fosara fan T, frs fog

PTgell T &TGll D gaTs 30 TAT 40 fa=T & wwem
Ud oflex & Exqalfeld SRR B TN fhar a7 |
IUAIRT TS (Hiel) & Y H, TARies & Jam &
fST U STAR & @I faaR # @1 747 | wWieor ol
QX S & SR Bl A BRI BT YA el
fepam 7| gaTS @ 37, 44, 51, 58 IR 65 A B
TTITd Ui 10 UIGY oATal @l RS BT YerT gof fhy
Y | G Well R gaTs @ 79, 86 3R 93 Al
@ AN Gol [T AT | ST SUS Bidt ey (.
7. 9T 89C.) & T TR ol D) TS |

BTGl 1 DI aTg b 30 AR 40 &A1 & 918
NI TfIRICRT &1 2.5 Td 5 mM @ 71T & 1T
3 IR YA fhar T e AR Well 96d
ATl &1 AmEl FARE iR Well JHar 4 8o |

arat FHfte # Ja¥ 31fdd RIRTac (29.76%; 25.8 wiraf
g 10 UTGH) SIFAIE 37 (1T) 5 mM & SUAR H

3ol @I TE, O 918 9T 25 mM (27.23%:; 26.73
@&l Uit 10 UTGY) # GOl B TS | FIgel T H Bedl
e ARG @1 e W Aferiferd o (39 1)
3R fega Aferagele (MeSA) @ U4 U G &
IR ¥, 3R g7 TANT ¥ ofal & F9fe § 17.51%

3 2050% @1 RIRTC 3118 (29.20 9 30.30 1@ Uil 10
UIGY), ST9fd dheiet H I8 36.73 o1di Ufd 10 UIey o |
ST 5 mM ¥ el JeE & FRET (29.88%;
8.59% Well THHM) 9T 2.5 mM (23.76%; 9.34%
Tell JHEM) B gl H Bl 7= o | 5 mM R
SA 3R MeSA 1 Thell BT D aRIGR BH T il
eI (9.72% W 9.88% el JHAM) DI ol |
19.35% ¥ 20.65% @ 31 # o | foes @l a1
RN (2.5 & 5.0 mM) TR ol & T iR Betl
THAH HHT: 10.54% 4 13.45% 3R 7.92% 4
9.71% % 99 T | He 37fereh ST U 9IY 5 mM
P SUTAR ¥ o 9 TE (2622.22 fE. Ul BR)
ST 6 deiet (2233.33 fob. 71T, 9y gac.) @F o o
14.83% 3O oI, WTafd AY SUAR| 4, SUS ¥ gfeg
HEISl DI ol H 4.74% 4 14.10%  §ra ol |

6 Annual Report 2022



HIE I
ICAR

g IlTdl T 98 TSI & Y R e
ferRied &1 oa
W1 2021-22 % IRM, T8 Gl ([ HI1544) W
UG WA qEOT fhar AT Al el O g
ATl & f0%g ARVl e R 5 D
felRTeR! @l ST AT @ W1l WIS & JHraarRar
1 AT oI T 6 | 18, & Sl Bl STJHE B
@ WA . 71 4 30x 10 9. 7. & 3fRTe ¥ A1 16.
12.2021 1 AT fo 7 (frt 9) | & URleror § g
SUDRT & Jedidh [T T, J1fd <1, - AferRifera
I (8 mM); <« Sferiiferd 3met (16 mM); T, -
femge AfeRere (8 mM); <1, : femga dfeRiere
(16 mM); &, : SRHING 3 (25 mM); T, :
WW(S mM); ‘ci:f%ﬁﬁw(z.s mM); _C,p[ai
W(SmM);ﬁQZWW@;ﬁmiml

g @ 99l @ 9418 @ 35 3R 45 Al &
YA IR fIRIeRT &1 & A=l W fedra fahar
T | SUEIRG d (HEle) & wU 4, Yleried &
TINT & 41 U6 SUER &3 & fqaR § 3@ 77|
TRIEOT B G A & IR DIg Wl HICAAD HI
YT T8 {1 | TS @ 42, 49, 56 3R 63 fai
@ AT URId S8 B¢ W U Sul fdhy Y|
i @3¢ $3R @ e 73, 83 3R 93 faai @
TTITA ol Bl TS | ST SIS Boied ders (b, a1, ufey
FAC.) B AT W T DI TS |

ST 5 mM &1 &1 IR ol fegerd fevy o
W S BIC T 34.01% (3.74% S¢ BIC) TP HH &l
Y, fSTI® 918 WY 2.5 mM, SA 16 mM 3R SA 8
mM @ FIT 6y O | S8 BE AL HE:
29.63% (3.99% ST BIT), 24.16% (4.30% T
B10) T 22.90% (4.37% S 812) HH &1 Y, Ol fob
U IR & IRIGR | (IS @1 2.5 3R 5 mM A3
7 ST BT DI FAT: 12.35% AR 11.99% B fdT,
S % T TR & IR U | FTSC 3R YT FAe
S sl H A ol [ O SmM (dgid 3l
qofT # 31.17% FIRTEC) F G S¥a 918 WU 2.5
mM T4 SA 16 mM ¥ SUAIRG fdar T o, Siafd
e 2.5 mM ¥ 5 mM A5 & 1Y @RE 331
TAfe H ARMT 12.86% ¥ 18.44% & 419 of | 715,

T UG ¥ 9 28.78% (4655.56 . T Ufd 2a.)
@1 gig TS 919 Bl Bl 9T 5 mM H IuAING T

T o, AR A IUG AJUAIRG DI g H
3455.56 . 71 9fd g9, o1 |
U4 ISR DI Siarifdd fafaerdr iR STerarg g o1
BLIGH
(AT I, SR, B, FReH IRBRH, HHAT AleR], fore
@, Arer)
WIct ST (T T $eeg) Aol T wiafasn gd
PRU-GR FGll
Tel JAHTATH & HEHAY B TR Bl AR gl ¥&l
3R AT TRI% H HIHT B Bl gl AR
WIGHTI-T1 3 U3, |TiTeds SfcvTel TR a1 718 |
Tedll JdT H, ThUSEY BT UBell WhAY Fals b 20
=11 & gard <l T, Wl A1E 2022 & RN AiE
& GRT 11% o oA IR T | U8l Rd1 b RT i
AT 7.3 T | 3R TRI% & IR ATy Bl Mg
DT B H (hUS<y $T Ugell FshA fad 20
3l 2022 Bl TG (BT 7T | Uhyeeey I Halfod
THAT HS 2022 P Ugel e H 32% AT 3R 3
RAPHIT 15.6 % T |

THUSY & [deidRd Hoak Bl .
D G A IR TS A9 A | e
T | UHUSY Bl P JMER b | el T
Teh IS ST IR TRUI-AR AT HT AT
e T W | SFSSIH & YA Tdald ofrdl $l U
IR e o | o | <@ 731 3R $m
SR {31 77| 31T # 40 UHUS aral I
STt febam T foTeTeh fofy SR I STaeIhATIaR
9Tl TAT| Wl B DYl IR b dQ IqD

IRIRG fIPN R TRI-IR AT R P Y
VeToT o1 {0 7T | RN 3favell YT ax & 4T,
Al & 7R U4 AR BT UgAH B T8 R U g
BT AT TR § 37T 9 T 1T | TP

@ SNfIAT B 7R T4 ASr3N & |6 § el ¥ qof
febam 72T | 34 HER W Tl & ARG b I
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I JFGRT YT B qD Dl JAae 35.47 +0.58
{7 o, S F1 o i fadr =Rl H 6d
STCR @ A I M 7.77 + 0.26 fa |
Tl | R SRR T qol Al 52.5% (21/40)
T3 T3, STd1dh 31 TRV} H 69 TR (fguel =vv)
P AT (40.54%; 15/37) a1 Afera o |
faey vg w9 atr qadiel &1 W e
M /g, Hoal & FRE, Qedra iR i
TET9 & HRT M1 IAT T ST
(T, &. 3w, AfeapIaTal, ol TH. . oI,
. 1. T, 3TR. . TRl ThRe)
B TRV & folv Oifde W &I 999 W U
ww,@ﬁﬂmﬁaﬁmsﬁ?m%ﬁ?ﬁwzﬁ
§RT A I BT BT el BT HedqUl & | Sl
faveryor d@eiel (Wi @ /Ued @ ugEm

) B AT ST Adiad R
(ary /3R ST AR TE) | Wfds wd @
WG H T I T G S e A
BT el & | SWE Yo e sl 3R
aﬁwaﬁmmwmaﬁm?ﬁv?ﬁw
g 3R 8 el H dlehiield Hdel STl &
R 9 aer o 2 [T Iewdi - (6) IWIT
YR |G ST B TN IS ATl FRE],
T @1 @IoT IR qaAara yorell & forg drvgf
faaRea @1 S 9@, 3R (@) Wfdd 9@l & IR
e B & ader & forg veigd gatiae
Aied fawfd fdar o 9a - & foly Ud wearaiel
PRBHT T AT I THERR AchA
(AfreTel-2; RSTIefer-10 41, U &R 1 e - 22.
10.2021 U9 27.10.2021) Jifod B Hriffed T gret
B T3 o RETa e 31eaa & (IR foretn) &
SR 3fte | UREpd TR U $- 2 AR
AT @ AT Yd-Yea (ol 717 |

Y Fr=T {45l &l |EId & 7 &l e

IRl H W% 2022 & IRM g O BE ¥
STU e el fhT 77T | WRTITd BreffeTed =
U6 £ Tes Taldge QoI RIeH & 7read ¥

fARIT &Y | BTetifeh et o1 9erd refioiia (a7 Ta
dl) Ud 1 UTeY H1g ARISHg (31 6 TE) & BROT e

B b By Wdl DI AT T AT, b ST

SATHAYT I <l 9ga A o (3R 5-10% &
dr) | y R fdgail & s Rupelacd srfiereron
D I e WU B BT TIT T SIeT | gad
AfaRad, SRl qalgam Aled & Tdlaxor 3R
we B FIRA & forg v wAae faefia foar
T |

URA & AT Sy STefarg &l | Ubel @Ry
HICH! TR ety URTT & YHTd HT Ui
(femtr @, 2erd), wrwram e,
AT O, SARIT ST, IR )
Uehel WReF ¥ YT g & b A7, 0 AR o
TR H B9 YEd ©, I W Ud QR 9 30 o
TEdl ¥ W9g | S9d ORI AU R,
T IR dRge wRI W A, TS AT TR
@ folU ST WRey UTW o 8] dgfvde W
PR W §| VP WReY T WU | IR I,
T @Tel [Re, gAraReig ReRdr iR Siar e
Y IR R Sfed B |

7@ H AU @ T8 WZIaAtal $i <Tdh
GRS ¥ ¢llE ofdr, BTG & TR &3 9 Hal
252 AT DT AT & faareT o forg ITINT febarm
AT | 16S rDNA 3ghH [I%elyor & §RT Bl 1145
Siarorfdes fRyal (SeHieicd) @1 Ugar &l g |
CRIC WSdINeH ¥ Rear foby T fagadi &
qﬁmﬁaﬁwﬁﬁ%é@?ﬁm%) I Urifed
Il (18%), T UIoiied HRA (6) IR 3rarligd
faga (4%) & wu # Ruc far T | wrey, ggget
AR AFEl H I IAT B el Samiiad
TSB! B Tgam Bl T8, S 90 9 31fde = goif
Ud yonfodl @ EERd o @le WfNa I
(AEPIFCIRGH TN, R-HIR, ATCIRGRIN Td
hd TIWH) ScU dx dlel Afrd il df ggar
G B, CHAT TR JRS-YIAITR Sfrorfaes
[ATCTYOT & ARV BT BRI Yrolfcd Tl & a1
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SR | WA SRE-URIR SeT o ¢T 991 &
1 Uroifed Romd €9y |

BT H WA qo (HeRicd) 9 da9g @
IR SREA RSB RIEE ]
(=T 2T, T AreR)

TSR U3 & oF1 G el H o d
el BT ¥ oi T (ARCTSFeH) & w9 H oI
I & S S U3l & foTg TRt UaT el & 3R
AR {11 BT UGAT & | Wi o T W WG
T YR 4 SR JioRE STIRAT & herra
& I B WU H 1Y Rl © | TIGR H R Teb S
BT H BRI W MY & e g T &
Bforpifar frergfed o ([ ™ &) 3 g™ S
foar T @rfes faafaa ar wefdaad RRergfea
BT U T O 6 | IR IRITATSNDA HoeR &
feTq, T8 & U qusel DI fordl TIT iR dIUeierg va
THYe Hifewd # S 1R enRar Wik 7S | wiel @l
ST B T MG SRR B 24 3R 48 €l |
SHaTUTfeds fdT @1 gaT e S | | Siarogsi
D TR DI ABINGT T MR W, 21 SAT0Idd
fagel ®T T o ST AEUEU [T TRIT 3R
STD! IMHRD! FT GAT O @ folg ARAASD
SfAfchaTatl T T ST T YT fobar 727 | URH

4, 1 fagadl @1 ugdH JH-ureifed d¥iiell & w ¥
B T3 | VEHRICH W URREN Ud ddedeid
MG BT A aTH B fou GEeRfed
HagTefierdr S¥el BT Y YA fohar 737 | gRome; §
Ig IR T <1 fagaat # ol et @
95% ¥ AfH F1 UfR o &R Tliftrede v
RT3 ol wicRTy o | g, 3% viermsdia |
Afdd HdeTelial TR T IR THRIIGed g
T | HEH TEHEHIaRI Hdeiield o, W+
o M b g PR ITER F o
BRI 991 # 8T 81 9ahd ¢ |

BTel TR Wilafdsr e faemdis (Tq @ v
dl 3R

SIEIRNICIICE R IR NI N ECRC DL B
UEAI Ud FIETorauie

(cFaT i, fav HAR, T, . 1)

SIS @& YIS @1 WS i

digoll Aafad 19 [ T QTSI @ Faerqor
@ forv RIS & a1 SUTRd fobam 1T 3R $97a
TRAHE WIS BT fagelyor THeva-Uat (SDS-
PAGE) & g fhal TIT| TN UNl R, oidl
BRI # 8-15 ARAHIHS WIEH 1T 7Y, 57 3-5
TIEIHT T A aofd 109 175 kDa ® &1 o7 |

SharifoRl - (FIRAwie) &1 ol SHE
AT

T 19 AR § Fesia Tiivar sl ol
DNase, RNase 3R S-1 &l § IU=NG febar
T i ATDIY 37T bl YHlcl bl ST fehar oI
o | 37 1 STl @1 aTgafie |l @
WU H ds-DNA & U H TR W[ §7H 9 16
SHATIRSTAT T ol S 3ehAvl @ foly Jeivhd
fovar T e fog S SR SrgghHoT
T /TUTE BT FANT R W] 59 A @
AT SIS egshl TR &A1, SHAIfD
ATse X1 &1 AT HA, JF F1ie1T
JISd / fFetdIcIge ST BT o, Sl Jurad &l
eI U fhee fhy Y g P fageryor, e
UTeT & fheegad e ¥ fSHrar S SRYwe,
TSI BT UgdT Ud SHBT holld, HTafcd T
T WA Sl R d fey T R [
AR AR SIggaT AT STl 61 AT
AT oggEar fage fawedwor H, @ 16
SHAmEIRTl & M @ gonfa fadRr @ forg

QIRE f&¢ W SHATIMISH S o shd | Fge Ul
T | ST BT AHR 43.6 kbp H 203 kbp & §1
T 3R ST 1 SFTATIT AT 56 H 418 b 41 off |
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HTITHD T 3R O if=ereifoll fageyor # ag
g T fb S ARl & SiFM SFghH |
IR TIfPRM, TRRA Hitds WIUE & ot ofiF
T anfe & Heferd o o |

Sl RS Wi 3RS & 16
AT & Suid @ 3 STl I TIREIeg
# Wg-gRASH: PRINAS44261 & 8d NG
ATgfed SFIRITBITS 3T Siea=- 3RS ¥,
SR 3 3 MRS’ & aTer ST fohar 1T |
T 16 3TIehA XIS hI3a (TH AR T) DI THIARY
el AR SRR19757542 | SRR19757556;
3R SRR19760374 & <7 ST fohdm TRIT | NROS
Tol ST &1 faReryor fawgd w9 9§ o T &R
D FRIHRA B ARAT BT T3 | JaIRATB
vB_X00S_NRO8 & 0l SIIH 3JghH Bl THARY
FIIe TR SRR19757545 @ AT TRIGaTE
STIed H ST fhar T NRO8 &1 i R

SYA-YEISS SITY of FOIRIehT 3MHR 98812 bp oI
A GH+C T 52.9% AR BIfeT 39 I | gD
ST H 142 39 ST WA (ORFs) Afed tRNA
@ foly U SHIRIRYE, FMHG: trnal-GInTTG | T4
4 RUIE fU 7T 10 Xoo BISTS & A NROS Bl
& T S fReTyoT # I8 Tl 71T o Rre
fT 7T 10 BRI &1 ool H SHD S Bl IR
ST & 3R 70 TehH @ Fgead il gd B ¢ |

BTGl T H I S IR dTel UTey D] &
AR50 & v Siiamifds Wl IRIRThdc e STgh
StarvTfdd e & faam

(e &, <, o o)

Samorfas e Uergs (T8 T ) fermuergs g
& Fore SmIAT 3t 1 =T # eI (5 9 < 100)
Rl 2| At grT dedRai, foderge,
TR, BB, UaNORISS-TeH
Divciad, ga fofiel v awm 3l afed goAd

& fafdy THg @I IQd oA § | 37 QAU B
SEN BHRCEd &3 H, W@E, s,
B SIGTE (sH 3R fIRIT U ¥ AToH=S! o

Trefofal & Sifde i & foro oy
foa ST %@T 8 | 39 TuHd) § 9, Uh Ul 3R Uh
fofos wigdt dfed hamfde e amsfaae

# gg U9+ W

fodierge oyl Wediemge § fak fafay
JERINIT & FE ERT IANQd bl T & |
STarorfaexiedl Tergs @ A e SaiRar o @
BRD Y] JdTad by S G & forTepT ITAN
UIEY RATSHDT & 797 & forv faar o da &,
i T TR BITID! BT 98 fabed © |
RRIRTA SR Th. Yol AdRE T
THeRIRRM Ahdl & fdog 9afd axitell @
yfRE (TermfRed) draa
UG & HY Bigell o1 SURH & Dl
SSIRHRR Ferell | 100 4 3ifdd wefed a¥iel
Reax U TT| 16S rRNA W Al a2
URUNG AWl & JER W H& Uy
Tq iR 9o el gga

sfadfyeaa wEiew, e safages, i
faaeiR, &1 wafeford, ). FRERATRT, &),
INMTEPIgsY, d1. davin, ol REmER™ ok 41,
AZIABI & B9 H B T8 | 39 TR SaciRar
# 9, 1. FRISACRT (1S-10) 7 TENDICE TIZY
eI IS HR DI & YarRid Bl o
% AU fafey &7 T X T, STRIToH
T, IoTT. SEHRY (FOC) 3R T, SifaRiIaIed T,
U, SHARRA (FOL) SN U1ey ol &
AT T STaRIfer o |

. PRIGA (1S-10) & Fed D b
JEEBICT TUEH B g gHEIhH N,
SIS RN eXe, fofuy e 3R e B U &
gRT @1 T8 s forv fafit ot 9l &iR Yifthe
TH e & W fhar mar| s9e AfaRed, o).
BRI (1S-10) ¥ FToid sRhace o
Ui &1 quiF el & gRT fhar mar or
ATgferds foraIUerge Yafd & Hiefe urg 78 | U,
SiRINTIH T, U, wsﬁﬁv T o ) &R
ORI ol & faeg gfoRel Tfafafdr o
QI A g, FaYH JaIRAT & 98 Yol $T JART
fopar T 3R wTfad UfeRIferT Srefa Vermifes
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B B9 H 10 3 37Srep SxiTel DT TI fohar T | g
¥, €. BRI (1S-10) 7 foUeEs <=y
IRNhace S fhar o Thel & faog
yfeRIe AT Yermfon yehfa foar |

WRA W 9 YOIl # a1g 3ol W e
ST faaeri & 1

(ctferd Uat. @WRida, 3rf+iel <1fera)

WRIGAR Siafdsme iR wHfte Tfifdal 3 dafid
AR YHTI ARATHS B Il [IaRUTHD BTl
g 3T, WRUGAR Pl AMeTeIOrddien f dga}
T @ oy 7' Tl & b eteel # §F 91 &1
TRE BT AR FAT Xl &, ol b I Fvell 22"
ol S 31k 225 d¥eher U1ey STl & fofy
U B | 379 3 58% BRiet YSHCT, 18% et
g Yofrd, @R 22% #Afsd Yoiferdi qerm S+
I Yool €| aUifl, S WRUgaR Bhdl 9
gfoRael Beell & MR O &8 Bl ¥ 3id
aifie IuoT & 30% BN ©, S9dl aqH H
ST st | yfaffee &4 &, e anfl 76
el TR WRYTAR S YT fhT 70 & | YR
Y TRUGIR Gliadl ¥ S99 e | el
SIS fager & Ferds o 5, IR & Al
4 TN B AR fbar T ST 9gIuH
SIS Ao & oy AT u-v1.91 % 04, o
foar ST RET R |

TR PY IURH YOl & ded ARG Bl
TTafera SR ST yeerd

(sfer, 1., @ferd ve. ©RfdaR, sifet <iféra, 1. @.
AR, 3. B <)

1 R H gH-TE-H et Jonterti # i ol
LIRIERI]

-5 JMETRT B Yollell Bl JRIer] el o

3T b 1T | WIhIIU-S1 Seeg, AR AP
3R AIHIU-HTH3M, 7T faoell H BFA & A=

RN & SR ARG B fafhal 7o FHae ®
Vet RS fby 7 | ArRfialet &1 |hAvT 9 e
IR & oI, HHA™ & &7 W H 5eIv | HH
o7 | elfcheT, RO efrg (¥ &) 3R Y s (Sre
<) & IR Blg G (=TT 81 off | Bl THa
T 3R SISt THT A 10% ¥ B T | 9 Q1 werat
# g B | By Aeidl, o fd w= Aed
(AeTasIR  AfeAfad), a9 gaREs 9T
(rermiRar vagen), ¥ Red @ (e
galRRd), T e dexfUer (Haiffesd oiet gRe),
TRIEIR (BRRIIHH 4f ), 9fd 26 TeIm
(siterer ffeger) g1 fobarr Tl e 1 arm
T | 79 B B BeTg B IUNI, &1 1 Ud HaT
# €@ IR e Uthe o ARfofig arg g |
SURIGA Q1 A H HaehT ARG Beiel Jurferar H
ATt @t fafdat

HFHT JFETRT B UTTel] Bl $1 Sy 3R, TIAGR
AR AR, T feeel, R e Y & forg
A {621 T 8, & Sredrictd TWE @Sl b
T WA A M fova T | QAT el & gRierr
Sl # AT Brel ST (RArerexT BAusf ) o
AeligT @1 Al Urg T | WIHerd bw H BId
ST (T U <) T T AehHOT UIIT I137T |

WIGaTd, T3 faeell § HUTH-T1g ST B YurTed!
# refiofa o fafeat

o1 wRem B & forg e fomr mar &
eI e ¥t | Sffigd fovar T | glieror
el 4 e A, U0 Gadl I ol wead,
rereifie a1 ok v e o i $ve
WR Y B 1Y Y, T4 I g (oS &) H U@
e T HeHHYT HegH WR 1 AT | Aha Al 3R
Ul BT & AU B BRYT ARG aRel Jare &
1 HU UTGUI T QX1 ]S &7 UTIT 77 T ureal
# BQdHT GRT T X AV U1 Y | 7 it
(AT AR ATSRIFYHACACH), Y€ Bied a1

(eswam RiTeige), Tomd 41 (R




TRAdTeT) 5w W efiog of e SRt wR & @w
BIRIRIRIN

VI3, 7S el H 3RER-11g, AR HHel YurTell
oy wRer oY & forv e fbar €, A
SrEdTieTd WIEToT JeiSi H Sfig fova T | 3RER
o 8 gRATBISE ATge gRT 9~ wRferd! avid
IRRY o BT T fOT UTeay 3fiR S9a! SIRaraf
& AP BT TG [HAT RIS HROT UEY STSER
¥ i@ ® 9| 9RIGR ol 99 (Ao faexrel)
Aot IR I Ufe IR (ferdradt SFIRT) 1y
U R g T TR I STidd <glell |k
q HH AT |

IR 4 IRA &1 A1g@iTa Gaet H A, Tage
Td BTN e I HI @R @l & folg
e fobel a1 faam

(Tfera Uet. WRIGaR,

RIEEKIEG)

A o 912y 53 eI Bl UIRNT PReb Urey T B
g BT 95 8 b © | 3 gRbal | fueH
@ foTu qoIm WIgereIRT & Fphiid foe ¥ urey &
BIZETIRT Il & eolid & @ v & forw
T Y8! ¢ I AIRSURASR fohe sl @ 18 |
39 foe o1 o 98 € f5 I8 ureul o o off
TISCIRIRT UoTl. &I Ugd &R § eIl &R &,
R®ifd I8 Dae] T-WR IRSI-URINIR HRIH H
RTR BT ST HRCl 8 | HFD OF G0
TITIR BT JINT G, U 82 A1l & aifol Fafre
RISAMME 3TRUAY SiF 3TJehH T |eTyul febalm
T | 39 AT =g, & Reifea AT siiferT s &
TAAIIeTS H SUAe = BIgereiRT IS, & 1752
difsl YT TSR YUY Sl & B
3IhA W &1 e o= aiiferme fearms fdy
T | e S FIIIT JTE Bl 2% TIRIT Oe] W)

[AE[TRIY (SelaeIhIs) IHThR (Shvd fehar 1T
AR T oRpT R T | AR SH-HT

STTE B pGEM-T 9% H FalHIad axa 3. Dicil
Mach] st ® gRafid foar T | graeH<d &
LB-Amp @l TR TIMT fbar | swie @l
Ao & forg eic & Sirg Ifad faem 9 &1 73
fSrre forw €1 7-wiRas v Spo- Rasi WgmR &1
TN o | difed delFl B NS @
ERISERCECSE LG ARG UIEGRTERIRIDIECIN
TIfCT FoAMl & A1 5 TIT TART BT Die!
UIRAIIR farweryor o mar foraes forg & 7-wikae
TG Sp6- Rasi WgwRI &1 YT fovar 1 (fors 2) |
ifed Ml @ Biarl IR Saral Bl
frepfia, TRepd, agPfid oxe RGeS §
©RE (BLAST) 3MTRA faveryor famam wwar | &+t
FIHAI A BISCIAR] FAHISIWINT  fagad
LSUWURR121 @f5i HaYfTe IISaRIMa 3T
SF W 100% WgwIdl UeRid @l 3R <aH
Wﬁﬁqﬁle-ﬂwo%gaps@ﬂl

TaqMan-WﬁﬁﬁmﬁE@ﬁ%ﬁﬁw
@ foTT, 108 & 10 I ¥ H B Fa_1 # HfAd w9 |
Tgpa Rafed wrecrRr fafre oiF (Ridfes
S AR 10 pl wrIfE) B Rigsd gDNAH Siftd
foar | qowEd A @ RS-URIeIR @
THUUH ol ¥ SR W TR BT YA o)
yafefe fovar |

ISR b RIgd TRl A1 H BISCreiRT
faRre i 3R Rifed wreeraRkl oiF wfed
IS & IR JTRCT-UIRAIMR Yaei1 1 gorm 41
DI

Bl UfRIg JoTTet! S faemdis

(T8 ¥t IR T 9IR)

gfoRe 9id argul | oifdsd <arg YR JrHeRt @l
Ygdld &l

(A1, o, Ryarferrs, ameiy 1S, 4719 HAR, Aferd
Tdl. VRN, T4, 3. o)

a1 TS I (PR e feoi) & [dwg Hrgel
G 4 JATSATelal RIS Sl & YrIey & i)
gl TaAT (fhe 99a) & AEUHTH 1 ofiF &
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SEAYAE &3 (~2kb) BT YEF IR & gN
fafdre UTSARI &1 SRINT ) fhar TR 3R pGEM-T
VR 9ae) H FemIgd (a1 T qe ® gNT
Gl gt @ g | ST & B Siged Wi
3fAfdte pORE-R2 9dcR H SU-FelFiIgh febaT 71T |
$9F QFIITTST T Refaeve daex B TeaiRgd
TgABRIGE EHA105 % uRafifd faar mar | dieg
& 1 37aRAT & HIgell 1 UTGUT Dl FhoRITIIH
AW W WAeid B TAT| A ureal &
AMSUHTE 1 S & HHIC &5 & A1 pORE-R2
AT TINaIRTH deak 9 sfqwfed (g7fthes)
fepaT 7T | SIS & 24 ©I & 918 Wil b F
foTg 17 3IR S VR @ W1 ST fageryvr
TAT| BgId B Jer H, WhHd T H SR
T 3@ off, ST THeRIRRH Ielw=il & HhHAT
@ SURIT AMSYHUH 1 B Ak TR o Gad ¢ |

T HA (fafas o, wRpe o
Tey Bedh) I AW & B 6 (oY 8T el
ERSENSIENIGIREED )

(fera AR, . T, Ryarfer,

AfectIara, o, TH. &, o)

98 Tadl & fog S drel 91 %e § R SR
931pH AP FRl Bg, dTerdl U9 IR AR
et td drdioa gk o9 @F 99 ored @
FAHH H AT L 5 HPR BT by 7Y
ST sher: ddToe deim yRpe UieRIE SiiHi & forg
Urd I & | g9 S T iR et o o
fepam o, divedt ufiRly & fog g o=l aral
daIR-7 B TWHed T UfRY & fog fier
R SiAl @& | i fobar T | faf
YT dRhAI H, T 1 Ud U 2 Wfedl d diverdl va
YRGS YRR SiHT & SfHA & ggard Iediad
4511 @1 FIRS A fewrde & form # geriam T g |
] Hepr GG & ST B B-Blg PP S8
Ud-eret H SR T, 3R S SUNId S8 Tl
¥ gioRiftd fbar Tl g9 uedl | Sy @
ferATTTeT febvar Tt iR Seeh1 SUANT duerd], TegeH

7d drdivg gferet SiHl @ fov = w3 @
wiopet ot arruTfaes ATaR JAEMRT Wit dv & forg
fopar T |

SITITAG G derehal # diverdl, didee iR g
YR ST 1 HISE Bl 3AoTfdes A eI
gt

A= o) waoMl | el Sarfed f6y |
SiIHe SITY B faaford fevam T 3R digerl,
Whed vd didivd & forg gieRiel S & e
AT B! IS BT Ial oI 8 Uebel UIGY-aR
AT BT UGN {31 77T | =T Hex AT o T
1 dI5ll, 3R fgAriia Faxi f JfoREl S |ame
@1 A & forg Sier T, e forg smifas
X! AT Xa21-pTA248 Td xal3-Xal3-prom
USRI & | I YANT T TRIT e ST Xa2l
Tq xal3 Sl @ A @1 gal o o 9a |
T e ¥, T o) | 6 uRge gioRm
ST T HiE! @l @Il Pi MAS A16]1 9§ &l T,
Safd  Pis4 Yeged YioREl SiF @1 @lot sforfdes
AERI W DI TS | Alecdd TG & AR W, &4
ST H ARER \geley Sl dl SIfeRyfard fobar
3R I Wi faRre rewRi @ i fevar
AT 9T See H S8 WagH UiiRe (9 79 31R)
SIAL @ URIISIR STeTRd @il & fofg Ruaee
Rerforat &1 ssedqaiaReT fovar 1 |

TEREANAT SR oD gRT Sea= T
T & fIg 9 S-sa & o

TG T I~ &R dTel oD Bl W d
faforer fovam T 1R argRegetRar SRS & fawg
9T RHHI DI SId BT o FAlET Tl SFf
SO Caia @1 SCaHIaRYT 6T 7| Ud <l
aM SR 9usH B ¢ (10 9uH Ui §) H
YfoRITYT fdm TR G IWTSTe i 1 x 10° JIe]
yfcl 1. o, A3 | S fovar | 1 iffehan
@ Mo g FuR & fou deaor ST & Rafe
e 77T |




MRS &I a9 yolfodl |fed 99 S9+sd &l

TSIV U4 cleforauid

S AR IR Mg, o, MFHI-TT IR AR
TS, HCH T4 35 37TE IR AR, BGREE | WIS MY
B 250 € GABAI, WA1D GG, Tl bR
Ay fobedi qe diverdl, Jvdge Ud ddive & forg
I ST eIl bl W I el H ag(ord
e 1T SR faf=T foRIen! a I[ull T yal oI &
foTq ITET FEOTaUI BT TT | S SRTshAT Bl Tl
URHE U4 Qe R & fory e TRl S ol
At @ forg o @ TE Al SiEl @1 g
PRIBA! H STANT AT O Feb | UfRIEN i arell
AINRCTTET &1 9gIvH fowar a7 drfds UfeRTen
Sl BT Tg 1 S Wb | SR gorferdl & Gl
P YS! wiel H ST 77T | S{RVT & yeelrel el bl
Tl H YIORITY T T a1feh ST 9g[ur e
T b 3R T B IS BT uelT o o ¥ |

I B § dielm Aoie 0 9 s
AT H JTEAITera=d & fHeT &1 v

(3 w10, U, v, Ryanfel, Aferd Ua. WRfda)
RIS B B YRRE U4 HdeTeid Saad
goTTateral H SgATTIar &1 TauIyerd] fageryor
AR B T IR Ud GdeTeiie Sagd
gemaferal § ARIT-IMEAITAR, O fb SeuM,
SIREH T4 7RIS @1 eded Tadiverl @
e o far R e forv SsuF, Wi U
TR @ e AHdl &1 YA fer T
e ¥ fausy gemaferat ® droy 3ifdie ofaR o1 | gefy
yfRIT JeHH (CAT-1808) H S8old, SIICH T4
TAIRICH @1 HHT: 0.42601 pg, 0.308 pg 3R
159.4 pg/100 . 91 = wxll g o1, fbg
aeTeiiel Tge (CAT-313-A) H SSui Uil 100
1. 71, g Uil g9 el 0.02 pg AT (S T

TATRICI B Gt 781 Bl TT8) |

qIeyl § Sifdd gamal 9 URRY USH a9 3§ Hdg
3uTfdd BRI Td Heaifeld Sedd &l aui
(faTa A, 1. o, Ryarfer,
BIRECAR S GRS BCIKILKNE)
BIgell AT | SidTdd AU B U d
JALTOTIO
TR H&T ST O], 31T WhoRITRA IeTwl
U9 WHNTA & fdg TR Tiafafer et drgel
A1 & HEAyUl SiaToTdd Uyl Bl UgE Rl
=8, Bl 119 SHarvTfdd AUyl bl Brgell a1 @
A= urey Sael ¥ faafor fhar | o, a9
o el g iR IRy T @ il shamifis
JTUCT BT G HE: 32, 41, 32, 8 AR 4 A
Siamfae sidureul o Wia g9 fagr @ T8 e
ThHeRIRRIA T4 TARTH & [9%g Sa! YioRe &
TTfCafey &7 gaT SR S 6 | §H 4, 16 fogaat A
YIS HoeR H RRTA & fAHT HI SFarIfer o
3R NIBSM CaLl ¥ %a& fdorn &1 Fdiftid
IR fohar | 3 Sfduredl o Wi gl faeya
AT MY TG, BT GATII, AEGSRIBR
W@DNeaseTﬁ%WWWEﬁW
fR F BT TS| 165 rDNA S IFJHAI BT TANT
D, YAl faovel & Gare | a1 Uhel WU H
Turfad ufoRel Tfafafet el Siiamifde sid:areat
P UEIH B B A1 gl ol gga fafi=
forafear vd Ireigar @ gfafAfd & SUd & T2 | 165
rDNA S 31 I Fel 21 HEAT Bl TAAIdIarg o
SET fear war SR SHBI udell  |RTU
(OP142754- OP142774) 9T 1 TS | TIARIH B
meﬁﬁmmwm
Samifdd fdUeUl &I ST II=d Siidrrdd
fergarl, A NIBSM_CaL 1, CaS25 Ud CaS37 &
sﬁw?}sﬂwa%mﬁﬁmw o o8
T & dHgld UIgul @ ol H RHNIH <61d &
TR UICY BT AP 38T o Tl oS Ud WRIE )
TS SR o # gfg 88 |

3 yeR W, Teu @ fod § didioh sk
SHaTTfaes e iRy aret TS foged of vgam
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e B Ui ARt & forg Ao & faeg
yfcRie) fafaferar arer Sharorfae sfduredl @l W
@ TS| TE U T B HRGe 3R
AR UG & oIy Urifed el &l |
AT 20 3R 10 21|

REARTH & fag yfoRe fafaferal arel Siamrfas
siduredl # foduergs SiHl & RN SmenRa
Sl

$adh ATTSD] & [d6g FHIfad AR
Tfafafrr yeRid HR et Sharifae sfd:areal ol
ST @I TS MM foldIUergs il & Aol &1
Tl ST S 6% i I8 SaoRIe Tifafeai &
fQ I8 Uh F HRE 8 Fbdl o | Sl
3iauTeyl ¥ fqaIiorg Siarorfdd SiHIHG SIeT &
ORI Td AATHD BU W [9Reiyor far 737 3iR
ITHT ST o9 fafdre ol & e dRiieR
afafpar @ forg fbar mar| URfleR gae o
Ahded, TSR U, IRFAMSAI €1 7d Biori €,
SHaTuTde SfTARU & M & Aloed! JaRid
@1 | Siamifded fagadl NIBSM_CaS25 o |thides
vd ggRT T @ A qulE, el fage
(NIBSM_CaL5) 7 \wfded Ud IRTamEas €
1 A e |
TS ST SifaisTad fageryor
e O SIS (TRTITH) &1 3rgas
R B9, PISCIB M UId ¥ Fafed SR YRR 4
AT T RITelT Urerd 3 Hefed St & 7afa
foar T | BT oM sifeiSTadr faveryor @
A a1 @ o gafa ORIeIR URERI @1
qeoita foar mar aor Ry esd dRfieR 8
driieR Rl afdd S eiifelT e &
SRTHIHRYT T T a1y 3id:arey Fafid ufek
ST @ | ST & ISl 719 a9 iR Hee B4 fqgeryy,
U i hae? (TToT SIuw) U4 Sfffade
T UEH ABP19a, (Aux BP) @I 3RS
defleR & gR1 gfoa e | el

FAARAT (FTel TT-TIARTA-GRIwISS & 1)
B I a1 T AIfG mERI @ fdeg
AUy FEiT IR UM a1 A ddg auifad
ST B TS AT Bl S-S off
T | faf=1 ST, 3rfd NAC TF, 3fffee argfe
YIS ABP19a (AUX BP) (2.5 IS @I ol 4
15 Wies), 14-3-3 d5d WM (14-3-3 P),
ferfiferge. 9s-feraifemfoms (LOX) 3R g@ms-
T RIC IEH (TATRAAR) &1 ae! Jifedsidal
SITSI® & \HHYT & TR TR § S Ured) 3 s
Tg f59 W TUTCY BT SI-ATGRYT TSR TAT o
3R 1 uredl bl TSI & fa%g Sl fhar
T o, S§fds 3fT-UTCT BT V-3V el TQIY TV
eyl H 9g) SASThT T8l UTg TS | T i Urey
P AMWARYEES g B ded § @i 3
BIgCIg ™ qrasl, REAfT, Werie Jeeiase) &
SR, VAfeT SEie URiS e @
ST G & | TR TR @ foveg TfoRied)
Ay el drgell A1 SAfdd Sfurayl dH
SUIN, qurey wEifd ufRlg @ avifde
FRITG BT THM B fory fohar o Aadr € |

31 e o e T o I 5o | N s e ol o
fferet= Twfefa uferer &1 g

(AfcctepTaral, o, favTI HHR)

Solde i HrEshIRId] (THEYH) 3R gelae i fSauRia
TR SR (FS10)

fafi= STaRt (Si+, Pest+; Si+, Pest-; Si-, Pest+;
Si-, Pest-) @ T D H‘fﬁ @l o9 RifeidE
ST Gl ST @ MR WX UHSUH & gRT Bl
g | Rifor STa 39 SUART 1 e H, Sit,
Pest+ UG Si+, Pest- ¥ 31feid 1, o1 & Tog0d
TRART A T A7 | SS9 [qgelyv # I8 g 131 fob
ffeTTs TG Sit, Pest+ ¥ 24.32 (% a9 ) o (i1
fo 1 SUERT # Wit o) f5re 918 Si+, Pest-
(19.02 % IST) 5 T |




Si-SUAIRd & uredl 4 Repar fbu 7T arguyd

r\r\

aEal B Sad f[aefd fagH
STTEITRT ST

QRSO dTet &7 UTe ] 4 FSha el T g el
P T ATSHICHT FEI B MR W Bl T8 dqlMh
Sl & #eg S¥ 9 fAeTe & vfufdiferam R Riferale
@ YITd BT I TIIAT T AD | ATShIerar e o
I8 T MM {5 Riferai= ST=TRa areul &1 MR
RETT 7T G & Fedl IR & YIURITOTIH Bl g
Sl oY, S9FT URSIhe AeH efoua o der
ufififerael Wew faafed off | fiferd @ famr o=
qeyl @ IMER Rgeu U el @ "y IR
Ufofifera™ ® ®1g uRadd= =&l urar 77 |

ST SFIHAYT M H YA axab SuHd]
i RAfTIF-SdRT g1 BT AP AHAY]
T® W aReEd @ fieg fifen wwia
URRIET & SAOMAd T BT AT G b fofu
ST faeelyor 8 T o @& fofy fovar |
=T orafdr )R IRra # afdfa fafry Swart @ forg
U ¢ UIQY Al DI g Sl fageryor &
YR W Bl T8 | JerTcHd grafherd fageryor #
AR~ SUER AT H FrwTcde S SFfiegsied
ST gs |
Si Sfferator (Siat) sRae
ST gAREHE el § ¥ U Tl o Riferept
Wm%qaﬁﬁwmﬁﬁﬁrﬁﬂqﬁ%ﬂﬁ
Ul (Vice URIR) Td Tredet § ag ol ol
I STHT 9 TS |

ST S
Sl & e T UiaMR SR arel SaTereEl

el 4 I8 urr T fh Wl SuaR wae |
AOHTH T B Sl ATl BIS WA & d15 0 3R 1
&= @ 9919 3, 4 T4 5 fa=i & SR SFf¥edfore g |

Wifdd <ardl & fawg IafFa -l do 8

(BSLRPIRISIET))

A1 ATJa2Teh G Td SiII DI T8 DRl

(Afecteptareg, o, fUaggy, wa, d1. vA. Ryarferm,
IR FAR, £MER, S, 3Ty #RIS)

ITqqY T b

2 T YOGl (JeMEd  cgrhlsed  [aed
CeThIgeN Ud U, ARTded) W Ne§fd 2 demaferal
3R SufheT @1 50 deMmaferal AT UH HagTee
TS f (@d) (AC 1685) @ A1 S STvsa
P Y WIHIATI-AEIAETAANR ST ¥ fdar 7 |
T YoTIfoRl & <HfI 17 Femaferal SR Sufdet af
50 GRTTATeral & 1l Ml T BT P HIHaTu-
T &1 Y ST SR, &3 g, IR 9 1 TR | ST
YTITerl 1 AR deraferdl o Hy Ahargy-g 4 i
S 3R, 3 feeett % fomam w7 |

qul Thadl (cllheR) & g ! Sae & @d
# 9fa

Gl 124 FMmalerdl @ g wWa Refoalt & dga gof
el AIHg & g ITa! Afhar & fory fis
2022 @ AR @I TG | U0 el BT AU (Tl
Ww&aﬁeﬁwmnzﬁwﬁrwzﬁ
SR o | Bl B A i ) deafer #
T goTiferal o e #, Fatfdre e <ot @ TS |
! T goTTferl & ey WiRTE afd qadie <1
B o7 3R Wl R A YTl & fore I8 > 4
3 3Afere o |

e RR1 fodiR fumy s Aell o7 Aol arRE
(@ & T &) AT B g S TR o O |
Sk

TIOR3 @l T SUfhd! (Gecias) Bl
Jumaferal § W, 20 dMaferyi aRvHdl @ fahg
ST B gite W Sea Haaad o, 10 Hagsiet
off, 10 TfeRHT 3R 9 S7a wfcRKEd off |

ST RRTfa=are uvf g fauToy sreifa fidT g
ofi oot TR (31 S Ut ¥ 1) T & g @ |

mIG|
TIOR3 Y Bl T3 Wl B I Jofrradl
@1 gemaferal § |, Y 49 gemaferat AMfHAT B
gfe 3 SfIgURITd! VT ¥ A1 Haaeiet off a1 Sea
HdeTeiel off | a=7 UoTIfcral @ 12 demaferai # 9, 7
FeMaferdT MSTAAIGT T | 7 ot UfeRred off a1 Sea
foRTE off, 3R 99 Fdgeiier off |
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TG FIA - Sfdd TF § Wfdd 4 @
SR TG S BT BT [dgelyor

iy w6, 9w, Ryarfelm, 9 AR,
HfoctepTarald, oi.)

AT # R Casoamd S vfefeT
PICTTSIRI 1S HIS HT ATERVT o~ gU, AR
(fre1 DS-9712) @1 uRaffa frar a1 o forg
AT g (38 TH Tw) oiF 9 fafdre
sgRNA (TR¥T-1) AfRd Cas9 ddex dTel
TUIIGSIRTH T JANT foba a7 | wefeq &1, el
HIRGARIRT wRicsd grawed (@ v <)) o
fafdre wrgwRi &1 TANT foa T | e § e oie
PT TSHIPROT UIRIT 7| Uil TR It R
(amaTen) @ 138 . T U <M. FT 3T TSR AT |
A1 g™ & W1 fodi & d1e Uil ol MdRa! |
Vet @ Refe fdar 7| F=ft dgia greal
YT B eV YR RIT (Y, TR STABHEH A had
W?Waﬁqﬁ?ﬂm(ﬁﬂ%)lCaﬂﬁ
A @1 gfte F 2, SMETHTE WA 3T <,
Tl W YafeicT e I o TTT | SEUHY 2
S ¥ RiTer 91 ofsfe (€ 9 <f) ufda o g |
e UUTTTerdl ¥ TG TR Gl AIaRy!

UM AU GEGM  (Hellgsiegd  TAdIen)
Tfiola & fawg ufiRe & forg e Siewedt @
ST, GRESHRTT Ug Hediehl

TP 7 feoel! & ORI yonTo, Temgeiamd (o)
U U g9 & Bl 50 s dUBAI I G
ARGYA & fag O d B & folg 10 x 10, 1. &
ATBR & NCH TSl H BB 2022 B QRT AT
SR AT | JHGRYT & b A8 & Jgard, Ui
TR Bet U T B @ T AR A de @)
B3 B TS | TE faHT I SawelT drelt Urelf &l T,
TIRPIAT & 200 T SENIMT Ths ol
SaATgal W CIbTgd a1 TAT| qaTg B UdTel
SID! SISl B el TRAT F G-I 747 T 89 W
A A3l AR BT U SRIT 7T | Tl

fhv 7T 50 &9 SR dUHHT | 9, U GIHA
(IIRRN-2,3,9,29,34) = T4, TR F #FeH
TR Jrfafehar yefid @, 12 Jersdr - Fdgeid
aififspar yefRfa @ der Iv 9 S Gaeeeid
arfafera weRia @ |

YieRITUG &1 Boel H ISl & A ¥ €1 ol
T FFAPM AT, HAGSSIgT TG BT
qer
qM BEd § qd 9 g (Be e FHrRR)
AT & fag [T Ao & Sid &+ 8
AT S B H WP 2022  SRMH T W
qieor fohar TAT| garg W Ugel W qRal o
frfoRad T SU=R o 1T | &: JARTacl & a1
IR &g @1 afFfiga febam T | o (for
) I gaTs ERT Py ARl & Ut & AR
5%4 T . AGR & &S # @ T | SR 39
UER O 2 T 1 b LUl g @ R W
2% SRIR; &1 ¢ 1 &, 71 iy &,
&R ¥ BIERGT 5 i BT JaT H T (gaTg & oY
QR); T, - UG = | FFaRIIvT (37Fa 20 UIel) &
Ugel URME APM I FHie /200 AT JaT W
VeTT <o fohy 1Y, e @l Sarg ([, ), ufer oie a3
TTed @ G, el delg (AT ®U ¥ 20 Ure) &
T TR Hel U1 adhidn, 7aT 4 3ifcH GG FHe
(200 WY 3R WA Bl B THI W S (5 1)
qT Ui e IU (b, 1) < 1 TS | uRomr #
REIRIE I O G G ) (B A A e
2% ISR &1 JaT 4 TN (a8 &
I W) B W uTEell & Fed H WIS STAR @
&0 ¥ g T, s 918 1 6 I uf f . A )
ﬁqneugcmmetvﬁ\sqdwﬁWWI

yioRITT o wd H I gaep@ ARiion,
ﬁzﬂs@ﬁw mﬁﬁaﬁw d UG @ U BB
SiaroTfad Brarfean T el

aF Had § a9 el ARiivie @ fawg
A= g FE=0T AR ®T T H o 9.
WIH. H G% 2022 & IRM T W WIET faham
T | gaTs W Ugel TN qIRaAl # Frferiad w4l




BRI RIRSIIE]l
foar T | e (fepvt <@vTh) @l

SUIR by | U
SEIESICARCCIER|
TR P Al & Yoo & AR 54 1
4. ATHR & e H DI TS | ITAR 9 YHR o - <,
= 20 TT. U O ¥, 1. Bl <R ¥ SRBR pf-2 S T
TN TR SYAR; <1, =20 I1. 97 @ AL DI R Y
IR & W1 TR TN & SYAR; T, = 20 1,
gfcr . @ SR W IAICISH B A1 TR RN BT
IIR; T, =20 I1. YA 9 AL B R H FSMAT
W@?ﬁwﬁwuﬂ?ﬁrwﬁaﬂw(wﬁﬁ)
<&, = JuaIRa da | FfaRad derr Rafe fag
TV - 1. URMYS GAGH FAE /200 W 3T, 2. T
B arg (A, M); 3. TR (@i w9 ¥ 20 )
q Ugel If TS 3 Med &l AT 4. BAS Bbelg
(3IFT w5 ¥ 20 ) & I W A T GEia;
5. a1 H 3ifc FFAPM FHie (200 HRAY) IR el
HeR B 9T W oS (5 1); 6. U (fob. I wfa
e R 89) o B 7S |
YR H I8 UrT 77T fob GG el
P! FAE (JaT U TS H) Bl HH B H, U D
ST, Uil UTET TTed 1 ST, RIS & 3R TR
T SUAR FAIGY T oI FHIGHRT o | STAR CI1:
IRTPR pf-2 B Faiftid SIS (8.05 <7 Ul &ac.)
TS I B 37T, IS A bl FEe (87
gfcl 200 ¥ 7aT R 12.36 U 5 IT. TTS), BT HH D=l
#, U1 D1 ST, Uil UIeT TTTed @ e, JIRBRITS &
SR R G eI YHIHIR T TR |

ATATSD FRRIET Tsed B e, GRearo 3R
ERRE G|

WIG3R 7T (ool & URA Uebr, TSTSHIeRyl ()
Y U & G 50 SAIa dUBAI Dbl KA
T JaT | W ZY 10 x 10 . 4. & AR &
IRC® Sl H ST AT | UY & S & SURI,
Yl TS dael U Ul Bl R T IR Y Ul i
BeTg 1 713 | U75E ol oI 3faver drell Ui &1 7.
SIRIRACT & 1000 TN 3fSWld HWhe Wl

S[aATgal W CIbTdhd 1T TIT | 918 & Uaiiet fa=ii

ST U4 Ufd 5 1. OIS U A Ol AT i ATdhferd
I 1-5 Thel B MR W RS [T 17 |

T & 50 STTTGed aeehAl H ¥, 28
4 IR T G, Felifch I 2 IR FaTg I 7T oY |
BRI §Y 22 9 s H W, T aershA (IC-
090786) e @1 HET IR UfT 5 1. g T4 TT
A & ged H URRE, 3 Haaeile Sk oy w9
yfcRTe o (qrfera 19) |

el TRy HIfd FErdT ATHur faemdia
(ERIACRIEIN

WRT H P Aeaqul MMPMHS AeNial iR T &l
Areiiia SiRew fageryor (4 3R ©)

(. <. 3, T, @, O,

IR 3T, U1, o)

I8 [T © & P Agcyul Icurel g il o
M 3R Arfraret @ e & GaRE eI B
2 | Aol SR fareersor ore Surl # 9 TS 2,
SR STl vd fafel | waferd e Horg o @
feTy R ¥ veg e & | sk o7 v ¥ Us,
TP YA B T 6 39 4R Areiarel s
RISl /T 1 ffed febam g i gAR <o 4
AIN[E 7T 8, Bl I8 FHIa Bl @ {6 J oFd
A & AR W < H Y99 IR T | HY TedPl
aEfale I aRA e 9, @ i,
e ARter, eREA walrg, wafedren
TCIIR3T Dfdic died, SRS Tols IR T B
dicd, TIEhe¥er BINTT 7T BB B I, WY &
HaD] OTdD SaADherd I i °ldd Sadherd I,
Bl ST JRETH T, TT5, Yhe I, AR
grfrr IR O, . cTegTsdl (T8 | T jel
R1T) @ Ug99 TSI, Hell Beiel H Aice aged iR
Wl W R T WK 4 T8l U1 Il &, Blellih
T8 QI TS BT & fob 31Teh AT & A <F | e
TR FHA T |
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TAIRI-EaR 2022 & SRE Uh Th U, €IS SRIRH-[BAM 89 Td SIval-Ud i T S aRaHRil &

d8d SUARN BT IR

w | BRIHH R B | S e e | SIvNd] THargvEe!
1. ST T T UG A 46 63 09
2. SR U T g 58 66 01
3. faf=T e fomior arim (4 & ) @ dea 1845 1644 323
AT gy foer
4] RO BT T Afelr fopers 570 458 128
5. | wimE ey TR F H WIS T gar 765 849 286
6. G | g B B d8d AR [GAT TN S 48 60
(8ae. #)
7. W 3R TG H Wl & T_q B fopar T 23 17
g (e, H)
8 | W ¥ g Well qH H el & TR KR (Al 4 60
T &A% (20C. H)
9. BT B TE Urenffear 16 26 01
10. | yoiRed W Mg 101 03 01
MpTE-3er), | SC! 31 T
VAR P I
1. | St o g eppfad yeeH 03
(AT F UH,, R HHelcl H THUHYl Tidl § Piererei
@ fogaa @ fofy 9 @ JANT ¥ MR UeM dfdd wee)
12. | ST/ Tfad fhU T SR TReNG TaaRe 03 04 08
PIFHH @l HETHqS W
L
3. | 3-fowR Wa, Aeed vedrgent ol 3R 13 28
IS T B ey ¥ TR HISSPIBIRANT TS
: R T LRI
TIeSvalT Y&
14, | amfom v U @ A 01 03
g
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IS Sifdas I gdtrel JRIoT 19781 YhIs

U1 FL U, BT | T FEaqv Al o
| TP g, Wifdd WH D & H IYFE SIH b
forg e Mo #R 2 FIPRR, Sfaeve Td
JeE-SIGeRe ST Ha aR BfY Iaur ud
[RIe @1 ggraT < | §9 Wey H, gd # 2019 9,
WHAU-AIHA, T3 faoell & A T THAY W
BRI fy T |

HIHSTI-T.. 3. U.H. B FHR TR| Pl AT

MGIU-IIILIE, & Fforiad dgnfal @,
S FR1ET0T UeT v iR /31 el # e &
AT G I b SFTAR, TH. UL, FG¥H & fofg
BT el & W H A Ud A=l TS &l T8 |

TIIDT 1 1 Y 2022-23 T IR WHAIIRLOLFL I, & ARICT UK bR FGH

®. 9. | T4 U4 9&A™ fasa -3t dora /me Al e

1. St Gl gaverd, aks deifs P favar Rrem | ta oo ke & forg oy
2 Sf #Mer o aRss a=nfre Blefasm :jzjﬁﬁ%?ﬁtﬁﬁﬂgﬁa
3, SI AfeeTprared, aiks d=ifid | drefds %ﬁéﬁzﬁmm

IR AR

YefOreh aY (2020-22) % SR, A TH. T, BT B
3R efrd 9y 2021-23 H UH. TAAl. FRIFH B

A fovg-wmgren ® <iRgenm foar wmwm,
forgepT faaRoT fret ypR 2 -

qIfCTeT 2 : WIHIUILSLFL I, H TH. Tl Bl 31 arafed ol T3 A

& ¥ | faoy - e Rafds a7 2020- | Hals 3 2021-23 F aafed

22 ¥ JrEfed @1 | o1 g <.
TSHIC.

1. | w fag= 2 2

2 | PN Pl fa=m 2 5

3 | PN gewoig g 1 2

4. | SRR Ud yrey g 1 1

5 | omvifasd Siafdem gd Siavreriat 2 5

6. | urey fasfa fasma 1 1

Cg| 9 16

20

Annual Report 2022



HIE I
ICAR

eI T 2022-24 H, 05 TH. TAAL. 3R 6 WU, 1. BIET Bl GRaifdd fbar 1|

T, T, A TshHf T Rieqn TS TSR TR | AHITI-ASGIA, B
Seifdr a9 2020-21 i 28 R, 2020 W I frfofea o waw Reor gom ov |
g | TNy, difde-19 HeMN @1 Rl & BRom PTG HITI Fwl A AR I |
UGAFAI Bl YU U4 gl WXl @ aRM

Tl 3 : TAINYE & w4 H T4, U /dIva. €1, ureashAl &l Rl U ax 2 TIHd G 9ewd
(1o )

HE. | M RICUER | TreAH 1 M

1 S U T, W ISfe Td | ToerReATT 503 ERUAIR YeeE & Rigia vd dfded
e Foee,  TadIvEdieR
(1)

2. | Sl AR @ el 9B, U | SUACT 605 PIc HATER

EEIIRED
3. | € o v,y et THOTSHISMRAT 504 | 3T Gedoid fagm
4. | S @ W, yuE IS TGHIHR 005 T ARSI U6 Bl SR I
LR
5. | < famg @R THdid} 502 D Sig fae & Hiferd
crieTepT 4 : QRAINUE & WU 4 UH. Ul UTSFshAl &l e UaTe $- &g I Hhr 9ew
(e inew)
®E. | A LEEIL fawg-amran / argashd &1 A
1 1. AR, &. JRell TIRG, YU Il b ENT 519 ClRIR I CEE IS B
ENT613/PATH | ia-3Ref T4 oig-ven
606/NEMAG60
2 S W &, ¥, W A9 MICRO 511 EEECCAIGIRED]
3 o @, . I, g et ENT 610 Py wehfosm
4 . A o, aRw et ENT 519 e Prefasm
5. f. amefiy 1S, defe BIO 502 AT Hersiforsn
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. Tl BsEl @ ey fawg
TH. QHRAL. P (2020-22) & B & folv SFfAIfed 2 2ivd 7 UK 2 |

daifa®t 5 : wq. gl 8=l @ fog argHifea g Mfivs (2020.22)

%. 9. | B & 9W frSRT-3TRa o oivs
1 Y I T LAREEIS shac 3 feo-sfivgs Sexvae™ oifF die #9orc
US goe 3% & Hy (ftd dEa-am I dikes
qdie apfl TET g8 ©)
2 Gl Ul Qe | g ghae 3 Jfeuc HioHe US BIAUISS vl 3
dre Hviorie 3ifp &ie |
3 o ydi= uier By Picfasm | WSS 39 HAudc 3G wgd difdd, Ricierges
MRS (Tet) (IfeRIeRT: RaferaifTen) sTHReT wIe
U<l |
4| ol oy vaw P FRT | et i Thral ofp SRMA-od B i
dfteey tRew oift @re Ve fyad |
50 s v e s | P g RRMGRT ofved offs e - foise ¥ -
GIEIEEIR 3feUST URIEW 39 Wi THINGCS  dEINGT HR
TeIA-3-TRIfCd (318 U 1) Wed@M |
6. A e TaT® SIEIEED o H FOIRIA & (I8 FHIfad IFTTORIE |fdadr
Safds™ T4 | gl Sfiar] USifhed @ ugaE SR faserdrd
SRS | qofq
7. g e Wi & | emoifaw FRFSTZOIN A YR 3N ATgHIdeia RigN ofiF
fRyear Shafasm vd | 9 U9 ol gR |
Stasitenfiar
8. S IRSINGAGICN Uy fapfa | fhAcEiie Vs Adleger dvagsor 3t Red
fa=m Hofror 37 R feie-msRaaRar ffmm gevaem |

gfard grar gfaeny

ST BIAER BT FH07 S R®BE & AT IHH S0 ARG 8 | 39 BEERT ¥ 3cd
eiaTerdl Td 3y gfAemsl & T 112 HHR A € |
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H3I0] gRI 3RS sifafafern

OGS fQa¥ (26 STTa, 2022)

AATLIE, H T a9 BEw™ & AT T
feaq &1 I feie 26.01.2022 B fhar T
Rrd WM @& W Jedl, FHARRTN iR
At =1 97T foram |

RIS DT a9 (24 W4, 2022)

G GRT HEx[H B S Ta! AR & Se9d
3R BRI BT 271, TR SR TY0T BT gg7dT o
TJN BT B APRT B TR H SIFTOHT Dol B
fq WHAURIAFRLIE # IET T feaw
TR AT S W B, 9, ewe 9 39 91 Bl
IR BT b aTell 9T & et & for wwamart
P WET €, 3T S8 SfUd WU W @I iR
UIe=-a99T fhar o7 ARy | ©f. AT sharaa,
JIEER, aRe ueafie fure™, 9RFng |
"ITelt i & forv dR¥ad wWR W RN @
Ferfaaeeer” vy W qm S il aesTedl |
"MRT BT AYEd g9 b o Al § weanen §
qIyor favg R geded QU | <. o vd ©f. gt .
T BRIBH BT THY b |

UReh AT ST |l (7-8 HRal, 2022)

TR Bl PR ST AT DI d5H HHIFTI-I.
SIUE, WR & Fowe . @ @ 8w @l
eUETdl H 8% | 59 90 H I YR RIS I
TR S FHIET @1 TS 1 QU B @ SR W |
e & uvard Sfud RwRe @ 7| remer
Il § g < gU Fel [ J yepre, 9
faaIya gRAToell & foly 3Mdes ¥, T
g anfe ol FE < |

fa%q gete fead (10 WRa, 2022)

WR GTg IET b 9N P wU H, 9% Tefed
feqe &1 S fobar a7 dife gergl & diufore
T4 TRy o B IR B SFEHd @ 9
SAGRT heltg o | | ©f. 9. &, 91y, e, |
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golel TR SIFTOdhdT el W &I 3Taegdhdl TR
9a fear| <. due i, TarTee, W&r&%({a
QY YOI YT, ATgoiiad], YR A “Sefedl o
AT T4 g’ $f¥e TR Uep ardl ol YRgfdl |
39 3IfaRad, Tofeal @ Wl & IR ¥ SIrodhar
Do & oy U6 T HaTg 96 & 41 Mo
o 72T |

RIS I oo (28 WRay, 2022)

RIS et Q@ &7 SArIo faef @ el & an
# SETEHAT A vy e wfow & forg fagm
U4 U § Yabidd I eivd WA
foram T | . Y. SR, TIRT, Mguilddl, IR &
qd geufcr, < e feas ol Hen de S faemi
4 IFD AT 6 IR H 91 D |

ORI Afger feas (08 ATd, 2022)

VGAI-IS LU o MR SR Afee
e 3iR wa-HerdT TRl | 100 AR 7 W
forar| g9 g W, S, ®. T, Ared
HRIBRY 7 HRIEIT Al feaw o1 7g< & IR H
AT | $9b ST Sf. UL PRI, WY QD
(3FTY) 7 “ART IWUIEH Ud ARTIE $1 ARE”
a9 OR; . T4, B, 3, G e (fRief) |
BIY H ST b RETT H Al (bl 1 AT W
3R . 31fre e, wgaa e (TEiTUedierR)
o WRUGIR Yaud H AR B YHdr W ardi
YA DI | S, AT O, IR def1ep o Afgerel &
IR 3R T H Sa! YA & 9N H Afge

foheTT cIiT Bearrat W Tt bl |

I UrENffedl | FedT Swed e qE Td
TaIHY Hael TRac! U= BRIl (15-16 A, 2022)
TR HIY FRE0T TAHY (4 (T T 311 T) Aot
IR FAY Wee gRacH TR T gy Briemer




BT TG &b 15-16 ATd, 2022 & QR TYAe

ars ¥ fda 73T | BRI & g A, <. v, &,
PUIHAR, T4 U HETa e (SRTaT) = 30+ o
4 59 91 W SR &1 {6 Hi-uiRRefae! & e
¥ T gU EAR 9T et a1 SR febam ST
Y R 9 TaH € | <. 0. 3. 8, Fewe vd
AT, MPITI-TI LI, AR - 59 dqd W
qa fean f ameq g8 dlEfal e, ST
TR H HEeaqul © IR d TFarHul B A1 o™
UgAN ¢ | ST UL W1, g9, WeRS wel-as (At
Tq ), NP3, 5 feeell F AU qAH @ oy
SSUT HREAT I JATTIRAT W I faam, ST faamRya
ﬁaﬁﬁﬁmﬁka@rﬁawaim%wﬂﬁla
Ul BIeTel, WA e (SFHuM), TR UE,
R 1 A H e HUmS Bl H8wl W AR
T 1 7 IS} T T UGTH R Fhel @ | S, b,
i, Fers weiHend (@medl v <wm); S,
SHoa AeRIT, Jd el FEIWeud (S vd ),
IHIY, T3 (e, SF. HedT I, e M,
A, e (@) iR €. R gw, g
IS STgUl UH EIUH T, HIHSTTY + STq-310
A9 T S I AT T |

WIS UH, IR, HIH3Y-
AMIINSTATH, ¥9; IdIdhUTs, STeHrSl: 3Tl
IFERIEl BRiRTe, YR SR Sgeiiedl 9
dep, el fe el vd erail fed 50
3 318 AN A BRI H AT forT | HrRmer |
I 1 T foar |

STTGTAT <al W14 : (23 318, 2022)

ATTET ST S HEIHd B CaTIe H HTHIFTI-<I
SAXLHE, H SIEIT <dT Hal SRIGH BT ATAH
e T fore €. of a1 o vd o, geliet &, el
g fear| € oF[U SN, yuM dsnfe,
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HGITI-ITR 4 v iy a1 uRer, g
®g, J Ielde JRemT & fov wifds e
i Wl $I ggrar a1 szrmfa%mﬁﬁ
DTS W . 9, Aeed 7 BT I § oifdd
WA ol & Sffiewyr R WR fen| fEam-
ST+ aTaT T AT T T lfeh Wifde et
B IR H T bellg off T |

T ARG, TTrfHerdT SR AT
(28 313¥eT, 2022)

IRA WRER DI AEAGel Aol & d8d fafe
ud. # foam ArieRl-mfiadr gAR S &t
STaer o T fore S T, ¥ HRl], THeR,
PICAFM IR gd S 7 Uy W H B
fafoefrenor o f¥eT W gade fear | §9@ 918 S,
TE. &, g1, ARG dee iR 9, ddia, HeRe
T ‘BdId & AR | B (AR BT Fae' W
qe S, vt e, wgad e (TF A g
3R) 7 ‘BAINTE # B fafddiaxr v il vt
O B FHTEY TR gaae ey | 3id #, S, U9,
. 37N, GG e (Rem) 7 s<iTe 19y o
B fAfIEdRr § STel & SUANT B AT W AR
feaT | 39 S H 120 9 1S fha AT olaw
AT U | BRIHH | . Fal oiF iR <. e
@. I A gy o |

AMdBare-Iel ¥ (21 73, 2022)
ATdhare-RIe faaq $1 AATGH T3ret wY 4 fadid
21 93, 2022 &I forar a1 o <F. 0. drerer 3 <
¥ SAdATe-Y Bl I foE | duaed By o
Tger WU H G BHANNUN & 3feldl, $g
HHANNVN = 3 BRIHH H 9T o |

[AT: TRIG FHedTo] FRed (31 718, 2022)
YRA B AT G b TR F A BT 3
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ABIcAd’ IR W, Rd b AT JE=HAT 5 9Rd
WHR & A FArdl /I & TR Aiels
W/ FRIFE B IR H ARl F I # |
PTIHH B TeTdT S e Rig Ued, A
DAY ST T YD TG STAeIded 1 Bl Ta 7
WA JURYT o | HIHAI-TILAH. §RI
AT fhT T HRIHH BT AFEHIT TEIHHA B 11
qo @ WO ¥ SISl AT BRIGH T S, Afe
<iferd, SF. el . o aem €. U, a2 o 9
T |

frea wfaRoT feas (5 9, 2022)

39 3TN W “SIaurenfia iR GofdieiR ol
@ AT W e 341l & Uae o FHEaN” W Th
Af4TR BT SIS Faret WU H fobar T foreH <.
fasm e vd e wRem, fawufa, s wew
517507, T AR UH¥R TH. T4, ¥Sol, BIoeX U4
g, UREE Yoo ﬂﬁw&é’r Hgelee T4
SRR, Sifa FfraRid, oifdd, Juay o qaa
fey| =0 FEmH ¥ S . W g9, wEe
wRIeerd (Wl vd &) o IRAER SuRafa o
ST Wi a1 HeTTdl & |1 $9 HIUHA 4
AT foram | <. Xgel A “ged JMardl @ ufid & forg
IR WrE e 8 Wifdd ¥E Y§ed & forg
TSI YIGHYISIR A TR JaTed faam, STafds <.
e 4 AT gRRIY yeM @xd @ fav
SIqUTENRad Cod & YarT" IR Jaaa T |

74l SFEE FAEHR A B 6B (8-9 I,
2022)

WGAII-IA T IE, R S 74l e
FelledR Aff (QIRT) @1 966 WHER U .
PRI, Y@ GHeuid, o Y faeafdeErney,
SINGICS Wﬂé’ramwﬁgéla & AR,
I HEIQYd (B A=), HIpSrgy o S

25

R B AT FEANT G FUD-F T B &
ST, T offed fAHRid &R d e o
D &A1 DI UEAE FRA H AL D YA DY
T 1 | TRV & el = TR & gl or
@ faer o e 9acal 1 T Bl AR WA
ydrEHl @1 e febar| Sf. o dlerdt, wge
[FaRTe (SFREm™) < L% Y. B STHu T
q Y© fby T AU BRIBAI BT fagTEdie
(etavey) QT fopar | AMgErgu-THISNE I,
el & 4 Sfud far-famel far mar ok
T

AT, SR T4 HRAT (21 S, 2022)
WIGSU-IO T U4, H SR $T 3 Helcdd &

dgd A, SARG @1 Agferd SUIIT TG
faafderner, YR & AT Rierd 41 drere fHeR
Tl 5 9B TR & foly AN W Tl
feam | <. ifer <ifera, e e (T| A v &
IR) 9 MM WU J URT H 3R fa9 wu @
BTG H SRPI B Hefford SUINT W Il IR
@I, Tafd of. Gl &. T A SIaSdR® U I
ST W dKdl & TR @ | F 96 [ 59
BRIGH H AT R AT gU | . Al oI 3R
S g & W b g H BRIBH Bl
AHCIAYdd HY+ febaT 77T |

A fead (15 3T, 2022)

S W @, 9y, FRve 7 R H R R R
JFRM" & T8d TSN ao WEexr 3R Wl
FHARATON 9 feHid 13-15 3R 2022 & SR
3T-39 B UR T &5 HEwrT |




gdl |RT THU AfAf 1§58 (29-30 3,
2022)

WU~ 1 I U4, B 8l HRT SFTHe AT
P 5@ o W @, O, fvE, ORI, DI
e H e 29-30 I 2022 & ARM
JEfTd @ T3] S Ul BRIA, Gga U
(3TTYT) 7 ST b T F A, B Py AJEE
IR BT 3 UGy ERET R & Y
regiiad gY faaT SicR-wRente dre H fSirgH
e T & oM wfdsy @1 gfte | e &y,
Ay yeEE A OGER o, IR Rufoefar
(Grfrofiem, ifds i) e o ® «e
3ATpTe T 1T & i ared faaifya ufRaorrail
=q 3MAe fhU O T | ARTH & fedel o 59 a1
R SR fem o I vd QiaRisiia ARl & e
M R Ry e\ A 9 Ak den
IR BT Jioewd] SF|uM 3 e & fory
UK {1 ST 21feY e R Wemar uref ol
ST e 3R I[URTTCHS TSI D] GeT Dl FeTaT ol
o | Yu sraval (1 ag) 7 17 ey fawaiiya
TR T & aed el g faxai
TR BT T BT ERURINEEI
fewfOrdl T Yelg fdar 13T | |9l < el Wy

IRASTT B SU-URAGT b wI H, Uh s
RIS AT UM SfdR-Tenfve AT &
FFAIEH fopaT |

fRreren faaw (5 Rica, 2022)

WHATI-TVLIE 4 Red Gaq a1 ImoH
f3A® 05.09.2022 @1 fmm T o . w9 @
S, BT e (Fem) YR | 39 3R W
gaed foar | Wi v, vadl BTEl, a1 Aaans]
AT 3 NAfdeT HHAIRYT 1 3 BRI H AT for |

91 TR Yee AT o 9o (09 RIdaR, 2022)

qﬁf&jﬁ{-ﬂéiﬁw Waﬁg‘&ra@mﬁaﬁm
SO0 B Oy, fRve @ rwerar ¥ fidie

26

09.09.2022 T BTSTIS AlS | TN B TS | T Bl
greand <. d). o, Ryarferm, gl dowg grr ool

T &1 U T IR & T g | A Ho
fae, IR WIS AERT 7 8di STSURIT YS@
B! RGBT @1 RUIC IR VaRr <o RUIC TR @1 |
9% H TQ HRIGE! 7al BT URC bVl (BT 7 o
TR fORIR | =9l &1 775 | g Td Heeaqul il el
AT XA B WA Bl feom ¥ faaRi &7 amee-ue™
X & geEE, e edfafa @ @ v s
IR AEwTE, faw U9 oaIfHeN - g=yaTe YvTd

R fhaT |

SITRISERT Hidbfard HTHT feaw (23 IR, 2022)

WGHII-TA T I, AR 4 FCE Aidid
79T fEaRT T ST faeid 23.9.2022 B fovam T |
APHTI-AATAT, & T frawa], et
ﬂ—cﬂ Otlld%lllddnl dD"IT»{NI‘IUII Qﬂ S HISd T THIT 50
g 5 59 PRIBH § 9T foram | ST
IR H R AT S, @ B, AR, IRNS dHHD |
8 H g 7/ ufofinat @ fow foie @ w9 H
1 foa | JicRNar QO 89 & SURId, S8 STl
fewforg &7 | §9 3R W, ©f. Yol $Ied, HYa
feere () 3R S U9, &, I, Hgad
ferceras (Rrem) TR = ATafcrd HTal & 7edl & 9N
g7 | are-faare @ faoiamen @ wEv-u faaka
fog 79| €. o o, IR IS T FRIGH @
e fopa |

RT3 H. T 1131 R {399 (10 3R, 2022)

WGII-TO LI, T 3O 1d o feqd
f&Te 10.10.2022 T AT | S, 3 Geralg, o

FRIUTAD AMRERY, ST IR & UTITHRT, @ﬁ
3R [T ST HATCTY, HRA ARBIR, & A 9
forgle Serary uRee & HRU Iifdd
Refoal @& dgd Wifdd cqrdl @1 FAAhaT W
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a%ﬁgm &R DI JATaeIDh W 9o faar| St ke
FHeAurd, a@cﬂa%‘cﬁ R AR . Ra FAR

AT, FHaTD, IBISI-GHaT TR Td I &ﬁﬁ
HrIHA iR , T el AU BRI,
ST IR B qE A o
T8I BRIHH & QR TR Bl 3T JHHHAY

IS WWMIG# I iR, meY g
SIS fOPTT, Haw teffas gRecye off i

R, ST A UTey fadr B gHsH gq AT
FRATHT TR IO fea eaed fear | <5, U @, |1y,
faRre Ud Hetuld, MPSIU-RIO L AE, AR |
WM R U @I g RERICRINED!
TRIGRYT [hT | RIS & AR, . [0 $AR,
IS IS (N Sfavrenfe) d1 sgHur vd
wwﬁm‘wﬁﬁvwwzﬂwa%maﬁzom—
22 BT "FINS IS IR AR <. B, I, T,
EEISECEIIRCaCaR) ) B WM & 99
ferepTt ¥ AT < & forg ﬁ%w TRYDR
e a1 31| HRIHA & SR S, U4, &. 37,
YU dee Ud wgad Mewd () 5 qeay
fopat | fersam-denfaies arat & <R Sifdd T vees
@ oIy $IM & TRINT WR Y fosam 7o iR S¥a a1g
g@ﬁ@ﬁawwwwmﬁw%ﬁmﬁ

Tl BT G {7 T |

DT SAFTHDH TG (31 3ACTIR-6 TadR, 2022)

Sf. Gt &. I, Areel SHIBRI = Faddl SRTwaT
Wwaﬁaﬁﬂ'ﬁfﬁaﬁﬁaﬂmﬁmﬁﬂm
31 JJFCR W 6 AR, 2022 T QR I fbar
AT | YN, WRER Jooivls Ueel &l Rl &
3R R (e, <. 0. &, 919 = ) BRI 6
-SRI TG I Tohal foaq @1 39er feaTs |
SR AU FaEH H 9 FHARITON Bl BRIty
YTAR B ABAM & IR § SIT6H (T | 4 of. .
I, Aga |igd (FRI) 7 TRMER AGAM Sl 3R
Dl W fSH1H 03.11.2022 DT Ve AR 34T | .
TH, . O, Al SABINI, HTHATU-o1 % U4,
R AR B HRT TG H, ARG B A H 7
ST UTH T BT TSI o |

vy

HRIETT RITHTST SY-WHAfT BT SRT (11 FdeR, 2022)

AT RISMIST SU-AHAfT 7 {3 14.11.2022 &I
HATU-A T HH, TR S GRT o |
1. ST IgTON e, WS e, RIS (Pragraj)
TS S, ST SR Grilel |, THe e,
R A 9o | A1 forar | . vd. W, g4, WeRd
HEIQUH — UIGURIRETD Ud Sild RET 1 |3y
AR & U & wu H d s 3R, S 9 i,
%iw STHIT, HTH3ITU AT, o 96 H 9N
|

fareq et feaw (5 fawar, 2022)

AHITI-TA LI, AR o G g : et
G~ @ IR Bl 8 W (ol 05.11.2022 B
BI319S HIS ¥ fded a1 faaw I o | HRisH
@1 g Y, A shed e A o
faemyes, eREIar URge, AR A U SuRYfd 4
YARIE &1 TRAT 9615 | I BuiNme H gl
vareen Reftll & wae ¥, R & W a7 wared
YR A 3 FARC U4 TGRS TR R B
IR ¥ 9 DI | 39 BRIDA H, S AR B, ],
GRS ThiIen] TRHRIGIA, THIIRYY, 5 faeet! 1 a1
@ﬂg%ﬁmwaﬁ?wgwwaﬁaﬁla
UK RM, 79, B, TR gl tr%lww ol
YT |ied JaT WReY & JT6ER H HRIcHd
Tfcrfaferal & g ¥ a1d ol | . 9. @, 1Y, MAIL I,
4. 7 el Y & oy 7e7 @Ry § guR a8
PHTE JFHUT 3R HRT Siafafeeral W AR |
fepATl, HHARRTON, JaT ATaaTIal Afed 140 ¥
e AN ¥ 39 HRIHH H qgarel TAT Hifere wY 4
aT forar) S5 gElie @, v, ue denie e
S STETBR, BRIHH BT« T4 [T |

TR AT §3F (13-14 fe=AaR, 2022)

WIGSU-VL T U4, Uaaqiiy FHle d86 <f. T4,
1. T, qd efdfcl, THUIYUCT SEAYR Pl SFeder




4 f3A1d 13-14 [GHaR 2022 BT IV F U4, AR 4
R @ T, O € 1. el Selrell, 4d
SIIRTE TAUY, fRER U4 WRAUe e,
HIGE-CRiagied ¢ feeefl; S v, 1. Wi,
FTAI Feersd, dreiddl JrleT, €f. Fara
Rie, ¢ Freers, Trdntiohan ¢ Reeh; 3R T,
o §% gopiie; . TH. ST Y, 7d T, UIey
TREV, JMSIATZYAIR, STef®; S ol TH. A,
(IR, SregR JqAY; 3R €f. i e,
YT (IS, AP0l I U4, TR Aig &
U H IuRerd o | €5 0l &, 8, e 7 qore
fhed @ A1 1L FL U9, H SUBHT & AR Bl 5
T Ugall Afed R @ fharhart & aR # fawr
< AT | €. 3t S, e Afed o HIhu-
TN FIH, AR B TSl FARE W TR BT
TRAIARYT fobar| < Al B, Wged e
(BFEEH) T WIGAIURIVILUE, Bl TN
v, g e (Rvem) = e el Suafemy
T IR PRl ot |
€l UH. T, 98, Aeue, o 31U URMd
fewfory & g9 a1d W WR {3 b R &1 98]
HUD- 3IR M- FIUsHA g A1y T
WM & 6T I U B o 9 | Tewi ol I
I8 ol & TR & U 3HuT AR e & forg

A= fawy-emarell # Hepr Fewl &l qui Sierera
B ARy Y TETER gl @ifvier @e &g
I & SIS &I A § HRIBA TR A
eV | AR A faAld 14.12.2022 D1 IFTHH
B 3R WANRIART & AR fea e arg
TR < JeNdi T BET A Sd FHH
FRIGH & qN H qAT WIE F IR b IR A
I D | S TelTdl, TR 7 I W T
T BT Bl STSHADT & Seef & fory e
qaiil §TYC YT axe qol TR H qd W@
AR~ STSCRIa HRIHH W = oA U A B IR
4 I B | RBIRE] DI 966 B AT T, i
T & e H &I Jebeiieh] RUT SIS |

28

T, SO U o et
Py fohe faaRoT (25 WA, 2022)

(o9 HAR, dferd vdl. ERfaR, U6 . 9 i,
o, STER, . W, T Ud el dfera)
feeaT & AR TTidl 9 |afdd 10 Wew aRari a1 Bt
50 FEHEE] UTe fohe fIaRa @1 18 3iR Fewad
qrer # el @1 W S @ forg S Sfd
gfreror fera T2 |
eotl §191 febe @i 3ieelir arey (08 AT, 2022)

TEITTd & SfaTe fohart b el 19T fobe 3R
3irwefTg areut o1 faaRoT fvar T |
AR U fqeRT (28 A, 2022)

(T, @. 3r)

feceT 3R gRRaT YRSl & fham @ <1 Aler 1Y (3
Tl ) faaRd feg g |

GAaRy 3dhel UYEH IR JMEUHUE T4

AT~ AR MSUBUH (18 3V, 2022)
(arferer e, faee @, R, o i)

WIHIU-AN 3 04 | {1 08.04.2022 T TLEH
STERT T P STl (v S O T) o
P TIRT JTETHTH (T M Th TH) @l

Iqere fdar 73T |
& &I faRoT (10-20 S, 2022)

WGAIURIOI L AE. §RT SRR i faeRor
HIUHA & SR, AR el & feeaT yEe o Hafda
134 WX YRART &I TRl GRASHT & 3
g (e avrl) @ 140 fddea o i @
faeRoT fovar a7 | fharel B @O 2022 & IR
TR G B S ® folt IAeH ¥ G
el @ 98 H 9arm T4 g e, foe’t
TGS & 370 WiTes URART DI TG RIS
& ife g1 A faaRa fpg v |
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fear sraiig R foarye @ed) @

SHTC (10 IR, 2022)

(ERRERIN)

WPHAURIS G UE. fbae  smardia e
[GAIT[E &1 IgUIed Sl 3G qoldl, G
HRIUTCTd MBI, I IR &5 TR, iy
3R fHE™ HedToT HoTe, IR ARBR 7 fe 1 10,
102022 BT 11d YU fead BRIHT T IR TR

forar 519 €f. R/ FAR Svare, GHaad, shrSi-
<feror ORRm vd 4 e BRimd vd e, @
Bell AU BRIHH, JFAICT THH PN
FTHIE dw JURYT | 39 [HEFUE A
v od v dva & qed el
framt a1 sreurafiie Smaria ufiErr < & forg
faepfrd f&ar T & | SRieH &1 FHad . fam
BAR, AN def1fTe Ta FRIETT FHaa o fda |

THUGHYT e, HSIcl H ! &1 ih--Hd Tq
e RT

(fo7 BAR, sherR o)
WHII-T I HH, T BIFR B HRIBA (T Th
) Rerdt, daelel ¥ feAId 17.11.2022 &1 U favitg
3fp-bra URIE Ud S (TaqUIoR) SR
o foham | THUEHdT @ AR W TSRS AA

29

gRT M forg Tg v it & @t 80 foramt o
e el B SR febar RO BodHrer gade
TTer Ud 2R 3T, T eall W, &Y: Hiefigred
U4 qahe W, WRET, HY-THER dg (T 0 ),
A, I TTef TS U4 UHRATE, qrfem et
21 <R & <M foramt 7 fafes amft o e,
g AN wfed orufard Rl vd il e & ar
# gfoefie fom @ 9 @ | e sifaRa,
fep-ITI aral 5 &1 01 SIS febam T
el dEel 7 fGEHl §RT I8 Y Y 6
AT {67 3R Tl Bl SAaiifaeT § GuR o
2] A IR B AT TA WISR AN B
I H qART| BRIGH T FH S, I FAR,
T Td Sowd! Ui $He | o ok
Sf. a1 qdwor, S o R Ayl SrimE @
NEICERERIN

SIodl & SFeT TCafeR (2022-23)
(sfleR o1, RIT ST, HACT ARR))

SIUEYl I 2022-23 @ AR, T 10
[T Bl BT AU (B & 9 AR & feeat
TGS § 12 A, AT BRI, IRATSs, Grar, T,
IO 9 IR 614 AN/ TaTES AfRery
AT T3 |




Y 2022-23 B SR ATAY ST & FAIT dATs g Tffaferds

( \U

NNNNN

%. 9. T e (&) | () | et (&) R fbu T g
1. Yl
1. [oRR 1 239900 [ 10 PN
2. | e 04 197920 | 40 HIANT, TRATESE
3. [ Iw 2 275180 |20 BRI, WRATEIEE
1. |
4. g9 a 140 fd. | 365820 134 BITRT, FRATE(SE, Aell, qra, A,
T@d gy, TREETol
5. |@ea | 2000 112000 4 PRI, HRATEISE
o
6. | ¥R 1159 | 286235 115 PHAAN, T, WRATEISE, PRI, TR
7. |ewfee  |sow 167200 50 PHATR], FRATEIST, T, UTeR, P
8. | Riels 79 | 109 99900 10 BT, WRATE(ST
9. |l 4 31fd, | 387575 111 DHIANI, 1, FRATE(SE, TN, I,
iﬁq ﬁ;:” 41 f 0. A T
) 4.4fHd
10. | T 9eRYT | 120 4 274800 120 I, 1, ARAENSE, Trer, AU,
P13 () WES), g, gRYarR, dedr, IRE,
R |
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TS Ao & dgd Tfafer

(A, 7erer)
TISVa, HeTerd & I

SR g, STR-Yd T piY faeafdenerd (T
g U9 Y, W IR, e TR Rew, A,
HETCrY; FTelT aTfoTsy SR SErT B (SRIT ars ),
T, HEeR WK, 3R AIGHU-o L U9,
TR, BTG 1 THIY T T4 AR i, el
TRT foed et & sfcrta fafficady ia # fodid
10.14.2022 B “SifdH T W8T UG B! dSND
fafey” w us g feawiia drerer ufierer vd eriemer

T T B U RIS f26T | e Sy, o-argt
TR, TIEYTY, T IRER, FHER GoArr Tod,
THRGI D8 B IS ADN, S, IR, FRAGAR,
ST & PRI waeras, A Rifeads T &
AT 7 39 HRIATA § AT foran | SO el 150
et T 8U |

B By fdeafdemery grbTet o1 yf

SR @ &7 (T § @) ¥ et @ s
3w fadr 3R BT & forg AT, S7pTel e

G-I T Y, 1 FrfoiRad emar o
B! BT GG B ¥ AT [T |

Lo yfRrerer dripH ke J4afer uq | arAmRRy @t W,
ESIE|
L | 9efve #oell ool (21 - 23 FaR, 2022) RT3 25
fest
2. | o S arel el @ Wl (30 TR - 2 Rwar, | AOIRA H 3 30
2022) fes1
3. | dsnfe Bade we (19 - 23 AR, 2022 9 Ui gy | AR H 3 110
Tfreron) fes1
4. | 9T Bal § FdHE Sifdd e drenfier W ffamd # 3 25
ITRIE TfeToT Ud geee fed
5. | 3], Beer ¥ LA Td T GEU (28 - 30 AWK, 2022) | NI, HEAT H 95
3 fed

31




AT IH. gRT AT 9fS R /AR

%. 9§ | AR @1 e fafer I & ISl / SRS At
GRT TR bRT
1. | amoiifder gRem & fou fde ok | 23.4.22 ST, U <1, YuT S, AThargd
Tpfas Wl BT gerar oA TASTE ST URwER, Y @,
SRS, FYRT |
2. | SiguEnfier v dIeidiesiR ol & | 6.6.22 S TH. UA. YSel, RIS U4 e,
qeFH A Sifdd <drdl BT gAY PR Dbl TR 9l AMRIE BR
HHTGAY aCAdd GildodR,  dfdlce U4
gofifaR, sifed gfafidl, «ifed, T
e, gudq |
3. | 0T YRR YT &R H SiqurEifier | 6.6.22 S @Y. T AR, R O e
4. | B <919 Y9UE d foIv gAY SiEl @f | 13.6.22 SI. FAINT ATE, T g fede VI U
YEd Ud SETraui RAGIAEISINE- DR LR R CL
SIFM SR A, T8 e |
5. | pR-vare fawrdadr @ denfhfmereh | 24.09.2022 | S AT Ale), HET dsiieD,
e R e
6. | Urey I B AH T ATAIHD 10.10.2022 | &f 43 wRARTI-SiTeA, U ey, Urey
SIERE! fJr Siafae o, Hed i
TEY YT SJHETT AT, ST |
7. | smpme Arefiee @ SR ey [RewT | 31.10.2022 [ @ AL v, UgE dsie, B
B GAT CICEEIR]
8. | MRd ¥ FHamEl AT B SPE olfdd | 28.11.2022 | . . A, AR, YoTH deMd (@ie
RER ), ATpargE- P Fie
AT @RI, S |
Ty 2022 B IR THNERT THIY
WIHAU-R1.01. % U4, 7 BT & YIS0 I GTal ol HEANTIHS FTHLT 3R FTDRR BT & UHRIeT
AT BHIST U &3l H ORI FADRR AHET @1 911 o & fore aresiad ey fodt e
& forg <rdaTford HedT a7 &g fodid 2352022 ¥idgg Tfcfaferat & &5l BT e | vEd gy, WU,
T ToMT faorRrer Riftrr oY fovafiere (@R U, IR 3R ufed Adwia fawafdere (@ oR

4 T & Sy), TaToRR (Aed US¥T) & 1 THeITY,
TR R oy |

32

T 3), AR & 94 GA1d 01.06.2022 DT T 3
T TR B 6y |
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INTRODUCTION

The Indian Council of Agricultural Research, New

Delhi has established two National institutes for
carrying out research on biotic stress and abiotic
stress at Raipur, Chhattisgarh and Baramati, Pune,
Maharashtra, respectively, besides opening Indian
Institute of Agricultural Biotechnology at Ranchi,
Jharkand. ICAR-National Institute of Biotic Stress
Management was started with the vision of
'Effective mitigation of biotic stresses for
enhancement of farm prosperity'. The mandate of
ICAR-NIBSM has been modified accordingly
which include: 1) Basic, strategic and adaptive
research on biotic stresses in crops and
2) Development of quality human resources for
academic excellence, linkage with various
stakeholders for technology management and policy
supportresearch.

Before switching to the School concept,
ICAR-NIBSM worked on four research
programmes in the Section concept, including
1) Pest and pathogen genetic resources (PPGR) and
their management, 2) Molecular biology of biotic
stress reaction, 3) Genetic and molecular resources
for stress tolerance, and 4) Strategic and adaptive
research in biotic stress tolerance, during which 18
institute-funded projects and six externally funded
projects totalling Rs. 802.76 lakhs were conducted.
Since April 2021, NIBSM has operated under a
school-based model, with four schools: School of
Crop Health Biology Research (CHBR), School of
Crop Health Management Research (CHMR),
School of Crop Resistance System Research
(CRSR), and School of Crop Health Policy Support
Research (CHPR). Twenty scientists in total,
including the Director and Joint Directors, have
been working to form multidisciplinary teams
within the institution.

Few research gaps were identified based on
the recommendations of 5" and 6" RAC, QRT
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(2017-22), vision documents and goals of
sustainable development in Agriculture (SDA)
before formulation of EFC 2021-26 which includes
1) Real time estimation of crop losses due to biotic
stresses, 2) Novel genes and mechanism for biotic
stress mitigation, 3) Systematic monitoring and
mapping of invasive and trans-boundary pests,
4) Climate change effects on pest-pathogen
interactions and one health parameters,
5) Parameters and mechanism for combined abiotic
and biotic stresses in crops and, 6) Ecological
foundation of epidemiology and pest dynamics
under emerging production systems. According to
EFC 2021-26, each school was created with a
distinct goal, thrust areas, flagship programmes, and
main and sub-programmes that did not overlap.
Under various programmes, eleven new institute-
funded initiatives, including three flagship projects,
were developed.

Forewarning and estimation of agricultural
losses, novel genes discovery and validation for pest
resistance, and a national strategic crop health
monitoring network (NSCHMN) were developed as
of three flagship programmes. In progress at [CAR-
NIBSM are a few inter-institutional collaborations,
which include 1) Weed genomics with [CAR-DWR,
Jabalpur, 2) Exploring rhizopheric microbiome
diversity and pest dynamics in conservation
agriculture with ICAR-DWR, Jabalpur, and TARI,
New Delhi, and 3) Weed genomics lab with ICAR-
DWR, Jabalpur. 3) The impact of climate change on
human health with ICAR-ITIAB, Ranchi and
GADVASU, Ludhiana and, 4) The discovery of
novel genes for biotic stress with ICAR-ITHR,
Bengaluru. Seven research areas, including rice [IPM
modules, real-time crop loss, utilising crop wild
relatives, diagnostics and barcoding of microbes and
pathogenic races, genetic groups of sucking insects,
nano-formulation of insect pheromones, and
national strategic crop health monitoring network,




are in various stages of discussion for collaboration
with ICAR institutes and the SAUs.

Various agenda pertaining to research,
education, institute building, and administration
were covered at the 7" Research Advisory
Committee, QRT (2017-22), and 9" Institute
Management Committee meetings. Out of 25
national awareness campaigns conducted at
NIBSM, Garib Kalyan Sammelan and the
Parliamentary Committee on Official Language are
two noteworthy national-level awareness activities.
The modernization of NIBSM farm, the
construction of a glass house, the main gate, a
security hut, faculty housing and residences, an
electric substation, an overhead water storage tank
for residences, a tube well, a vehicle parking shed or
garage, a connectivity road, and a shopping centre
are just a few of the infrastructure projects for which
abudget of Rs. 19 crores has been allotted.

Nine M. Sc. (Ag.) students were allotted
into the six courses of Agricultural Entomology,
Plant Pathology, Agricultural Microbiology,
Molecular Biology and Biotechnology, Genetics
and Plant Breeding, and Agronomy as part of the
NIBSM education programme, which was launched
in partnership with I[CAR-IARI during 2020-21. Of
those, eight of the first group of admitted students
have finished their theses. The second group (2021-
2022), which consists of 16 M. Sc. students from six
different disciplines, has been working on their
research problems.

In 2021-2022, 2065.32 lakhs (98%) of the
2105.43 lakhs budget were used for various
operations, such as research, administration, and
institute construction. Out of the 1688 lakhs
allocated as a budget for 2022-2023, as of
December 15, 2022, 1108.55 lakhs (65.7%) had
already been spent.
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VISION

Effective mitigation of biotic stresses for enhancement of farm prosperity.

MISSION

Alleviating biotic stresses for increased agriculture production.

MANDATE

. Basic, strategic and adaptive research on biotic stresses in agriculture

. Development of quality human resources for academic excellence, linkage with various
stakeholders for technology management and policy support research

OBJECTIVES

. Provide scholastic leadership in contemporary areas and ol ler post- graduate degree in
identified areas

. Develop suitable research projects in network mode on pernicious pestilence issues with
desired plurality and priority

. Develop relevant policy support research for biotic stress management
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WEATHER REPORT OF ICAR-NIBSM, RAIPUR

Station: Raipur Monthly Meteorological Data: 2022
n i - Relative Vapour e | @
Month Te::;. Tell;:). Faz:lli R Vel(l)lclity r::lll())(l)l Shlillllle
co | co | mm) | 9 (%) (mm) (Kmph) | (mm) | (hours)
I |0 |1 |
Jan.22 | 251 | 131 20 6 89 | 50 |11.4 |109 | 3.1 59.8 6.2
Feb.22 | 295 | 138 4 2 80 | 31 |105 | 9.9 1.6 99.5 6.9
Mar.22 | 359 | 18.1 0 0 79 | 22 | 148 [105 | 22 |1662 | 75
Apr.22 | 416 | 252 0 0 50 | 28 | 154 |112 | 42 273 7.1
May22 | 411 | 263 | 40.1 4 61 | 29 169 [123 | 35 |2491 | 76
Jun.22 | 398 | 368 | 705 10 | 67 | 39 [208 |1901 | 38 286 5.8
Jul.22 | 314 26 | 3204 | 22 | 89 | 72 |235 | 226 | 42 89.5 3.4
Aug.22 | 312 25 4411 | 28 | 92 | 78 |253 | 237 | 3.9 98.2 4.1
Sep.22 | 317 | 248 | 1685 | 10 | 92 | 77 |227 | 222 | 28 78.6 42
Oct.22 | 308 | 227 | 553 6 90 | 54 |166 | 163 | 22 106 7.2
Nov.22 | 301 | 165 0 0 88 | 30 |125 |10 | 1.1 78.8 7.5
Dec.22 | 288 | 146 0 0 77 | 41 | 156 | 123 | 46 70.3 5.1
Total - - 11289 | 88 - - - - - 1655.0 -
Average | 33.1 | 219 - - 79 | 45 |172 | 151 | 31 - 6.1

Annual Report 2022




RESEARCH HIGHLIGHTS

School of Crop Health Management
Research (SCHMR)

Programme: Real-time estimation of crop
losses

Project: Monitoring, forewarning, and
estimation of economic losses due to biotic
stress in rice/ wheat crops using special and

machine learning techniques
(CRSCNIBSMSIL202101000047)
(S. K. Ambast, Mallikarjuna,
J., S. K. Jain, K. C. Sharma,
R. K. Murali Baskaran)

Timely detection, forewarning and estimation
of economic analysis due to biotic stresses are
important for effective crop protection. High
resolution optical sensors (air/space borne RS)
along with data analysis techniques (machine
learning/pattern recognition) enhances the
scope of accurate detection and forewarning.
A flagship programme was initiated to assess
the real-time crop losses in rice and wheat due
to biotic stress using satellite remote sensing
data and machine learning technique with
specific objectives (a) to develop methodology
for real time surveillance, disease detection and
forewarning system using satellite remote
sensing data and (b) to develop integrated
predictive model for estimation of economic
losses due to biotic stresses. Few basic
information including satellite remote sensing
(SRS) data from Earth Explorer platform
(Sentinel-2; Resolution-10 m; Date of Pass-
22.10.2021 & 27.10.2021) were retrieved and
pre-processed with base map to extract
geometrically corrected image of the study area
(Raipurdistrict) (Fig. 1a,b,c).

Fig. 1a. RS Data (Sentinel-2: 22.10.2021)

0
"o

Fig. 1c. Extracted RS image of Raipur District

Extensive field survey in two different transects
was made to collect ground control points in
prevailing rice crop during kharif 2022. The
geographical coordinates were monitoring
through a hand held global positioning system.
Although several patches of rice crop which
were affected due to yellow stem borer (YSB)
and brown plant hopper (BPH) were observed
but the severity of attack was very low (mostly
between 5-10%). An attempt would be made to
establish the relationship between reflectance
characteristics with the ground control points.
Further, a framework for crop surveillance and
integration of hybrid prediction model would
be developed.
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Programme: Climate change effects on
chemical ecology and One health parameter

Project: Development of plant volatile
organic compounds (VOCs) repository for
pest management
(CRSCNIBSMSIL202100300040)

Standardization of organic solvents for

trapping of plant volatiles induced by rice
vellow stem borer

(K. Murali Baskaran, Yogesh Yele,

K. C. Sharma)

Organic solvents may vary in their efficiency to
wash and dissolve the plant volatiles trapped in
the absorbent through dynamic volatile trapping
unit. In order to find out a suitable solvent for
trapping maximum number of plant volatiles
induced by insects and other treatments, an
experiment was conducted with rice yellow
stem borer. Potted rice plants (cv. Swarna),
aging 25 days were infested with yellow stem
borer (@ one second instar/plant. Potted rice
plants were maintained in undisturbed
condition for 12-15 hrs and subject to dynamic
plant volatile trapping unit after covering the
soil surface with aluminium foil sheet, for five
hours. After running five hours, the adsorbent
along with volatiles were collected and washed
in ethyl acetate and dichloromethane,
separately and analysed through GC-MS.

39 40

40 -

35
€ 30 -
=
g 25 - 22
E ® Adsorbent

17

= 0 16 ® Adsorbent in EA
2
'E 15 11 ® Adsorbent in DCM
2 10 T F
z 56

5 1 1

0 - T T

HC AAE  Others  Total

HC: Hydrocarbons; AAE: Acid, alcohol, ester;

EA: Ethyl acetate; DCM: Dichloromethan

Fig 2. Composition of volatiles in different extraction
methods
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The adsorbent with volatiles was exposed
directly in thermal desorption of GC-MS. The
volatile profiles detected were compared to
identify efficient method for trapping maximum
number of compounds.

A total of seven, 39 and 40 compounds
were detected, using GC-MS when adsorbent
alone, adsorbent washed in ethyl acetate (EA)
and adsorbent washed in dichloromethane
(DCM), respectively. Twenty-two
hydrocarbons were detected in DCM as
compared to only six compounds in EA.
Similarly 11 acids, alcohols and esters and
seven other compounds in DCM and 17 acids,
alcohols and esters and 16 other compounds in
EA were detected. On considering the number
of hydrocarbons appeared, it is concluded that
DCM is efficient to wash and collect volatiles
from adsorbent (Fig. 2).

Volatile profiles induced by yellow stem borer
and chemical elicitor inrice

Potted rice plants (cv. Swarna), aging 25 days
infested/treated with yellow stem borer and
jasmonic acid 5 mM. The volatiles were trapped
with dynamic volatile trapping unit as
mentioned above. After running five hours, the
adsorbent along with volatiles were collected
separately, washed in dichloromethane and
filtered through Whatman no. 1 filter paper.
Three samples containing volatiles emitted
from soil and induced by yellow stem bore and
JA treatment were detected through GC-MS.

A total of 37 compounds, induced by
rice yellow stem borer were detected which
included 25 hydrocarbons belonging to alkanes
and alkenes (Tetracontane; Hexacontane;
Dotriacontane; Pentatriacontane;
Tetrapentacontane, Dodecane; Hexadecane;
Heptadecane; Octadecane; Cyclododecane;
Dodecane,2,6,11-trimethyl-; Decane, 1-iodo-;
2,6,10 Trimethyltridecane;
Nonadecane,2,6,10,14,18-tetramethyl-,
Nonadecane,2,6,10,14,18-pentamethyl-;




octadecane,2,6,10,14,18-tetramethyl-;
Nonane, 5-methyl-5-propyl; Heneicosane;
Eicosane; Tetracosane; Z-5-Nonadecene;
1-undecanol, 1-Decanol, 1-Hexadecanol,
1-Tetradecanol 25) and 12 belonging to acids,
esters, alcohols (Carbonic acid, decyl
heptadecyl ester; Docosyl nonyl ether; Nonyl
tetracosyl ether; Nonyl octacosyl ether;
I-undecanol ; 1-Decanol; Formic acid, decyl
ester; Butenedioic acid (Z), monododecyl ester
(3); 1-Hexadecanol; 1-Tetradecanol;
Benezenepropanoic acid).

Only 15 compounds were detected in
jasmonic acid 5 mM induced profile, out of
which 10 were hydrocarbons and 5 were acids,

™ i b r o f o m po unds

HC: Hydrocarbons; AAE: Acid, alcohol, ester
Fig 3. Volatiles shared by YSB & JA

Screening of major synthetic form of volatiles
induced by rice yellow stem borer and jasmonic
acid to T. japonicum response through choice

test

Twenty selected synthetic chemicals detected
through GC-MS were screened at two
concentrations of 200 (2 mg/10 mL) and 500
ppm (5 mg/10 mL) by adding appropriate
quantity of distilled HPLC grade hexane for
their efficacy on parasitic activity of
T japonicum. Corcyra egg card measuring 7 x 2
cm and holding approximately 80-100 eggs

34
35
30
25
25
20 B Volatiles emitted by soil
15
15 12 B Volatiles induced by Y58
20 # Volatiles induced by JA
10 T
. 5
5] 3
Pa ] -
T T 1
HC AAE Total

esters and alcohols. Six compounds including
Hexatriacontane, Octacosane, 2-methyl-;
2-Methyl pentacosane, Carbonic acid, decyl
pentadecyl ester; Carbonic acid, decyl
hexadecyl ester and Carbonic acid, decyl
octadecyl ester present in JA induced profile
have not appeared in YSB induced profile (Fig.
3).

Nine compounds detected using GC-
MS Tetracontane; Hexacontane;
Dotriacontane; Pentatriacontane;
Tetrapentacontane, Heneicosane; Tetracosane,
Carbonic acid, decyl heptadecyl ester and
Docosyl nonyl ether have appeared in both the
profiles, induced by YSB and JA alone (Fig. 4).

m yolatiles shared by Y58 & JA
® New volatiles induced by JA

Fig 4. Volatiles emitted/induced by soil, YSB and JA

were subject to treatment through choice test.
Egg card containing hexane washed eggs were
treated with synthetic chemicals at two
concentrations separately and shade dried.
Hexane washed and untreated eggs of Corcyra
were considered as negative and positive
controls, respectively. The egg cards were
arranged in a plastic container (8.5 cm diam;
5 cm height) @ 22 egg cards/container and the
parasitoids were released at the centre @ 1:6
ratio (parasitoids: treated eggs). The per cent
parasitization was observed on 7" day after
exposure. Each treatment was replicated twice.
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Table 6. Per cent parasitism by 7. japonicum, as influenced by YSB and JA induced volatiles in rice

Molecular % parasitism by 7. japonicum on 7" DAI
S. No. Compounds formula
200 ppm 500 ppm

1. Dodecane C12H26 52.1™ 58.4"
2. Tetradecane C14H30 72.68 70.5"
3. Pentadecane C15H30 36.5° 40.6°
4. Hexadecane C16H34 31.4° 39.1P
5. Octadecane C18H38 94.8" 92.5"
6. Nonadecane C19H40 35.6° 31.74
7. Eicosane C20HA42 93.8P 92.5"
8. Heneicosane C21H24 75.41 77.2¢
9. Docosane C22H46 90.84 91.8°
10. 3- Methylpentacosane C24H54 91.0¢ 90.54
11. Hexacosane C26H54 70.2" 74.4"
12. 2-methyl heptacosane C28H58 542! 62.2™
13. Cyclohexane, docosyl C28H56 64.5' 71.6%
14. Octacosane, 2-methyl C29H60 62.43 64.1"
15. 2-methyltriacontane C31H46 51.8™ 68.4]
16. Dotriacontane C32H66 471" 57.5"
17. Tetrapentacontane C54H110 58.5% 65.2"
18. Hexacontane C60H122 59.1% 69.4'
19. | Tridecanoic acid C13H2602 78.9° 75.1"
20. n-Hexadecanoic acid C16H3202 91 _4“l 90_4‘7l
21. Hexane washed eggs - 26.8" 28.1"
22. Untreated control eggs - 92.1° 94.5"
SEd - 0.301 0.284

CD (p<0.01%) - 0.824 0.767
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YSB: Yellow stem borer; JA: Jasmonic acid; DAI: Days after inoculation




More than 90% para51tlzat10n by
T. japonicum was recorded on 7" day after
exposure at 200 and 500 ppm of octadecane,
eicosane, 3-methylpentacosane, docosane and
n-hexadecanoic acid which was comparable with
untreated eggs (92.1%) and only 26.8% to 28.1%
parasitization in case of hexane treated eggs.
Around 60% to 70% parasitization on eggs
treated with Tetradecane, Heneicosane,
Hexacosane, Cyclohexane, docosyl,
2-methyltriacontane, Hexacontane and
Tridecanoic acid was recorded. Pentadecane,
Hexadecane and Nonadecane least supported to
the wasps to cause only 30% to 40%
parasitization (Table 6).

Effect of chemical elicitors on management of
chickpea pod borer

During the rabi 2021-22, a field trial was
conducted on the chickpea crop (cv. RVG 202) to
evaluate the efficacy of priming with four
chemical elicitors at two concentrations on
imparting tolerance against pod borer. Chickpea
seeds were dibbled on 16.12.2021 with a spacing
of 30 cm X 10 cm in field no. 71 of the research

v

V' ICARNational Institute of Biotic Stress Hanagement

farm (Fig. 6). Ten treatments evaluated in field
experiment were T,: salicylic acid (2.5 mM);
T,: salicylic acid (5 mM); T,: methyl salicylate
(2.5 mM); T,: methyl salicylate (5 mM);
T, jasmonic acid (2.5 mM); T,: jasmonic acid
(5 mM); T,: chitosan (2.5 mM); T, chitosan
(5 mM); T,: carrier spray alone; T,,: Control.

Each treatment was replicated thrice and
each replication measured 3 x 3 m. An isolation
distance of 1 m between two treatments and 3 m
between two replications to restrict the movement
of plant volatiles induced by elicitor application.
Four elicitors were sprayed at two concentrations
of 2.5 and 5 mM, using one liter hand operated
sprayer on 30 and 40 days after dibbling of
chickpea seeds. A treatment area without
application of elicitors was considered as an
untreated check (control) (Fig. 5). No insecticide
was applied throughout the experimental period.
Observations on number of larvae/10 plants was
recorded on 37, 44, 51, 58 and 65 days after
sowing. The per cent pod damage was recorded
on 79, 86 and 93 days after sowing. Grain yield
was recorded at the time of harvest (kg/ha).

Baronda Farm, Raipur, Chhattisgarh

......

Project title: Development of Plant Volatile Organic Compounds (pVOC)
Repository for crop pests management

Experiment title: Field evaluation of exogenous application of chemical elicitors on
chickpea resistance to Lepidoptera pests

Season : rabi 2021-22 Variety : RVZ 202

DOS 116122021 Field No. 17

Plotsize :9m’ Spacing :30x10 cm

Treatments : 10 Replications : Three
Treatment

T,: Foliar spray of salicylic acid 25 mM Twofoliar sprays, 10 days interval;

T.: Foliar spray of SA 5.0 mM

T,: Foliar spray of Methyl salicylate 2.5 mM Observation: No. of larvae/10 plants; pod damage/10 plants;
T,: Foliar spray of MeSA 5.0 mM yield kg/ha

T,: Foliar spray of Jasmonic acid 25 mM
T,: Foliar spray of JA 25 mM
T;: Foliar spray of Chitosan 2.5 mM

T,: Foliar spray of Chitosan 5 mM
T,: Carrier spray
T,; Control

PI: Dr. R. K. Murali-Baskaran
CoPI: Dr. Y. Yele; Dr. K. C. Sharma

Fig 6. Experiment set-up in evaluation of chemical elicitor against wheat pink stem borer

Four elicitors were sprayed at two
concentrations on 35 and 45 days after dibbling of
wheat seeds. A treatment area without application
of elicitors was considered as an untreated check
(control). No insecticide was applied throughout

the experimental period. Observations on per cent
dead heart was recorded on 42,49, 56 and 63 days
after sowing. The per cent white ear was recorded
on 73, 83 and 93 days after sowing. Grain yield
was recorded at the time of harvest (kg/ha).
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Table 7. Larval population and pod damage in chickpea, as influenced by chemical elicitor

Treatment* Larvae/ | % reduction | % pod | % reduction Yield % increase
10 over control | damage | over control (kg/ha) over
plants control
Salicylic acid be d e
25 mM 30.30 17.51 10.33 15.67 2466.67 9.46
Salicylic acid b c c
5 mM 29.40 19.96 9.72 20.65 2488.89 11.44
Methyl salicylate b d d
25 mM 30.20 17.78 10.30 15.92 2477.78 9.87
Methyl salicylate b c c
50 mM 29.20 20.50 9.88 19.35 2488.89 10.27
Jasmonic acid a b b
25 mM 26.73 27.23 9.34 23.76 2600.00 14.10
Jasmonic acid a a a
50 mM 25.80 29.76 8.59 29.88 2622.22 14.83
Chitosan 2.5mM | 35 ged 10.54 11.28¢ 7.92 2344.44° 4.74
Chitosan 5mM | 37 7g¢d 13.45 11.06¢ 9.71 237778 6.07
Control 36.73¢ - 12.25" - 2233.33" -
SE() | 0.127 - 0.063 - 0.0001 -
CD (P>0.01%) | ¢ 172 - 0.087 ~ 0.0002 -

*Mean of three replication

Means followed by same letter(s) are not significantly different

Two rounds of application of chemical elicitors
at 2.5 and 5 mM on 30" and 40" days after
sowing of chickpea reduced the larval
population of pod borer and pod damage. The
maximum reduction of larval population
(29.76%; 25.8 larvae/10 plants) was recorded in
the treatment of jasmonic acid (JA) 5 mM,
followed by JA 2.5 mM (27.23%; 26.73
larvae/10 plants). The effects of salicylic acid
(SA) and methyl salicylate (MeSA) on the
population of pod borer in chickpea were on a
par with each other, recording the reduction in
larval population from 17.51% to 20.50%
(29.20 to 30.30 larvae/10 plants) while in the
control, it was 36.73 larvae/10 plants. The
reduction in pod damage in JA 5 mM (29.88%;
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8.59% pod damage) was significantly different
from JA 2.5 mM (23.76%; 9.34% pod damage).
SA and MeSA at 5 mM provided equal
reduction in pod damage which ranged from
19.35% to 20.65% reduction over control
(9.72% to 9.88% pod damage). At two
concentrations of chitosan (2.5 & 5.0 mM)), the
reduction in larval population and pod damage
ranged from 10.54% to 13.45% and 7.92% to
9.71%, respectively. The highest grain yield
was recorded in the treatment of JA 5 mM
(2622.22 kg/ha) which was 14.83% higher than
the control (2233.33 kg/ha) while in the
remaining treatments, the increase of yield over
the control ranged from 4.74% to 14.10%
(Table 7).




Effect of chemical elicitors on management of
wheat pink stem borer

During the rabi 2021-22, a field trial was
conducted on the wheat crop (cv. HI1544) to
evaluate the efficacy of priming with four
chemical elicitors at two concentrations on
imparting tolerance against pink stem borer.
Wheat seeds were dibbled on 16.12.2021 witha

spacing of 30 cm x 10 cm in field no. 71 of the
research farm (Fig. 6). Ten treatments evaluated
in field experiment were T,: salicylic acid
(8 mM); T,: salicylic acid (16 mM); T,: methyl
salicylate (8 mM); T,: methyl salicylate
(16 mM); T,: jasmonic acid (2.5 mM);
T,: jasmonic acid (5 mM); T,: chitosan
(2.5 mM); T,: chitosan (5 mM); T,: carrier spray
alone; T,,: Control.

ARt st oo Stes Nragement

Baronda Farm, Raipur, Chhattisgarh S

Project title: Development of Plant Volatile Organic Compounds (pVOC)
Repository for crop pests management

Experiment title: Field evaluation of exogenous application of chemical elicitors
on wheat resistance to pink stem borer

Season  : rabi 20212 Variety +HI154
DOS 116122021 FieldNo.  :71
Plotsize :9m’ Spacing  :30x10em
Treatments : 10 Replications : Three
Treatment
T;: Foliar spray of salicylic acid 2.5 mM ‘Two foliar sprays, 10 days interval;
T;: Foliar spray of SA 5.0 mM
T;: Foliar spray of Methyl salicylate 25 mM Observation: % dead heart; yield (Q/ha)

T, Foliar spray of MeSA 5.0 mM
T, Foliar spray of Jasmonic acid 25 mM
T;: Foliar spray of JA 25 mM

T;: Foliar spray of Chitosan 2.5 mM
Skt PI:Dr. R. K. Marali-Baskaran
T, Conl CoPE:Dr. Y. Yele D K. C. Sharma

Fig 6. Experiment set-up in evaluation of chemical elicitor against wheat pink stem borer

Four elicitors were sprayed at two
concentrations on 35 and 45 days after dibbling
of wheat seeds. A treatment area without
application of elicitors was considered as an
untreated check (control). No insecticide was
applied throughout the experimental period.
Observations on per cent dead heart was
recorded on 42,49, 56 and 63 days after sowing.
The per cent white ear was recorded on 73, 83
and 93 days after sowing. Grain yield was
recorded at the time of harvest (kg/ha).

Two rounds of foliar application of JA 5
mM reduced the dead heart symptom by 34.01%
(3.74% dead heart), followed by JA 2.5 mM, SA 16

mM and SA 8 mM, recording a reduction of dead
heart to 29.63% (3.99% dead heart), 24.16%
(4.30% dead heart) and 22.90% (4.37% dead heart),
respectively. Chitosan at 2.5 and 5 mM caused
reduction in dead heart by 12.35% and 11.99%,
respectively which were on a par with each other.
The per cent white ear was the lowest in plots treated
with two rounds of JA 5 mM (31.17% reduction
over control), followed by JA 2.5 mM and SA 16
mM while the reduction in white ear ranged from
12.86% to 18.44% in the treatment of chitosan at 2.5
mM to 5 mM. The yield of wheat grains was
increased to 28.78% (4655.56 kg/ha) when treated
with JA 5 mM and it was 3455.56 kg grains/ha in
control (Table 8).
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Table 8. Larval population and pod damage in wheat, as influenced by chemical elicitor

Treatment* % Dead | % reduction | % White | % reduction Yield % increase
heart | over control ear over control | (kg/ha) over
control
Salicylic acid od od f
& mM 4.37 22.90 6.00 22.08 3633.33 4.89
Salicylic acid ¢ be c
16 mM 4.30 24.16 5.88 23.64 3877.78 10.89
Methyl salicylate | ) 7/ 16.93 6.10¢ 2078 | 3655.56° | 547
8 mM
Methyl salicylate de od d
16 mM 4.57 19.40 6.11 20.65 3855.56 10.37
Jasmonic acid b b b
25 mM 3.99 29.63 5.69 26.10 3922.22 11.89
Jasmonic acid a a a
5.0 mM 3.74 34.01 5.30 31.17 4655.56 25.78
Chitosan 2.5mM - gg¢ 11.99 6.28¢ 18.44 3588.89" 37
Chitosan S mM | g 12.35 6.71¢ 12.86 3611118 431
Control 5678 . 7701 . 3455.56' .
SE(d) 0.06 -- 0.05 - 0.0001 --
0
CD (P>0.01%) | g . 0.087 . 0.0002 .

* Mean of three replication; DAS: Days after sowing
Means followed by same letter(s) are not significantly different by Tukey's test

Project: Impact of climate change on fitness and gut microbial diversity of fall armyworm,
Spodoptera frugiperda (CRSCNIBSMSIL202100400041)

(Yogesh Yele, R. K. Murali Baskaran, Mamta Choudhary, Binod K. Choudhary)

Biology and stage-wise mortality of fall armyworm

Level of infestation of fall armyworm was monitored at weekly interval at ICAR-NIBSM fields during
late rabi and early kharif sown maize crops. In late rabi, first FAW infestation was noticed on 20-days
after sowing which reached the peak of 11 % during 3" week of March 22. The average infestation
during late rabi was 7.3. The first FAW infestation was recorded on 20" April, 2022 during early kharif
sown maize. The peak FAW infestation reached to the tune of 32 % in 1* week of May 22 and average
infestation was 15.6 % (Fig. 7).
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Fig 7. Fall armyworm infestation on maize during late rabi and early kharif seasons.

The nucleus culture of FAW was collected from
maize crop grown at NIBSM farm and grown in
artificial diet to study the biology and stage-
wise mortality. The neonate larvae, soon after
hatching were transferred to artificial diet in a
transparent plastic container separately. The
study was conducted using 40 FAW larvae. The
diet was changed as and when required. The
daily observations were recorded on larval
moulting and stage-wise mortality. After adult
emergence, males and females were identified

Table 9. Developmental period of the FAW

and kept one pair separately in matting jar.
Adult longevity was also recorded separately
for males and females. Total development
period from larvae to adult was lasted for 35.47
+ 0.58 days on artificial diet while the 6" instar
had longest duration of 7.77 £ 0.26 days, among
all other larval stages (Table 9). Total mortality
from larval to pupal stage was found to be
52.5% (21/40), while 6" instar (prepupal stage)
contributed highest mortality (40.54%; 15/37)
among other stages (Table 10).

Duration (days) Total
Larva Pupa Adult Male | Female develtog)
. N - menta
1 t 2 d 3 d 4th Sth 6th period
35.47
2.78 2.95 2.11 2.76 3.08 7.77 7.79 6.42 5.60 7.33 (£0.58)
(£0.07) | (£0.08) | (20.05) | (£0.10) | (£0.08) | (£0.26) | (20.16) | (20.25) | (£0.16) | (+0.24)
0.42 0.51 0.31 0.59 0.49 1.23 0.71 1.07 0.52 0.71 2.55
Table 10. Stage wise mortality of FAW
Larval mortality (%) Total Pupal Total
I ond 3ud 4th 5th 6t larval mortality | mortality
mortality
0% 2.5% 2.56% 0% 2.6% 40.54% 45% 13.63% 52.5%
(0/40) (1/40) (1/39) (0/38) (1/38) (15/37) (18/40) (3/22) (21/40)
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Project: Elucidating the effect of Climate
Change on One Health Components in
Different Agroclimatic zones of India
(CRSCNIBSMCIL202200200051)

(Binod K. Choudhary, Mamta Choudhary,
Lata Jain, Soumya Dash, Yogesh Yele)

One Health is the view that humans, animals,
and the environment in which we live are all
intricately related. Second, it refers to a
multidisciplinary effort to attain optimal health
for people, animals, and the environment at the
local, national, and global levels. It is focused
mainly on emerging diseases, national food
security, environmental stability and
antimicrobial resistance.

Taken as a lead from the previously
concluded agroecology cross talk project, a
total of 252 samples from Bastar zone of
Chhattisgarh were subjected for isolation of
microbes. A total of 1145 bacterial isolates have
been identified by 16S rDNA sequence analysis.
Percentage of recovered isolates from target
agroecosystem was reported to be Gram
Negative Bacilli (73%), Gram Positive Bacilli
(18%), Gram Positive Cocci (6) and
unclassified isolates (4%). Bacterial pathogens
causing diseases in plant, animals and humans
were identified which belonged to more 90
different genus and species.

Validation of Tagman based RT-PCR
molecular assays for identification of targeted
genes for identification of vector Borne diseases
(Mycobacterium Bovis, Q-fever, Leptospirosis
and Scrub Typhus), is under progress with
positive samples. Preliminary RT -PCR data
shows positive results with cT Value (Fig. 8).

Fig 8. Development of TagMan based RTPCR molecular assay;
cT Value for Q fever Dual targets in the bacterial genome
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Epidemiology of food borne pathogens
associated with mastitis in Chhattisgarh

Bovine mastitis, characterized by udder
inflammation is considered as a threat to both
dairy industry and public health in the form of
huge economic loss and also the contaminated
milk, as a source for spreading of antimicrobial
resistant bacteria to the environment. The milk
samples collected from Holstein Friesian cattle
at a dairy farm located in Raipur were tested
through California Mastitis Test (CMT) to
detect the clinical or subclinical mastitis. For
bacteriological culture, a loopful of milk was
taken and streaked on BHI and MLA medium.
The plates were examined for bacterial growth
at 24 h and 48 h of incubation. On the basis of
colony morphology, 21 bacterial isolates were
picked up and characterized, using biochemical
reactions and Gram's staining for their
morphology. Initially these isolates were
identified as Gram-negative bacilli.

50
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Bacterial isolates

Antibiotic sensitivity (%)

MResistant W Intermediate © Susceptible

Fig 9. Antibiotic sensitivity pattern of 21 bacterial isolates from mastitis

milk of cattle
The antibiotic sensitivity tests were also applied
to detect the resistant and susceptible pathogens
to the antibiotics and the results revealed two
isolates had more than 95% resistance to all the
antibiotics and complete resistance to
ampicillin and cefixime (Fig. 9,10). However,
they were found more susceptible to gentamicin
and intermediate susceptibility for Amoxyclav
and Amikacin antibiotics. The routine




antimicrobial sensitivity tests can guide for
formulation of strategies for effective treatment
against mastitis.

Fig 10. Resistance of bacteria to antibiotics

Programme: Molecular biology of biotic
stress reaction

Project: Isolation and characterization of
secondary metabolites of Chromobacterium
species for mitigation of biotic stress in
agriculture (CRSCNIBSMSIL201800700030)

Characterization of crude extract of
Chromobacterium sp.

Liquid chromatography of ethanolic crude
extract of Chromobacterium sp. coupled with
electrospray-orbitrap mass spectrometry

(Binod K. Choudhary, Mamta Choudhary,
J. Sridhar, S. K. Sharma)

Liquid chromatography electrospray ionisation
ion-trap mass spectrometry (LC-MS/MS)
conducted at CIFE and IIT Mumbai has
confirmed the presence of violacein in purified
purple pigment. For detailed analysis, the
samples were segregated into various
metabolites including Kumarnanin, Vitexin,
muscone, taxifolin, rotenone, sirolimus,
nigericin, and L-tyrosine. Among them,
muscone has wide spectrum anti-fibrotic, anti-
inflammatory, anti-oxidant, anti-apoptotic and
anti-tumour and extensively used for treating

/ X

fractures, sprains, stroke, angina pectoris,
myocardial infarction and anti- cancer
properties (Fig. 11). Similarly, Vitexin
(apigenin-8-C-glucoside) has been reported to
have wide range of pharmacological effects.
Taxifolin is known for inhibiting the fatty acid
synthase in cancer cells and further spread. The
table 1 showed the basic characteristics and
properties of potential metabolite identified in
ethanol extract matrix.
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Fig 11. Properties of potential metabolite identified in
ethanol extract matrix
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Genomic description of Chromobacterium
through whole genome sequencing

Genome assembly and annotation

Analysis of the whole genome of
Chromobacterium NIBSM indicated a genome
assembly which had a total length 0of 2,717, 327
bp with one contig and about 64.29% (Table 2)
of G+C content present in this genome.
Annotation of the genome performed, using the
RAST tool kit (RASTtk), provided a unique
genome identifier (GI) of 535.62. The genetic
code 11 was used to annotate this genome,
which belongs to the super kingdom bacteria.
This genome contain 3,873 protein-coding
sequences (CDS), 30 repeats region and 95
transfer RNA (tRNA) genes as well as 25
ribosomal RNA (rRNA) genes (Table 3). The
taxonomy of the Chromobacterium NIBSM is:
Cellular organisms > Bacteria > Proteobacteria

> Betaproteobacteria >Neisseriales
>Chromobacteriaceae> Chromobacterium

group > Chromobacterium pisceane.

The genomic annotation of
Chromobacterium NIBSM contains 3,319
proteins with functional assignments and 554
hypothetical proteins (Table 4,5). The Gene
Ontology (GO) assignments contain 984
proteins. Proteins with functional annotation
contain 1177 Enzyme Commission (EC)
number, and 984 with Gene Ontology (GO)
assignments. A total of 851 proteins were
mapped to KEGG pathways, which were used
to develop a network of KEGG Orthology
nodes with high-level functions of cells and
organisms. According to PATRIC annotation,
there were two types of protein families and this
genome has 3,610 proteins that belong to the
cross-genus protein family, and 3,598 proteins
belonging to the genus-specific protein families
(Fig. 12).
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Fig 12. Genome annotation of Chromobacterium NIBSM

The distribution of genome annotation
included, from outer to inner rings, the contig,
CDS on the forward strand, CDS on the reverse
strand, RNA genes, CDS with homology to
known antimicrobial resistance genes, CDS
with homology to known virulence factors, GC
content and GC skew (Fig. 13). Depending on
the color of the CDS on the forward and reverse
strand, this gene might belong to a different
subsystem.
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Fig 13. A circular graphical display of the distribution

of the CH-W1BCG genome annotations

Itincludes, from outer to inner rings, the

contigs, CDS on the forward strand, CDS on the
reverse strand, RNA genes, CDS with
homology to known antimicrobial resistance
genes, CDS with homology to know virulence
factors, GC content and GC skew. The colors of
the CDS on the forward and reverse strand
indicate the subsystem that these genes
belonged to different sub-systems.



Antimicrobial resistance genes

AMR gene sequence variants was identified
using the k-mer-based method (PATRIC's
Genome Annotation Service). A brief overview
of the AMR genes annotated in this genome and
their complementary mechanisms has
illustrated in Table below.

Phylogenetic analysis

The high quality and important reference and
representative genomes are manually selected
and categorized by the NCBI. A phylogenetic
analysis that is part of the Comprehensive
Genome Analysis report are based upon the
reference and representative genomes provided
by PATRIC. A Mash/MinHash analysis
identified the nearest and representative
genomes. Phylogenetic placement of these
genomes was based on the selection of PATRIC
global protein families (PGFams). MUSCLE
(Edgar, 2004) aligned the protein sequences
from these families and mapped the nucleotides
for each one to the protein alignment. RaxML
was used to analyze the data matrix formed by
the amino acid and nucleotide alignments, then
fast bootstrapping use to generate support
values in the tree (Fig. 14).

= Chromobacterium NIBSM

100 Chromobacterium piscinae ND17

100 c

ium violaceum ATCC12472

Cl i strain MWU292

Ci i DSM19808
100 :
Chromobacterium sp. LK11

Betap jum L13

F 2002
100 100
Pseudogulbenkiania sp. NH8B

sp. MAI-1

Massilia sp. NR4-1

Fig 14. Phylogenetic tree with bootstrap value of the
Chromobacterium NIBSM strain W1BCG genome
marked in red box, which belongs to the
Chromobacterium group and closely related to
Chromobacterium piscnae

Tablel. Assembly details

Contigs 1

Plasmid 64.29

GC Content 0

Contig L50 1

Genome Length 2,717,327 bp
Contig N50 2,717,327
Chromosomes 0

Table 2. Annotated genome features

CDS 3,873
tRNA 95
Repeat regions 30
rRNA 25
Partial CDS 0
Miscellaneous RNA 0

Table 3. Protein features

Hypothetical proteins

554

Proteins with functional assignments | 3319

Proteins with EC number assignments | 1177

Proteins with GO assignments 984

Proteins with Pathway assignments | 851

Proteins with PATRIC genus- 3598
specific amily (PLfam) assignments

Proteins with PATRIC cross-genus | 3610
family (PLfam) assignments

Table 4. Specialty Genes

Specific features Source Genes
Antibiotic Resistance | CARD 2
Antibiotic Resistance | PATRIC 58
Drug Target DrugBank 10
Drug Target TTD 1
Transporter TCDB 10
Virulence Factor PATRIC VF 9
Virulence Factor VFDB 11
Virulence Factor Victors 16
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Table 5. Antimicrobial Resistance Genes

AMR Mechanism

Genes

Antibiotic inactivation enzyme

AAC(6")-Ic,t,g,h,jk Lr-z

Antibiotic target in susceptible species

Alr, Ddl, dxr, EF-G, EF-Tu, folP, gyrA, gyrB,
inhA, fabl, Iso-tRNA, kasA, MurA, rho, rpoB,
rpoC, S10p, S12p

Antibiotic target protection protein

BerC

Efflux pump conferring antibiotic resistance

EmrAB-OMF,
MdtABC-OMF, MdtABC-TolC

EmrAB-TolC, MdfA/Cmr,

Gene conferring resistance via absence

gidB

Protein altering cell wall charge conferring
antibiotic resistance

GdpD, PgsA

Regulator = modulating of

antibiotic resistance genes

expression

EmrAB-TolC, OxyR

This study provides molecular
information that may pave the way for further
comparative genomics and functional studies
involving Chromobacterium-related isolates
and improves our understanding of the global
genomic diversity of Chromobacterium
species. Bio project has been opened at NCBI
GenBank Accession to cite for these SRA
(Sequence Read Archive). Bio project data at
NCBI is:PRINA803347 under Temporary
Submission ID: SUB11014007. NCBI
accession no CP092474 for whole genome
sequence.

School of Crop Health Biology Research
(SCHBR)

Programme: Molecular biology of biotic
stress reaction

Project: Identification and characterization
of bacteriophages against rice bacterial leaf
blight pathogen Xanthomonas oryzae pv.

Oryzae (CRSCNIBSIL201800400027)
(Lata Jain, Vinay Kumar, S. K. Jain)

51

Protein profiling of phages

PEG concentrated 19 phages were treated with
acetone for precipitation of proteins and their
structural proteins were analyzed by SDS-
PAGE. On SDS PAGE, gel phages were found
to have 8-15 structural proteins with 3-5
prominent proteins having molecular weight
ranging from 10 to 175 kDa (Fig. 15).
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Fig 15. SDS-PAGE of phage proteins; M: Broad
range high molecular weight protein marker;
1-9: Protein samples of nine bacteriophages




Whole genome sequencing of bacteriophages

Nucleic acids extracted from all 19 phages were
treated with DNase, RNase and S-1 Nuclease to
study the type of nucleic acid. All were found to
have ds-DNA as genetic material. Out of them,
16 phages were processed for whole genome
sequencing, using illumina based sequencing
approach which included preparation of
genomic library, sequencing of genomic
libraries, generation of raw reads/ nucleotide
data, data quality check and filtration of low
quality reads, analysis of raw and filtered reads,
Denovo genome assembly from high quality
filtered reads, species identification and
distribution, functional annotation and gene
ontology, using different software and
bioinformatics approaches. In bioinformatics
analysis, all 16 phages genome matched with
the bacteriophage genome sequence on blast hit
for species distribution (Fig. 16). The genome
size ranged from 43.6 kbp to 203 kbp having
predicted number of genes ranging from 56 to
418. Functional annotation and gene ontology
analysis revealed that the genome sequence of
these phages contains genes for viral
transcription, viral capsid formation, defense
genes to bacterium, viral termination etc. as
shown infigure 17.

The raw data of WGS of 16
bacteriophages of Xanthomonas oryzae pv.
oryzae was deposited to NCBI under Bio-
Project: PRINA844261 with title, Lytic
bacteriophages of Xanthomonas oryzae pv.
oryzae of Indian origin. All 16 Sequence Read
Archive (SRA) were submitted with SRA
accession number: SRR19757542 to
SRR19757556; and SRR19760374 (Table 11).
The NROS phage genome was analysed in detail
and was functionally annotated. The complete
genome sequence of bacteriophage
vB XooS NRO8 has been deposited in the

NCBI database as SRA accession number
SRR19757545. The genome of NRO8 was
linear double-stranded DNA, having size 98812
bp with G+C content 52.9% and 39 contigs. Its
genome contains 142 Open Reading Frames
(ORFs) including one ORF for tRNA namely
trnal-GInTTG (Fig. 18). The comparative
genome analysis of NRO8 phage with
previously reported 10 Xoo phages revealed that
it has doubled the genome size compared to
these 10 reported phages and has very limited
sequence similarity as indicated in the figure 19.
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Fig 16. Graphs showing top hit species distribution
of annotated sequence data
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Fig 17.Gene Ontology of phage genome sequence
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Fig 18. Schematic diagram representing the functionally

annotated ORF in genome of NRO8 phage

Fig 19. Comparative genome analysis of NR0O8 phage
(S12) with previously reported 10 Xoophages

Table 11. Details of whole genome sequences of 16 bacteriophages against the Xoo pathogen

Il;l;an%: no mI;llllilg:ture 12(;?: basje;;) t(ill\l/lb) Accelsasli(:)srill ?ﬁiflbers L IR DT
NRO1 vB XooM NROI 15758270 2121.39 SAMN29041051 SRR19757556
NRO2 vB Xo00S NRO02 12652926 1896.67 SAMN29041112 SRR19757555
NRO3 vB XooM NRO3 18289166 2755.38 SAMN29042290 SRR19760374
NRO4 vB_ XooS NR04 9686014 1442.67 SAMN29042316 SRR19757549
NRO5 vB_XooP_NRO5 19757078 2189.81 SAMN29042325 SRR19757548
NRO6 vB_XooM_ NRO06 12080442 1746.37 SAMN29042420 SRR19757547
NRO7 vB Xo00S NRO7 11374410 1701.65 SAMN29042518 SRR19757546
NROS8 vB XooS NROS8 12264972 1689.24 SAMN29042521 SRR19757545
NRO9 vB Xo00S NRO09 9919570 1487.48 SAMN29042547 SRR 19757544
NR10 vB XooS NR10 11053220 1662.55 SAMN29042595 SRR19757543
NRI11 vB XooS NRI11 4451578 601.05 SAMN29043267 SRR19757542
NR12 vB Xo00S NR12 14719534 2194.72 SAMN29043273 SRR19757554
NR13 vB XooS NRI13 4004278 599.29 SAMN29043365 SRR19757553
NR14 vB XooUn NR14 | 10443794 1519.32 SAMN29043419 SRR19757552
NR15 vB XooM NRI15 15886798 2016.15 SAMN29043492 SRR19757551
NR16 vB Xo00S NR16 27701554 4095.92 SAMN29043493 SRR19757550
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Programme: Ecological foundation of pest
dynamics and their control in emerging
production systems

Project: Developing antimicrobial
biosurfactant producing-bacterial resources
for control of phytopathogens causing
diseases in chickpea
(CRSCNIBSMSIL202200100050)

(Sushil K. Sharma, Lata Jain)

Antimicrobial peptides (AMPs) are
oligopeptide with a varying number (5 to < 100)
of amino acids. Diverse group of AMPs
including bacteriocins, lipopeptides,
glycolipids, phospholipids, polysaccharide-
protein complexes, neutral lipids and fatty acids
are produced by microbes. These AMPs are
widely being used in pharmaceuticals, food,
cosmetics, hydrocarbon removal and
agriculture particularly for biocontrol of
pathogens and pests. Among AMPs,
antimicrobial cyclic lipopeptides, consisting of
a peptide and a lipid moiety, are secondary

metabolites produced by a group of diverse
bacteria. Searching of different bacteria with
antimicrobial peptide producing molecules
which can be harnessed for control of
phytopathogens and best alternative to chemical
pesticides.

Antagonistic potential of selected bacilli
against Fusarium oxysporum f. sp. ciceris and

Sclerotium rolfsii

More than 100 putative bacilli were recovered
from rhizosphere soils of chickpea growing in
few regions of Chhattisgarh state. Some of the
plant growth promoting and antagonistic
Bacillus i1solates were identified as
Brevibacillus formosus, Bacillus invictum,
B. tequilensis, B. subtilis, B. carbrialesii,
B. paramycoides, B. velezensis, B. siamensis
and B. licheniformis based on 16S rRNA gene
sequences as well as cultural characteristics
(Table 12; Fig. 20).

Table 12. Identification of putative bacilli based on 16S RNA gene sequences employing Extaxon biocloud server

Name of Identified as ( % similarity) Name of Identified as (% similarity)
isolates isolates
IS-10 Bacillus cabrialesii TE3" (99.92 %) KS-14 Brevibacillus formosus DSM 9885"
(99.93%)

BS-6 Bacillus velezensis CR-502" (100.00%) | BATS- Bacillus cabrialesii TE3" (99.92%)

IS-4 Bacillus  tequilensis KCTC  13622" | BS-2 Bacillus tequilensis KCTC 13622"(99.86 %)
(99.93%)

BEMS-9-1 | Bacillus paramycoides NH2442" | 1S-5 Bacillus  licheniformis ~ATCC — 14580"
(99.93%) (99.71%)

PS-2 Bacillus siamensis KCTC 13613" BS10 Bacillus subtlis NCIB 3610"
(99.85%) (99.92%)
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Antagonisms of bacilli against FOC

KS-13, 1S-9,
BEMS-1,

BEMS-9, PS-3, KS-8, IS-8, IS-
PS-8, GUS-7, 10, GS-7, GS-6,
GS-3, RS-6 GS-5

Antagonisms of bacilli against Sclerotium rolfsii

o) KS-1, KS-8,
BEMS-3, PS-1, BS-1, BS-4,
PS-9, GUS-4, GS BS-6, BS-7,
8 B5-10, IS-6,

1S-8, BATS-
13, BATS-08,

PS-2, PS-3,
GUS-5, GS-5,
BS-2, BS-3, 15-10, RS-6
PS-7, GUS-1, RS-1

Fig 20. Bacterial isolates antagonistic to Fusarium oxysporum {f. sp. ciceris (FOC) and Sclerotium rolfsii.

Among all these antagonistic bacteria,
B. carbrialesii (IS-10) has shown ability to
produce biosurfactant type molecules that
inhibited growth of phytopathogens such as
F. oxysporum f. sp. ciceris (FOC) and
F oxysporum f. sp. lycopersici (FOL) using disc
impregnation method (Fig. 21).
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Fig 21. Biosurfactant of originated from
B. carbrialesii 1S-10 inhibiting FOC

Biosurfactant property of crude extract of
B. carbrialesii (IS-10) was confirmed by
emulsification, haemolysis test, lipase test and
oil spread assays using different oil sources and
parafilm M test (Fig. 22).

Blood Haemolyti Test of IS -10

Fig 22. Different test of biosurfactant extracted from
B. carbrialesii 1S-10
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Further, nature of biosurfactant
extracted from B. carbrialesii (I1S-10) was
deciphered by TLC and indicated presence
cyclic lipopeptide nature (Fig. 23).

Fig 23. Characterization of nature of biosurfactant
extracted from B. carbrialesii 1S-10. (A) Ninhydrin
treated: Indicated presence of amino group (purple
colour spot), (B) lodine treated: Indicated presence
oflipid (yellow colour spots).

A large pool of bacteria was subjected first to
search for antagonistic activity against
F. oxysporum f. sp. ciceris (FOC) and
Sclerotium rolfsii and as many of 10 bacilli were
selected as potential antagonistic. Of which, B.
carbrialesii (1S-10) was found to produce
lipopetide type biosurfactant which showed
antagonisms against FOC.




Project: Study of genomic variations related
to stress adaptation in weed species from
India (CRSCNIBSMCIL202100900046)

(Lalit L. Kharbikar, Anil Dixit)

Most of the publications dealing with weed
biology and population dynamics are
descriptive rather than explanatory. Hence, to
better understand the weediness characteristics,
studies must unravel “why weeds respond the
way they do?”. Whole genome sequences are
available for 225 vascular plant species. Among
these 58% are crop species, 18% are crop wild
relatives, and 22% are model species and their
wild relatives. However, weeds that compete
with crops, and result in an average 30% annual
yield loss across several crops, are currently
under-represented in genomic studies and only
four weed genomes have been published to date.
To study the genomic variations related to stress
adaptation in weed species from India twenty-
three seed samples of five most important weed
species from nine states in India have been
collected (Fig.24 ) and are being multiplied at
ICAR-NIBSM for genomic characterization

Rajasthan Assam Chhattisgarh
R— — Alternanthera sessilis MM!IHHPM
Parthenium hysterophorus Phylanthusurinaria ) Phylanthus urinaria
Gujarat ‘ | Madhya Pradesh
Parthenium hysterophorus g _I O *:’ g Altemanthera paronychioides
i wwymmphoms
Maharashtra S o __‘ mz’"‘“""”’

Alternanthera sessilis
Parthenium hysterophorus

w Telangana
Karnataka L_ . Altemantherasessiis

Parthenium hysterophorus
oLl —e Pennisetum pedicelltum
Parthenium hysterophorus

Kerala 4
¥

Parthenium hysterophorus
Pennisetum pedicellatum

Figure 1. Twenty-three seed samples of five most important weed species collected
from nine states in India.

Fig 24. Twenty-three seed samples of five most
important weed species collected from nine states
in India
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Project: Pest dynamics and their
management under conservation agriculture
production system

(Sridhar, J, Lalit L. Kharbikar, Anil Dixit,
V. K. Chaoudhary, T. K. Das)

Pest dynamics in Rice -wheat- green gram

cropping systems at two locations

Rice-wheat based cropping system is followed
in the experimental sites in which observations
on infestation and dynamics of insect pests were
recorded at different stages of the crop at I[CAR-
DWR Jabalpur and ICAR-IARI New Delhi.
Infestation of insect pests was below the ETL in
rice at IARI as compared to Jabalpur. But the
observation showed no significant difference
between conventional tillage and zero tillage.
The damage was below 10% in both CT and ZT.
Pests like leaf folder, (Crnaphalocrocis
medinalis), rice earhead bug (Leptocorisa
acuta), green stink bug (Chinavia halaris),
green horned caterpillar (Melanitis leda ismini),
grasshopper (Hieroglyphus banian), short
horned grasshopper (Oxya nitidula) damage
were observed in both locations of rice crop.
After harvesting of the rice crop, termites and
root aphids were observed in stubbles and soil
(Fig.25,26).

Fig 25. Status of pests in rice based crop experiment
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Infestation of leaf folder Pest dynamics in Cotton-wheat based cropping
. ° system at [ARI, New Delhi
;E The cotton-based cropping system was
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f ;, | | EEE l follpwed as long-term expgrlmental plots
Expand designated for conservation agriculture at IARI,
Z W T1:ZT-DSR-Wheat W T2:2T-DSR with BM-Wheat

W T3:ZT-DSR with WR-Wheat RR W T4:2T-DSR with WR +BM-Wheat RR
W T5: ZT-DSR -Wheat-gram

W T7:TPR- ZT Wheat

HT6:ZT DSR with MR- Wheat RR-Gram WR
W T8: TPR-CT Wheat

ZT: Zero tillage; DSR: Direct sown rice; WR: Wheat residue; RR: Rice
residue; TPR: Transplanted rice; BM: Brown manure; MR: Mustard
residue; CT: Conventional tillage

Fig 26. Number of plants infested in CA treatment-imposed plots of rice
field.

Pest dynamics in maize based cropping systems

at two locations

Maize based cropping system is followed at
main field in long-term experimental plots
designated for conservation agriculture at
DWR, Jabalpur and IARI, New Delhi. Maize
fall armyworm (Spodoptera frugiperda) and
mealy bug were observed in both experimental
plots. Very high infestation of FAW was
recorded at IARI centre (Fig. 27,28).

( a

Fig 27. Observation of infestation of fall armyworm in
conservation agriculture in Maize crop

10 Infestation of fall armygvorm
5.66

5.3
4 4'GGIIMI |

Treatments
W T1: ZT-Maize-Mustard
W T2:ZT-DSR with B Manure-Mustard
1 T3: ZT-Maize with MR-Mustard
M T4: ZT-Maize with MR +BM-Mustard MzR

% Pest infestation

Fig 28. Per cent plants infested by fall armyworm
in conservation agriculture treatments-imposed plots
of Maize field.
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New Delhi. Whiteflies, leafthoppers, pentatomid
bug and ash weevil were observed in
experimental plots at below ETL while ash
weevil infestation was moderate in ZT.
Complete withering of cotton plants along with
honey dew secretion and plants with hopper
burn symptoms were noticed due to the feeding
of whitefly and leathoppers, respectively

o Pik Boitworm | & g Pentatomid bug
b |_Red conounng |

Fig 29. Pest Complex observed in Cotton-wheat
based cropping system at IARI, New Delhi

Infestation of ash weevil (Mylloecerus
undecimpustulatus), red cotton bug (Dysdercus
cingulatusi), pink bollworm (Pectinophora
gossypiella) were some of the pests which were
noticed below ETC (Fig. 30).

10 Pest Observed in Cotton crop
B
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g Bollworms Whiteflies leafhoppers Ash weevil
Z

u T1: ZT-Cotton-Wheat (Flat bed)
=T2: ZT-Cotton-wheat (per narrow bed-no residue) Treatmems
=T3:ZT Cotton-wheat (Per narrow bed with residue)

Fig 30. Pest dynamics observed in Cotton-wheat
based cropping system at IARI, New Delhi.




Pigeonpea-wheat based cropping system at
IARI, New Delhi

The pigeonpea based cropping system is
followed as long-term experimental plots
designated for conservation agriculture at [ARI,
New Delhi. Sterility mosaic virus, vectored by
Eriophyid mite was recorded in pigeonpea
which made the plants stunted and branch
profusely, as a result of which they appeared
bushy. Pod borers including spotted pod borer
(Maruca vitrata) and gram pod borer
(Helicoverpa armigera) were noticed whose
damages were below ETL (Fig. 31).

.

Fig 31. Pest and disease status in pigeonpea based
cropping system at IARI, New Deli

Externally funded project

Project: Development of diagnostic kits for
quick detection of CTV, HLB and
Phytophthora rot diseases in citrus of North
East India
(EF010CRSCNIBSMCOL202000300037)

(Lalit L. Kharbikar, Anil Dixit)

Identification of plant diseases by observing
external visual symptoms in the field is quite
difficult. To overcome these limitations a ready
to use RTPCR kit for the detection of
Phytopthora spp. from any plant, suspected to
be infected with Phytophthora, was developed.
An advantage of this kit is that it may help to
identify any Phytopthora sp. from plants as it
uses a single probe mixture to amplify any
Phytopthora DNA in only two-stage RT-PCR
programme. An 82 bp large subunit ribosomal
RNA gene sequence was synthesized using the

standard gene synthesis protocol. For this
purpose, two synthetic long oligomers were
designed from the consensus sequence of 1752
large subunit ribosomal RNA genes of different
Phytophthora spp. available in the NCBI. The
crude gene synthesis product was
electrophoresed on a 2% agarose gel, eluted and
purified. The purified gene-synthesis product
was cloned into pGEM-T vector and
transformed into E. coli Machl cells. The
transformants were selected on LB-Amp plates.
Colonies were screened for the presence of
insert in the correct direction using T7-Forward
and Sp6- Reverse primer. Positive clones were
selected for plasmid isolation and sequencing
and the colony PCR of 5 selected clones along
with negative clones were performed using T7-
Forward and Sp6-Reverse primers (Fig. 32).
The colony PCR products of positive clones
were eluted, purified, sequenced and BLAST
searched in NCBI. All the sequences showed
100% similarity with Phytophthora
chlamydospora isolate LSUWURRI121 large
subunit ribosomal RNA gene with lowest
expect value of 1e-32 and 0% gaps.

For TagMan-based plasmid sensitivity
assay, serially diluted synthetic Phytophthora
specific gene (10 pl plasmid containing
synthetic gene) in copy numbers ranging from
108 to 10 were doped in citrus gDNA. The
mixture was then amplified using above probe
mixture in FAM channel of RT-PCR (Fig. 33).
The RT-PCR amplifications between
Phytophthora specific gene in Phytophthora
infected citrus leaves samples and the plasmid
containing synthetic Phytophthora gene were
also compared (Fig. 32,33,34).

Fig 32. Colony PCR confirmation of gene synthesized
product clones in pPGEM®-T vector. PCR was performed
with vector specific primer set
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Fig 33. RT-PCR amplification of Phytophthora sp. by

using the probe mixture in FAM channel. Serially diluted

synthetic Phytophthora sp. gene (plasmid containing

systhetic gene) were doped in citrus gDNA. The reaction

was run on a Qiagen Rotor Gene Q RT-PCR platform
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Fig 34. Comparison between Phytophthora specific gene
amplified from infected citrus leaves and plasmid containing
synthetic gene using probe mixture, Plasmid DNA containing
synthetic gene was doped with citrus gDNA

School of Crop Resistance System Research
(SCRSR)

Programme: Novel genes discovery and
validation for pest resistance

Project: Identification of biotic stress
induced promoters from resistance source
plants (CRSCNIBSMSIL201700200021)

(P. N. Sivalingam, Ashish Marathe, Vinay
Kumar, Lalit L. Kharbikar, S. K. Jain)

Activity of promoter of Isoflavone synthase gene
in chickpea against collar rot disease

The upstream region (~2kb) of IFS1 gene of
chickpea (cv. Vaibhav) was amplified by PCR
using specific primers and cloned in pGEM-T
Easy vector and confirmed by sequencing. The
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DNA fragment was sub-cloned into pORE-R2
vector containing GUS gene. This recombinant
vector was transformed to Agrobacterium
tumefaciens EHA105. Fourteen-day-old
chickpea plants were infected with the
sclerotium of Sclerotium rolfsii. Infected plants
were infiltrated with the Agrobacterium culture
containing pORE-R2 with promoter region of
IFS1 gene. Leaf samples were collected, 24
hours after infiltration and GUS assay was
performed (Jefferson et al., 1987). GUS
staining was found higher in the infected
samples compared to control indicating the
inducible nature of IFS1 upon infection of
Sclerotium rolfsii (Fig. 35).

(@) (b)
Fig 35. GUS staining of (a) Leaves of uninoculated

chickpea plants (b) Leaves of inoculated chickpea
plants with Sclerotium rolfsii.

Project: Development of super donors in rice
carrying tolerance to multiple stresses
(bacterial leaf blight, blast and brown plant
hopper) (CRSCNIBSMSIL201700400023)

(Vinay Kumar, P. N. Sivalingam,
Mallikarjuna, J., S. K. Jain)

To develop super donor lines in rice containing
genes for multiple stresses, crosses were made
to introgress BPH and Blast resistant genes in
line containing five genes for BLB and blast and
BLB and BPH resistant genes, respectively.
Rice gene introgressions were made in different
combinations; VKR-7 containing five genes for
BLB resistance was crossed with Pita
containing genes for blast disease resistance.
Morphological appearance of seeds generated
after introgression of BLB and Blast resistance




genes in F, and F, generations in different rice
lines are given in figure 36. The seeds of
different cross combinations were harvested
and germinated in Petri-plates, followed by
transplanted in pots. Morphological appearance
of'plants having introgressed genes for BLB and
BPH were shown in Figure 2 a & b, while plants
having introgressed genes for BLB and blast
were shown in Figure 37, 38. DNA was isolated
from these plants and used for molecular marker
based detection of presence of different
combination of genes for BLB, Blast and BPH
resistance genes.

VKR-7 X Pita

Fig 36. Morphological appearance of crossed seeds
having introgressed resistance genes for BLB and
Blast disease

Fig 37. Morphological appearance of rice line
containing (a & b) BLB and BPH resistance gene
combinations (¢ & d) BLB and Blast diseases.

Molecular marker based confirmation of
presence of BLB, BPH and blast resistance
genes in introgressedrice lines

Seeds harvested from different cross
combinations were grown. Genomic DNA of
individual plant wise samples were used for the
presence of different combinations of resistance
genes for BLB, Blast and BPH. F, seeds of
different cross combinations, and two way
crosses were screened for presence of resistance

gene combination, using gene linked molecular
markers and set of primers Xa21-pTA248 and
xal3-Xal3-prom for the presence of Xa21 and
xal3 genes, respectively (Fig. 39). Similarly the
presence of blast resistance genes in different
cross combinations were detected by Pi MAS
markers for detection of Pi54 blast resistance
gene (Fig. 39). On the basis of literature survey,
master regulator genes in the rice genome were
listed out, their gene specific primers were
developed and reaction conditions were
optimized for PCR based detection of broad
spectrum resistance (BSR) genes in the rice
germplasm.

1000bp

500bp

300 bp

1000bp

500 bp

300bp

Fig 38. Agarose gel showing PCR based detection
of BLB resistance genes in the plant; a) Xa21; and
b) xal3 gene

M 1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16 17 18

1000 bp— =

500bp —>

Fig 39. Agarose gel showing PCR based detection of
Blast resistance genes in the plants; Arrow indicated
the presence of Pi54 gene in rice lines
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Screening of rice germplasm against Blast
disease caused by Pyricularia oryzae pathogen

Blast disease causing pathogen was isolated
from field and screening techniques were
optimized for screening of rice lines against
Pyricularia oryzae. One hundred rice
germplasm lines were transplanted in trays
(10 lines/tray) and pathogen was inoculated
with 1 x 10’ spores/ml concentration. Infection
data was recorded for assessment of disease
reaction (Fig. 40).

Fig 40. Screening of Rice lines for disease reaction
against Blast disease causing pathogen, Pyricularia
oryzae

Multiplication and characterization of rice
germplasm including wild species of Oryza

A total of 250 rice lines, landraces, cultivated
varieties and gene introgressed lines for BLB,
Blast and BPH procured from IRRI,
Philippines, ICAR-NRRI, Cuttack and IIRR,
Hyderabad were multiplied in the field as well
as in pots and characterized for different traits.
These lines were also screened for the presence
of different resistance genes for blast and BLB
diseases for further use in breeding
programmes. Wild species of rice viz., Oryza
nivara, O. minuta, O. glumaepatula,
O. grandiglumis, O. rufipogon and
O. longistaminata possessing resistance genes
were multiplied for identification of resistance
genes. Seeds of Oryza species were grown in
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petriplates and after germination seedlings were
transplanted in pots for further multiplication
and screening for disease reactions. Phenotypic
appearance of Oryza longistaminata and Oryza
rufipogon is shown in Figure 41.

Fig 41. Morphological appearance of plants of
Oryza species (a) Oryza longistaminata (b) Oryza
rufipogon

Deciphering the role of isoflavones in
differential reaction to yellow mosaic disease
in soybean (CRSCNIBSMSIL201900100032)

(Ashish Marathe, P. N. Sivalingam,
Lalit L. Kharbikar)

HPLC analysis of isoflavones in resistant and
susceptible germplasm accessions of soybean

Soy-isoflavones such as daidzein, geneistien
and glycitein were estimated in selected
resistant and susceptible germplasm accessions
of soybean through HPLC using external
standards of daidzein, geneistien and glycitein.
From the profiling studies, it was found that the
isoflavone content varied significantly in the
contrasting accessions. While the resistant line
(CAT-1808) contained 0.42601 pg, 0.308 pg
and 159.4 ng/ 100 mg leaf dry weight of
daidzein, genistein and glycitein respectively,
the susceptible (CAT-313-A) germplasm
accession contained only 0.02 pg of daidzein
per 100 mg leaf dry weight (genistein and
glycitein were not detected).




Project: Deciphering molecular mechanism
and metabolic network involved in
imparting resistance to biotic stresses in
plants (CRSCNIBSMSIL202100600043)

(Vinay Kumar, P. N. Sivalingam,
Mallikarjuna J., Ashish Marathe)

Identification and characterization of bacterial
endophytes from chickpea

In order to identify the potential bacterial
endophytes of chickpea having antagonistic
activities against major soil borne pathogens,
Sclerotium rolfsii and Fusarium, a total of 119
bacterial endophytes were isolated from five
different plant tissues of chickpea. The number
of bacterial endophytes isolated from the root,
stem leaf, flower and nodule samples were 32,
41, 32, 8 and 4, respectively. Bacterial
endophytes were in vitro screened for their
antagonistic activities against Sclerotium and
Fusarium. Among them, 16 isolates were found
to inhibit Fusarium growth in dual culture and
NIBSM_CaL1 showed the highest inhibition of
fungal growth (Fig. 42). These endophytes were
further tested for PGP traits namely IAA
production, Phosphate solubilisation,
siderophore production and DNease activity.
Bacterial endophytes having potential
antagonistic activities either alone or in
combination with PGP traits were identified
using sequencing of 16s rDNA and isolates
were identified as representative of different
genera namely Bacillus, Pseudomonas,
Pontibactor, Microbacterium, Priestia and
Pantoea. A total of 21 numbers of 16s TDNA
gene sequences were submitted to the NCBI and
their accession numbers were obtained
(OP142754- OP142774). Bacterial endophytes

showing the potential antagonistic activities
against Fusarium were used for in planta
validation of selected bacterial isolates namely
NIBSM_CaLl, CaS25 and CaS37, which
showed significant plant growth and enhanced
the root and shoot length and survival under
Fusarium stress compared to the control plants.

Similarly, bacterial endophytes having
antagonistic activities against the pathogen
were screened for PGP activities to identify the
best bacterial isolate having combined PGP and
antimicrobial activity for the benefit of the
plant. It was found that the number of isolates

positive for phosphate solubilisation and
siderophore production were 20 and 10,
respectively (Fig. 43).

Fig 42. Bacterial endophytes showing antagonistic
activities against Fusarium pathogen
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Fig 43. Graph showing the inhibition of fungal growth
for treatments with different endophytes under in
vitro dual culture.
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PCR based detection of lipopeptide genes in
bacterial endophytes having antagonistic activities
against Fusarium

Bacterial endophytes showing potential
antimicrobial activities against fungal pathogens
were screened for the presence of lipopeptide genes
which may be major factor for the antimicrobial
activities. Bacterial genomic DNA isolated from the
bacterial endophytes was qualitatively and

quantitatively analysed and used for PCR reaction
with gene specific primers. PCR amplification
showed the presence of surfactin, Iturin A,
Bacillomycin D and Fengycin D, the genomes of
bacterial endophytes. Bacterial isolates
NIBSM_CaS25showed the presence of Surfactin
and Iturin A while isolate (NIBSM_CaL5) showed
the presence of surfactin and Bacillomycin D (Table
13).

Table 13. Detail of bacterial endophytes showing the presence of bacterial endophytes

S. No. Bacterial endophytes Isolate Surfactin Iturin A | Bacillomycin D | Fengycin D
ID

1 NIBSM_CaR3 - - -
2 NIBSM_CaR4 - - -
3 NIBSM_CaR12 + - -
4 NIBSM_CaR21 - + -
5 NIBSM_CaR23 - - -
6 NIBSM_CaR24 - + ;
7 NIBSM_CaR25 - - -
8 NIBSM_CaR30 - - -
9 NIBSM_CaS25 + - -
10 NIBSM_CaS33 - + -
11 NIBSM_CaS37 - + -
12 NIBSM_CalL1 - - -
13 NIBSM_CaL5 + + -
14 NIBSM_CaL7 - - -
15 NIBSM_CaL10 - + +
16 NIBSM_CalL.32 - - -

Total Positive 3 6 1
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Differential gene expression analysis

To study the differential gene expression, genes
belonging to the phytohormones pathway and
resistance related and signaling pathways were
selected. PCR primers selected for the
identification of differential gene expression
analysis was synthesized and optimized their
annealing temperature including the PCR
conditions in real time PCR to identify the
differential expression of genes involved in
endophyte mediated resistance. CT value curve
and melt curve analysis of genes, NAC
transcription factor (NAC TF) and Auxin
binding protein ABP19a, (Aux BP) generated
by RT PCR are shown in figure 44a,b. Tri-partite
interaction (Chickpea-Fusarium-Endophyte)
was studied to understand differential
expression of genes probably involved in

el Paak

imparting endophyte mediated resistance
against Fusarium. An increased expression of
the genes namely NAC TF, Auxin binding
protein ABP19a (AUX BP) (15 fold as
compared to 2.5 fold) (Fig. 45), 14-3-3 like
protein (14-3-3 P), Linoleate 9S-lipoxygenase
(LOX) and Leucine-rich repeat protein (LRR)
were found in the endophyte bio-primed and
pathogen inoculated plants in early stage of
pathogen infection as compared to the plants
without endophyte bio-primed. These genes
enhance the plant's immunity by modulating
phytohormone pathways, signalling,
production of secondary metabolites, regulating
jasmonic acid pathway. Chickpea bacterial
endophytes having antagonistic activity against
Fusarium wilt can be used to understand the
molecular mechanism of endophyte mediated
resistance.
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Fig 45. Differential expression of AUX bp gene in chickpea plants (a) Plants without endophyte bio-primed and
pathogen inoculated and; (b) Endophyte, NIBSM_CaS37 bio-primed plants inoculated with Fusarium pathogen.
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Project: Deciphering silicon
mediated defense against

yellow stem borer in rice
(CRSCNIBSMSIL201900200033)

(Mallikarjuna, J., Vinay Kumar)

0 5 10 15
1l Sealy 4743 ets Cursor 0,000 keV

Scanning Electron Microscopy Si+, YSB+ S % waight: 24,32
(SEM) and Electron Dispersive §_ ‘ | (% weight: 24.32)

X-ray Spectroscopy (EDS) for
Silicon deposition studies

Stem tissue samples of different
treatments (Si+, Pest+; Si+,
Pest-; Si-, Pest+; Si-, Pest-)
were subjected to silicon
deposition studies by SEM. The

silicon deposition was

15

ull Scale 4743 cts Corsor. 0.000

Si (% weight: 19.02)

prominent in the treatments Si+,
Pest+ and Si+, Pest- than the
other treatments as evidenced
from SEM images. The EDS
analysis revealed that the silicon
deposition is 24.32 (% weight)
in Si+, Pest+ which was highest
among the treatments, followed
by Si+, Pest- (19.02 % weight)
(Fig.46).
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Fig 46. Silicon deposition studies in stem tissues of
rice plants in different treatments by SEM coupled
with Electron Dispersive Spectroscopic Analysis.
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Histopathological studies of YSB larvae
recovered from Si-treated rice plants

Yellow stem borer larvae extracted from the rice
plants of experiment were subjected to the
microtomy studies to know the effect of silicon
on midgut epithelium of the larvae. The
microtomy studies revealed that the lining of
midgut epithelium of larva fed on silicon treated
plants was found aberrated along with damage
in peritrophic membrane and disintegration of
epithelial cells. The midgut epithelium was
intact in the larva fed on rice plants without
silicon (Fig. 47).

Fig 47. Changes in midgut of yellow stem borer larvae fed on
a) Si+, b) Si- plants

Transcriptome sequencing of YSB infested Si-
fertilized rice using illumina sequencing
approach

The experiment was conducted to take samples
for transcriptome analysis for studying the
molecular effect of silicon mediated resistance
against YSB. Rice samples from different
treatments mentioned above at different
durations were taken and subject to
transcriptome analysis. The comparative
transcriptome analysis revealed the differential
gene expression across various treatment
combinations (Fig. 48,49).
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Fig 48. Differential expression of genes across the treatments and
duration of sampling
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Gene Ontology (GO) enrichment

GO enrichment studies revealed that the silicon
application enhanced the expression of genes
involved in various cellular processes and

pathways which were across the treatments
(Fig. 49).
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Fig 49. GO enrichment studies of genes involved in various cellular and
pathways processes across the treatments
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Fig 50. Venn diagram showing the commonly shared and exclusive genes
between the treatments

Volcano plots representing the distribution of genes
revealed that the maximum number of genes
expressed during 3, 4 and 5 days after larval release
in comparison to 0 and 1 days after larval release
across all the treatment combinations as shown
below (Fig. 51).
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Project: Identification of novel genetic
resource and genes in selected crop-pests
system against biotic stresses
(CRSCNIBSMCIL202100500042)

(Mallikarjuna, J., Pitchaimuthu, M.,
P. N. Sivalingam, Vinay Kumar, Sridhar, J.,
Ashish Marathe)

Procurement of germplasm

Okra germplasm consisting of 50 accessions of
cultivars and 2 accessions belonging to 2 wild
species (Abelmoschus tetraphyllus var.
tetraphyllus and A. moschatus) including one
susceptible check (AC 1685) were procured
from ICAR-ITHR Bengaluru. Okra germplasm
including of 50 accessions of cultivars and 17
accessions belonging to wild species were
procured from ICAR-NBPGR, Regional
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station, Thrissur. Four accessions of brinjal wild
species were procured from ICAR-NBPGR
New Delhi.

Field screening of okra germplasm against
leafhopper

A total of 124 accessions of okra germplasm
including accessions of wild species were
screened for their reaction against leathopper
under field conditions during summer 2022.
The incidence (mean number of leathopper
population) of leathopper was in the range of
4.2-233.3 per plant. The highest population was
recorded in accessions of cultivated species and
the lowest in accessions of wild species. The
jassid injury index was < 1 for all the wild
species and > 4 for all the accessions of
cultivated species.




Field screening of okra germplasm against 10 were resistant and 9 were highly resistant in
vellow vein mosaic (YVM) disease. reaction against Y VMVD. Among the 12 wild
accessions procured from NBPGR, all were
found highly resistant in reaction (Table 14).

Among the NBPGR cultivar accessions, 20
were highly susceptible, 10 were susceptible,

Table 14. The reaction of IIHR accessions to YVMYV disease

Symptoms Severity
grade

Symptoms absent 0 HR 1C-0603129, IC-510728, IC-0117331, IC-0112496, IC 0601182,
1C-0039136, IC-117223, IC 0034124- X, IC-0117140, IC-
0018973-B, IC-0117236-Y, IC- 0112479, IC-117088, IC-117015,
I1C-0112451, IC- 117088, IC-0112451, IC-0128128, IC-0603139,
1C-0602407, IC-005533, IC-0117319, IC-0116962, IC- 0018544,
1C-0057733, IC-0601411, IC -0018533- A, IC-117236-X, IC-
0128092, IC-0117343, Wild (tertraphilulus), wild (moschatus)

Very mild symptoms up to 1 R 1C-0045831, 1C-0128075, 111529, IC-0117310
25% leaves

Reaction Germplasm

Appearance of disease 2 MR 1C-128122, IC-0112502, IC-0039140, IC-0601403, IC-0117242,
between 26 and 50% leaves 1C-0117229, IC-0117058, IC- 0117252, IC-0602395, IC-0112463
Symptom between 51 and 3 MS 1C-0112510, IC-06061098, IC-0113720, IC- 0116966, IC-

75% leaves 0113930

Severe disease infection at 4 S NIL

75% leaves

Above 75% leaves 5 HS AC-1685 (SUSC)
Field screening of okra germplasm against highly susceptible in reaction. Among the 12
Okra Enation Leaf Curl (OELC) disease accessions of wild species, 7 accessions were

Among the NBPGR accessions of cultivated cither resistant or highly resistant and

species, all the 49 were either susceptible or remaining all were susceptible to OELCV

(Table 15).
Table 15. Reaction of IIHR accessions to OELCV
Symptoms Severity | Reaction Germplasm
grade

Symptoms absent 0 HR IC - 0603129, IC — 510728, IC - 0117331, IC — 0112496, IC — 117223, IC
0034124 - X, 1C- 0117140, IC - 0018973 —B, IC - 0117236 - Y, IC -
0112479, IC — 117088, IC — 117015, IC — 0112451, IC — 117088, IC -
0112451, IC — 0128128, IC — 0603139, IC — 0602407, IC — 005533, IC
0117319, IC - 0116962, IC — 0057733, IC - 0018533 — A, IC - 117236 —
— 0128092, IC — 0117343, Wild (A4. tertraphilulus), Wild ( A. moschatus

Very mild symptoms up to 1 R IC - 0045831, IC - 0128075, 111529,

25% leaves

Appearance of disease 2 MR 1C -128122, IC - 0112502, IC — 0601403, IC — 0117229, IC —

between 26 and 50% leaves 0117058, IC —0117252, IC - 0112463

Symptom between 51 and 3 MS IC - 0112510, IC — 0113720, IC — 0113930, IC — 0039140,

75% leaves

Severe disease infection at 4 S IC - 06061098, IC 0601182, IC — 0039136, IC — 0117310, IC —

75% leaves 0117242, IC — 0116966, IC — 0602395, IC — 0601411, IC — 0018544

Above 75% leaves 5 HS AC - 1685 (SUSC)
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Project: Cytological and molecular basis of
organ specific resistance to blast disease in
finger millet
(S. K. Jain, Mamta Choudhary,
Ashish Marathe)
Standardization of inoculation methods and
selection of contrasting genotypes

Inoculation methods for leaf, neck and fingers
for the development of blast disease were
standardized in the susceptible genotypes
Uduru Mallige and REC69 in pots. Spray
inoculation method was found appropriate for
leafblast; injection inoculation method for neck
blast and for finger infection cotton swab
inoculation method gave optimum infection.

Ten accessions were screened under artificial
inoculation conditions in pots following above
methods for confirmation of reactions on

different organs. For leaf blast infection,
susceptible checks Uduru Mallige and REC 69
gave good susceptible infection with 7-8 score
so as the accession GEC 61. Resistant
genotypes GES 34, GEC 164 and GPU 45 with
the score 1-2 were identified. Other genotypes
gave MR-MS reactions.For neck blast, clear
susceptible infection was confirmed in Uduru
Mallige, REC 69, GEC 83, GEC 196, GEC 244
and GEC 279 whereas R-MR infection types
could be confirmed in GEC 164 and GPU 45.
Finger blast severity was recorded very high
under pot inoculation conditions and most
accessions showed HS-S infection. GPU 45,
GEC 196 showed resistant phenotypes whereas
GEC 164 was found to be MR. Further
biochemical and molecular characterization of
resistant and susceptible genotypes is in
progress.

Injection method

Screening of germplasm against leaf, neck and finger blast in pots with artificial inoculation

S. Accessions Infection scores / Reaction

No.
Leaf Blast Neck Blast Finger Blast
(1-9 Scale) (1-5 Scale) (%)

1. GEC 34 1 (R) 1 (R) 30.0 (S)

2. GEC 61 8 (S) - 83.33 (HS)

3. GEC 83 2,3 (MR) 3(S) -

4. GEC 164 1(R) 1,2 (R-MR) 12.72 (MR)

5. GEC 196 3,5 (MR-MS) 3,4 (S) 7.14 (R)

6. GEC 244 7,8(S) 3(S) 90.0 (HS)

7. GEC 279 5,7 (MS-S) 4,5 (HS) 63.67 (HS)

8. GPU 45 1,2 (R) 1,2 (R-MR) 9.33 (R)

9. UduruMallige 7,8(S) 4,5 (HS) 92.5 (HS)

10. REC 69 7,8 (S) 5 (HS) 90.0 (HS)

69




Gene Function analysis and mitigation of
biotic stresses in selected crops-biotic
stresses

(Ashish Marathe, P. N. Sivalingam,
Vinay Kumar, Mallikarjuna, J.)

CRISPR/Cas9 mediated gene editing in
soybean

Soybean (cv. DS-9712) was transformed
following the cotyledonary node method using
Agrobacterium harbouring the Cas9 vector
containing sgRNA (Target-1) specific to
Isoflavone synthase (IFS) gene. Putative
T, plants (Fig. 52) were subjected to PCR
diagnosis (Fig. 53) using phosphinothricin
acetyl transferase (PAT) gene specific primers
showing integration of PAT gene. Leaves were
also painted with phosphinothricin (herbicide)
@ 138 mg/L. Morphological observations were
recorded seven days after painting. While the
control plants showed typical burning
symptoms, the transformants showed only
discolouration of chlorophyll (Fig. 54). In order
to confirm Cas9 activity, IFS gene was

amplified from the T, plants and sequenced.
Singe base editing (T to C) was observed in
IFS2 (Fig. 55).

Fig 52. Putative T, edited plants of soybean

Fig 53. PCR amplification of PAT gene
Lane 1 - Non-transformed

Lane 2- Target-1, T1-3

Lane 3 - Target-1, T1-4

Lane 4 - + control

Lane 5 - No template control
Lane M — 1 kb DNA ladder

Fig 54. Herbicide (D,L- Phosphinothricin ) effect observed 7
days after painting soybean leaves

1.Non-transformed

2. Non-transformed painted with Phosphinothricin (138 mg/L)
3. Target-1, T1-3 painted with Phosphinothricin (138 mg/L)
4 Target-1, T1-4 painted with Phosphinothricin (138 mg/L)

e e e
cCCcCTCCTCACGAGC CTTTTC CARACACC
V i

_a

~>n ~2n
CCTCCTCACGAGCCTCTTCCAACACC

Fig 55. Four Single base editing (T to C) in /F'S2
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Externally funded project

AICRP on nematodes in cropping systems
(CRSCNIBSMCOP201400800009)
(Mallikarjuna, J.)

Screening, confirmation and evaluation of rice
genotypes for resistance against rice root-knot
nematode (Meloidogyne graminicola)

Actotal 50 germplasm lines of rice received from
PC cell, AICRP (N), IARI New Delhi were
raised separately in plastic pots of size 10x10
cm for screening against rice RKN during

kharif 2022. One week after germination, only
one seedling was kept per pot and remaining
seedlings were thinned out. Fifteen-day-old
seedlings were inoculated with 200 freshly
hatched second stage juveniles of M.
graminicola. Forty-five-day after sowing, the
plants were uprooted carefully and roots were
washed with running tap water and stained with
lactophenol-acid fuchsin. Among the 50 rice
germplasm lines screened, five lines (IIRRN-
2,3,9,29,34) showed moderately resistant
reaction, 12 lines were susceptible reaction and
remaining all were highly susceptible reaction
to M. graminicola (Table 16).

Table 16. Categorization of rice germplasm based on egg mass index and reproduction index

S. Category Scale of egg mass Germplasm lines
No. index and
Reproduction index

1. Resistant 0-1.0 NIL

2. Moderately Resistant | 1.1-2.0 IIRRN-2, 3,9, 29 and 34

3. Susceptible 2.1-3.0 IIRRN 4, 6, 18, 19, 21, 23, 27, 28, 38, 39, 40, 47,
IIRRN 1,5, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17,

4. Highly Susceptible 3.1 and above 20, 22,24, 25, 26, 30, 31, 32, 33, 35, 36, 37, 41,
42, 43,44, 45, 46 48,49

Management of root knot nematode,
Meloidogyne graminicola in rice through
chemicals in transplantedrice

A field experiment was laid in NIBSM farm
during kharif 2022 to test different chemicals
against rice root knot nematode. All the
treatments were imposed to nursery beds before
sowing of crop. The RCB design was followed
with six replications. Rice (cv. Swarna) was
grown as per recommended package of
practices in the plot size of 5 x 4 m’. The
treatments were: T1: Soil application (at
sowing) of fluensulfone 2% GR @ 1 kg a.i/ha;
T2: Soil application (at sowing) of carbosulfan
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6G @lkg a.i./ha; T3: Untreated check.
Observations on initial nematode
population/200 cc soil, seedling height (cm),
number of galls per root system before
transplanting (average of 20 seedlings), root
knot Index at harvest (average of 20 seedlings),
final nematode population in soil (200 cc) and
root (5 g) at harvest and yield kg/ha. Results
indicated that soil application (at sowing) of
fluensulfone 2% GR @ 1 kg a.i/ha was found to
be the best treatment with respect to all the
parameters, followed by soil application (at
sowing) of carbosulfan 6 G @1kg a.i./ha (Table
17).




Table 17. Various parameters related to rice RKN, as influenced by chemical application

Treatm | Seedli Root Root Shoot | Number Root Final ICBR
ents ng dry length dry *of galls Knot Nematode Yield
height | weight | (cm) | weight per Index Population
(cm) () seedling at at harvest
at harvest
transpla 200 5 g kg/ t/ha
nting cc root | plot
soil
T1 22.62 0.048 5.68 0.128 6.47 2.06 76 | 18.67| 17.45| 6.98 | 1:4.5
T2 21.54 0.038 5.43 0.099 7.54 2.36 89 |2236| 14.26| 5.70 | 1:3.6
T3 19.68 0.034 5.01 0.079 15.64 2.84 174 | 26.58 | 12.49| 499 | 1:2.1
S.Ed. £ 1.02 0.026 1.24 0.015 0.98 1.12 1.06 | 1.14 | 1.04 | 1.03 -
(C()DOS) 1.11 0.014 0.78 0.01 0.89 0.65 10.36 | 1.26 | 1.56 | 0.86 -
Evaluation of few microbial consortia for recorded:

management of root knot nematode,

Meloidogyne graminicola in transplantedrice

A field experiment was laid in NIBSM farm
during kharif 2022 to test different bio control
agents against rice root knot nematode. All the
treatments were imposed to nursery beds before
sowing of crop. The RCB design was followed
with five replications. Rice (cv. Swarna) was
grown as per recommended package of
practices in the plot size of 5 x 4 m’. The
treatments were: T1 = Nursery bed treatment
with Biofor pf-2 @ 20 g/m’; T2 = Nursery bed
treatment with Biogreen @ 20 g/m’;
T3= Nursery bed treatment with Biotime @ 20
g/m’; T4 = Nursery bed treatment with
Pseudomonas fluorescens @ 20 g/m’
(Recommended practice); TS = Untreated
check. The following observations were

1. Initial nematode population/200 cc soil;
2. Seedling height (cm); 3. Number of galls per
root system before transplanting (average of 20
seedlings); 4. Root knot Index at harvest
(average of 20 seedlings); 5. Final nematode
population in soil (200 cc) and root (5 g) at
harvest; 5. Yield (kg/plot and t/ha)

Results revelaed that all the treatments
were found to be more or less effective in
reducing nematode population (soil and root),
seedling height, number of galls per seedling,
RKI and in increasing yield. The treatment
T1: Biofor pf-2 was found to be the most
effective in reducing nematode population (87
per 200 cc soil and 12.36 per 5g root), seedling
height (25.7 cm), no of galls per seedling (3.24),
RKI (1.56), besides recording the highest yield
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Table 18. Various parameters related to rice RKN, as influenced by the application of microbial consortia
Treatm | Seedli Root Root Shoot | Number Root Final ICBR
ents ng dry length dry *of galls Knot Nematode Yield
height | weight (cm) weight per Index Population
(cm) (€3] seedling at at harvest
at harvest
transpla 200 5 g kg/ t/ha
nting cc root | plot
soil
T1 257 0.056 4.8 0.145 3.24 1.56 87 12.36 | 20.13 | 8.05 | 1:5.6
T2 253 0.047 5.4 0.135 3.87 1.55 95 14.25 | 18.68 | 7.5 1:5.1
T3 20.7 0.046 4.4 0.124 3.14 1.78 88 11.26 | 1948 | 7.8 | 1:5.2
T4 215 0.045 4.4 0.126 5.64 1.84 84 | 1545 17.65| 6.7 | 1:4.8
TS 153 0.032 3.6 0.085 10.24 2.84 174 | 2631 | 12.64 | 4.99 | 1:2.1
S. Ed. + 0.67 0.01 1.35 0.14 1.26 - - - 345 | 1.02 -
¢D 1.26 0.014 0.54 0.02 0.15 1.68 | 0.87
(0.05) ) : : : : - - - . . -

Screening, confirmation and field evaluation of
promising resistant germplasm lines of brinjal
against root-knot nematodes

A total 50 germplasm lines of brinjal received
from PC cell, AICRP (N), IARI New Delhi were
raised in plastic pots of size 10 % 10 cm, filled
with steam sterilized soil. After establishment,
only one seedling was kept per pot and
remaining seedlings were thinned out. Fifteen
days old seedling was inoculated with 1000
freshly hatched second stage juveniles of M.
incognita. Forty-five-day after sowing, the
plants were uprooted carefully and gall index
and number of egg masses per 5 g of root were
estimated and categorised based on 1-5 scale.

Among 50 germplasm lines of brinjal, 28 did
not germinate even after sowing 2 times.
Among 22 germinated brinjal germplasm, one
line (IC-090786) was resistant, 3 were
susceptible and remaining all were moderately
resistant with respect to number of galls and egg
masses per 5 g of root samples (Table 19).
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School of Crop Health Policy Support
Research (SCHPR)

Programme: National Strategic Crop Health
Monitoring Network

Project: Pest Risk analysis of agriculturally
important potential invasive pests and
diseases in India
(CRSCNIBSMSIL202100800045)
(K. C. Sharma, S. K. Jain,
Soumya Dash, P. Mooventhan)

The devastating effects of introduced diseases
and pests, along with movement of agricultural
produces and products are well known. Pest risk
analysis is one of the tools which is taken into
consideration for making regulatory decisions
concerning imports and exports. Before taking
up the PRA, an attempt is being made to enlist
the transboundary insect pests and
pathogens/diseases which are not present in our
country and have the potential to enter in the
country through various routes. Some of the
potential insect pests viz., Loreyi leaf worm,




wheat midge, Sitodiplosis mosellana, hessian
fly, Mayetiola destructor, grain dermestid
beetle, Trogoderma variabile, glaberous cabinet
beetle, Trogoderma glabrum and hairy fungus
beetle, Typhaeaster corea and the crop diseases
like maize lethal necrosis or corn lethal necrosis,
banana Xanthomonas Wilt, wheat blast, downy

mildew of soybean, Phomopsis stem canker of
sunflower, Ug99 races of Puccinia graminis f.
sp. tritici (stem rust of wheat), bean pod mottle
virus and peanut stunt are not present in India
and have the potential to enter through various
routes in the country.

Table 19. Various parameters related to M. incognita in different brinjal germplasm

S. No. Genotypes Gall Index Ege masiisofer B0 Reaction
1 EC - 316275 18.6 25.6 MR
2 EC - 316284 21.1 26.7 MR
3 EC - 384619 14.26 20.15 MR
4 EC - 393239 25.64 28.6 MR
5 EC - 467271 16.5 20.36 MR
6 IC - 074225 24.65 28.64 MR
7 IC - 090132 32.54 41.56 MR
8 IC - 090785 17.56 22.65 MR
9 IC - 090791 21.16 27.45 MR
10 IC - 090806 9.25 10.2 R
11 IC - 090811 18.65 22.35 MR
12 IC - 090907 24.25 24.68 MR
13 IC - 112848 35.26 47.98 S
14 IC - 112909 14.5 21.6 MR
15 IC - 112950 17.4 24.15 MR
16 IC - 285125 33.65 45.12 S
17 IC - 298634 11.26 15.64 MR
18 IC - 310884 24.61 25.48 MR
19 IC - 333527 15.64 15.24 MR
20 IC - 354697 14.26 20.36 MR
21 IC - 374867 11.36 28.45 MR
22 IC - 383107 36.59 51.26 S
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Externally funded project on adaptive research

Summary of Achievements under FFP, DBT Biotech-KISAN Hub and DST-STST Projects during
January-December 2022

(P. Mooventhan)
S. Contents Farmer DBT Biotech- DST SYST
No. FIRST KISAN Hub Foldscope
1. Training programme organized 46 63 09
2. Demonstration conducted 58 66 01
3. Farmers benefited under various Capacity 1845 1644 323
Building Programmes(CBPs)
4. Women farmers empowered 570 458 128
5. Youth trained and involved in farming 765 849 286
6. Area covered under rice (ha) in kharif 48 60 -
7. Area covered under vegetable (ha) in rabi 23 17 -
and kharif
8. Area covered under rice fallow pulses (ha) 42 60 -
in rabi
9. Technology Popularized 16 26 01
10. | Success stories documented 101 03 01
Submitted Submitted to
to ICAR- DBT
ATARI,
Jabalpur
11. | Front line demonstration organized 03
(FLDs organized on the application of Drone for
pesticides spray at ICAR - NIBSM, and FFP
Villages, Kasdol)
12. | Inter institutional HRD programmes 03 04 with KVKs, 08
organized/coordinated. Mahasamund
and
Rajnandgaon
13. | Activity organized related to e-extension 13 - 28 Foldscopic
services, mobile advisory system and ICT observations
tools published at
MICROCOSMOS
online database
14. | Field day organized 01 03 -
15. | Mobile Application developed 01 Kadaknath Info — An Android based
Mobile App
16. | DD coverage 01 Drone demonstration covered by
Doordarshan on 2.12.22 at FFP site

Annual Report 2022




8% PHD HUR then
0 Farmer Communication Centre

R Tk T o)
T R q‘{yﬁg:%f

76 Annual Report 2022



HIg 3T
ICAR

A !mnismmmrmmmmm
and Kutrtona Secary

Venoe

Dite
KVK Mahasamung

HNov 22

! gef RvafaTera

e, HERT

Annual Report 2022




EDUCATION

Education by awarding Post-Graduate, Recognition to ICAR-NIBSM Faculty
Doctoral and Post-Doctoral degrees to build
capacity for state-of-the-art research in the area
of biotic stress is one of the important mandates
of the ICAR-NIBSM. Earlier, an MoU was
signed with ICAR-TIARI, New Delhiin2019.

Following scientists of ICAR-NIBSM, as per their
credentials for teaching and/or research
dissertations were upgraded and recognised as
faculty member for M.Sc. guidance

Table 1. Faculty of ICAR-NIBSM recognized during 2022-23

S.No. Name & Designation Discipline Faculty/ Research Guides

1. | Dr. P. Mooventhan, Sr. Scientist | Agricultural Ext Education | Research Guides for M.Sc. guidance

2. | Dr. Shridhar J., Sr. Scientist Entomology Research Guides for M.Sc. guidance

3. | Dr. Mallikarjuna J., Sr. Scientist | Entomology Research Guides for M.Sc. guidance

Postgraduate Programme

Nine M.Sc. students in the academic session (2020-22) and 16 students in the academic session 2021-
23. were admitted in different disciplines of M.Sc. programme as given below

Table 2. Seats allotted for M.Sc. student at ICAR-NIBSM

S.No. | Discipline No of seats allotted in | No of seats allotted in
academic session academic session
2020-22 2021-23
1 Agronomy 2 2
2 Agricultural Entomology 2 5
3 Agricultural Microbiology 1 2
4 Genetics and Plant Breeding 1 1
5 Molecular Biology & Biotechnology 2 5
6 Plant Pathology 1 1
Total 9 16

In the academic session 2022-24, 5 M.Sc. students and 6 Ph.D. have been proposed.
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Teaching of M.Sc. Courses

The academic year 2020-21 started with effect from 28 Dec, 2020. However, due to pandemic Covid-19
situation courses were taught online during the first and second semesters. Following faculty members
of ICAR-NIBSM were associated with ICAR-IARI faculty in the teaching of M.Sc. courses:

Table 3. Faculty involved in teaching of M.Sc./Ph. D. courses as associate (I* Semester)

S.No. Name Course No. Course title

1. | Dr. A. Dixit, PS & JD SCHBR (A) AGRON 503 Principles & Practices of Weed
Management

2. | Dr. R.K. Murali Baskaran, PS ENT 605 Insect Behaviour

3. | Dr. S. K. Sharma, PS MICRO 504 Soil Microbiology

4. | Dr. K.C. Sharma, PS AGR 005 Major pests of crops & their
management

5. | Dr Vinay Kumar, Sr. Scientist MBB 502 Fundamentals of Molecular
Biology

6. Mr. Lalit L. Kharbikar, Scientist MBB 602 Genomics

7. Dr. Ashish Marathe, Scientist BIO 501 Basic Biochemistry,

BIO 510 Intermediary Metabolism

Table 4. Faculty involved in teaching of M.Sc./Ph.

D. courses as associate (I Semester)

S.No. Name Designation Discipline/Course Name

1. | Dr. R. K. Murali Baskaran, PS ENT 519 Commercial Entomology
ENT613/PATH606 | Plant Bio-security & Bio-safety
/NEMAG60

2. | Dr. S.K. Sharma PS MICRO 511 Biofertilizer Technology

3. | Dr. K.C. Sharma PS ENT 610 Agricultural Ornithology

4. | Dr Mallikarjuna J, Sr. Scientist ENT 519 Commercial Entomology

5. | Dr. Ashish Marathe, Scientist BIO 502 Intermediary Metabolism
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Research topics of M.Sc. students
The approved research topics for students of M. Sc. programme (2020-22) are given below

Table 5. Approved research topics of M.Sc. students (2020-22)

S.No. D Discipline Research topics
student
Effect of Tillage-Herbicide interaction on weed
1 Mr. Rohan Dalal Agronomy management and yield of wheat crop (Final viva-
voce pending)
Ms Poulomi Effect of nutrient management and herbicide
2 Debnath Agronomy . .
interaction in weed management of wheat
. Studies on management of rice weevil, Sitophilus
. Agricultural . . .
3 Mr. Pravin Panda oryzae (L.) (Coleoptera: Curculionidae) infesting
Entomology
stored paddy
Mr. Priyanshu Agricultural Stud}es on efficacy of kauomgne- gel formulations
4 Pawar Entomolog on bio-control potential of Trichogramma spp.
Y against Lepidoptera pests of wheat and chickpea
Mr. M. Shashank Acricultural Deciphering Operation of Tryptophan -Dependent
5 Goud M%(r: robiolo and -Independent Pathways in Plant Associated
&Y | Bacteria for Indole-3-Acetic (IAA) Production
Molecular Identification and characterization of bacterial
6. Mr. Anik Basak Biology & endophytes having potential antimicrobial activities
Biotechnology | against Fusarium wilt in chickpea
M,S' .Ler1ssa Sweety Molecular Characterization of promoter of isoflavone synthase
7. D’Silva Biology & ene in grain legumes
Biotechnology & & g
Ms. Swagata Plant Phgnotyplc and mglecglar charact‘erlzatlor% of ‘
8. resistance mechanism in finger millet-Pyricularia
Thakur Pathology . .
grisea nteraction
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Infrastructural Facilities

A Girls Hostel with capacity of 112 single rooms with attached toilets and other facilities has been
occupied by girl students.

A view of Girls Hostel
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INSTITUTE ACTIVITIES

I. Advisory/Review/Management
Committee meetings

7" Research Advisory Committee (RAC) Meeting
(June 8-9,2022)

The 7" Research Advisory Committee (RAC)
Meeting of ICAR-NIBSM, Raipur was
conducted under the Chairmanship of Prof. A.
N. Mukhopadhyay, Former Vice-Chancellor,
Assam Agricultural University, Jorhat, Assam.
Dr. T. R. Sharma, DDG (Crop Science), I[CAR,
in his inaugural address appreciated the efforts
of NIBSM in developing research leads and
identifying areas of national interest to be
targeted, besides developing strong linkages to
address key researchable issues. The Chairman,
RAC appreciated major transformation in the
infrastructure development of the institute and
released the publications. Dr. P. Kaushal, Joint
Director (Research) presented an overview of
research progress of NIBSM and the new
programmes initiated. Suitable interactions
were made among the Directors of plant
protection institutes including ICAR-NCIPM,
ICAR-NBAIR, ICAR-NBAIM, and ICAR-
DWR and identified possible research areas for
collaborations.

Quinquennial Review Meeting
(December 13-14, 2022)

ICAR-NIBSM Quinquennial Review Team
meeting was held on 13-14" December 2022 at
NIBSM, Raipur under the Chairmanship of
Dr. S. S. Chahal, Ex-VC, MPUAT Udaipur
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along with members including Dr. B. L. Jalali,
Ex DRS HAU, Hisar & Founder Director,
ICAR-NCIPM New Delhi, Dr. S. V. Sarode,
Ex Director of Research PDKV Akola,
Dr. Kuldeep Singh, Ex Director NBPGR New
Delhi and Head Gene bank ICRISAT, Dr. M.
Krishna Reddy, Ex Head Plant Protection, [IHR
Bengaluru, Dr. J. S. Mishra, Director, DWR
Jabalpur and Dr. Anil Dixit, Joint Director,
ICAR-NIBSM as a Member Secretary. Dr. P. K.
Ghosh, Director, explained briefly about the
developments of the institute including budget
utilization, staff position, and new initiative
taken as per EFC at NIBSM along with institute
video film. Dr. Anil Dixit, Member Secretary
presented the ATR on previous QRT of ICAR-
NIBSM, Raipur. Dr. P. Kaushal, Joint Director
(Research) presented the research highlights of
ICAR-NIBSM, Raipur whereas, Dr. S. K.
Ambast, JD (Edn.) presented the highlights on
education.

Dr. S. S. Chahal, Chairperson, in his
opening remarks emphasized that institute may
have better linkages and exchange programme
in order to achieve the goal of the institute. The
members are of the opinion that institute should
have a full strength of faculty in various
discipline for research and education and
accordingly the programme must address the
mandate of the institute in achieving the
excellence. The QRT visited the research farm
and laboratories on 14.12.22 and subsequently,
QRT interacted with scientists and students
about their research programme and
expectations from the institute. Also, QRT
interacted with selected farmers of the institute
for getting technical inputs and other benefits
for uplifting their livelihood from the various
outreach programme running at the institute.
Two technical reports on biotic stress were
released on the occasion of QRT meeting.
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Supplementary Institute Research
Committee (February 7-8,2022)

The supplementary Institute Research
Committee meeting was held under the
Chairmanship of Dr. P. K. Ghosh, Director,
ICAR-NIBSM, Raipur. In this meeting,
progress of the old projects which are about to
be completed shortly were reviewed and offered
suitable recommendations. The Chairman
emphasized the scientists for their due
importance for publications, applying for
externally funded projects, time management
efc.

8" Institute Research Committee (August 29-
30,2022)

The 8" IRC meeting of ICAR-NIBSM was held
during 29-30.8.22 under the Chairmanship of
Dr. P. K. Ghosh, Director, NIBSM. Dr. P.
Kaushal, Joint Director (Research) highlighted
that many of NIBSM research projects have
been designed as inter-institutional mode
without overlapping with other plant protection
institutes and also focused on the development
of repositories (PPGR, biological materials) to

Annual Report 2022

undertake future-ready research, improving the
research publications, and applying for
externally funded projects. The Chairman, IRC
emphasized that the focus should be on
collaborations with national and international
institutes and the projects should be submitted
for competitive research grant to get financial
support and also to increase the number of
quality publications. The progress made on 17
institute funded projects and six externally
funded projects were presented by the PIs and
documented the review comments. The house
has approved one new project as sub-project of
One Health project and five inter-institutional
projects.
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9" Institute Management Committee
(September9,2022)

The 9" IMC of ICAR-NIBSM, Raipur was
conducted in hybrid mode on 9.9.22 under the
chairmanship of Dr. P. K. Ghosh, Director. The
meeting commenced with presentation of
achievements of last one year by Dr. P. N.
Sivalingam, I/C PME and action taken report on
the recommendations of the 8" IMC meeting by
Mr. Malay Bisht, SAO. The meeting progressed
with presentation of fresh agenda items and
detailed discussions on the same. After a healthy
and fruitful interaction and sharing of ideas
towards progress of the institute, the detailed
proceedings were compiled. Eventually, a vote
of thanks was proposed by Mr. Asif
Muhammed, FAO.

Annual Report 2022




e
L !
9TH INSTITUTE MANAGEMENT COMMITTEE MEETING OF ICAR-NIBSM, RAIPUR HELD IN HYBRID MODE
ON 9TH SEPTEMBER 2022

I1. Mandatory Official Programmes
Republic Day (January 26, 2022)
Republic day was celebrated at NIBSM on

26.1.22 by hoisting national flag in which all
scientists, office staff and labours participated.

Independence Day (August 15, 2022)

The national flag of India was hoisted by the
Director, Dr. P. K. Ghosh. Under “Har Ghar
Tirnga Abhiyan™ all the staffs hoisted flag at the
residence from 13-15.8.22.

k

ICAR-‘NIBSM Celebrated 75 Years of Independence

Special Campaign 2.0 & Fit India Freedom
Run 3.0 (2-310ctober, 2022)

III. Special Programmes

Kisan: Garib Kalyan Sammelan
(May 31,2022)

On the occasion of celebrating 'Azadi Ka Amrit
Mahotsav' to commemorate the Indian
Independence, Hon'ble Prime Minister of India
interacted with the beneficiaries of about
sixteen schemes/progammes spanning in nine
Ministries/Departments of the Government of
India. The event was presided by Shri. Prahlad
Singh Patel, Hob'ble Union Minister for State
Food Processing and Jalshakti along with Shri.
Sunil Soni, Member of Parliament, MLAs and
other dignitaries. Event organized by ICAR-
NIBSM was linked with Hon'ble Prime
Minister speech at 11 am. A total of 18,023
farmers belonging to various districts of
Chhattisgarh participated and benefitted. The
programme was co-ordinated by Dr. Anil Dixit,
Dr. Sushil K. Sharma and Dr. P. Mooventhan.
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Visit of Parliamentary Sub-Committee on
Official Language (November 11,2022)

The 2" Parliamentary Sub-Committee on
Official Language inspected ICAR-NIBSM,
Raipur on 14.11.22. Dr. Reeta Bahuguna Joshi,
MP, Pragraj was the Convenor of second
committee and Smt. Sangeeta Yadav, MP,
Rajyasabha and Sh. Sunil Soni, MP, Raipur
have joined in the meeting. Dr. S.C. Dubey,
ADG (PP&B) as ICAR HQ representative and
Sh. R. D. Sharma from Rajbhasha ICAR HQ
participated in the meeting.
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National Girl Child Day (January 24, 2022)

National Girl Child Day was celebrated at
ICAR-NIBSM with a focus on the inequalities
faced by girls, to promote the education, health
and nutrition of the girl child, and to spread
awareness about the rights of a girl child.
Dr P. K. Ghosh, Director highlighted the
importance of girl child for the society in the
next generation if they are nurtured and
groomed properly. Dr. Seema Srivastava,
Principal, senior secondary school, Saragoan
spoke on the “Girl Child Empowerment at
Global Level for Next Generation” followed by
Smt. Priti Chandrahasani on “Nutrition in Girl
Child in the Villages for Strengthening India”
Dr. Lata and Dr. Sushil K. Sharma of NIBSM
co-ordinated the programme.
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World Pulse Day (February 10, 2022)

World Pulse Day was celebrated to increase the
public awareness on nutritional and
environmental benefits of pulses as part of
sustainable food production. Dr. P. K. Ghosh,
Director highlighted awareness creation on
pulses. Dr. Deepak Sharma, Head, Department
of Genetics and Plant Breeding, IGKV, Raipur
delivered a talk on “Challenges and
Opportunities in Pulses”. In addition, a farmer
interaction meet was organised to create
awareness on pulse cultivation. The programme
was co-ordinated by Dr. Lata and Dr. Sushil K.
Sharma.

National Science Day (February 28, 2022)

National Science Day was celebrated to raise
awareness on the importance of science with a
theme of “Integrated Approach in Science and
Technology for Sustainable Future”. Dr. C. R.
Hazra, Ex-Vice-Chancellor of IGKV, Raipur
highlighted the importance of this day and his
own journey in the agricultural sciences.




International Women's Day (March 8, 2022)

During the celebration of International
Women's Day at ICAR-NIBSM, 100 women
from nearby villages, National Rural
Livelihood Mission and self-help groups
participated. On this occasion, Dr. Sushil K.
Sharma, Nodal Officer highlighted the
importance of International Women's Day,
followed by the speech of Dr. P. Kaushal, Joint
Director (Research) on 'Fodder Production and
Grassland Conservation', Dr. S. K. Ambast,
Joint Director (Edu.) on 'Role of Women
Farmers in Conservation of Water for
Agriculture' and Dr. Anil Dixit, Joint Director
(SCHBR) on 'Role of Women in Weed
Management'. Dr. Lata Jain, Sr. Scientist
coordinated an interaction with women farmers
and girls on women empowerments and their
role in society.

ADWITNID T ATIVE

Workshop on Emerging IP Issues and
Innovation Changes for better technologies
(March 15-16, 2022)

Two-day workshop on Emerging IP Issues and
Innovation Changes for better Technologies
under the National Agriculture Innovation Fund
(NAIF) scheme was organized in virtual mode
on March 15-16, 2022. Chief Guest, Dr. N. K.
Krishnakumar, former DDG (Horticulture) in
his deliberation, stressed that all our
technological should be generated, besides
being an innovative, considering agro-ecology.
Dr. P. K. Ghosh, Director & Vice-Chancellor,
ICAR-NIBSM, Raipur emphasized that IP
issues are important in technology
development, commercialization and also adds
value to the innovations. Dr. S.C. Dubey, ADG
(PP&B), ICAR, New Delhi stressed on the need
of IP protection for new innovations which are
important for further commercialization of the
generated technologies. Dr. Pankaj Kaushal,
Joint Director (Research), NIBSM, Raipur
stressed on the importance of intellectual
properties in research which can give impetus to
new innovations. Dr. K. Srinivas ADG
(IP&TM), Dr. Sanjeev Saxena, former ADG
(IP&TM), CAR, New Delhi; Dr. Kalpana
Sastry, Managing Director, Ag-Hub
Foundation, PJTSAU, Hyderabad, Dr. Sudha
Mysore, CEO, Agrinnovate India Ltd., Dr.
Prachi Agrawal, BIRAC (DBT) and Dr. Shiv
Datt, Principal Scientist [P &TM Unit, ICAR
shared knowledge and experiences.
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More than 50 participants consisting of
Scientists, research scholars, Science post
graduates and students from ICAR-NIBSM,
Raipur; ICAR-IISS, Mau; VPKAS, Almora;
Amity University Chhattisgarh, Raipur and
IGKV attended the workshop. The workshop
was coordinated by Dr. S.K. Jain, Principal
Scientist and Ashish Marathe, Scientist.

Annadata Devo Bhavo (April 23, 2022)

Annadata Devo Bhavo programme was
organised in the ambit of Azadi Ka Amrit
Mahotsav at ICAR-NIBSM with the co-
ordination of Dr. Lata Jain and Dr. Sushil K.
Sharma. Dr. Anup Das, Principal Scientist,
ICAR-Research Complex for NEH Region,
Tripura has delivered a talk on “Promoting
Organic and Natural Farming for Livelihood
Security'. Dr. P. K. Ghosh, Director emphasized
adoption of organic farming system in the
Chhattisgarh state. Farmers-scientists interface
was organised to create awareness on organic
farming.

Promoting Organic and Natural
8 farming for Livelihood Security

Jalvik Bharat

Anno Dete Devo Bhave

By
Dr Anup Das, s, s iy
Principal Scientist (Agronomy)
Email : --np.duwinr.lw in

LCAR Re
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Kisan Bhagidari, Prathmikta Hamari
Abhiyan (April 28,2022)

In order to highlight various achievements
under flagship schemes of Government of India,
Kisan Bhagidari-Prathmikta Hamari
Campaign was organized at ICAR-NIBSM in
which Dr. S. C. Mukherjee, Professor of
Entomology and former Dean has spoken on
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'Role of Crop Diversification in Plant
Protection', followed by two lectures on
'Promotion of crop diversification through
KVK' and “Crop Diversification and
Sustainable Intensification prospects in
Chhattisgarh' which were delivered by Dr. S. K.
Verma, Senior Scientist and PC, KVK,
Mahasumand and Dr. Anil Dixit, JD (SCHBR),
respectively. Finally Dr. S. K. Ambast, JD
(Edu.) have emphasized role of water in crop
diversification in Chhattisgarh state. More than
120 farmers participated and benefitted. The
programme was co-ordinated by Dr. Lata Jain
and Dr. Sushil K. Sharma of NIBSM.

Antiterrorism Day (21" May, 2022)

Antiterrorism Day was organised on 21" May,
2022 virtually in which Dr P. Kaushal
administered pledge of antiterrorism in the
country. Many staffs were participated in the
programme apart from those connected
virtually from Kasdol centre.
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World Environment Day (5" June, 2022)

A webinar on “Prospects of Managing Biotic
Stresses through Biotechnological and PGPR
Strategies” in virtual mode in which speakers
are Dr Ramesh K. Shonti, Professor,
Department of Biology, Indian Institute of
Science Education and Research, Tirupati,
Andhra Pradesh 517507, India and Prof. M. S.
Reddy, Founder & Chairman, Asian PGPR
Society, Consultant & Entrepreneur, Auburn
University, Auburn, AL, USA. In this
programme, Dr S.C. Dubey, ADG (PP&B) was
also graced the occasion by participating in the
programme also with these two dignitaries.
Dr Reddy had delivered lecture on “Integrated
PGPR approaches for Biotic Stress
Management for Sustainable Food Production
to Feed the Growing Population” whereas
Dr. Shonti delivered lecture on “Application of
Biotechnological Tools for Imparting Disease
Resistance”.
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Yoga, Balanced use of Fertilizer and
Agroforestry (June 21,2022)

During the organization of 'Yoga, Balance Use
of Fertilizer and Agroforestry” under Azadi Ka
Amrit Mahotsav at ICAR-NIBSM, Yoga
Teacher of Pandit Ravishankar University,
Raipur, Shri. Kaushal Kishore Gupta talked on
'Practice of Yoga for Better Health'. Dr. Anil
Dixit, JD (SCHBR) has spoken on balanced
used of fertilizers in India in general and
Chhattisgarh in particular while Dr. Sushil K.
Sharma, has delivered a talk on 'Biofertilizers

88

and their Uses'. A total of 96 farmers
participated and benefitted. The programme
was conducted successfully in co-ordination
with Dr. Lata Jain and Dr. Sushil K. Sharma.

Teachers' Day (September 5, 2022)

The Teacher's day was organised on 5.9.22
physically at ICAR-NIBSM in which Dr. S. K.
Ambeast, Joint Director (Edu) i/c spoke on this
occasion. All M. Sc. students, YPs and other
contractual staff have participated in this
programme.
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International day of Sign Languages
(September 23,2022)

International day of Sign Languages was
organized on 23.9.22 at ICAR-NIBSM, Raipur.
About 50 participants including Joint Directors,
Scientists, Young professionals, staffs and
students of ICAR-NIBSM have attended the
programme. The audience was briefed about the
history, significance and importance of
celebrating the International day of Sign
Languages. Dr. B. K. Choudhary, Senior
scientist adjudged the participants who spoke in
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a debate competition on “Is disability an
obstacle for success”. After completion of
competition, remarks were given by. On this
occasion, Dr. Pankaj Kaushal, Joint Director
(Research) and Dr. S. K. Ambast, Joint Director
(Edu) i/c have highlighted the importance of
sign language. The winners of the debate were
disbursed with certificates. The entire
programme was coordinated by Dr. Lata Jain,
Senior Scientist.

Vigilance Awareness Week (October 31-
November 6,2022)

Dr. Sushil K. Sharma, Nodal Officer, briefed the
importance of observing vigilance awareness
week during October 31 to November 6,2022.

Thereafter, e-integrity pledge and Rashtriya
Ekta Diwas Pledge to all the staff members was
administered by the Director, Dr. P. K. Ghosh in
commemoration of birth anniversary of Sardar
Vallabhbhai Patel. It was followed by his speech




which sensitized all the staff members towards
the prevention of corruption in the office. A
lecture on preventive measures of Vigilance
was delivered by Shri G.P. Sharma, Joint
Secretary (Admin) on 3.11.22. On 7.11.22, Dr.
S. K. Jain, Vigilance Officer, ICAR-NIBSM,
Raipur has organized an Awareness Gram
Sabha in Kurra village of Raipur in presence of
the Sarpanch.

World Soil Day (December 5, 2022)

The ICAR-NIBSM, Raipur had organised
World Soil Day on the theme “Soils: Where
Food Begins” on 5.11.22 in hybrid mode. Chief
Guest of the programme, Hob'ble Smt Anita
Yogendra Sharma, MLA, Dharsiva Block,
Raipur has graced the occasion and talked about
soil health conditions in Chhattisgarh with
special emphasis on preparation of compost and

vermicompost for their use in improving soil
health.

In this event, Dr. R. K. Awasthi, Sr. Technical
consultant, NRAA, New Delhi spoke on the
Soil & Balanced Nutrition and Food Security.
Dr. Gautam Roy, Head, KVK, Raipur spoke
about activities functional in soil health
restoration including role of animal resources.
The Director, Dr. P. K. Ghosh, NIBSM has
emphasised on the carbon sequestration and soil
biodiversity in order to improve the soil health
for sustainable agriculture. More than 140
participant including farmers, staff members,
YPs, students participated in the programme
both virtually and physically. The entire
programme was coordinated by Dr. Sushil K.
Sharma, Principal Scientist and Nodal Officer,
NIBSM, Raipur.
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11" NIBSM Foundation Day
(October 10, 2022)

ICAR-NIBSM celebrated its 11" foundation
day on 10.10.2022. Dr. Ashok Dalwai, Chief
Executive Officer, National Rainfed Area
Authority, Ministry of Agriculture and Farmers
Welfare, Govt. of India was the Chief Guest
who emphasized on the need of research on
interaction of biotic stresses under abiotic
conditions under the influence of climate
change scenario. Dr. Girish Chandel, Vice-
Chancellor, IGKYV, Raipur and Dr. Shiv Kumar
Agrawal, Co-ordinator, ICARDA-South Asia
and China Regional Programme, Head, Food
Legume Research Programme, International
Centre for Agricultural Research on Dryland
Areas were the Guests of honour and extended
their wishes during the event. Dr. Pau Fermosa-
Jordan, Group Leader, Department of Plant
Developmental Biology, Max Planck Institute
of Plant Breeding Research, Germany delivered
a foundation day lecture on Quantitative
approaches to understand plant development.
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Dr. P. K. Ghosh, Director & Vice Chancellor,
ICAR-NIBSM, Raipur presented the significant
achievements made by the institute. During the
function, Dr. Vinay Kumar, Senior Scientist
(Agricultural Biotechnology) was awarded as
“Best Scientist” for overall contribution to
research & institution building for the year
2021-22 and Dr. K. C. Sharma, Principal
Scientist (Agricultural Entomology) was
awarded as “Best Worker” for overall
development of Institute for the year 2021-22.
Three publications of the institute were also
released in the function. The program was
coordinated by Dr. S. K. Ambast, PS & Joint
Director (Edu). In the Farmers-Scientist
Interaction meeting, application of drone for
biotic stress management was demonstrated and
later on farmers issues related to agricultural
practices and plant protection measures were
addressed.

11" FOUNDATION DAY

L\
1)

Achievements
(Oct.2021-Sep.2022)




Webinars/seminars organized by NIBSM

S. Topic of seminar Date Delivered by institute
No. scientist/international scientist
1. | Promoting Organic and Natural | 23.04.22 Dr Anup Das, Principal Scientist,
Farming for Livelihood Security ICAR Research Complex for NEH
Region, Tripura Centre, Agartala,
Tripura
2. | Prospects of Managing Biotic Stresses | 06.06.22 Dr. M. S. Reddy, Founder &
through Biotechnological and PGPR Chairman, Asian PGPR Society for
Strategies Sustainable Agriculture, Consultant
& Entrepreneur, Auburn University,
Auburn, AL, USA
3. | Application of biotechnological tools 06.06.22 Dr. V. Ramesh Sonti, Indian Institute
in imparting disease resistance of Science Education and Research
Tirupati, Tirupati, India
4, Identification and characterization of | 13.06.22 Dr. Manoj Prasad,
candidate gene(s) for crop stress Staff Scientist VII & J. C. Bose
management National Fellow,
National Institute of Plant Genome
Research, New Delhi
5. | Pathophysiology of Agrochemical | 24.09.2022 | Dr. Mamta Choudhary
toxicity Principal Scientist
Veterinary Pathology
6. | Quantitative approaches to understand | 10.10.2022 | Dr. Pau Fermosa-Jordan, Group
plant development Leader, Department of Plant
Developmental Biology, Max Planck
Institute of Plant Breeding Research,
Germany
7. | Widening of genetic base of legumes 11.10.2022 | Dr. Shiv. ~ Kumar  Agrawal,
through pre-breeding Coordinator, ICARDA-South Asia
and China Regional Programme,
Head, Food Legume Research
Programme, International Centre for
Agricultural Research on Dry land
Areas
8. Invasive insect pests: A threat to food | 31.10.2022 | Dr. K. C. Sharma
and nutritional security Principal Scientist
Agricultural Entomology
9. | Classical Biological control of Cassava | 28.11.2022 | Dr. A.N. Shylesha,
mealybug in India Principal Scientist (Entomology)
ICAR-National Bureau of
Agricultural Insect Resources,
Bangalore
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MoU signed during 2022

ICAR-NIBSM signed MoU with the Rajmata
Vijayaraje Scindia Krishi Vishwavidyalaya
(RVSKW), Gwalior (MP) on 23.5.2022 to enter
into long-term collaboration for promotion of
students' training and quality postgraduate
research in cutting edge areas.

I
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Another MoU was signed between NIBSM,
Raipur and Pt. Ravishankar University (PRSU),
Raipur on 1.6.2022, considering the fields of
overlapping research interests and allied
activities for promotion of collaborative
research and post-graduate students' training.




Outreach activities under SCSP,
TSP and NEH Activities

Apiculture kit distribution
(February 25, 2022)
(Vinay Kumar, Lalit L. Kharbikar, S. K.
Sharma, J. Sridhar, K. C. Sharma, Anil Dixit)

A total of 50 apiculture kits were distributed to
10 farm families belonging to four villages of
Tilda and suitable training was given to handle
kits in beekeeping.

Vegetable seed kit and medicinal plants
distribution (March 08, 2022)

Vegetable seed kit and medicinal plants were
distributed to farmers under SCSP.

Solar pump distribution (March 28, 2022)
(Vinay Kumar, Lalit L. Kharbikar, S. K.
Sharma, J. Sridhar, K. C. Sharma, Anil Dixit)

Two solar pumps (3 Hp) were distributed to the
farmers of Tilda and Dharsiwa blocks.

Distribution of agriculture processing units
and farmer machinery

(Vinay Kumar, Lalit L. Kharbikar, S. K.

Sharma, J. Sridhar, K. C. Sharma, Anil Dixit)

During the distribution programme agriculture
processing units including Grain mill, oil
expeller, rice mill, pulse mill and spice grinders
were distributed to the farmers.
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Climate resilient livestock based IFS and
Agroforestry based IFS (April 18,2022)
(Anil Dixit, Binod K. Choudhary, Lata Jain)

Livestock based integrated farming system
(LIFS) and Agroforestry based IFS (AIFS) were
inaugurated on 8.4.2022 at ICAR-NIBSM.

Rice seed distribution (June 10-20, 2022)
(J. Sridhar, Mamta Choadhary)

During the seed distribution programme
organized by the ICAR-NIBSM, 140 quintals
certified seeds of rice (cv. Swarna) were
distributed to 134 farm families belonging to
Tilda block of Raipur district under TSP. The
rice crop production technologies were
explained to the farmers for growing healthy
rice crop during kharif 2022. Similarly paddy
seeds were distributed to 370 farm families of
Tildablock in SCSP.
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Inauguration of Farmers Residential Training
Hostel (October 10, 2022)

(Vinay Kumar)
ICAR-NIBSM Farmers Residential Training
hostel was inaugurated by Dr. Ashok Dalwali,
Chief Executive Officer, National Rain fed Area
Authority, Ministry of Agriculture and Farmers
Welfare, Govt. of India on 10.10.22, as a part of
the 11" foundation day programme in august
presence of Dr. Shiv Kumar Agrawal,
Coordinator, ICARDA-South Asia and China
Regional Programme, Head, Food Legume
Research Programme, International Centre for
Agricultural Research on Dry land Areas. This
facility was developed for conducting short
term residential training of the beneficiary
farmers under SCSP and TSP scheme. The

program was coordinated by Dr. Vinay Kumar,

Senior Scientist & coordinator Training under

SCSPand TSP scheme.




Off- campus training cum exposure Visit of
farmers to FFP site, Kasdol (November 11,

2022)
(Vinay Kumar, Sridhar J.)

ICAR-NIBSM has organized one-day off-
campus training cum exposure visit of farmers
to the Farmers FIRST programme (FFP) site,
Kasdol on 17.11.2022. A total of 80 farmers
visited various villages adopted by NIBSM
through FFP which include Kadaknath farming
cum Hatchery unit, Kharri, Vegetable field,
Kharri, Polyhouse and Poultry shed, Kharaha,
Agro-processing Centre (APC), Bamhani, Goat
Farming Unit and FCC, Bakla. During the visit
farmers discussed with the progressive farmers
related to the input cost of different
interventions, material and infrastructure
required including the net-profit etc. In addition,
Farmers-scientist interaction meeting was
organized where scientists addressed the
queries by the farmers and highlighted the
importance of exposure visit and government
schemes for improving livelihood of farmers.

The programme was coordinated by Dr. Vinay
Kumar, Coordinator Training SCSP & TSP and
Scientists Dr. P. Mooventhan, Dr. J. Sridhar
were involved in this training programme.
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TSP Activities (J. Sridhar)

As per the TSP Plan 2022-23, we have executed 10 different developmental activities which
benefitted 614 farmers/SHG women belonging to 12 villages in Tilda Block of Raipur- Kevtara,
Bharwadih, Pachri, Madhi, Bhibhori, Tadwa, Raikheda, Guma, Mura, Gaurkheda.Bhalesur, Gujra.
Complete details of TSP activities are as below:

S. No. Item Quantity Cost Beneficiarie Villages Covered
(Q/nos.) (Rs.) s (Nos.)
I. Capital
1. Thresher 1 239900 10 Kevtara
2. Dal mill 04 197920 40 Kevtara, Bharwadih
3. Reaper 2 275180 20 Kevtara, Bharwadih
II. General
4. Paddy seed 140 q 365820 134 Kevtra, bharwadih, madhi, pachri,
bhibhori, devgaoKundru, paraswani,
5. Kadaknath 2000 112000 4 Kevatara, Bharwadih
chicks
6. Sprayer 115 nos 286235 115 Kevtara, madhi, bharwadih, bhibhori,
pachri
7. As tools kit 50 nos 167200 50 Kevtara, bharwadih, madhi, pachri,
bhibhori
8. Sewing 10 nos 99900 10 Kevtara, Bharwadih
machine
9. Rabi seed 31q 387575 111 Kevtara, madhi, bharwadih, pachri,
(Chickpea 419 bhibhori, mura, bhalesur, gujra,
and wheat, 44q raikheda, guma, tadwa
Lentil )
10. Grain 120 nos 274800 120 Kevtara, madhi, bharwadih, pachri,
storage bin bhibhori, mohdi, Devgaon, paraswani,

tadwa, gaurkheda ,raikheda,
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NEH Activities
(P. Mooventhan)
Progress at NEHU, Meghalaya

A five-day skill training cum work shop on”
Scientific Method of Organic Wild Honey
Production” was jointly organized by
Incubation Centre, North-Eastern Hill
University (NEHU), Tura Campus, West Garo
Hills, Chasingre, Meghalaya, District
Commerce and Industries Centre (DCIC), Tura,
Government of Meghalaya and ICAR-NIBSM,
Raipur Chhattisgarh from 10-14.10.22 at
Chigitchakgre village under Gambegre C & RD
Block, West Garo Hills District. The Chief
Guest, Pro-Vice Chancellor, NEHU, Tura
Campus Professor Sujata Gurudev, Nodal
Officer of Incubation Centre, Dr. R. Sasikumar,
Functional Manager of DCIC, and the Nokma
of Chigitchakgre village have attended. A total
of 150 farmers were benefited.
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The following capacity building programmes was jointly organized by CAU, Imphal and ICAR-NIBSM
for the welfare and socio-economic development of farmers in North Eastern Region (NER).

S. No. Training Programme on Duration No. of
and Place beneficiaries
1. Scientific fish farming (21°* — 23" November, 2022) 3 days at 25
Tripura
2. High value vegetable cultivation (30™November — 2™ | 3 days at 30
December, 2022) Mizoram
3. Scientific poultry farming (Five one day trainings from | Manipur 110
19" — 23" November, 2022)
4. Hands-on training cum demonstration on Recent 3 days at 25
organic production technology in Horticultural Crops Sikkim
(30™ November - 2™ December, 2022)
5. | Pest and Disease Management in Potato (28" - 30" 3 days at 95
November, 2022) Tura,
Meghalaya

Climate resilient Agro-forestry based
Integrated Farming System: Training and
Demonstration site for beneficiary farmers
under the scheme SCSP and TSP plan

(Anil Dixit, Lata Jain)

Farming system research is considered as a
powerful tool for the management of natural
and human resource. This is a multi-disciplinary
whole-farm approach for solving the problem of
small and marginal farmers.This approach aims

Annual Report 2022

at increasing income and employment by
integrating various farm enterprises like crop,
fruits, vegetables, animals, fish etc., and
recycling their residues and by-products within
the farm itself. An agro-forestry based
Integrated Farming System comprising tree
saplings of Gmelina arborea (white
teak/Khamar tree) and horticulture fruit plants
and vegetable crops . The site has been
developed with apiary and micro irrigation
facility for maintaining the sustainability.
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Seminar/Symposia/Conference/Workshops/Training/Other Fora
Organised/Attended

Workshops/Symposium/Seminar/Conference/training/other fora organized

S.No.| Symposia/seminar/training Period Organized by Name of scientist
attended (Dr.)

1. | Two-day  workshop  on | March ICAR-NIBSM, Raipur | S. K. Jain
Emerging IP Issues and | 15-16, 2022 Ashish Marathe
Innovation  Changes for
better Technologies

2. | Three-day on-line training on | December ICAR-NIBSM, Raipur | P. Mooventhan
Field applications of biocontrol | 15-17, 2022 | & MANAGE, R. K. Murali
agents for invasive and Hyderabad Baskaran
transboundary pests management

Workshops/Symposium/Seminar/Conference/training/other fora attended

Symposia/seminar/training Period Organized by Name of scientist
attended (Dr.)
1. | National symposium on | January DPMBB, ACHF, Ashish Marathe
“Emerging Innovations in Plant | 6-7, 2022 NAU, Navsari &
Molecules for achieving Food Division of
and Nutritional Security Biochemistry, IARI in
association with
SPBB, New Delhi
2. | Training on Metagenomics data | January ICAR-IASRI, New Vinay Kumar
analysis 19-24, 2022 | Delhi
3. | National Workshop on Shiitake | February ICAR-NEH Manipur | Ashish Marathe
Mushroom: As Nutraceutical | 22-24, 2022 | Centre & Society for
and Next Generation Plant Biochemistry
Functional Food and Biotechnology
4. | Two-day Workshop on | March ICAR-NIBSM, Raipur | All scientists
Emerging IP Issues and | 15-16, 2022
Innovation Changes for better
Technologies
5. | National Conference of | March Department of Lata Jain
Virology on Emerging and re- | 26-28, 2022 | Microbiology, AIIMS,
emerging Viral diseases -— Hyderabad under the
Climate change impacts and aegis of Indian Society
mitigation (VIRCON-2021) of Virology
6. | 57" Annual Rice Research | April ICAR-IIRR, S.K. Jain,
Group meeting 25-27,2022 | Hyderabad Vinay Kumar,
Mallikarjuna, J.
7. | Annual Group meeting of 33 | April ICAR-IIMR, S.K. Jain
AICRP on small millets 28-29, 2022 | Hyderabad
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8. | National Seminar on | May College of Fisheries, B.K. Choudhary
Contemporary Issues in | 19-20, 2022 | GBPUAT, Pantnagar,
Fisheries and Aquaculture Uttarakhand
9. | 40™ Annual Group Meeting of | June ICAR-IIVR, Varanasi | P. N. Sivalingam
AICRP on Vegetables 15-17, 2022
10. | National Workshop-cum- | June 27- Glostem Pvt. Ltd in Ashish Marathe
Webinar on Genome Editing July 03, association with
2022 Indian National Young
Academy of Sciences
11. | Annual Review Meeting of July ICAR- AZRI, Jodhpur | Mamta Choudhary,
AINP on Vertebrate pest 28-29, 2022 B. K. Choudhary,
management Lata Jain
12. | Biosecurity and Biosafety: August Division of Plant S. K. Jain,
Policies, Diagnostics, 2-11, 2022 Quarantine, ICAR- K.C. Sharma
Phytosanitary Treatments and NBPGR, New Delhi.
Issues
13. | International Conference on August University of P. Mooventhan
“Advances in Agriculture and 22-24,2022 | Agriculture Sciences,
Food System Towards Bangalore, ATASA,
Sustainable Development UAS and ICAR
Goals
14. | XV™ Annual Review Meeting September MPUAT, Udaipur Mallikarjuna, J.
of All India Coordinated 15-16, 2022
Research Project on nematode
in agriculture
15. | National Symposium on September Society of Plant Ashish Marathe
Emerging Innovations in Plant | 22-23, 2022 | Biochemistry and
Molecules for Achieving Food Biotechnology at
and Nutritional Security Navsari Agriculture
University, Navsari,
Gujrat
16. | 31" Workshop on AICRP on | October 19- | ICAR-NBAIR, R. K. Murali
Biological control of crop pests | 20, 2022 Bengaluru Baskaran, Lata
Jain, Vinay Kumar
17. | Nodal Officers interactive meet | November ICAR- IASRI, New Vinay Kumar
of ICAR Research Data | 10,2022 Delhi
Repository for Knowledge
Management, KRISHI portal
18. | Application of Bioinformatics | November ICAR-NAARM, Mallikarjuna, J.
in Agricultural Research and | 15-24,2022 | Hyderabad
Education
19. | A Climate for Change’s 2022 | November Climate for Change | L. L. Kharbikar
Annual General Meeting 20, 2022 Australia
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20. | International Conference on | December ICAR-IIRR, Lata Jain
System of Crop Intensification | 12-14, 2022 | Hyderabad Vinay Kumar
(ICSI12022) for Climate-Smart
Livelihood and Nutritional
Security

21. | 3@ International weed | December AAU, Anand L.L. Kharbikar
conference on “Weed problems | 20-23, 2022
and management challenges:

Future perspectives

22. | Interactive Meeting on December ICAR-NBAIR, P. Kaushal
Emerging Problems of 15-16, 2022 | Bengaluru R. K. Murali
Agricultural Pests and Baskaran

Opportunities & Challenges of
Pest Management
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Publications

Research and Review papers

Gurjar Malkhan Singh, Shekhar Jain, Rashmi
Aggarwal, Mahender Singh Saharan, Tej Pratap
Jitendra Kumar and Lalit Kharbikar. 2022.
Transcriptome Analysis of Wheat-Tilletia
indica Interaction Provides Defense and
Pathogenesis-Related Genes. Plants 11:3061.

Kharbikar, L. L., A. Shanware, S. K.
Nandanwar, M. S. Saharan, A. Marathe, N. S.
Mishra and S. G. Edwards. 2021. Role of
methylation-related genes and microRNA
revealed from RNA-Seq study of FHB
susceptible hexaploid wheat NIL in response to
pathogen stress. Research Square.
doi.org/10.21203/rs.3.rs-795898/v1.

Mallikarjuna, J., Y. Yele, K. C. Sharma, N. B.
Prakash and M. Ashish. 2022. Silicon
supplementation along with potassium activate
defense reaction in wheat plants and reduce the

impact of pink stem borer incidence. Silicon.
doi.org/10.1007/s12633-022-01833-1.

Mishra, R., G. J. N. Rao, R. N. Rao, M. J. Baig,
V. Kumar and P. Kaushal. 2021. Rice Tetra 5-40
(IC0635009; INGR20004), a Tetraploid
Cytotype (2n=4x=48) of Rice (Oryza sativa).
Indian Journal of Plant Genetic Resources 32:
308-309

Mooventhan, P. and M. Choudhary. 2022.
Assessment of frozen semen quality through
foldscope microscopy-A novel application of
frugal science to reduce the infertility rate.
Indian Journal of Animal Research B-4699.
doi:10.18805/1JAR.B-4699.

Murali-Baskaran, R. K., P. Mooventhan,
D. Das, A. Dixit, K. C. Sharma, S. Senthil-
Nathan, P. Kaushal and P. K. Ghosh. 2022. The
future of plant volatile organic compounds
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(pVOC) research: Advances and applications
for sustainable agriculture. Environmental and

Experimental Botany.
doi.org/10.1016/j.envexpbot.2022.104912.

Murali-Baskaran, R. K., S. K. Jain and P.
Kaushal. 2022. Screening pigeonpea (Cajanus
cajan) mini-core germplasm sub-set for

tolerance to wilt and pod borers. Indian Journal
of Agricultural Sciences 92(7): 121-123.

Rai, A., P. N. Sivalingam and M. Senthil-
Kumar. 2022. A spotlight on non-host resistance
to plant viruses. PeerJ 10:¢12996.

Sahu, P. K., R. Sao, D. K. Choudhary, A. Thada,
V. Kumar, S. Mondal, B. K. Das, L. Jankuloski
and D. Sharma. 2022. Advancement in the
Breeding, Biotechnological and Genomic Tools
towards Development of Durable Genetic
Resistance against the Rice Blast Disease.
Plants 11:2386.

Sahu, R. K., M. L. Sharma, P. Mooventhan and
M. A. Khan. 2022. Effectiveness of the
multimedia training module on farmer's
knowledge in using bio-control Agents: An
experimental investigation. Indian Research
Journal of Extension Education 22(1): 50-54.

Sivalingam, P. N., N. Dokka, M. M. Mahajan,
B. Sahu, A. Marathe, P. Kaushal and P. K.
Ghosh. 2022. Achieving maximum efficiency
of mungbean yellow mosaic India virus
infection in mungbean by agroinoculation. 3
Biotech 12: 29.

Tyagi, S., S. Narayana, R. N. Singh, C. P.
Srivastava, S. Twinkle, S. K. Das and M. Jeer.
2022. Migratory behaviour of brown
planthopper, Nilaparvata lugens (Stél)
(Hemiptera: Delphacidae), in India as inferred
from genetic diversity and reverse trajectory
analysis. 3 Biotech 12(10): 1-12.




Books

Murali Baskaran, R. K., C. Mamta, A. Dixit and
P. K. Ghosh. 2022. Indigenous technical
knowledge (ITK) for biotic stress management,
ICAR-NIBSM, Raipur, 150p. (ISBN: 978-93-
5737-592-4).

Murali Baskaran, R. K., J. Sridhar, J.
Mallikarjuna, K. Banerjee and P. K. Ghosh.
2022. Microbial biopesticides in India. NIPA
Genx Electronic Resources and Solutions P.
Ltd., New Delhi, 153p. (ISBN: 978-93-95319-
88-1).

Book Chapters

Binod K. Choudhary, C. Mamta and S. Dash.
2022. Indigenous technical knowledge (ITK)
for promotion of sustainable fisheries and
aquaculture, 94-116pp. In: R. K. Murali
Baskaran, C. Mamta, A. Dixit, P. K. Ghosh
(eds.) Indigenous technical knowledge (ITK)
for biotic stress management, ICAR-NIBSM,
Raipur, 150p. (ISBN: 978-93-5737-592-4).

Choudhary, M., B. K. Choudhary and S. Dash.
2022. Ethnoveterinary medicinal practices
among tribal community of Chhattisgarh, 77-
93pp. In: R. K. Murali Baskaran, C. Mamta, A.
Dixit, P. K. Ghosh (eds.) Indigenous technical
knowledge (ITK) for biotic stress management,
ICAR-NIBSM, Raipur, 150p. (ISBN: 978-93-
5737-592-4).

Dash, S., M. Choudhary, Binod K. Choudhary
and P. Sutaoney. 2022. Cow Urine: an
indigenous technical knowledge as bio-
fertilizer and bio-pesticide in agriculture, 138-
150pp. In: R. K. Murali Baskaran, C. Mamta,
A. Dixit, P. K. Ghosh (eds.) Indigenous
technical knowledge (ITK) for biotic stress
management, ICAR-NIBSM, Raipur, 150p.
(ISBN:978-93-5737-592-4).
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Dixit, A. and P. Mooventhan. 2022. Indigenous
technical knowledge (ITK)-concept
clarification, 1-24pp. In: R. K. Murali Baskaran,
C. Mamta, A. Dixit, P. K. Ghosh (eds.)
Indigenous technical knowledge (ITK) for
biotic stress management, I[CAR-NIBSM,
Raipur, 150p. (ISBN: 978-93-5737-592-4).

Jeer, M. 2022. Recent developments in silica-
nanoparticles mediated insect pest management
in agricultural crops, 229-239pp. In: Etesami et
al. (eds.), Silicon and Nano-silicon in
Environmental Stress Management and Crop
Quality Improvement. pp 229-239. Academic
press, Elsevier Inc.

Kumar, V., A. Srivastava, L. Jain, S. Chaudhary,
P. Kaushal and R. Soni. 2022. Harnessing the
potential of genetically improved bioinoculants
for sustainable agriculture: Recent advances
and perspectives, 319-341pp. In: R. Soni, D. C.
Suyal, A. N. Yadav, R. Goel (eds.) Trends of
Applied Microbiology for Sustainable
Economy, Academic press.

Kumar, V., B. Sahu., D. C. Suyal, P. Karthika,
M. Singh, D. Singh, S. Kumar, N. Yadav and R.
Soni. 2022. Strategies for Abiotic Stress
Management in Plants Through Soil
Rhizobacteria. In: A. N. Yadav (ed) Soil
Microbiomes for Sustainable Agriculture.
Sustainable Development and Biodiversity, vol
27. Springer, Cham. https://doi.org
/10.1007/978-3-030-73507-4 11.

Kumar, V., D. Mitra, A. Rani, D. C. Suyal, B. P.
S. Gautam, L. Jain, M. Gondwal, K. K. Raj, A.
K. Singh and R. Soni. 2021. Bio-inoculants for
biodegradation and bioconversion of
agrowaste: Status and prospects, 351-367pp. In:
D. C. Suyal, R. Soni (eds.), Bioremediation of
Environmental Pollutants, Springer, Cham.
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Kumar, V., L. Jain, S. Jain and R. Soni. 2021.
Microbe-mediated plant functional traits and
stress tolerance: The multi-omics approaches.
In: R. Goel, R. Soni, D. C. Suyal, M. Khan
(eds.), Survival strategies in cold-adapted
microorganisms, Springer, Singapore.
doi.org/10.1007/978-981-16-2625-8 11.

Mooventhan, P. and U. Singh. 2022. Alternative
livelihood options for tribal farmers, 25-38pp.
In: M. L. Sharma et. al. (eds.), Sustainable
Livelihood Options for Rural Communities,
Biotech Books, New Delhi (ISBN:
9788176225175).

Mooventhan, P. and U. Singh. 2022.
Kadaknath: Farming of peculiar breed for profit
maximization, 119-134pp. In: M. L. Sharma ez.
al. (eds.), Sustainable Livelihood Options for
Rural Communities, Biotech Books, New
Delhi. (ISBN: 9788176225175).

Mooventhan, P., Sushil K. Sharma, Mamta
Choudhary, Vinay Kumar and B. K. Choudhary.
2022. Role Model Extension and Outreach
Initiatives of ICAR-NIBSM - Way to Doubling
Farmers' Income. 2022. ICAR - National
Institute of Biotic Stress Management, Raipur -
493225, Chhattisgarh, India, 102 pp.

Murali Baskaran, R. K., P. Mooventhan and P.
K. Ghosh. 2022. Low-cost plant protection
technologies in Indian agriculture, 25-49pp. In:
R. K. Murali Baskaran, C. Mamta, A. Dixit, P.
K. Ghosh (eds.) Indigenous technical
knowledge (ITK) for biotic stress management,
ICAR-NIBSM, Raipur, 150p. (ISBN: 978-93-
5737-592-4).

Sharma, K. C., S. Dash and S. M. Marella. 2022.
Indigenous traditional knowledge for stored
grain insect pests management, 64-76pp. In: R.
K. Murali Baskaran, C. Mamta, A. Dixit, P. K.
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Ghosh (eds.) Indigenous technical knowledge
(ITK) for biotic stress management, ICAR-
NIBSM, Raipur, 150p. (ISBN: 978-93-5737-
592-4).

Sushil K. Sharma and A. Dixit. 2022.
Indigenous technical knowledge (ITK) for plant
disease management in India, 50-63pp. In: R. K.
Murali Baskaran, C. Mamta, A. Dixit, P. K.
Ghosh (eds.) Indigenous technical knowledge
(ITK) for biotic stress management, ICAR-
NIBSM, Raipur, 150p. (ISBN: 978-93-5737-
592-4).

Yele, Y., P. Nagdev, C. Santoshi and L.
Kharbikar. 2022. ITK for insect pest
management in cereal crops, 117-137pp. In: R.
K. Murali Baskaran, C. Mamta, A. Dixit, P. K.
Ghosh (eds.) Indigenous technical knowledge
(ITK) for biotic stress management, ICAR-
NIBSM, Raipur, 150p. (ISBN: 978-93-5737-
592-4).

Abstracts

Choudhary, B. K., Mamta Choudhary and S. B.
Barbuddhe. 2022. Polymicrobial spectrum of
cultivable microbiota from fresh water
aquaculture system of central India. Presented
in the National Seminar on Contemporary
Issues in Fisheries and aquaculture, organized
by College of Fisheries, GBPUAT, Pantnagar,
Uttarakhand held during May 19-20,2022.

Gautam, A., A. Dixit, K. Tantwai and L.
Kharbikar. 2022. The unexplored biology and
genes of weeds: a valuable resource for the
development of stress-resistant crops.
Presented in the 13" AFOB Regional
Symposium (ARS 2022) organized by the Asian
Federation of Biotechnology (AFOB), during
June 25-27,2022.




Jain, L., V. Kumar and S. K. Jain. 2022.
Characterization of bacteriophages and its
efficacy study for bio-control of bacterial leaf
blight of rice. Presented in the International
Conference on System of Crop Intensification
(ICSI2022) for Climate-Smart Livelihood and
Nutritional Security organized by ICAR-IIRR,
Hyderabad during December 12-14,2022.

Kharbikar, L. L., R. Mishra, A. Gautam, A.
Dixit, K. Tantwai, D. Pawar and V. Choudhary.
2022. Study of genomic variations in weed
species from India: An absolute need to unravel
their stress adaptation mechanisms. Presented
in the 3" International weed conference on
“Weed problems and management challenges:
Future perspectives” held at AAU, Anand from
December 20-23,2022.

Marathe, A., D.V. Pawar, P. N. Sivalingam, N.
Dokka, V. Kumar, L. L. Kharbikar, P. Kaushal
and P. K. Ghosh. 2022. Exploring the role of
GmFS1 in mediating resistance against yellow
mosaic disease and demonstrating the stress
inducible nature of GmFS1 promoter in
contrasting germplasm lines of soybean
(Glycine max (L.) Merr.). Presented in the
National symposium on Emerging Innovations
in Plant Molecules for achieving Food and
Nutritional Security, organized by DPMBB,
ACHF, NAU, Navsari & Division of
Biochemistry, IARI in association with SPBB,
New Delhi held during January 6-7,2022.

Mooventhan, P., A. Dixit and U. Singh. 2022.
Farmer FIRST and DBT Biotech-KISAN Hub
Programmes: An role model PAN India
initiatives towards Alleviating Poverty.
Presented in International Conference on
"Advances in Agriculture and Food System
Towards Sustainable Development
Goals(AAFS-2022) held at University of
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Agricultural Sciences, Bengaluru, Karnataka
during August22-24,2022.

Popular Articles

Dash, S., M. Choudhary, P. Mooventhan, B.
K. Choudhary and R. Behera. 2022. Breeding
management of dairy cattle for optimum

reproductive efficiency. Food and Scientific
Reports 3(06): 26-29.

Mooventhan, P., U. Singh, S. Xaxa, R. Sahu and
M. Kumar. 2022. faasr om@3r &1 3=d Td

dAfeld W (Scientific Lathyrus

Cultivation). Krishi World. Volume- 04, Issue -
November 2022, Pp.- 15-17.

Mooventhan, P., U. Singh, S. Xaxa, R. Sahu and
M. Kumar. 2022. ISHETollT €Tel H oIl S

Fre-FATeahRI Ua [AIFT. Krishi World. 6: 14.

GenBank Depositions

Basak, A., V. Kumar, L. Jain, A. Marathe, P. N.
Sivalingam and P. Kaushal. 2022. 16S rDNA
sequences of bacterial endophytes isolated from
different plant tissues of Chickpea (21 Nos),
(NCBI database: OP142754- OP142774)

Dokka, N., B. Sahu, B., B. P. Dewangan, A.
Marathe, P. N. Sivalingam and P. Kaushal.
2022. Complete nucleotide sequences of
begomovirus infecting Cajanus scarabaeoides
(DNA A and B), NCBI accession No.
OM397101 & OM397102.

Jain, L., V. Kumar, S. K. Jain and P. Kaushal.
2022. Lytic bacteriophages of Xanthomonas
oryzae pv. oryzae of Indian origin: Whole
genome sequencing and analysis submitted
under Bio-project: PRINA844261 of NCBI
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SRA accession No. SRR19757542 to
SRR19757556; SRR19760374.

Compilation/Documentation/Reports/Succe
ss stories

Mooventhan, P., H. K. Singh, M.K. Sahu, U.
Singh, P. Kaushal and P.K. Ghosh. 2022.
Achievement of Foldscope Microscopy
Initiatives by DBT and DST - SYST: A
Photographic Atlas. ICAR-NIBSM, Raipur,
Chbhattisgarh, 120 pp.

Mooventhan, P., P. K. Ghosh, S.K. Verma, B.S.
Rajput, S.K. Upadhyay, G. Jha, R.K. Sahu, U.
Singh and P. Kaushal. 2022. Achievement of
DBT Biotech — KISAN Hub Project: A
Photographic Atlas. ICAR- NIBSM, Raipur,
Chhattisgarh, 46 pp.

Mooventhan, P., S. K. Sharma, M. Choudhary,
V. Kumar and B. K. Choudhary. 2022. Role
Model Extension and Outreach Initiatives of
ICAR-NIBSM-Way to Doubling Farmers'
Income. ICAR-NIBSM/B&B-1/2022-1,ICAR-
National Institute of Biotic Stress Management,
Raipur-493 225, Chhattisgarh, India, 102 p.

Mooventhan, P., U. Singh and P. Kaushal. 2022.
Uplifting Tribal Farmers of Chhattisgarh-An
NIBSM initiative through Farmer FIRST
Programme. ICAR-NIBSM/B&B-2/2022-2,
ICAR-National Institute of Biotic Stress
Management, Raipur-493 225, Chhattisgarh,
India 34 p.

Murali Baskaran, R. K., J. Sridhar, K. C.
Sharma, P. Mooventhan, P. Kaushal and P. K.
Ghosh. 2022. Native Trichogrammatid for
sustainable pest management: A technical
report from collection and promotion, ICAR-
National Institute of Biotic Stress Management,
Raipur, 26p.
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Sharma, S. K., L. Jain and A. Dixit. 2022.
National Awareness Campaigns and Special
Programmes. ICAR-NIBSM/B&B-1/2022-3.
ICAR-National Institute of Biotic Stress
Management, Raipur, Chhattisgarh

Sridhar, J., R. K. Murali Baskaran, P.
N.Sivalingam, S. K. Jain, J. Mallikarjuna, P.
Kaushal and P. K. Ghosh. 2022. A survey report
on status of biotic stresses of crops in
Chhattisgarh, ICAR-National Institute of Biotic
Stress Management, Raipur, 26p.

e-Publications

Mooventhan, P. and H. K. Singh. 2022. Plant
disease images captured using Foldscope,
MICROCOSMOS. https//microcosmos.foldsco
pe.com/?author=2294).

Mooventhan, P., P. K. Ghosh, A. Dixit, M. A.
Khan, G. L. Sharma, L. K. Verma, P. Verma, U.
Singh and P. Kaushal. 2022. Kadaknath Info-

Android based mobile application. https://play.
google.com/store/apps/details?7id=com.nibsmk

adaknath.app.

Lata Jain and Vinay Kumar. 2022. YouTube
video on “Application of bacteriophages in
control of BLB infection of rice”
(https://www.youtube.com/watch?v=S1YRO0e
YMXbo&t=45s).

Vinay Kumar and Lata Jain. 2022. YouTube
video on “Bacterial endophytes having plant
growth promoting and antimicrobial activities
against phytopathogens”. (https:www.youtube.
com/watch?v=6wpvOHX8X fo&t=3s)

Murali Baskaran, R. K. 2022. YouTube video on
Production of native Trichogramma spp., for
Lepidoptera pest management (https://www.yo
utube.com/watch?v=iz1hqjR17ww)




Awards and Recognition

Awards and Recognition received by NIBSM scientists

S.No. Awards/Recognition/ Year/ Offered/organized by Scientist (Dr.)
Membership in Period
Professional Societies
1. | Dr. S. K. VASAL Award 2022 Indian Society of Plant P. Kaushal
for utilization of PGR Genetic Resources
2. | Fellow of the National 2023 NAAS, New Delhi
Academy of Agricultural
Sciences
3. | Harit Kranti National 2021 University of Agriculture P. Mooventhan
Award 2021 Sciences, Bangalore,
Karnataka
4. | Best Scientist Award 2022 The Society of Life Sciences | B. K. Choudhary
during National Symposium
on "Current Development in
Climate Resilient
Agriculture at Dr. Harisingh
Gour Vishwavidyalaya (A
Central University), Sagar
(M.P.)
5. | Best Video Poster Award 2022 The unexplored biology and | L. L. Kharbikar
genes of weeds: A valuable
resource for the development
of stress-resistant crops” at
the 13" Asian Federation of
Biotechnology Regional
Symposium (ARS 2022),
held in Kinmen, Taiwan
from June 25th to 27th,
2022.
6. | Associate Editor 2022 Frontiers in Microbiology Vinay Kumar
7. | Review Editor 2022 Frontiers in Genetics
8. | Member, Editorial Board 2022 Journal of Natural Pesticide | R. K. Murali Baskaran
Research (Elsevier)
9. | Co-chaired a session on 2022 ICAR-NBAIR, Bengaluru R. K. Murali Baskaran
biological suppression of
pests of fruits, vegetables
and polyhouse crops
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10. | National Network of 2022 MANAGE, Hyderabad, S. K. Jain
Agricultural Extension Telangana P. Mooventhan
Management Experts

11. | First Prize in Hindi 2022 NIBSM, Raipur Vinay Kumar
“Tippan lekhan”
competition

12. | Second Prize in Hindi 2022 NIBSM, Raipur
“Vaad vivad” competition

13. | NIBSM-Best Scientist 2021-22 | ICAR-NIBSM
Award 11" Foundation Day

14. | NIBSM-Best Worker of the | 2021-22 | ICAR-NIBSM K.C. Sharma
Institute 11" Foundation Day

Nalonat Symposi,

Current Developrisin |~ | e ©/Q)

Joining and Relieving of Staff

Shri. Ashok Kumar joined NIBSM as Assistant Administrative Officer (on deputation) on 7.2.2022.
Shri. Mahesh Chand Jetwani and Shri. Asif Mohammed joined NIBSM as Administrative Officer (AO)
and Finance & Account Officer (FAO)on4.3.2022 and 13.6.2022, respectively.
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NIBSM Budget (Allocation and Expenditure)

NIBSM Budget 2021-22 (Receipt and Expenditure) (Rs. in Lakh)
S. Head Allocation Total Expenditure Total
A Other | TSP [sCSP|NEH [2llocation|  g¢her | TSP [SCSP| NEH [¢XPenditure
than TSP than TSP
& SCSP & SCSP

1. |G-I-A- Capital| 525 20 | 70 20 635 52497 (17.29] 67.01|12.19( 621.46

2. |G-I-A- Salary [ 615.59 0 0 0 615.59 | 615.93 0 0 0 615.93

3. |G-I-A- General
(1) Pension 0 0 0 0 0 0 0 0 0 0

(2) Others 709.84 [ 25 85 35 | 854.84 | 709.84 (28.21|69.76]20.12| 827.93

Grand Total | 1850.43 | 45 | 155 | 55 | 2105.43 | 1850.74 | 45.5 |136.77|32.31| 2065.32

NIBSM Budget 2022-23 (Receipt and Expenditure as on 15.12.2022) (Rs. in Lakh)
S. Head Allocation Total Expenditure Total
Iz Other | TSP [scsp|NEH |2llocation| ey | TSP |SCSP | NEH [eXPenditure
than TSP than TSP
& SCSP & SCSP
1. |G-I-A- Capital] 200 20 | 120 0 340 46.22 |[8.33|41.16( 0 95.71

2. |G-I-A- Salary 608 0 0 0 608 505.43 0 0 0 505.43

3. |G-I-A- General
(1) Pension 0 0 0 0 0 0 0 0 0 0
(2) Others 600 35 80 25 740 413.99 116.76] 58.9817.68| 507.41

Grand Total 1408 55 | 200 | 25 1688 965.64 |(25.09(100.14|17.68| 1108.55
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INSTITUTE GOVERNING COMMITTEES
4" RESEARCH ADVISORY COMMITTEE (2022-2024)

1. | Dr. A. N. Mukhopadhyay Chairman
Ex-Vice-Chancellor, Assam Agricultural University, Jorhar

2. | Dr. T. K. Adhya Member
Ex-Director, NRRI, Cuttack

3. | Dr. Chandish R. Ballal Member
Ex-Director, NBAIR, Bengaluru

4. | Dr. A. R. Sharma Member
RLBCAUI, Jhansi

5. | Dr. Srinivasan Member

Ex-Director, NIPB, New Delhi
6. | Dr. V. K. Barnwal
Plant Pathology, IARI, New Delhi

7. | Director Member
ICAR-NIBSM, Raipur

8. | ADG (PP) Member
ICAR, Krishi Bhawan, New Delhi

9. | Dr. P. N. Sivalingam Member Secretary

Principal Scientist & In-Charge School (Biotechnology)
ICAR-NIBSM, Raipur

3" INSTITUTE MANAGEMENT COMMITTEE (2019-2022)

1. | Director, ICAR-NIBSM, Raipur Chairman

2. | Director, Department of Agriculture Member
Government of Chhattisgarh, Raipur

3. | Director, Department of Agriculture Member
Government of Odisha

4. | Dr. M. P. Thakur Member
Director (Instruction), IGKV, Raipur

5. | Dr. Ratan Tiwari Member
Principal Scientist, ICAR-OIIWBR, Karnal

6. | Dr. Mukesh Sehgal Member
Principal Scientist (Nematology), [CAR-NCIPM, New Delhi

7. | Dr. Rajbir Yadav Member
Principal Scientist (Genetics), ICAR-IARI, New Delhi

8. | Dr. Anil Dixit Member
Principal Scientist, ICAR-NIBSM, Raipur

9. | ADG (PP&B) Member
ICAR, Kishan Bhawan, New Delhi

10. | Shri S. K. Das Member
Finance & Accounts Officer, ICAR-NRRI, Cuttack

11. | Senior Administrative Officer, ICAR-NIBSM, Raipur Member Secretary
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Quinquennial Review Team 2022

1.

Dr. S.S. Chahal

Joint Director (SCHBR), NIBSM, Raipur

Ex-Vice Chancellor, MPUAT, Udaipur Chairman

2. | Dr. B.L. Jalali Member
Former Director of Research, HAU, Hisar

3. | Dr. J.S. Mishra
Director, DWR, Jabalpur Member

4. | Dr. S.V. Sarode Member
Former Director of Research, Dr. PDKV, Akola

5. | Dr. M. Krishna Reddy Member
Former Head Plant Protection, [IHR, Bangalore

6. | Dr. Kuldeep Singh Member
Head of Gene Bank, ICRISAT, Hyderabad

7. | Dr. Nitin V. Kurkure Member
Director of Research, MAFSU, Nagpur

8. | Dr. Suresh Pande Member
Ex- Principal Scientist, [CRISAT, Hyderabad

9. | Dr. Anil Dixit

Member Secretary
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PERSONALIA

List of scientists of ICAR-NIBSM with mobile number and e mail id

Name

Designation

Discipline

Contact Detail

Dr. P.K. Ghosh

Director

Agronomy

director.nibsm@jicar.gov.in
0771-2277333,9453042870

Dr. Pankaj Kaushal

Joint Director

Genetics and Plant

pankaj.kaushal@icar.gov.in

(Research) Breeding 9198890991

Dr. S.K. Ambast Joint Director Land and Water sk.ambast@jicar.gov.in
(Education) Engineering 9437034770

Dr. Anil Dixit Joint Director Agronomy anil.dixit] @icar.gov.in
(SCHBR) 9425213281

Dr. S.K. Jain Principal Scientist | Plant Pathology Sanjay.Jain@icar.gov.in

9456764764

Dr. Sushil Principal Scientist | Agricultural Microbiology | sushil.sharmal @icar.gov.in

K.Sharma 9473725811

Dr. R.K. Murali Principal Scientist | Agricultural Entomology rk.baskaran@jicar.gov.in

Baskaran 8269506835

Dr.K.C. Sharma Principal Scientist | Agricultural Entomology kailash.sharma2@jicar.gov.in

9460253807

Dr. P.N Sivalingam

Principal Scientist

Agricultural Biotechnology

p.sivalingam@icar.gov.in
9950459671

Dr. (Mrs) Mamta Principal Scientist | Veterinary Pathology mamta.choudhary@jicar.gov.in
Choudhary 7389245959

Dr. Binod Kumar Senior Scientist Fish & Fisheries Science binod.choudhary@icar.gov.in
Choudhary 7389241717

Dr. (Mrs) Lata Jain

Senior Scientist

Veterinary Microbiology

lata.jain@icar.gov.in
9479038712

Dr. Vinay Kumar

Senior Scientist

Plant Biotechnology

vinay.kumar@jicar.gov.in
9479038713

Dr. P.Mooventhan

Senior Scientist

Agricultural Extension

p.mooventhan@icar.gov.in
9729671614

Dr.Sridhar, J.

Senior Scientist

Agricultural Entomology

sridhar.j@icar.gov.in
8894459090

Dr. Mallikarjuna, J.

Senior Scientist

Agricultural Entomology

mallikarjuna.j@icar.gov.in
8871787464

Breeding

Shri. Lalit Laxman Scientist Plant Biotechnology lalit.kharbikar@jicar.gov.in

Kharbikar 9285580630

Mr. Yogesh Yele Scientist Agricultural Entomology yogesh.yele@icar.gov.in
9868071499

Dr. Ashish Marathe | Scientist Plant Biochemistry ashish.marathe@jicar.gov.in
9654233057

Dr.Soumya Dash Scientist Animal Genetics & soumya.dash@icar.gov.in

8130657379
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List of Institute Funded/External funded/AICRP projects (2022)

A. Institute Funded Projects

S. Project code and title PI (Dr.) Co-PI (Dr.) Year
No.
I. School of Crop Health Management Research
1. [ 4.5 (CRSCNIBSMSIL201700100020) R. K. Murali Baskaran | K.C. Sharma 2016-22
Isolation and evaluation of native biocontrol Lata Jain
agents for management of lepidopteran pests J. Sridhar
2. (3.2 (CRSCNIBSMSIL201800700030) B. K. Choudhary Mamta Choudhary 2018-22
Isolation and characterization of secondary R. K. Murali Baskaran
metabolites of Chromobacterium species for J. Sridhar
mitigation of biotic stress in agriculture S. K. Sharma
3. | 1.5 (CRSCNIBSMSIL201800500028) Mamta Choudhary B. K. Choudhary 2018-22
Exploring host-microbial cross-talk in L. L. Kharbikar
agro-ecosystem of Bastar plateau zone of
Chhattisgarh
4. | (CRSCNIBSMSIL202100300040) R.K. Murali Baskaran | Yogesh Yele 2021-26
Development of plant volatile organic K. C .Sharma

compounds (VOCs) repository for pest

management
5. | (CRSCNIBSMSIL202100400041) Yogesh Yele R.K. Murali Baskaran [2021-26
Impact of climate on fitness and gut microbial Mamta Choudhary
diversity of fall armyworm, Spodoptera B. K. Choudhary
frugiperda
6. | (CRSCNIBSMSIL202101000047) S. K. Ambast Mallikarjuna J. 2021-25
Monitoring, forewarning, and estimation of S. K. Jain
economic losses due to biotic stress in rice/ K.C. Sharma
wheat crops using special and machine R.K. Murali Baskaran

learning techniques

7. | (CRSCNIBSMCIL202200200051) B.K. Choudhary Mamta Choudhary 2022-26
Elucidating the effect of climate change on Lata Jain
one-health components in different agroclimatic Soumya Dash
zones of India Yogesh Yele

8. | (CRSCNIBSMCIL.202200300052) R.K. Murali Baskaran |K Subaharan 2022-23
Evaluation of nano-formulation of insect sex ICAR-NBAIR
pheromones

I1. School of Crop Health Biology Research

1. | 1.3 (CRSCNIBSMSIL201800300026) J. Sridhar R.K. Murali Baskaran |2018-22
Mapping of genetic groups of Bemisia tabaci

in India and their begomovirus transmission
efficiency
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ICAR
S. Project code and title PI (Dr.) Co-PI (Dr.) Year
No.

2. | 1.4 (CRSCNIBSIL201800400027) Lata Jain Vinay Kumar 2018-22
Identification and characterization of S. K. Jain
bacteriophages against rice bacterial leaf
blight pathogen Xanthomonas oryzae
pv. oryzae

3. |1 4.6 (CRSCNIBSMSIL201800800031) Anil Dixit B. K. Choudhary 2018-22
Evaluation of allelopathic potential in rice and
selected weeds for weed management

4. | (CRSCNIBSMSIL202000200035) S. K. Sharma Lata Jain 2020-
Anti-microbial cyclic lipopeptides (AMLs) February
producing Bacillus species for managing 22
diseases in selected crops

5. | (CRSCNIBSMCIL202100900046) L .L. Kharbikar Anil Dixit 2021-26
Study of genomic variations related to stress
adaptations in weeds from selected
agro-ecological zones in India

6. | (CRSCNIBSMCIL202101100048) Sridhar, J Anil Dixit 2021-26
Pests and disease dynamics and their S.K. Sharma
management under emerging production L.L. Kharbikar
system

7. | (CRSCNIBSMSIL202101200049 ) Lata Jain S.K. Sharma 2021-26
Exploring microbial diversity under
emerging production system in agriculture

8. | (CRSCNIBSMSIL202200100050) S.K. Sharma Lata Jain 2021-26
Developing antimicrobial biosurfactant
producing-bacterial resources from Chhattis
-garh state for control of phytopathogens
causing diseases in chickpea

III. School of Crop Resistance System Research

1. | 2.2 (CRSCNIBSMSIL201700200021) P. N. Sivalingam S. K. Jain 2017-22
Identification of biotic stress induced Vinay Kumar
promoters from resistance source plants L. L. Kharbikar

Ashish Marathe

2. | 2.3 (CRSCNIBSMSIL201700400023) Vinay Kumar S. K. Jain 2017-22
Development of super donors in rice carrying P. N. Sivalingam
tolerance to multiple stresses (Bacterial leaf Mallikarjuna, J.
blight, Brown plant hopper and Blast)
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S. Project code and title PI (Dr.) Co-PI (Dr.) Year
No.

3.1 2.5 (CRSCNIBSMSIL201900100032) Ashish Marathe P. N .Sivalingam 2019-22
Deciphering the role of isoflavones in L. L. Kharbikar
differential reaction to yellow mosaic disease
in soybean

4.1 2.6 (CRSCNIBSMSIL201900200033) Mallikarjuna, J. Vinay Kumar 2019-22
Deciphering silicon mediated defence against
yellow stem borer in rice

5.12.7 (CRSCNIBSMSIL202000100034) S. K. Jain Mamta Choudhary 2020-23
Cytological and molecular basis of organ Ashish Marathe
specific resistance to blast disease in finger
millet

6. | (CRSCNIBSMCIL202100500042) Mallikarjuna J. P. N. Sivalingam 2021-26
Identification of novel genetic resource and ;’égazy)}%??rgiﬁi‘ﬁi?“
genes in selected crop-pests system against (from August 2022 )
biotic stresses Sridhar, J., Ashish Marathe

7. | (CRSCNIBSMSIL202100600043) Vinay Kumar P. N. Sivalingam 2021-26
Deciphering molecular mechanism and Ashish Marathe
metabolic network involved in imparting
resistance to biotic stresses in plants

8. | (CRSCNIBSMCIL202100700044) Ashish Marathe P. N. Sivalingam 2021-26
Genome editing for exploring cell wall Vinay Kumar
mediated tolerance to Helicoverpa armigera Mallikarjuna, J.
in soybean and pigeonpea

IV. School of Crop Health Policy Support Research

1. | 4.2 (CRSCNIBSMSIL201600200016) K. C. Sharma Mallikarjuna, J. 2016-22
Bio-ecology and management of the pink
stem borer in wheat

2. | (CRSCNIBSMSIL202100800045) K. C. Sharma S. K. Jain 2021-26

Pest risk analysis of agriculturally important
potential invasive pest and diseases in India

P. Mooventhan
Soumya Dash
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B. External Funded Projects (On-going)

S. Project code and title PI Co-PI Year (Sponsor| Budget
No.

1. | EF006 (CRSCNIBSMCOL201600100019)| P. Mooventhan | Anil Dixit 2016-23] ICAR |162.75
Socio-economic upliftment of tribal farmers M.A. Khan lakhs
through biotic stress management strategies Praveen Kumar
in rice fallow pulse cropping system- L. Varma
A integrated farming approach G. L. Sharma

2. | EF009 (CRSCNIBSMCOL202000200036)| P. Mooventhan, | Anil Dixit 2020-22| DBT | 214 lakhs
Establishment of Biotech-KISAN Hub at | Hub Facilitator | R.K. Murali Baskaran
ICAR-National Institute of Biotic Stress KVK Korba
Management, Raipur KVK Rajnandgaon

KVK Mahasamund

3. | EF010 (CRSCNIBSMCOL202000300037)| P. Mooventhan | H. K. Singh, IGKV,[2020-23| DST [41.11 lakhs

In-situ diagnosis and digital cataloguing of Raipur

plant-pathogenic fungi through foldscope
microscopy-A frugal science approach

(DST-SYST)

4. | EF011 (CRSCNIBSMCOP202100100038) | L. L Kharbikar | Anil Dixit 2021-24( DBT Total:
Development of diagnostic kits for quick 282.85 lakhs
detection of CTV, HLB and Phytophthora NIBSM:
rot diseases in Citrus of North East India 66.96 lakhs

5. | EF012 (CRSCNIBSMS0L.202100200039) | S. K. Jain Ashish Marathe ICAR | 11.04 lacs

National Agricultural Innovation Fund-
Component |

C. AICRP/Network Projects (On-going)

S. Project code and title PI Co-PI Year |Sponsor| Budget
No.
1. | EF005 (CRSCNIBSMCOP201400800009) | Mallikarjuna, J. - 2014 | ICAR NA
AICRP on nematodes in cropping systems onwards
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ZERTIFIKAT @

Certificate of Registration

This is to certify that the Environmental Management System of

ICAR-NATIONAL INSTITUTE OF BIOTIC STRESS

MANAGEMENT
BARONDA, RAIPUR, CHHATTISGARH, INDIA

Has been successfully assessed &
conforms with the following standard

1SO 14001:2015

Scope of Certification

RESEARCH, DEVELOPMENT AND EXTENSION IN BIOTIC STRESS MANAGEMENT
AND IMPARTING POST-GRADUATE EDUCATION IN AGRICULTURE

Certificate No. :  SMS/EMS/122/1347
Initial Registration Date : 23.09.2022
Issue Date 1 23.09.2022

Surveillance 1 Audit Date : 23.08.2023
Surveillance 2 Audit Date : 23.08.2024
Re-Certification Dueon : 22.09.2025
Date of Expiry : 22.09.2023

i

Signature of Director

T, Popmimy E E

LaF o
Accreditation No.: CB-MS-2808 E
(Accredited by United Accreditation Foundation (UAF), 1 1

400 North Center DR, STE 202, Norfolk, VA 23502, United States of America
To Check Certification Status:
www.saaracertification.com & www. uafaccreditation.org

SAARA MANAGEMENT SYSTEM PRIVATE LIMITED
F-7, Top Aoor, Main Road, Kalkaji, New Delhi-110019, India
E-mail: saaramspl@gmail com Website: www.saaracertification.com

The validity of certificate is subject to regular surveillance audit on or before above mentioned dates and its only valid after successful surveillance with continuation letter issued by
SMSPL. It is issued subject to the continued availability of access at any time and without notice to the above named organization's premises for the purpose of t and
surveillance regarding the standard named above and SMSPL terms and conditions. The certificate is the property of SMSPL and shall be rett 1 i diately when di
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