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ST B AT H.........

HUHAZAR-TE el SFFHA e,
TS B fo0 ad 2016-17 FF TEA § AR
TR 1 39 99 & SR G A fas AR At
% &5 4 X fasd J Faigd qoe Feel qiadiEl Hurd
I fehTH T fIehieret hieh Teh 74T JehrH BT ol |
56 Y I Afafted S 97 FERFIdr (3R
T 41.667) H FRIRIG AT T |

12 &f deesiE A5 & 90 8N & -9
ffSe=t 3T Seas aREHeT | 2 T Ade
g4 SN T8 WEieRat R Il § e &g qaR
BU 1 T & B FEwEyel A TS 7 & | B 77 =~
YeraR SR X9 %l O J SerRy 8 WA G
I ARG BHAIE, W TN [ —
deHEIeEe SaE, g wad § 7JeRed &
FerefareT 89 ArEshifere T, Td &1 H Ted STE acl = i (68T | 71 wRed STl &g oo &l I 22 I 6l
g gererd F BT 9, 29 AR HI 2S/H77 RYeHed & H3 § Td 20 AR S FREGFT SIS § Te= &l Tl | TR
FH T AR A &, Fear, R oIR A, SR A U el & 06w 37-Ag) S faurhar ity &
[T U SRS A1l I 1 Fedih [ T | O IWMORIE SrE-w S (THEE-099) i e o
wd gT-fagl AR 37-f3a) wiea faeed & qed Tab 919 9 P &l 8g e AT T | FIHERT T § T g
fefercda e &1 Ue= &1 T, e TNF-a |fed goM & o RFHar 9eedl & U9 #X qeayqel Gel Raved ud del
MeRIEiess oI 1 e A | 4 98 & oo Q@ U gER AN, 2,4 SEeXegeEd A, S U Sifhermll deieiiriise
g, I T &Y b, AN FHT TedMI TN | Goieq Floged e BR-IqdX 9 Ueh T AR B Ge=T &l T fra-
TaferE & et i FREEE 0 § oTeeE T S 6 | Fetier WY danorar SrErerd 9 § guw B
diciied o el § e S Hiedrd & KX Td Th A & WX H qedyel Bl SaR B | A6 AfTar i e
FASIAT FeheT 7 Tt § UNeeh A AR SR R I & e ST &mTd Wafsid % |

fadiioe areT S SaEsayer § miRNA # 9riE @iid & & i Rfgiiad miR858a 1 fawgd Hafds
TeToT Ui foha T | AT §, HEea foer § St fRwes danawi # o Sfie aRarl @ 9ee @ T Ug qeer goie
FoRaT 1T | tima12 STAT (T Wt © G FoRaT 1T hieeres i) 3IX Tmal2 HE i HUrd el de-i 3 ST S
gY e ot iieneeT fham T | =med Sl fRE e AR SN & dard Haed @l Al e serrett |
STARREE &l T SR I [ISRIST AT T | Fli=4 G4 & icl ed Ud FHicl I THal & aTereeid S 4 <
HRTAT Hl FSHHAT mRNA R 217 et FareT &l Tifafey S a9e & [0 0 Sl Jard 61 T | 98 SefRid 6
ST g © o qufesiiead ST O Cefeiord 13T | A [T U Ufe AR S 1 3 HasiE HeHe I &
BRI FIEl & g6 qYE & T HRIEehal Yo H3l & | i S &g H8AId e & o 39 S & 919 3 S &
AT R ST XE & | QUEsiiegd g l ARa el § SOy AT ded § R & e & a1 A
HI R ST G I ST 1 T AT ST @72 |
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39 & fafr el & e, A, TAEEITH, TUSIHRCd, HHUIICH Ud Feller gal i [afafiar &1 verd s
T | I ERT ARG T deTea AT § ARG § Sl oz (W) H 46 TSIl T 6 greiraithn oo &
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T |

Qe & fafae Tel wd etadt qEt & TR F A B, HaH IR EREE & o gfas duderge-
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AT 1 Sieh! U, UTerl U6 TETEiTeh [GRITare & e gedish fha & |

HEI 1 36 99§ A gy R, FEA U6 R gt SEwal w1 Ao A | e Raearen &
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From the Director’s Desk .........

The year 2016-17 is memorable for CSIR-
National Botanical Research Institute (CSIR-
NBRI), Lucknow in many ways. The institute
achieved a major break-through in science and
technology during the year in the form of
development of white fly- resistant transgenic
cotton lines for the first time in the world. This
research was published in the journal Nature
Biotechnology with animpact factor of 41.667.

With the completion of 12" Five Year Plan,
several new leads from different mega network
projects got matured and were ready to translate p = /
them into new technologies and products. To ' ;
mention a few, anacardic acid-based formulation

to enhance cotton yield and fibre quality, nano & P
-

emulsion-based antimicrobial products, -

microbial strains for control of Fusarium in diverse crops, and development of low arsenic grain rice variety. Twenty
two compounds from Betula utilis bark, 29 compounds from Hedychium spicatum rhizome and 20 compounds from
Justicia adhatoda were identified with high potential for human health care. Marchantia polymorpha, a bryophyte was
evaluated for in vitro cytotoxic activity against four cancer cell lines viz., Breast, Colon, Head & Neck, and normal
epithelial cells. An antimicrobial BIONANO gel (NBC-099) was developed and tested for its wound healing potential
under in-vitro and in-vivo model systems. A novel therapeutic compound from Commiphora agallocha was identified,
which showed significant anti-inflammatory and arthritic properties by inhibiting the mediators responsible for
inflammation including TNF-a. A second compound, 2, 4 ditertbutyl phenol, a potent antioxidant was isolated,
purified and identified from the latex of C. agallocha. A chemical compound was identified from the weed, Ageratum
conyzoides, which showed promising results in controlling cattle ticks. Polyphenols isolated from the resurrection
plant, Selaginella bryopteris showed significant decrease in stress induced elevated levels of Cortisol and blood glucose
levelsinrats. The lichens, Usnea longissima and Cladonia furcata, showed potential against peptic ulcer and oesophageal
refluxes disease inrats.

A detailed functional characterization of Arabidopsis miR858a was carried out to establish involvement of
miRNAs in secondary plant product biosynthesis. In cotton, gene families involved in histone modifications related to
fibre development were identified and characterized. Detailed characterization of cotton transgenic lines expressing
tmal2 (an insecticidal gene isolated from a fern) and Tmal2 protein was carried out. Transcriptome of callus culture
from different developmental stages of Indica and Japonica rice was established and analyzed. A successful effort has
been made to decipher the mechanism of prickle formation in Solanum khasianum, using RNA isolated from the
epidermal tissues from the stem of prickly and prickleless strains by differential mRNA-sequencing. It has been
demonstrated that the over-expression of Pectin methylesterase (PME) isolated from Arabidopsis thaliana and
Aspergillus niger provides resistance against broad spectrum of insects by producing methanol. It is being tried to
introduce this gene in cotton for methanol production for insect resistance. The adaptation mechanism at the
molecular level is being tried to unravel in Arabidopsis thaliana by studying the variation in DNA methylation patternin
Indian populations.

Breeder seeds of high thebaine lines of opium poppy developed by the institute are being multiplied in isolation
plots at CSIR-NBRI campus for commercialization, and the performance trials of these thebaine lines were conducted
atvarious villages of Rajasthan and Madhya Pradesh.
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The taxonomy and assessment of diversity of Algae, Lichens, Bryophytes, Pteridophytes, wild relatives of
Cucurbits and Tree Legumes in different parts of the country was continued. The monographic and phylogenetic
studies in the Tribe Delphineae (Ranunculaceae) confirmed that, in India the tribe Delphineae is represented by 46
species and six infraspecific taxa distributed in three genera namely, Aconitum, Delphinium and Consolida. In the study
of molecular systematics of the Didymocarpus- Henckelia generic complex (Gesneriaceae) in India, morphotaxonomic
data on 26 species of Henckelia and 17 species of Didymocarpus were compiled.

As a part of organization and maintenance activity of Herbarium, about 1,036 specimens of seed plants and 2311
specimens of cryptogamic plants (Pteridophytes-280, Bryophytes-836 and Algae-45), and 1150 specimens of Lichens
were added to the Herbarium taking the collection to 2,96,317.

The works on impact of climate change on agriculture and forest ecosystems and bioremediation of organic and
non-organic pollutants have been appreciable. Biodegradation of anthracene was investigated using three bacterial
strains, namely Corynebacterium sp. PSM10, Pseudomonas aeruginosa PSA5 and Rhodococcus sp. NJ2 which showed
promising results. A Phosphate solubilizing bacteria (PSB) based formulation was developed that showed plant
growth promoting attributes in Gladiolus and has potential application in several other floriculture crops. A microbial
formulation consisting of three Trichoderma and one Bacillus strain was formulated for fast degradation of rice straw in
the field.

The Botanic Garden of CSIR-NBRI, which is committed to introduction, enrichment and maintenance of
germplasms of diversified groups of plants and ornamentals, enriched its collection by introducing several threatened
species. During the year under report, two new late blooming varieties of Chrysanthemum, 'NBRI-CSIR75',
commemorating the platinum jubilee of CSIR, and 'NBRI-Asha Kiran' were released. The Botanic Garden was enriched
with Dischidia major, an epiphyte species, Hoya parasitica, a plant with strong sweet fragrance. The Nong Nooch
Botanical Garden, Thailand extended help in enriching the Cycad Conservation Centre by donating 70 seeds of seven
threatened cycads. An Orchidarium, which houses about 80 different species of orchids, was inaugurated by Dr. Girish
Sahni, DG, CSIR and Secretary, DSIR, New Delhi.

The Distant Research Centres worked on conservation of economically important species. It standardized agro-
technologies for several economically important plants on degraded sites. Four species of Curcuma viz. C. longa. C.
caesia, C. zeodoaria and C. amada were grown for evaluating their yield, quality and biochemical properties.

The Institute during the year conducted a number of training programmes, workshops and Farmer's Interaction
programmes. Training was imparted to various stakeholders on different subjects, including taxonomy, gardening,
floriculture, agrotechniques, biofertilizers, dehydration of flowers and floral crafts, betelvine cultivation, and
cultivation of medicinal and aromatic plants. Post-graduate students of different universities/institutes were also
imparted training on various aspects of plant sciences, including molecular biology, microbiology, pharmacology, and
biotechnology.

The institute during the year carried out its research activities through 120 Research and Development projects
under in-house, network, supra-institutional, NMITLI and other externally funded projects. These R&D activities led
to 202 publications in peer reviewed national and international journals. One hundred and thirty papers were
published in SCI journals with a cumulative impact factor of 330.102 and an average impact factor of 2.54 per paper.
This was a commendable achievement for the institute with only 60 scientists. Eighteen students were awarded Ph.D.
degree and 25 students submitted their Ph.D. theses. Two patents were granted and three were filed. Twenty
MoUs/ Agreements were signed and 41 new projects were initiated.

The institute was the recipient of the CSIR TECHNOLOGY AWARD FOR LIFE SCIENCE 2016 which was
conferred jointly to CSIR-NBRI and CSIR-CIMAP, for the development of Herbal Composition (NBRMAP-DB) for
management of Diabetes Type II. Technologies for a herbal antioxidant formulation useful during stress and
chemotherapy of cancer patient, and a herbal toothpaste containing polyherbal formulation from known Ayurvedic




medicinal plants have been developed and are ready for commercialization. A technology for alcohol free Herbal
Hand Sanitizer was made ready and recently licensed to M/s. Satguru Biologicals, Barabanki, Uttar Pradesh.

During the year, Dr. Harsh Vardhan, Union Minister for Science & Technology and Earth Sciences, Govt. of India
visited the Institute and appreciated its work. Dr. Girish Sahni, DG, CSIR and Secretary, DSIR, New Delhi, and Her
Excellency Prof. Ameenah Gurib-Fakim, President of Mauritius also visited the Institute and shared their visions with
the scientists of CSIR-NBRI.

I congratulate all the scientific, technical and administrative staff of CSIR-NBRI for their sincere efforts to make
the institute a vibrant and productive scientific organization. While we take pride in our overall achievements, we
must prepare ourselves for the challenges ahead. As has been repeatedly emphasized by our Hon'ble Prime Minister
Shri Narendra Modi and Hon'ble Minister, Science and Technology, Dr. Harsh Vardhan, all the CSIR institutions need
to solve country's identified problems through developing appropriate technologies. While maintaining its global
leadership position in scientific research, the country expects CSIR scientists to develop products which are useful for
the large section of our society. CSIR scientists need to solve the problems of common man and develop new
technologies to help enhanced food production for our farmers. CSIR has to play a pivotal role in developing skill in
different vocations for our educated unemployed youth under country's “Skill development Mission” and also our
scientists need to enthuse young school children to take science as a career and develop scientific temper among them
through “Jigyasa” programme. Being a plant-based research organization, CSIR-NBRI has the ability to solve several
of the country's acute problems by providing the nation several novel species, biomolecules and genes, and novel
plant-based technologies and products. While continuing to excel in basic science research, we need to put equal
emphasis on translational research. We need more synergy and focus in our actions, need to be more innovative, and
provide quality time to achieve the identified goals. I am confident that, with enhanced commitment and hardwork of
all the members, CSIR-NBRI would attain a new height very soon. As a new entrant to CSIR family (since 3"
November, 2017), I feel privileged to lead this great institution, and I am sure, together we shall be able to meet the
expectation of the nation through our innovative science and translational research approach.

I take this opportunity to place on record my sincere gratitude to Dr. Girish Sahni, the Director General of CSIR,
for his support, guidance and advice for the successful S&T management of the Institute. We sincerely thank Prof. SK
Sopory, Chairman, Research Council and all the honourable members of the Research Council as well as of the
Management Council for their guidance in successful implementation of the research and development programs of
the Institute. We acknowledge the help and cooperation received from our peers, well-wishers and supporters in
performing our R&D and outreach activities successfully. We look forward to your continued guidance, advice and
supportinall our future endeavours.

e
'SK Barik
Director




EXECUTIVE SUMMARY

The Council of Scientific and Industrial Research -
National Botanical Research Institute (CSIR-NBRI),
Lucknow, established in the year 1953, is one of the 38
constituent laboratories of CSIR, Department of
Scientific and Industrial Research, Ministry of Science
and Technology, Government of India. The institution
has been in the forefront of plant sciences research in the
country for the past six decades and is an institution of
national importance. As a globally recognized advanced
centre of botanical research, the institute carries out
multidisciplinary R&D programmes in almost all fields
of plant sciences. The mandate of the institute is to
undertake basic and applied research on various aspects
of plant science, including conservation, systematics,
documentation, prospection and genetic improvement
with particular emphasis on under-exploited, non-
traditional and wild plant genetic resources of the
country for the sustainable development and human
welfare. The institute has core strength in the following
areas:

e Plant diversity, systematics and databases for

lower and higher plant groups.

e  Bioprospection and development of nutraceutical,
cosmaceutical and health care products.

e DBotanic garden, plant conservation and
development of new varieties of floricultural
plants.

®  Microbes for enhanced plant productivity.

e Pollution remediation through plants and
microbes.

e (Climate change adaptation studies and carbon
sequestration.

e Plant improvement through conventional and
molecular breeding, and genetic engineering.

e  Agro-technologies for sustainable development of
sodicland and other wastelands.

e  Societal development activities through outreach
programmes.

The Institute is surging ahead with its envisioned
goals of exploring the untapped potentials of the

underexplored and unexplored plant diversity of the
country for generating new knowledge, and affordable
technologies for human health care, agriculture, and
environmental protection. The year 2016-17 witnessed
several significant achievements in the scientific,
technological and outreach activities of CSIR-NBRI, a
summary of which s given below:

Plant diversity documentation and conservation

The institute continued its sustained efforts to carry
out systematic documentation, characterization,
evaluation and conservation of plant and lichen
resources of India. The floristic account of Govind
Wildlife Sanctuary was completed. A total of 637 species
of angiosperms, 352 lichens, 381 bryophytes, 391 taxa of
algae and 88 species of pteridophytes, and additionally
25 ethnobotanically important plants were documented
from the sanctuary. Taxonomic studies on various
groups such as Thelotrematoid (121 spp.), Cetrarioid
lichens, (47 spp.) Corydalis (23 spp.) and Ficus (40 spp.)
were completed. Molecular systematic studies of the
genera Bergenia (Saxifragaceae) and Luffa
(Cucurbitaceae) in India were completed, while a new
study on molecular systematics of the Didymocarpus-
Henckelia generic complex (Gesneriaceae) in India has
beeninitiated.

In the area of molecular characterization of plant
genetic resources, analysis of genetic variability and
population genetic structure was carried out in 11
populations of Ephedra foliata collected from its
distributional range in arid and semi-arid regions of
north western India. Additionally, sequence-
characterized amplified region (SCAR) markers from the
RAPD and ISSR fragments were developed for the
identification and authentication of Gladiolus

germplasm.

The monographic and phylogenetic studies in the
Tribe Delphinese (Ranunculaceae) confirmed that, in
India the tribe Delphineae is represented by 46 species
and six infraspecific taxa distributed in three genera, viz.,
Aconitum, Delphinium and Consolida.

Mapping the floristic diversity and conservation
studies on plant resources of Kishanpur Wildlife
Sanctuary (KWS) continued for better understanding of




the plant diversity of the protected area. A total of 215
plant species were collected from KWS and deposited in
the herbarium of the institute (LWG) for future reference.
A diversity assessment of angiospermic flora has been
initiated to provide a taxonomic account of angiosperms
of Sonbhadra district in the Vindhyan region of Uttar
Pradesh. The extensive survey of the area over the years,
critical examination of previous collections housed at
various herbaria, and review of published literature
revealed that a total of 705 species belonging to 459
genera under 110 families are present in Sonbhadra
district. This year, a new study on the plant diversity
assessment in Dima Hasao, a hilly region of Assam, was
initiated and about 150 species were collected from the
area.

Lichens were recorded from 18 sites of Nilgiris in
Western Ghats, which clearly differentiated the diverse
micro and macroclimatic conditions of the area. A total of
223 species belonging to 80 genera and 33 families were
recorded from these study sites.

A survey of bryophytes was carried out in
Darjeeling hills to study the species composition along
the altitudinal gradients. The primary data indicated that
over the decades, the species richness index fluctuated at
Tiger Hill and it had a steady increase at Llyod Botanical
Garden (LBG). These differences could be due to the fact
that Tiger hill is a site with greater tourist influx as
compared to the LBG which has limited anthropogenic
activities.

Exploration of bryophyte rich localities in the
Eastern Ghats of Odisha was undertaken. About 321
specimens were collected, and an illustrated account of
the studied taxa with descriptions along with their
distribution data is in the final stage. Similarly, a study on
the bryophytes from Terai region of Uttar Pradesh has
revealed the occurrence of 29 species of bryophytes: 21
species belonging to 16 genera of 11 Families of Mosses; 6
species belonging to 3 genera of 3 families of Liverworts;
and 2 species belonging to 1 genus of 1 family of
Hornworts.

From the water samples collected from different
parts of Lucknow, 12 algal taxa under 11 genera and 2
classes were described. Algal studies for harnessing its
potential as a source of biofuel were continued.

Under the National Mission for clean Ganga project,
algae were collected from eleven defined sites and the

study revealed the occurrence of 37 species belonging to
24 genera. The diversity and distribution pattern of
pteridophytes from Haridwar and Ganga Sagar showed
arecord of 17 species which belonged to 12 genera under
9 families.

Six species of bryophytes were introduced to the
collection in the Moss House of the institute. Plants of
Nephrolepis hirsutula collected from Andaman Islands
were introduced in the fern house of the institute. Mass
multiplication of 13 ornamental species of pteridophytes
was undertaken for conservation, and experimental
studies.

About 1,036 specimens of seed plants and 2311
specimens of cryptogamic plants (Pteridophytes-280,
Bryophytes-836, Algae-45), and 1150 specimens of
Lichens were added to the Herbarium (LWG), making
the total collection to 2,96,317.

The Botanic Garden of CSIR-NBRI continued its
activities through introduction, enrichment and
maintenance of germplasms of diversified groups of
plants and ornamentals. It also serves as a National
Repository of Indian and exotic germplasm including
threatened plant species. During the year under report,
two new late blooming varieties of Chrysanthemum,
'NBRI-CSIR75', commemorating the platinum jubilee of
CSIR, and 'NBRI-Asha Kiran' were released. The Botanic
Garden was enriched with Dischidia major, an epiphyte
species, and Hoya parasitica, a plant with strong sweet
fragrance. The Nong Nooch Botanical Garden, Thailand
extended help in enriching the Cycad Conservation
Centre by donating 70 seeds of seven threatened cycads.
Four species of succulents were introduced in the Cactus
and Succulent House. A new “Indoor and Plants of
Ancient Times” Conservation House was
conceptualized to add more educative values to the idea
of conserving plant diversity of different ages at one
place. Adding plants of ancient times such as Gingko
biloba, Cycas sp., Zamia sp., Dioon sp. and ferns was
highlight of plant propagation centres during 2016-17.
An Orchidarium, which houses about 80 different
species of orchids, was inaugurated by Dr. Girish Sahni,
DG, CSIR and Secretary, DSIR, New Delhi.

The Distant Research Centres accelerated their
working on conservation of economically important
plant species, and standardization of agro-technologies
for economically important plants on degraded sites.
Four species of Curcumaviz. C. longa. C. caesia, C. zeodoaria




and C. amada were grown for evaluating their yield,
quality and biochemical properties. The turmeric variety
'Kesari', released last year, was further evaluated for
performance, yield and for comparison with locally
grown varieties. Matricaria (Chamomilla recutita) was
evaluated for its oil content and quality at different soil
pH. Bixa orellana, a dye yielding shrub and one of the
most widely used food colouring substances of the food
industry, was studied for pruning effects on growth and
productivity. Aloe and Andrographis paniculata were
studied for their sustainable cultivation on sodic
wastelands.

A Phosphate solubilizing bacteria (PSB)- based
formulation has been developed which shows potential
for plant growth promoting attributes on Gladiolus and
can be taken up for large scale production for utilization
in floriculture crops.

Climate change monitoring using plants and
lichens

Long-term climate change monitoring studies were
undertaken in three highest summit point (HSP) in the
Indian Himalayan region. The sites were surveyed for
lichens, and lichenometry analysis in and around Kabi
and Tingda area of north Sikkim was undertaken. A total
of 52 species of lichens belonging to 27 genera and 16
families were recorded from three summit points. The
bryophytic diversity was marked with dominance of
mosses, followed by liverworts. The bryo-diversity of
these areas mostly consisted of populations of temperate-
subalpine bryo-flora, while typical alpine-subalpine
elements were observed in lesser quantity. Studies
regarding changes in atmospheric deposition during the
last half century and its impact on lichen community
structure were carried out in Darjeeling and Tawang area
of the Eastern Himalayas, Pindar valley in Western
Himalayas and Mount Abu in North-western India. The
research demonstrated the potential use of herbarium
specimens for mapping lichen diversity which can help
as a tool for the assessment of environmental stress on
toxitolerant lichens in the study area. Studies on
secondary metabolites and amino acids of lichens along
with the diversity of lichens were used to assess the
response of rising temperature and ultra-radiance in
Indian Himalayanregion.

In order to study the dynamics of forest ecosystems
in relation to climate responses, above ground biomass

assessment in tropical deciduous forest at Katerniaghat
Wildlife Sanctuary (KWLS) of Uttar Pradesh was
undertaken in three forest communities, viz. dry mixed,
sal mixed and teak forests.

In another study, response of three wheat varieties
to elevated carbon dioxide and ethylene diurea (EDU)
treatment was assessed under Free Air CO, Enrichment
(FACE) facility.

Environmental Biotechnology and
Bioremediation

Studies on impact of climate change on agriculture
and forest ecosystems resulted in several significant
leads in terms of identifying potential plant and microbes
for bioremediation of arsenic, and organic and non-
organic pollutants such as anthracene and total
petroleum hydrocarbons.

The impact of Ortho Silicic Acid, the bioavailable
form of silicon, in reducing arsenic accumulation in rice
grains was analysed. Application of Silicon enhanced the
growth and yield of plants under arsenic stress by
stimulating synthesis of thiols and activities of
antioxidant enzymes, and greatly reduced grain arsenic
accumulation. Results confirmed that application of
Ortho Silicic Acid reduces negative impacts of arsenic,
not only in terms of economic yield but also the quality of
grains. Rice seedlings supplemented with Selenium
mitigated Arsenic toxicity by reducing arsenic uptake
and ameliorating amino acid content.

A rice variety CN-1794-2-CSIR-NBRI (Muktashree)
exhibiting low grain As accumulation developed by
CSIR-NBRI in collaboration with West Bengal
Government is being approved for cultivation in arsenic
affected areas following successful multi-locational field
trials.

A consortium of four fungal strains were identified,
studied and confirmed for their superior performance in
arsenic removal and was developed as a bio-augment
formulation for remediating arsenic contamination in
paddy crop.

Biodegradation of anthracene was investigated
using three bacterial strains viz., Corynebacterium sp.
PSM10, Pseudomonas aeruginosa PSA5 and Rhodococcus sp.
NJ2. All the three strains showed promising results. A
microbial consortium of selected bacterial and fungal
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strains degraded 49% of total petroleum hydrocarbons
after one month of incubation, when grown in 30% crude
oil spiked soil.

A microbial formulation consisting of three
Trichoderma and one Bacillus strain was formulated for in
situ application in the fields having remains of rice
stubble. Application of the formulation resulted in faster
degradation of rice straw in the field. The technology has
great promise to substitute the on-going practice of
burning the field after crop harvest.

Genetic improvement of plants through conventional
and molecular interventions

Anacardic acid was identified as an important
candidate molecule for the improvement of yield and
fibre quality in cotton. The same was used for multi-
location field trials in Bhatinda, Maharashtra and
Telangana.

In cotton, gene families involved in histone
modifications related to fiber development were
identified and characterized. Development of a
commercially viable F1-Hybrid Cotton using Novel
Reversible Male Sterility System is in progress.

Detailed characterization of cotton transgenic lines
expressing tmal2 (an insecticidal gene isolated from a
fern) and Tmal2 protein was carried out.

Molecular genetics of guar (Cyamopsis tetragonoloba)
was studied using more than 200 accessions collected
from different parts of the country using SNP marker
approach, and tagging Alternaria blight resistance loci,
and marker assisted backcrossing (MABC) were carried
outinlinseed (Linum ussitatisimumL.).

Breeder seeds of high thebaine lines of opium
poppy, developed by the institute are being multiplied in
isolation plots at CSIR-NBRI campus for
commercialization, and performance trials of these
thebaine lines were conducted at various villages of
Rajasthan and Madhya Pradesh.

Full-length ¢cDNAs of putative genes involved in
uncharacterized steps of Papaverine biosynthesis were
identified and functionally characterized.

The analysis of sterol glycosyltransferase (sgt) gene
family of Withania somnifera using artificial miRNA

technology in the glycosylation of secondary metabolite
revealed that sterol glycosyltransferase enzyme activity
of W. somnifera provides tolerance against high
temperature.

Transcriptome and small RNA sequencing of ripe
and unripe stages of banana completed, and detailed
analysis of various gene and miRNA families carried out.

To obtain insights into the molecular changes that
occur during the ripening, an Illumina-based
transcriptome analysis of inner and outer zones of
Dashehari mango was carried out. Prominent genes of the
ethylene pathway, cell wall softening, and other major
ripening related pathways that included the aroma genes
and carotenoids were identified.

Transcriptome analysis of a fragrant variety of rose,
R. bourboniana (commonly known as Desi Gulab), which
is also sensitive to endogenous and exogenous ethylene
with petal fall within hours of exposure to ethylene, is
under progress.

Transcriptome of callus culture from different
developmental stages of Indica and Japonica rice was
established and analysed.

To establish involvement of miRNAs in secondary
plant product biosynthesis, a detailed functional
characterization of Arabidopsis miR858a was carried
out.

The mechanism of prickle formation in Solanum
khasianum was understood using RNA isolated from the
epidermal tissues from the stem of prickly and
prickleless strains by differential mMRNA-sequencing.

Targeted manipulation of SIERF6 and SIERFS in
tomato and deciphering their role in regulating fruit
ripening and productivity, and in silico identification of
SNP diversity in cultivated and wild tomato species are
inprogress.

The role of Nonexpressor of pathogenesis-related
gene, NPR1 in the Nucleosome remodelling in
Arabidopsis thaliana was unravelled. Over-expression of
Pectin methylesterase (PME) isolated from Arabidopsis
thaliana and Aspergillus niger showed resistance against
broad spectrum of insects by producing methanol.
Efforts are continued to introduce this gene in cotton for
methanol production for insect resistance.
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The adaptation mechanism at the molecular level
was examined in Arabidopsis thaliana by studying the
variation in DNA methylation pattern in Indian
populations.

Study on the role of miRNA(s) in plant growth
promoting rhizobacteria Pseudomonas putida RAR
mediated drought stress alleviation in chickpea (Cicer
arietinum L.), indicated that RAR inoculation alters
miRNA and target gene expression resulting in
ameliorating drought stress response in drought tolerant
chickpea cultivar.

Transcript profiling of major millet crops under
drought stress and cloning-characterization of stress-
inducible transcription factors showed that a zinc finger
protein coding gene (PgZnF) was found to be up-
regulated under late drought stress.

The GheCAMTA and NAC-2 genes in chickpea were
functionally validated in response to water stress. The
aim was to develop drought-tolerant chickpea.

One of abiotic stress related genes, OsASR6 was
found to be up-regulated by PGPR treatment in rice
roots. Transgenic lines with Arabidopsis thaliana were
developed.

Physiological studies were carried out in Gossypium
species to decipher the alteration in the metabolic
pathways during drought stress in the leaf tissues. The
accumulation of more sugars, sugar alcohols, amino
acids and increase in fatty acid content provided
enhanced osmo-protection under drought stress.

Soybean plants treated with salicylic acid through
seeds pretreatment, under drought regimes showed that
the proteins involved in photosynthesis and carbon
metabolism were major proteins upregulated which
contributed towards increased productivity and seed
yield.

Molecular virological studies revealed association
of Cotton leaf curl Multan virus in Hibiscus rosa-sinensis.
Molecular characterization of a begomovirus
associated with diseases of Parthenium hysterophorus and
wild sunflower (Helianthus sp.) was undertaken.
Coexistence of three virus genera viz., Badnavirus,
Potyvirus and Cucumovirus in Canna species was
reported.

Bioprospection of plant resources and natural
product development

The institute during the year under report
developed the following scientifically validated herbal
products from indigenous plants and associated
indigenous knowledge systems of India. These include:
(i) Sindoor stick with herbal colours with vegetable oil
aroma and bees wax as base material, (ii) a herbal
antioxidant formulation useful during stress and
chemotherapy of cancer patient, and (iii) a herbal
toothpaste containing polyherbal formulation from
known Ayurvedic medicinal plants. The technologies for
all these products have been transferred to industry. A
technology for alcohol free Herbal Hand Sanitizer was
made ready, and recently licensed to M/s. Satguru
Biologicals, Barabanki, Uttar Pradesh.

A CSIR-NBRI formulation is being developed from
Artemisia nilagirica plants which have shown significant
termite mortality rate as compared to that of synthetic
pesticides.

The bioprospecting R&D at the institute has also
generated the following promising leads with potentials
of translating them into products and technologies for
the herbal, cosmetic and nutraceutical industries.

Twenty two compounds from Betula utilis bark, 29
compounds from Hedychium spicatum rhizome and 20
compounds from Justicia adhatoda have been identified
which would be of human health interest. Marchantia
polymorpha, a bryophyte has been evaluated for in vitro
cytotoxic activity against four cancer cell lines of Breast,
Colon, Head & Neck, and normal epithelial cells. An
antimicrobial BIONANO gel (NBC-099) has been
developed and tested for its wound healing potential
under in-vitro and in-vivo model systems.

A novel therapeutic compound from Commiphora
agallocha was identified, which showed significant anti-
inflammatory and arthritic properties by inhibiting the
mediators responsible for inflammation including tumor
necrosis factor alpha (TNF-a). A second compound, 2,4
ditertbutyl phenol, a potent antioxidant was isolated,
and purified from the latex of C. agallocha.

A chemical compound has been identified from
Ageratum conyzoides which shows promising results in
controlling cattle ticks.
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Polyphenols isolated from the resurrection plant
Selaginella bryopteris, showed significant decrease in
stress induced elevated levels of Cortisol and blood

glucoselevelsinrats.

The lichens, Usnea longissima and Cladonia furcata,
have shown potential against peptic ulcer and

oesophagal refluxes diseasein rats.

A marker metabolite, quinic acid, was identified in
leaves of Commiphora wightii which may be used as a
marker metabolite for identifying the commercially/
medicinally important high guggulsterone yielding elite
chemotypes.

A method was standardized to develop squalene
enriched fraction from amaranth grain oil. This can be
used for development of cosmaceutical and

nutraceutical products.

Fifteen gum bearing plants were identified to
explore the potential of the plant gums as natural
binders and stabilizer of food, colour, and for
development as a natural additive or nutritional food

supplement.

Training, Extension and Outreach

The Institute during the year conducted a number
group trainings, workshops and Farmer's Interaction
programme. Training was imparted to various
stakeholders on different subjects including taxonomy,
gardening, floriculture, agrotechniques, biofertilizers,
dehydration of flowers and floral crafts, betelvine
cultivation, cultivation of medicinal and aromatic plants.
The beneficiaries of these training programmes were
farmers, teachers, students, housewives, entrepreneurs
and officers of Biofertilzer units. Post-graduate students
of different universities/institutes were also imparted
training on various topics in plant sciences, including
molecular biology, microbiology, pharmacology, and
biotechnology.

Projects, Publications and Awards

During the year under report, 120 R&D projects
were implemented by the institute, 202 papers were
published with cumulative impact factor of 330 (IF 2.54
per paper), and 18 students were awarded Ph. D. degree.
The Institute jointly with CSIR-CIMAP won CSIR
Technology Award for Life sciences - 2016 for the anti-
diabetic (Type II) formulation-NBRMAP-DB.
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CSIR-NBRI Success Story : Development of Whitefly Resistant Cotton

CSIR-NBRI, Lucknow becomes the First Institute in the World to develop a
technology for resistance against whitefly

Whitefly (Bemisia tabaci) Loss Value

In 2015 outbreak of whitefly caused widespread devastation of
cotton crop, grown in 1.5 million hectare land in Punjab, Haryana
and Rajasthan.

* Highly invasive pest on several
field crops.

* Most affected countries are  n terms of productivity, the revenue loss was estimated at INR

India, Pakistan, Israel, Brazil, 10,000 Crores, despite the use of pesticides worth INR 500 Crores.
Argentina, USA, China and Infection Mode

Australia Whitefly damages the crops by sucking phloem sap; causing fungal
*  Major affected crops are cotton,  infectionand spreading plant viruses.
tomato, brinjal, capsicum, chilli, ~ Damage Value

cucumber, other vegetables Routinely, it leads to average loss of 10-30% in crop productivity,

which may exceed to 100% in severe cases.

CSIR-NBRI Counter Measure Efforts

* Ateam of scientists and students, led by Dr. PK Singh has isolated a novel anti-whitefly gene (designated as
tmal2) from a fern (Tectaria macrodonta). This fern has been maintained in the fernery at CSIR-NBRI Botanic
Garden.

* The anti-whitefly gene was introduced in cotton. The fern gene has made GM cotton resistant to whitefly
infestations. It controls the whitefly population by inhibiting its reproduction and hampering colonization.

*  Whitefly resistance in GM cotton has been consistent for generations. Whitefly is also a vector of plant
viruses. Restriction on whitefly population also controls whitefly spread viral diseases.

*  Whitefly resistant GM cotton does not cause any harmful effect on beneficial insect like Ladybird beetle.

About the Ethics

The source plant of the gene is a fern, Tectaria macrodonta. This fern is eaten as salad and vegetable. Its concoction
isused in medical remedies.

Rodents fed with very high dose of the Tma12 protein for two weeks, did not show any negative effectin animals.
This indicates that the use of tmal2 gene in cotton and other crops will be safe to non-target animals and to the
environment.

This is for the first time a novel insecticidal protein was discovered from an untapped plant resource. The tmal2
gene can be deployed in more than 30 crops to protect the yield without application of hazardous pesticides.

Worth Notable
It is notable that no GM technology is available for the control of whitefly in world. It is
still an unmet need.

Brought Glory
The above work has been published in one of the Top Nature Group journals -
Nature Biotechnology having an Impact Factor of 41.667

ARTICLES

nature.
biotechnology
Expression of an insecticidal fern protein in cotton
protects against whitefly




Distinguished Visitors

Visit of Dr. Harsh Vardhan, Hon'ble Union Minister,
Ministry of Science & Technology and Ministry of Earth Sciences,
Government of India

on April 20, 2016




Distinguished Visitors

Visit of Her Excellency Prof. Ameenah Gurib Fakim, President of Mauritius

on November 25, 2016




Distinguished Visitors

Visit of Dr. Girish Sahni, Director General, CSIR & Secretary, DSIR,
Government of India, New Delhi

on December 10, 2016
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o qateE ATTH T § SEH 6T S 8 | g ST | 17
AN &5 & THEE [l & [l T99 @ 3T SR JPre
3 foe qediE R o @1 | 9 |3 @ A ael § aangd
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e YY) SIRIETT FHH T T |

EEGRECI I
lvfiw ud Ty gl W IEy-Eraee STeE

O ARG B YA A A N aTq STTeTiArear
AANH B qq B AP G169 TG awp A
fopa

STTEIAIET IR & agar S | 9 O B GCG-MS
WFRHIT & ATeAm 9 fagawer A w@n ud | & e el
foRaT 1 39-gl ud g9-foqar qdieror fopan @ | 7 # eose 9
et fopar 3 |

CER LM

g % GO & G W PG TR B b H TR
ZR e b I wep el BT i R B St H G
R T T e AT BT F e A A
ey fopa 2 |

BT T P A dOT 99 8T | X
fomm

EITT TETH AT 3 % [ A9 SAH (3-294),
SAC (FARI%TH), SAW (1) T SAB (3-=2Hd) I TR &
FHREAT (K562), TS (A 549), 3UEMT (Hep-G2) W& &9 &HaT
(MCF-7) %l 79 383 8 @ 9¥ 37! 261 1 aivemr
T | A FARGE ST BYS AT A AR R AR Fafid
3|
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S SR Seds A

1. Sig @aeT U 3T Sepfrh el Bl S q-Ja &l

TGS Y & ITheh foret | Rerq e ) fer a0
Fredfas @ e 11 T AR ER gl R S O o
T & @1y omgTEs # FA 637, A% B 352, AEET FH
381, T # 391 wd RSB T F 88 FTIferar ST & T,
q1g & AFaTedia® qed & 25 Gt B A STArad f6Ar @ |
fafire=t ey TgE S8- Rragidgs I (121 weitar), faefieiEs
A% (@7 wertera), gedra Sl & Fifer (23 seufer) @ AT
(40 Tifera) @1 afienl STerar got fopam T | ARG /O S At
AT (G TeT) STl 1 ATYfees affiel &1 ega T ol
AT T | SR @ 20 SeTfadl H Hafid #X ud I
T EEqH & 0 8 H # R |

REwET & ST @l cm, AR QFeemd FEaReRT
Fifrger TSNl B Yo ST 5 STea a9 i g-fag
fafey s o TR T

SIRRSIESERSIEF (matK, trnH-psbA,rbcL) & MU’ T
et 7ed & 30 Gl 1 SO AR T R T Iae
ST & BEATYR GenBankd&r BOLD STelRd § HIETH
GECICARI S CREZIRE

dear gieforg % B@ oAk (@ foeg) @ adam w@
T TS & o T HEIAS HIO ST % [T T
diter ud fagadg fofy fospiaa Y SEe gite @t w™ @ @
dear Ffefora & B@ # SRy omawE da @ 22 A
(FISEH) # TEEH @ B |39 d9@ 4 A IeE (G
YISi) & forees gewrotatTane Tafafy (dmmemfaae orefd)
I i o |

R = Anifas e & S8 2RfATT eERey ya
(TESTH) & IAT EHE q & 29 AR (FFAEH) B TEE
P B | AFAE BET AT AR & [d6E B Aty
(wreeie e wirefedl) & T g9 q AT B g
T $e () & o T (§) S-S @-Cadinol)
P IURART & FXOT 3H A FAT A AR B [958 IeAdH
afhadr wefia @ | Ay sfeda @1 ufaat & gas a it
(FEEE) T ATHETHA AR (SR weer)
TR # |

TREFET eereier @ I AEEE qa d 20 ARE
(FTSEq) # wEE @ T A qg G ™ B T AMEE
AEHH (FAT 0SA) F (68 geuoiaqand  aeRa

(EEmmEmifaas offefed) wifa & ¥l
fefrg wrgeen & fafwe= giifya (cafes) dat qar

TR 9¥ AR S Gt B Ig-dt (48 ufvi) e &g
TIETT fopar T |

EfRTIr TP & fa ot (TRgaeq) § oe ffrs
QAT (e 0E, e g3 s, Hiol e Tie, Gl
e, Bt UfS, Bed, FETed qgT FAGI) F A fHT
T q9T WY A FA BAas A (HeT), FA qdHES 7=
qar dfeenirSe ety # A st R

SETHZT H FRBIIFT 51! Tt B - iy
ettt (Al uFefd) & e 9] HaY 9a aaed
(&, geeia, v ofiX dar qor A Iusha Hifsree (i
R 97d)] % faes R

39 o T 39 fadl 7 S SOl % S gEsiara
(dfermzshifaaa) aEast S (BIONANO gel) & (NBC-099)
ferepfere fepam |

2. owdig qf oF Y R Tt a@en ®
EIEIEC

QS Sa-deawer § @dfed Hfeqd S & cDNA &l
AT T U FAIT B R | SIS et § 3qN 9% &
AT & faoney AR S wEreT & fo fafee @st w
fereplet fema T wel SR e T | | 1 i ST O e
% iR STET I Al TG o631 T/ T Terg T fopar o
W EI T W FEE a B OgRehe dEE U@ g AR
HERIET 1 1 1 9o & g & @ miRNA 9Rart & ffe
ST 1 g oTera foR S @ B )

Al FAE U dNEYe] Rl & STEd ud sfEEl
el & ARTAU I TYHAT AERT HT qof #l |’
[EESELRERIRCIN

TS FFIEETCE AT FEfEE @ A aF fady gferem
STET & fasawoT @ e F dgedl # Fed § e Sadsye
Tq 31 Fiei T fBrnall & o Sreaare S &t qee H qerdar
T 23 |

faciia qed IeE Aad o § miRNA # g &
I T & 0 @gsiiad & miR858a 1 Frarers faega

SIYTeTo foRaT T | 39 ST I | AdIMISS SIgHIAN U ey
gfa ud e o miR858a Hl (e Tt 6l T |

FATE H, 97 & faepre & Hafaq fewe waiaeen § nia
ST ERT @ 9 dT T U6 R | AR o @ | A
&, s B A Sagsayer & gifepema =, st fF
FAE F 90 & [ H O Aoyel g B, F w4
I A ™1
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e wd S oW F dad dadw # e e
AT & itk &1 i od fasdife fram 1w o
foepra & AR fasier gifere ety 3 9 i JnfE e
Zfeehr SU-TeTierdl & FH=TTees T¢H 9 See7 YBIHT & Haa o |
STANE T FH TIET FA Al O B FE i B B
feqm ¥, strdfve Haft ga1 85 @ aeevergeedr SIH 8 T
TAN oTAE IS BI ofi9 ® @ T ud AT
e R T g| S| A Sfergel 8. #larE w .
&Rfadl § ordte weAsiiar # gha welia &1 g @ 3|
oA w0 @ gaia diee & 91 Gafd &9 § g 3
T Afear ¥ 39 i & orafE Sa-sTEr § defed
e & daa 23 |

FAE & wipl2 (F & M@ T 0F Heaad )
WTPI2 SIEH # Yad9 #3 aml qReiel dgel & fega
AT BT 7T | eI Tie &l fheed a1 g &
T R $ W GaeH @ AT i e WA A SEacHEs
et 1 e BT Wefiid AT | 9%e el afekid & @y,
qIRSTT AT 3 Fied A et ST & i o afode yefdia
foFT | TET T Tebriiehl BEiaeoT &l HHTAIST &l qansm S <&l
T 139 oPPEe O Tefvad SIS S R St AT St
o SR 2 g ¢ |

3. Ry fafqean: ogmem dfewl & e |
SE e o oivdid & § weeye
Rl H ST /A

AT I HfesehT qofaret a1 § 79T § SR A
HX & S

ST & SR oG AR RS T B O TE@q AW
2 ST gEe franefiaan sefid s © | 98 aRfefas & 95
T T & AFT B [0 WY TR W AEE@g 2|

TR AT IT A & FAMAHIE a9 S TR J
I & 9-9R & SAlHAT U FaAT 04 G de@l b aE &
foreisror & Swel it 1 wHEe & e R T e Sl
ST H N FIA g AR 9 SR (5 M3, e M o
% ) F a1 B g § SR & 99 WY 1 o T IIH o
STl ESH, B T STy & et i ae qer gel |
g AR e faaeer ot faEif R
fEfa aRRefE # gom § ame SEel o
mﬁaﬁv%wwﬁwﬁarﬁﬁwﬁﬂﬁwm
AYH T TG PR &wa

A uikEHl RHed & e wE | oS guesiiad
ferarr < i TR Tafedt (e Deh-700mt, Mun- 1800mt
Td Chit-3500mt) & ST =TT T el & fasfia
foFaT | BE STFerZT & HROT HERid diee & &4 @l o |

T & U ZHH T TEAH A A | ST A
iRfRafeEt § S @ CG - Teleend § /e 3ar § u
GH-Fafa wafagiftas daefw et | g @ faferT sraeane®t &
AR AR ABS The U | I @, 3%
AT T =3 % g fa9eteT | Hebel (et o6 | 3as
% A1y deq & wdg 7 Frefa e ac ddt & ofts awa
T2 | 29 et 1 Aed TR F dEaT T SAAHTT qIEE ERT
I 83 | i wataRoiy aRREfEl 1 amar #53 & HR
anfees SaTg ATl et dwaa: iy aRRafEt § o=y ave
wiitd 8 & e g g8 o afusad e w&e &
AT Bl JoT J AYE T T SR HETI (6T |

FAERT a3 () # Herdiased § @

e

Terafers fafaear & eae & faw FHERT ager & 99
fi=T FMerEd (NBRI-101, NBRI-102and NBRI-103) & e,
T T e YA & Sd U - S A
IS & T | GC-MS, HPLC td NMR TRl e
Herdiaze MRl & TamEes &9 9 7 132 Jerdse &
e T o 25 ST SR, 15 Fraie o, 2 Faretil
3|, 6 IHT, 1 Tedellzs, 31 gHIT o, 14 T, 7 e
afed, 2 FrE-wed, 2 T, 18 @, 1 fyerfhT w9 1 a=
e qgen T 2 | a9 S1e9ae @ udr @ {6 i
SENT & fAU I & | 2 aefa S B gedr
F 3IR-QfeT Aerdiarzgel 1 SFI fohaT ST bl 2 | 7 +ff Iar Fe
o |fedl (Sadl) § o fRe e ey off | afesad A/
e} TR T TSiE U BN § | ORI (TR SR A S AT
% I Feciad @ I8 T A0 @EeE @ fafgaar &
iU dIE ST Jear T | Al dedad § @R @
e e a2 T TR SUET esd, G ud e SEe
g9 F {9 Her 21

4. S9efig B9 § ToQ@ql AT B CATH, TR,
U T Y

1, TSI TF O HEAX Bl P! I+ [HEAT

T HATHAEON TG forehrd

1 BrEl )

T2 el & e g iesd T W@ 8 ST el &
WRal ! AT AU A IYNG AT T T I | AT
T 3Q T Sl GEEH Y AT B 7 e ol @
o e 7 e 3 e seiki 6 i @ =ged &
SAHITHIT AETON B i@ AT 7 |

ISSTAH H SAINNE HATHALOT

[l T & & o Al B Clustal W ST & 5T
F E Uithas AT T | Tafeeiery fhet § psbA-tmH AT &
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TfthaE cpDNA Tiae SiEd da1g 579 bp & &1 556bp & 583
bp & &9 3W | TEH TR TWRSATH Ftadt § tmL-trF &=
% Uftha® cpDNA Tiq olad @a2672 39 & AT 67139 3
678 39 T T TN | 62 oI fsafierd et o ofrgaifimes feferera &g
EST It HIZshidicarze & fqeiad ud srfvaferd foram |

AfNTE T 5 B T B MU IETHIER T
ARSI~ THHITSTR AT 1 fae

WfeeAad J79 54 # TedM @ e & fau
HETATEAR Ud ARCAE] el § 0= TAEUAR A 6l
feeprer FoRA /T | THETSTR 719 ScGl2, ScG34 Td ScG36 THt
62 fepert & fere fararr 21

wiesiae fFelt § orgaies ffar s 3g
cpSSR AU F

dfgeiad & Fare a3 & e dehg 12 9499
TEsh ASATZE HIBA ST Y faebraa foham | e
HiFaq e 1 @ & fau sl & FReee &9 & B
1188 ~gferrarerss Hidedl &l FANT a1 @1 ud 108 el §
124 THUHIR A& 9T M| 12 THUHR A & ST 9
TS 1 62 dTg® W § FEEq HE § oArgai
fefereret 1 aficher fepam T |

Y R BF ST TF HIGAT A TA GUE W
frser

Bl Bl U 8 o ey, fTEH 8 B, 2016 H S
fepar T e, I A1 we A I e M & I I &
off & S % Aifs® ga1 7 +ff T9) it 5139 T2 fFe & saa
P TGS % A UE o AH b ST ared Feisier e
SUEE HIET T A 2016-17 F it 3 F FAR B, fF T
Tt BT ST TF T S 5 &l S o 34 T & MW
Bet | wifes gar & qdierr 9 @i

fomr & 17 A1 % |@30ea R T 39 ghe
ORI e Bq Hifed gal aRefEl § I T ud s
[T T | I AR TS, IUS, T TRl & AER T
& Al B 8 WHRl H dier T0IgT 17 A § | 5 dedy Tl
F TN B ACEAZAT-TIRRCES 06 HCHAR AR
TEedeTEen § Sg-taiE FE & S @A ) g an
ger? | dafaa s g

gl | Ag-Id<H @ g NEH B TERH B
Gk

fafe=T Tt oy TQfseerd & def 9X ey ghe SeRE &
B H 3% S I S T U B Tl GG T | HRbe Al
Strarepett T Smeia wiasH # 7 % wfseiad g o=
AT & [T A A-FHIgRC a1 & [T ggs TR 9 W R
EIREL RS
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5. @, W Od WiaReid g
UHI, STl GEt 1 FAfha gieshia

ST~ ITST FSpYYT T o1 & S ST STHivd

&g FgET T

IR Sl % AR AN H 9 A Hisd | 3= 30
el A H T HET CN-1794-2-CSIR-NBRI (Jrsll) &
HITHAEAT-TTIATAE U TEd g L9, g, ue=m
S FYHN & ER1 GYh e d e o w138 ®e
T3S R FHE, A= @ 8 15 e, 2016 AR
T T | e g TE & IUXiA AN S &
d &l & 0 39 R @1 ogHied & fear T B |

HOA P WY TGP GEH B SN YD
TTRIAT Bl HH B

ATETE yeIfed g § A g Seewes 2Ry e,
BEfe W e B Al 6 4 w6 B GEa & ard
S T | 1 & 19 57 I O G | ST B ART F FHHI
3 T | HERH & WY A W W # HEd S W R A
AT F FAM: 56 § 63% H FAI 2@ R |

o1 1 A & AU & P H HIe STl & T
T Aoy gew Sy

AT 100 FeFolid A1 § A Aefenliciedn, Ui,
fermiffees fram g6 23 deifa siar] fase ud 12 grgehrsa
aTEEIdE P Bier T 3§ 11§ urey ghe IR R 3
STafh 3 SRTY] WHE UF 4 gEEeH! Rl J R R o
BT 39! TR | A8 & O % A F A9He & [U aT®
Tl

UG SRS & ©iXd ETT o TeH SHarT
SYTRT O 1 frere

g Frae @ 12 fafe sfar w9 oA e R
Z9-fag oftRafadl § S=a oo eTaan 36 B RTEIH Hemstia
TH12 W &SR TEEAPSAS 7 10 B ¥ @ 3=
qlEdm (200 ppm) &1 TTeeT SRR fFam @ 3=8f aRfafoat &
T S % WIS 7 97% T STqee Seidid |

6. WX @ MY YT ug femrerdr &= § T
T UG g6 TGl P ST

RN ENCIIE R IR CIRE RICERIIE IR CRa R A ECR RGO
TR AT FA A R g R B 11970 F 2004 F 7857 QO,
I 80% T% & gha g3 o1 CO, & 950 &X & Nl |
1q FACETH1® % 54M & d&q¥ B9 & &g 641 o1 debl
2 forea arerm @ s uRitafadt § seiga CO, @ dreaf ©
T 2T S T ¢ | Ui SRR (EDU) & vE & gt
oot & Reaferdt & qel @ O, & T H A R S EE
)l
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4 fas & AHE A W I S Al g b A
TR Temrg 41 T | EDU & ST 3 Wl b ofeii & TR
FUROTHl | & & | =Ggid Ted @ e § 4 HD2967
S, FAP T - Jesi=i § deav qas 5|

ey, QS U 9a Sy

el % GERSarpe J 48 H gha B 9o & [T e & |y
T # feafa F |+ gewriar Gt & e g are T2
B 218 | aedwiel & o g & 6 = AR & i
AT oMY I [T & g G STarel i 99 B N
TR & vl & foebrg & 8 A qgT otofad araaeeT & i
qfew] & | adHe ot § wdl % G & gemEr e iR
SN T B A B AN B AR W SAaArgEa gt
(T aTwEReT) § aT SRS & i 0 6 [0 U S
fopa T B | 39 UE T Siarped § i e sa
T Tl 91 & Hm afasr § Sifad e 3 (Far
THE) Hrehe g, arfeed fFar, i, sisive R
T TTEHES STE SHaIst H1 ST fpar T & | Jaa
@St & HH & il H1 FA el § STER & a8 qibl
% T U T3 %I g qg1 A (e /) § qeeye gis ag
T | SeEd WE § e § qed ud siah qd H A
FA F Qe @A & AN HwETeT © e % w9
q % R |

ST STeraT JEl # I Al IR-Ee drEl o faeope
T &1 980 Hed ¢ | 8 IR GEdl def ¥ o ST o
AT FquTIeT & HeBHOT & 9T AT © | WAl & o e I
it EEA W ST W% P o (oY) T T W Fd
YT SICTECATZE &1 TEaT 1 | TF Rooped & weed &g 8o
Q18 fererer o s @B-30488 W CMV i Hiee & % & & 5am
BT TEY g SR TSSNAGRIAT SR giteshioT STo=man o
e, U dell F SASHET | FAS J A FA FB-30488 7
AR &A1 W CMVRNA HIeY 1 12 TTT T 9 Fl ¢ aied
IR - T - o 7 o GAR F1 © | T8
e g A B A T et © 0 CMV A0 gt
% 3T F off B FQ g ofda: At H fafEt F sue e 7
G A 8 | TEaedF e & a1 CMV & yded &g
HETOT O & w0 § gas SuANT H S A o gl & o
A1 B 3H T Al o faeTopst &g i AT fopar ST |ewn
Tl

8. ufeardl Ud FEAl OGO § THEEA T B
R A ©F e Ry

39 9 | O SwE g oW & aREd B @
IHER F QA AW, I B & 2N I wd oFel B &
g 7= § F Ao v qfeeret wd a== | fodia e
T | 9, TAEIgR T S%a AT & FH9: 60, 58 T 169 @t
| BRI U T | 98 T T 96 39 IR % WA § S

AT & STSl A GEHE § deidl adl B | I @ §
aR & Hebdl (e |

9. g el Td FHHR TG &Y fIEE @ ga
SareRal | G

ST Al veEwicd § "1g @ @iad 8N A
qelihied & IRY &1 GFI9eifgy SaTRa Hrge
T F WA= § IR

ST IS UAwied d 419 @ Hfed eM ard Ufeis e
Q?ﬁ@??e?ﬁavdg%/wrﬁiﬁmqﬂ &A1 & [T JHAEEE e
2 forad wraer sfean 9l & s ¥ 1 Rad & aR-wedd
forfeere e & 21 08 12 $eifers A od At
ST Pl GBI T |

FIgRH o (FEEY THfeT) & QA Thobies SAeeHe &3
T AT T ohaTees I

ST & THSl Fl S G & B3R FAl 99 B
TS I &1 U T JAR AT T A THS] FBAR
Heifer Al % SR W BlE T T FHA A B BEH
WIS & Y I Tl H A=

oo eI gRespi & IR & &1 914
# g § PEG SSINT G@T-T1G Taishdr Hl Sre
yafir &t A

g1 0 S, W & Th FAYd A F A
FIAT & S TR H 3T § He@qel qarn, S g9 F 0
[iew[dT, #I FER F31 2 139 AeET § hgE & U aee
a4 &1 e (81) & ST & Sfiadr sifed™ S PEG I8ia o@
%! Raferdl § o & 7B PDQuest f49e™r &R % 510 WeH
gedl 29 T TE 125 BT ®9 § R 9ei A MALDI-TOF
MS-MS fasteer fam mr iS5 & 102 WA ge i g B
T T8 AT =Rt 78 WA &1 YA &l T | 478 T e
& § R Me demEa: e e s dfe § affad 2
A QIS W W e e AITad AfE TAl & B9 H @
Hagadia WMl 1 < Fraree faReT o sefepar fHefer &
T |

q fatarrE 4 feedt & g@ o Rafot § s
yfetspa

4 %1 & el PR-115 T gui-7 1 @ #1 Rafdi §
T FT [T FEH qen w @ e 39 e & @
o YERlS B AT [T S Wb | BTeiieh Al el et | Hifden
qeTol H FHAI aE Pl el e UR-7 § I€ HB 9w &l adl
T | PR-115 wd gu¥-7 &l a1 %l 399 § | &9 9 ffEa
Qe JeT F B 17 T 54% T I R | AHIT F 0@
Fal f% PR-115 T @ wfaidl Stefs gue-7 e oh gan
HaE o B
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TR il % Afae A e § St
SAEENATFIDINT i HA & &N 96 gL 4
% IUEA F TGS Bl G

M AFIT F T SaH aAd qfew], TE0 e H
TEAT 3 A TSN FA AT ST TGN CTFTB T (THIA
13) F SafEa% wie & &9 F HH B AR 49 7 TS
qie & faes fafe ariifs, SuaEs, @ e FwEt &
HeTE &Y ATeT WiiihaT ) 91 8¢ Saieid Har |

UG Td IORS &Y § AT A4 & 0 FO B
e & T Stedwwe & SR Aifoes-TartE
Refd ogeRe ¥ gur

T F Sa-HeT B ANE Y9El AR wbeRe &
I I | Fgq A A TR | ae e | e
A AR AFR & N & FTEN B g [ e
F I A g0 e <A ATae St A wenfod e urt B
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FZIE, TAHI Tl HEhIeHl, GRAT THHH 3RS
WegRpIdl X w X faads & onea W frewer fREr mn
Safh T FON H SMHR 2-500 TAUH F & V&, T STHR
G, AR, AR, e iR Adrefiea 9
ST & Al AR SRS H ERT B SR
P AR il O Wbl § S G 9ged § q areney &
T HT FFA 2 |

o Aew] ZrEFisdl Yot &1 HIgen o 7
s IR qa F FH

AEfE S el Hedlzs |t GHI 8 dad & oY 7
&l JFIEaReT & oE 8§ &, B, 3w fav 4 FH /IR vt
w0 F ufvafdd R S e § | e Sed) & §9 R
I |z qef 7 e fawrhar & i w7 2 ) gat,
AETE F1 GeTold Al g1 aigoaed, oY ER 369
TEVT AT ST & [T Hewyel © | &HT AedT | Hgall =
& Wl F o faeThar FaRed #A ¥ ot afee

T | 39 0N H g AR, SBATHE ATeT ©her, Jal-fafrad

ZTA%IEH! H G F T AT T

= GEIFTG Aeds gRae

37






RESEARCH & DEVELOPMENT




ANNUALREPORT 2016-2017

CSIR-NBRI : MISSION AND MANDATE

The Council of Scientificand Industrial Research -National Botanical Research Institute (CSIR-NBRI), Lucknow,
established in the year1953,is one of the 38 constituentlaboratories of CSIR, Departmentof Scientific and Industrial
Research,Ministry of Science and Technology, Government of India. Theinstitution hasbeenin the forefrontof plant
sciences research in the country for the pastsix decades and is an institution ofnational importance. As a globally
recognized advance centreofbotanicalresearch, theinstitutecarries outmultidisciplinaryR&D programmes in almost
all fields of plantsciences. The mandate of theinstitute is to undertakebasicand appliedresearch on various aspects of
plantscience, includingconservation,systematics, documentation, prospection and geneticimprovement with particular
emphasis on under-exploited, non-traditional and wild plant genetic resources of the country for the sustainable
developmentand human welfare. Theinstitute has core strengthin the followingareas:

e  Plantdiversity, systematics and databases forlower and higher plantgroups.

e  Bioprospection and development of nutraceutical,cosmaceutical and health careproducts.
e  Botanic garden, plantconservationand development ofnew varieties of floricultural plants.
e  Microbes forenhanced plantproductivity.

e  Pollutionremediation through plantsand microbes.

e  (limatechange adaptationstudiesand carbon sequestration.

e  Plantimprovementthrough conventionaland molecularbreeding, and geneticengineering.
e  Agro-technologies forsustainable development ofsodic land and other wastelands.

e  Societaldevelopmentactivities through outreach programmes.

The Institute is surgingahead with its envisioned goals ofexploring theuntapped potentials of the underexplored
andunexplored plant diversity ofthe country forgenerating new knowledge, and affordabletechnologies for human
health care,agriculture, and environmental protection. The year 2016-17 witnessed several significantachievementsin
thescientific, technological and outreach activities of CSIR-NBRI,a summary of whichis given below:
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Grant-in-Aid Projects

Standardization of protocols fororganic seed production
of turmeric (Curcuma longa)in Uttar Pradesh

Indiais the largestproducer, consumer and exporter
ofturmeric inthe world. India is alsothe global leaderin
valueadded products of turmericand exports. Tomeet the
increasing demand world over for organic materials,
organiccultivation protocols are required for its profitable
cultivation by the farmers. The studies to significantly
improve the production economics of turmeric were
continued.

Anexperiment was conducted using an integrated
organic farmingapproach previously standardized for
cultivation of turmeric. Studies onthe number of mother
rhizomes and number of primarythizomes, the dryweight
of rhizome (%) and rhizome oil (%) wereall found to be
non-significantin all the treatments tried. The content of
Curcuminoids in dry rhizome (%) of turmeric like C
(Curcumin), DMC (demethoxycurcumin) and BDMC
(bisdemethoxycurcumin)was also found non-significant
in all the treatments in both the years. The content of
Curcuminoids (%) in thizome oil of turmeric like B-
tumerone, Ar-tumerone p-cymen and B-sesquiphe-
llandrene were also found non-significant in all the
treatmentsinboth theyears.

However, another set of experiment, in which the
seeds were treated with Trichodermaviride showed very
positiveresults. The yield of mother rhizomes, primary
rhizomes and the total yield weresignificantly higherthan
the control. The resultalsoindicated that application of
different bio control treatments showed significant
resistanceagainst thediseaseinfestationin turmericcrop.

Study on the effect of different sources and levels of
organic matteron biomassyield and quality of Kalmegh

The standardization of the sources and levels of
organic matter for thecultivation of Kalmegh (Andrographis
paniculata) was continued at Banthra Research Station
during third year (Fig. 1). It is concluded from this
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Fig. 1. Cultivation of Kalmegh (Andrographis paniculata)
Research Station

at Banthra

investigation thatfarmerscan geta benefit of Rs.1,70,860
with theinputcostofRs. 56,280 by theapplication of FYM
@15 tha. Abenefitof Rs.1,70,860 with the input cost of
Rs. 47 040 can be achieved by the application of Pressmud
@7.5 tha? while abenefit of Rs. 84,780 with the inputcost
ofRs. 90,720 by the application of Vermi-compost@ 5.0t
hais possible. The application of Pressmud was more
beneficial followed by FYM and Vermi-compost.

The physico-chemical properties of the soil showed
that the soil pH, EC and bulk density decreased with
increasing doses of all three organic manures (FYM,
Pressmud and Vermi-compost)which are good indicators
ofthe soil properties.

Maximum Nitrogen (N), Phosphorus (P) and
Potassium (K)uptake by Kalmegh was recorded in Press
mud experiment followed by Vermi-compostand FYM.
Themicronutrients (Fe, Zn,Cu) contents increased with
increasing doses of FYM, PMor Vermi-compost. However,
Manganese (Mn) content increased with increasing doses
of FYM or Vermi-compostbut decreased with increasing
doses of Pressmud.

Agrotechnological development of Aloe species for
popularization and training among farmers for
cultivation on sodic degradedlands of Uttar Pradesh

Field experiments wereinitiatedina sodicdegraded
plot, of 60 x 25 m at DRC Banthra (80°45-53E 26°40-
45N) for screening the sodicity tolerance associated with
growth and productivity in the Aloespecies: Aloevera,
Aloevera accession and Aloe maculata. Soil samples were
collected from each bed at two depths (0-15 and 15-30 cm).
All samples were processedand analyzed forchemical
parameters of pH, EC,OC(%), Available N, P, CaCO, (%)
and micronutrients viz Cu,Fe, Mnand Zn.The pHranged
from?7.75to 956 and from8.20 to 1020 at0-15 and 15-30
cmdepths, respectively. Todeterminethe suitable sodicity
levels, these Aloe species weregrown ona range of ten pH
levels. After four months of plantation, plant growth
parameters were observed ateverytwo months interval
corresponding tovarying range of pH and species under
study.

e  Plantheight,length, width and number of leaves per

plant of Aloe vera increased significantly from 2
observational interval.

e  Significant increase in plant growth of A. vera
accessionand A.maculata could be observed from3™
interval of observation.

Thickness of leaves and number of suckers perplant
increased significantly at4" intervalfrom theinterval
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observation in all three Aloe species.

e  Highestnumberof leaves per plantwas found in A.
maculata at8.5 t09.5 pHlevels with maximumleaf
width and greaterleaf thickness in A. vera atalmost
allpHlevels.

° Plant height, leaf length, number of leaves and
suckers per plant were relatively high in A. vera
accession at almost all pH levels at 4™ interval of
observation.

e  Opverall results indicate that Aloe vera accession
appears tobe superiorforcultivation at high sodicity
levels (Fig. 2).
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Fig. 2. Plant growth character graphs of experiment entitled as sodicity
screening, plant growth and yield performance of Aloe species (Aloe
vera, Aloe vera accession and Aloe maculata) at different sodicity
levels

In-House Projects

Enrichment and Maintenance of the Germplasms
Collection of Diversified Groups of Plants and Selected
Ornamental Crops for Conservation, Education and
Bioaesthetics

TheBotanic Garden servesas aNational Facility of

theInstitute. The gardenhas arich collection of germplasm
of about 5000 taxa. The Botanic Garden with its vast
genetic resourceis an education centre for thestudents,
researchersand public as awhole.

TheBotanic Gardenserves and renders asa:

e  ANational Repository ofgermplasm collection of
plants (Indian and exotic)including rare,endangered
and threatened.

° Introduction, multiplication, assessment and
utilization of new plantspecies from various sources.

o  Commercialfloriculture as a livelihood for farmers
and entrepreneurs.

e  Technicaladvice ondevelopmentof ornamentaland
botanicgardens.

e  Organizationofflower shows, training,exhibitions,
awareness programmes, etc. for societal purposes.

e Development of new and novel varieties of
omamental plants.

e Capacity building by organizing training
programmes on various aspects of horticultureand
garden management.

New varieties released
Chrysanthemum

Twonew late blooming varieties: Chrysanthemum
‘NBRI-CSIR75’, commemorating the platinum jubilee
celebrations of CSIR,and ‘NBRI-Asha Kiran” werereleased
onJanuary 21,2017.

e  NBRI-CSIR75: Brightred (colour mutant)florets [Red-
Purple Group 60A; RHS Fan-2)with central florets
showing prominent yellow tinge at their apex (Fig.
3).

Parent: Chrysanthemum ‘Suneel’

- i, 4 e
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Fig. 3. Chrysanthemum ‘NBRI-CSIR75’
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e  NBRI-AshaKiran: Bright-red (colour-mutant) [Red-
Purple Group 71A; RHSFan-2) and tubular (shape
mutant)florets with larger capitulumsize (9.0-9.5cm)

(Fig.4).

Parent: Chrysanthemum ‘Suneel’

Fig. 4. Chrysanthemum ‘NBRI-Asha Kiran’

Enrichmentof Germplasm Collection

e  Dischidia major (Vahl) Merr.: A single plant of this
epiphyte species was collected from Assam (Fig.5A).
Disdhidia majoriscommonlyknown as Ant plant.It
has modified hollow leaves which offer
accommodation to ants that provide carbon dioxide,
nitrogenand protection fromharmful animalsand
plants.

e  Hoyaparasitioa Wall.ex Traill: Five plants of this sweet
fragrantwax plantwereintroduced in theBotanic
Garden. These were collected from Assam-
Meghalaya border in vegetative stage. One plant
showed initiation of flowering in lateJune 2016 (Fig.
5B).

e  (Cycads: NongNooch Botanical Garden, Thailand
extended helpin theenrichmentofgermplasm at the
Cycad Conservation Centreby donating70 seeds of
seven rare and threatened cycads. Efforts are being
made for future collaboration inex-sifu conservation
and taxonomy of cycads with Nong Nooch Botanical
Garden, Thailand and Montgomery Botanical Center,
United States.

e Succulents: Four species of succulents were
introduced in the Cactus and Succulent House.
Though multiplication of succulents takes place
throughout the year, mass multiplication and
transplantation, both at the plant house and
adjoiningnursery take placein twomajor period viz.

Fig. 5. Dischidia major (Vahl) Merr. (A) and Hoya parasitica Wall. ex
Traill inflorescence (B).

a)October-Novemberand B) February-March. Mass
propagation of several succulents is underway to
increasethesale of theseplants.

Enrichmentof Threatened Species

Catamixis baccharoides, Eremostachys phlomoides,
Hypericumgaitii, Inmrvillea emodi, Pittosporum eriocarpum
and Selaginellaadunca

Enrichmentof Succulents
Aptenia cordifolia and Kalanchoethyrsiflora
Ex situand In situ conservationmaterialtransfers

Selected plant material exchanged with thefollowing
parties -

Intermational

NongNooch Botanical Garden, Bangkok
National

University of Calicut

Surendranath College, Kolkata
Brahmanand PG College, Kanpur
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Biodiversity Inventory of the Botanic Garden

Aninitiative to inventory the biodiversity wealth of
theBotanic Gardenwas taken up recently. A total of103
invasive alien plant species under 86 genera and 36
families were recorded in the Botanic Garden. Besides
these, 45 species of climbers belonging to35 genera in21
different families were also documented. These species
havetheiroriginin Asia (21), South America (13), Africa
(6), North America (3) and Australia (2). Inventory of
shrubs,and re-inventoryof treesare in progress.

New Facilities Created
Indoorand Plants of AncientTimes Conservation Centre

TheIndoor and Plants of Ancient Times Conservation
Centre serves as the imperative facility of the Botanic
Garden which provides education on different plant
groupsalong with the practical knowledgeof their display
and conservation activities. The Conservation Centre
consists of five features: a) Conservatory, the oldestand
largest plant house in CSIR-NBRI Botanic Garden, b)
EvolutionGarden, c) Cycad Corner (Fig.6), d) Adansonia
Corner, and e) Orchid Acclimatization Study. The
conservation centre was conceptualized to add more
educativevalues to theidea ofconserving plant diversities
of different agesat one place. Plants ofancient times such
as Gingko biloba, Cycas sp.,Zamia sp., Dioon sp. and ferns
constituted the evolution garden. The Cycad Cornerisa
sittingspacenear the entrance ofthe Conservatory. The
corner constitutes three Cyais plants on a raised bedand
few succulent plants. Four colourful sitting stones near
theplant bed make the corner ideal placefor enjoyingthe
beauty of theseancientplants. Adansonia Corner consists
oftwo young trees of Adansoniarubrostipa,an endangered
tree species ofMadagascar. Besides these facilities, there
aretwowater bodies within the premise of theconservation
centre. The differentfacilities of the conservation centre
are connected to each other by pathways.

Orchidarium

The house contains about 80 different species of
Orchids. Some of the Orchid species are economically
important for cut-flower purpose while others are

threatened. The Orchid House will serve as an ex-situ

conservation centre besides afacility for botanical study
and research on Orchids.

The Orchidarium was inaugurated by Dr. Girish
Sahni, DG, CSIR and Secretary DSIR, Government of India
on December 11, 2016 in the presence of Director, CSIR-
NBRI, dignitaries and otherSeniorScientists.

Distant Research Centre (Banthra Research Station)

The Distant Research Centre has five field units,
Banthra, Biomass, Gehru, Aurawan and Ranipur
rehabilitated under diverse land use systems viz.
Floriculture, Herbiculture, Moriculture, Energy
plantations, Field Gene Bank, Populatum, Bambusetum
and semi-natural forest over the years. The centers are
working on conservation of economically important
species. R&D experiments are carried out for
standardization of agro-technology of economically
importantplants on degradedsites. Emphasisis givenon
non-traditional crop plants, including floricultureand
medicinaland aromatic plants.

Evaluation of Curcuma speciesfor partially reclaimed
sodic soil

Thirtysix accessions of Curcuma longa, collected from
various bio-geographical regions were planted in June2016
forevaluation at Biomass Research Centre. Thirty Four
germplasm of turmeric in two sets, planted atAurawan
Research Centre in 2015, wereharvestedin February 2017.
NBH-4 was found to be thehighest yielder. Thequalitative
analysisis in process. Fourspecies of Curcuma viz.C.longa.
C.caesia, C. zeodoaria and C.amada were grown in second
year for evaluating their yield and quality. Biochemical
analysis (total curcuminoids, total phenolic contents and
Antioxidant activity) was also performed. Released
turmeric variety “Kesari” was grownon farmer’s field for
performance evaluation and comparison with local grown

variety
Evaluation of Chamomile for oilcontentand quality at
differentsoil pH

Matricaria (Chamomillarecutita)seeds were sownin
nurseryand then seedlings weretransferred to field atfive
locations with pH 7.8, 8.5,9.43,9.8 and 10.1. The plant
height, numberof branches and fresh flower weight were
recorded. Essential oil was extracted from Clevenger type
apparatus. The oil quantity was measured, and oil was
subjected to GCMS analysis (Fig.7) tosee the effect of pH
on oil content. B-Farnesene, Caryophyllene oxide, o-
Bisabolol oxide-B, Chamazulene and o-Bisabolol were
found tobe themajorcompounds. The pH, organic carbon,
Na and Kcontents of soil were measured just before the
plantation and after harvesting.Soil pH,Na and Kcontents
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were found to decrease after chamomile harvesting,
probably because of absorption of Na and K by plants
which leads to low pH and more organiccarbon content.
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Fig. 7. GCMS profiling of Chamomile oil grown in different soil pH

Study on effect of pruning Bixa orellana

Bixa orellana, adyeyielding shrub, is one of the most
widely used food colouring substances in the food
industry. Seventeen accessions of Bixa, collected from
differentbio-geographical regions arebeing evaluated for
growth, yield and quality. Based on morphological
characterization, total collection hasbeen arrangedinto
seven groups. Itiswiseto prunebranchesafterharvesting
thecapsules;as pruned plants yield better. Pruningis done
toremove weakstems andalso tobalance theshape of the
plant. Pruning enhances branchingand reduces plant
heightfor the ease of theharvesting.

The pruningwas done in April 2016 from the height
ofone meterin110 plants. Fourplants died due topruning.
Few morphotypes showed adverse effect of pruning,
reflected in poor fruiting and capsulesetting. H1 type had
mildeffect,and showed slightreduction in yield. Few of
theplants that didnotflower in previous years, showed
flowering forthe first time. E1 type was severely affected
by pruning,recording 85 % reduction inyield (Fig.8).

Evaluation of microbial consortia on plant growth and
productivity of importantrice varieties of UttarPradesh

Afield experiment was conducted to evaluate the
response of differentmicrobial consortia on importantrice

sy,
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Fig. 8. Bixa orellana: before pruning (A,) after pruning (B), and Pruned
field of Bixa (C).

varieties of Uttar Pradesh (Fig.9). Experiment consisted of
four rice varieties namely, Indrasan, Safjoo 52, Sambha
mansooriand NDR -359. Thegrowth and yield of these
varieties, as affected by diverse bacterial and fungal
consortia havebeen studied in field condition. Theresults
will be confirmed by repetition of the trialagain insecond
year.

Response of PGPRsforalleviating waterstress

Afield experimentwas conducted to examine the
responseof different PGPRs developed by the institute, on
growth and developmentoftwo chickpea varieties, PUSA
362 (Desi) and PUSA 1003 (Kabuli), grown in field at
different water stress levels. These varieties were treated
with different PGPRs viz., Trichoderma, PSB and their
combination before sowing. PUSA 1003 (Kabuli)
performed betterin terms of growth at different waterstress
levels. Thehigher numberofbranches per plantand grain
yield were obtained from PUSA 1003 in different water
stress condition. Among differentwater levels, combined
treatment of Trichoderma and PSB, responded verywell.

Collection, acclimatization, multiplication and
establishment of germplasmbank of Aloe spp. in sodic
soil

Utilization of degraded sodic wastelands with
adaptable plants of industrial importance was the target
of this research work. Aloe was identified as a potential
species for the amelioration of the sodic soil. To carry
forward this research work a germplasmbank of different
Aloe spp wasestablished attheBanthra Research Station.
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Fig. 9. A Field experiment to evaluate the response of different microbial consortia on important rice varieties of Uttar Pradesh.

Five species / Accessions of Aloe havebeencollectedfrom  1C333202), Aloeciliaris and Aloe saponaria. Atotal of twenty
various locationsin thecountry. Thesehave beenidentified ~ six Aloespecies has been conserved and maintained in
as Aloe ammophilla, Aloe vera accessions (IC281122,  germplasmbankin sodicsoilenvironment.
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Grant-in-Aid Projects

International consortium for renewable advanced bio-
jetfuel technology

Data onlipid contentof 70 algal strainsavailableat
Algology laboratory of CSIR-NBRIwere compiled. These
algal strains belonged to 14 genera, collected fromdifferent
localities of India. Based on the high lipid content and
their easycultivability, twospecies, Nannochloropsis sp.
(95.77 £1.7 mg/ L) and Scenedesmus sp. (222 £8.1mg/L)
wereselected forbiomass production. Two raceway ponds
with the dimensions of 50" length x 17 breadth x 1.5” depth
wereconstructed forthebiomass production. Eachraceway
pond holds approximately 20,000 litters of water. The
ponds were roofed with transparent polycarbonatesheets
and mesh nets on sides to preventlitterfalling. In one of
the ponds, approximately 16,000 liters of sewage water
was filled and Nannodilorapsissp.was inoculated formass
cultivation. The semi treated sewage water was
transported from ‘345 MLD Capacity Sewage Treatment
Plant’ located at Bharwara, Lucknow. The water quality
and growth of algaeweremonitored regularly. The pond
yielded 7.5kg of dry biomass of Nannochloropsis sp.in40
days with8% oflipids, 15% w/w of carbohydrates and
1544 % mg/ L of protein. The quality of the sewage water
improved significantly during thesedays. In the otherpond
filled with approximately 15,000 liters of tap water
supplementedwith urea 1.5 gm/L and super phosphate
0.04 gm/L as nutrients,according media composition of
BG11, yielded 4.7 kg of dry biomass of Scenedesmus sp.in
30 days with 9% lipids, 12% w/w of carbohydrates and
16.01 % mg/L of protein.

Molecular approaches for production of sustainable
bioenergiesand value added products from microalgae

Biomass and lipid productivity of Scenedesmus
quadricuada has been compared with other oleaginous
microalgaeisolated from differentlocalities. Among the
isolates, Nannodiloropsis oculata, Scenedesnus quadricuada,
Chlorellavulgaris and Kirdinerielia obesa werefound tobe
the fast growing algae with rich oil content. When
compared in different media thehighest biomass content
was obtained in S. quadricauda (Dal Lake, Kashmir:
135+ 0.06 g/L),followed by Nannochloropsis oculata (Uttar
Pradesh:1.29 £0.05 g/L), Chlorella vulgaris (Uttar Pradesh:
1.23+0.05g/L) and S.quadricauda (Uttar Pradesh: 1.01 £
005g/L)in TAPmedia.High lipid contents wereobtained
in both isolates of Scenedesmusquadricuada (305.4+23.1
mg/Land 404.0+£30mg/ L) in TAPmedia.To evaluatethe

biotechnological potential of this strain, genome
sequencing (using Ion Torrent) and annotation were
performed, and their phylogeny was inferred. Theanalysis
of lipid metabolism pathways will be done for further
understanding of related genes. The partial rDNA
sequence was obtained using the universal primersand
submitted to NCBIgenebank (accession no. KY654954.1).
Agrobacterium mediated transformation hasbeencarried
out in S. quadricuada NBRIO12 using Agrobacterium
LBA4404 and binary vector pBI121, which will be further
used for genetic and metabolic modification of theorganism
toamelioratethelipid production.

Isolation, screening and nutritional profiling of promising
microalgal strains

Extracts offive algal species (Sphaerocystisschroeteri,
Chlorella vulgaris, Chroococcus minor, Haematococcus
pluvialis and Golenkinia radiata) were analysed for their
total phenolic contents, flavonoids, free radical scavenging
activity, reducing power and antioxidant capacity. The
highest value of total phenolic content, total flavonoid
content and total antioxidant capacity was found in
Chlorellavulgaris with 38.65 ng GAE/mg,32.82 ug QE/
mg and 567.12 nug quercetin/mg, respectively (Fig. 1).
Chlorella vulgaris also exhibited highest value of the
reducingpower (0.889)at3mg/ ml concentration. Lowest
value of reducingpowerwas detected in Chroowccusminor
(0184)at0.5mg/ml concentration (Fig.2).

Allthefivealgalstrains showeda gradualincrease
inthefree radical scavenging activitywith theincreasein
concentration of the extract (10 mg/mlin 80 % methanol).
At lowest concentration of 50 pl, C. vulgaris exhibited
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Fig. 1. Total phenolic content (TPC) ug gallic acid equivalents (GAE)/
mg extract, the total flavonoid content (TFC) ug quercetin equivalents
(QE)/mg extract and the total antioxidant capacity (TAC) (ug
quercetin/mg extract) of five selected algal biomass.
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Fig. 2. Reducing power (RP) of five selected algal biomass at different
concentrations

highest inhibition of 16.25%, whereas at highest
concentration 300 pl, G. mdiata exhibited highestinhibition
with58.97 %. With thisresultitcan be concluded thatC.
vulgaris extractis abetter freeradicalscavengingspecies
(Table1). The highestIC,  value was foundin C.vulgaris
(319.05 mg/ ml) while the lowest was inG.radiata (127 26
mg/ ml) (Fig. 3).

Table 1. Free radical scavenging activity (FRSA) in terms of
percentage inhibition of five selected algal biomass at six
different concentrations

Sample % inhibition

50ul  100pl 1501 200pl  250u1  300ul
S. schroeteri  10.83 1713  24.01 2753 35.67 4297
C. vulgaris 16.25 2225 2357 2548 2867 3124
C. minor 908 14.06 1742 2064 2457 2889
H. pluvialis 820 11.86 1801 2416 3256 4078
G. radiata 11.27 2123 2987 3865 4946 5897
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Fig. 3. Free radical scavenging activity (FRSA) in terms of IC, (mg/
ml) of five selected algal biomass

Characterization of microalgae from carpet industry
effluentto assess their potentialfor antimicrobial and
biofuel

Atotalof 22 algalspecies were identified based on
morphological and molecularfeatures which belonged to
class Chlorophyceae (10 taxa) and Cyanophyceae (12
taxa). Chlorophyceae members wereidentified as Anabaena
sp., Chlorella spl to 6, C. sorokiniana, C. thermophila, C.
vulgaris, Chlamydomonas sp., Scenedesmus sp., and
Selenestrum sp. Cyanophyceae members belonged to
Phormidium spl to 4, Oscillatoria sp1to 6.,and Nostocsp.
The sequences of the small-subunit (SSU) of 185 rRNA
gene of Chlorophyceaemembers weresubmitted to NCBI
gene bank with following accession numbers: Chlorella
sp3.KY407757; C. sorokiniana KY285080; C. thermophila
KY317933; and C.vulgaris KY407756. A neighbor joining
(NJ) was constructed based on SSU 18S rRN A sequences

(Fig. 4).

e ka a H R IR R R TINRTH T TR SR B R HH O HTH TREHIFH T PR

[

anel "M mar e Sreedes —uncolopn E 2o-F sln ECInER e
- R LES
L ELAZENEL worcTihr s lau— A beemard A Gl Ge s eraylaFhors 6 sk e subull | pata o

(DAL

Iule

| LT}

[ L)

(08 1)

AL

(BT

NI Th ity A b

SRMTETEA werwta ool b minchmdin GO0 20 for cylech s oo dms adbind penia ods
P A S r N PP

ST A T Lenarprdsnzn v mm sl i csaz e e pde e g

W BT Dbk esegste e el AAPT ekl g b bircsomd T g epade se ey

B ENLOTIED ) Tz w30 s e me ol =20 sLbanll fEasor 2l SO gens on 3 saqee e

an: —— B EUESCHI Lhke ks son Db a slein RS smalsusect s na B gees polal Soqisres

iz

[l h ]

LA @ pvesTIOR Shie Tz sg. ol R amad sk dboasmal FRA 32ce soiz aciuen:e

ALY ez manan L sennss i eled s pes ke
T L T T YRR TR
A b SHUETRCAEN] Lodvog cod el | ragane sl wilochorodal Soxl pens IWnon regos

R

FETSCAEA Lnlvme can A T oratanael: vilachoronal sobesrs meE mlin
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Lipid was extracted from all the algal samples
following Folch method, transesterified and biodiesel
properties ofthe samewere analyzed.

Alpine ecosystem dynamics and impact of climate
change in IndianHimalaya

To conduct long term climate change monitoring
studies, three highest summit points (HSP) in the Indian
Himalayan region were surveyed for lichens and
lichenometry analysis inand around Kabi and Tingda
area of north Sikkim.

Atotal of 52 species of lichens belongingto 27 genera
and 16 families wererecorded from three HSPs. HSPII
exhibited themaximum diversity oflichen species with 30
species, followed by HSP Ill and HSP [ with 30 and 18
species, respectively. The lichen family Parmeliaceae
showed its dominance in the area followed by
Cladoniaceae, Lecanoraceae and Physciaceae. Amongthe
differentsubstrates, lichen species growing on treebark
exhibited theirdominance over rockandsoil. The lichen
genus Usnea was thelargest with 13 species dominating
theregion, followed by Cladonia (7 species). The lichen
genera Rhizocaron, Acarospora, Lecanora (used in
lichenometry) were totally absentin the study area.

The bryophytic diversity was marked with
dominance of mosses, followed by liverworts. Thebryo-
diversity mainly exhibited mixed populations of
temperate-subalpine bryo-flora, while typical alpine-
subalpineelements wereobserved in lesserquantity.

Among liverworts, Anastrepta orcadensis (Hook.)
Schhiffn., Riccardiamultifida (L.)Gray, Lophocoleasikkimensis
Herzog & Grolle, Plagiochila semidecurrens (Lehm. &
Lindenb.) Lehm. & Lindenb., Apomarsupellarevoluta (Nees)
RM Schust., Scapania ferruginea (Lehm. & Lindenb.)
Gottsche, Blepharostoma trichophyllum (L.) Dumort.,
Pseudolepicolea trolli (Herzog) Grolle & Ando, were the
main components. Among mosses Pogonatumurnigerum
(Hedw.) P. Beauv., Campylopus gracilis (Mitt.) A. Jaeger.,
Pogonatum microstomum (R.Br. exSchwagr.) Brid, Breutelia
dicranacea (Mull. Hal.)Mitt.,, Pogonatum cirratum (Sw.) Bridel.
subsp.cirratum, Pogonatumperidiaetiale Mont) A. Jaeger,
werethe common ones.

Breutelia dicranacea was the most abundant moss,
available throughout. Though alpine-subalpine bryo-
elements werenot found frequently in the study sites,some
typical Alpine-subalpineliverworts like Anastrepta and
Apomarsupella could beselected as bryo-indicators forlong
termmonitoring.

TheChanshal pass of Rohru area of Shimla district
was represented by a total of 51 species of lichens
belonging to 34 generaand 19 families from three HSPs,
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between an altitude of 3600 and 4150 m. Parmeliaceae
family exhibited its dominancein the area, followed by
Cladoniaceae, Physciaceae and Lecanoraceaewith 12,7,
6 and 5 species, respectively. The HSP I contained 34
species of lichens followed by HSP Illand HSP Il with 22
and 15 species, respectively. Thegrowth pattern oflichen
species Rhizocarpongeographicum was also monitored for
carryingoutlichenometricstudies.

National Network program on lichens: Bioprospecting
its secondary compounds and establishing cultures and
collections

Pharmacologicalstudies

Lichen taxa containingthe usnic acid, lichesterinic
acid, and other secondary metabolites were studied to
evaluate their hepato protective potentials (Fig.5). The
lichen extracts (NBRI/L10/Hal, NBRI/L8A/Hal and
NBRI/L5A/Hal) showed promising activity against
carbontetrachloride (CCl,)induced toxicityinmice. Inan
attempt to model theliverfibrosis process, CCl, has been
used to experimentally induce liver injury in rodents
widely. Group I (Control) and Group II(CCl,) mice were
given therespective vehicles daily for4 weeks (p.o.), Group
III (Positive control) mice received silymarin daily for 4
weeks (100 mg/kg, p.o.), and the mice in Group IVand
Group V weretreated with NBRI/L10/Hal and NBRI/
L5A/Hal (100mg/kg; p.o.), respectively every day for 4
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Fig. 5. Evaluation of hepato protective potentials in mice using lichen
metabolites.

weeks on the beginning of the other day after the first
double-dosage CCl,administration. Every 6 days during
this month, CC, dissolved in peanutoil (6.4 g/ kg of body
weight, s.c.), was administrated under the skin between
head and neck to each group except Group I, and the
dosage of CCl, was 128 g/ kgatthe firsttime. Group Iwas
given peanutoil with the same dosage with other groups.
The administration with CCl, (model, 6.4 g/kgof body
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weight, s.c.)caused hepatotoxicity in mice,indicated bya
markedincrease in GOTand GPT serum levels, probably
due to the damaged structuralintegrity of theliver (Fig. 5).
GOTand GPT arecytoplasmicinlocation and arereleased
into circulation after cellular damage and protected
significantly the elevated levels of liver biochemical
markers treated with NBRI/L10/Hal and NBRI/L8A/
Hal.

Phytochemicalstudies

Protocols were standardized for five potential
extracts with significantanti-tubeculosis activity. Five
different solvent systems wereused for developingsuitable
system for separation and identification of specific
chemomarkers.

Purification and chemical characterization of four
lichens using HPLC & LC-MS have been carried out.
Standards forall thecompounds,chemicaldata and library
oflichen compounds isolated from lichen natural thallus
and mycobiont cultures have been maintained at CSIR-
NBRI.

Lichen natural thallus (NBRI-LS5) of different
weights viz. 0.5,5 and 50g were extracted by cold & hot
successive soxhlet methods with five differentsolvents
including acetone and ethanol. The yield of acetone
extracts varied from 0.24% to 1.68 % while the yield of
ethanolic extracts were higher and varied from 2.84 % to
557 %.Seven fractions wereisolated for identification and
chemoprofilingof major/ minorcompounds.

Theidentification and characterization of six known
lichen acids were carried outin lichens NBRI-LS6 and
NBRI-LS7 through HPLC and LC-MS. Lichen acids/
compounds were separated andidentified in acetone and
alcohol extracts of NBRI-LS8 and NBRI-LS9.
Chemomarkers were developed, fractionations of non-
polartopolar compounds weremadeto identify depsones,
depsidesandlichen acids through chemo-profiling.

Separation and identificationof chemo-markersin
26 coded extracts supplied by MSSRF, ARl and NBRIwere
carried outand five selected markersamong them, were
subjected to fractionation forisolation of compounds.Two
pure markers were obtained through fractionation and
separation through PTLC and Column chromatogravity.
Themarkers wereidentified through chemoprofilingusing
HPTLC HPLC and LC-MS.

Developing a system to monitor climate change with
lichens in India

Studies regardingchanges in atmosphericdeposition
during the last half century and its impact on lichen

community structure were carried outin Darjeelingand
Tawang area of Eastern Himalayas, Pindar valley in

Western Himalayas and Mount Abu in North-western
India.

Theaccumulation trends of traceelements and PAHs
deposited and N accumulatedin lichens reflected rapid
urbanization of the studyareas.

The study also highlights the importance of
herbariumspecimens for reconstructinghistorical trend
in atmospheric deposition and to study the temporal
variation in the community structure of lichens with
respectto global climate or local microclimatechange.

The sensitivity of different lichen growth forms
against pollution exhibited a sequences of
fruticose<foliose<crustoselichens, while theconcentration
of heavy metals and PAHs in lichens was directly
proportional to anthropogenicactivity in thearea.

Thelichen samples collected fromhumid andarid
zone exhibited more or less similarselectivity sequenceof
metals, Fe<Zn<Cu and Fe>Zn>Pb,respectively, while the
western and eastern Himalayanregions showed a different
metalselectivity sequenceasFe>Zn>As and Fe>Zn>Mn.

The humid region of Darjeeling showed high
pollution level, followed by arid zone of Mount Abu,
Pindarvalleyand Tawangarea.

The research demonstrated the potential use of
herbariumspecimens formapping lichen diversitywhich
can help as a tool for the assessment of environmental
stresson toxitolerantlichens inthe study area.

Lichens response to rising temperature and high
ultraviolet radiance due toon-going climate change

The study involves use of lichen secondary
metabolites, aminoacids and diversity of lichens to assess
theresponse ofrisingtemperatureand ultra-radiancein
Indian Himalayan region.

Thelichen diversity existingabove3200m was found
richin pigmentedlichen species, especially cyanobacteria
containinglichens. This indicated that there could bea
probable correlation between existinglichen diversityand
the solar irradiance. Isolation and characterisation of
potential ultraviolet protective class of compounds,
Mycosporinelike aminoacids (MAA) authenticated this
assumption. Further, in other highaltitude sites certain
Parmelioidlichens, containing green algae and producing
lichen secondarymetabolites havingultravioletscreening
potentialwere found inabundance.

How the temperature variation influences lichen
diversity has been established based on the use of fatty
acidsas biomarker in Heterodermia diademata. Abundance
of saturated fatty acid reflected high temperature
conditions atloweraltitudes of Garhwal Himalayas.
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Detection of organic pollutants at remote sites of
IndianHimalayan region provided clear segregation of
local and long range pollution, which clearly segregated
PAHs and PCBs having major long range sources and
NPAH and metals, originating from local sources.

Lichenanalysis forecological continuity of tropical rain
forests in Nilgiri Hills of Western Ghats, India

Thelichensrecorded from18sites of Nilgiris Hillsin
Western Ghats, clearly differentiated thediverse microand
macroclimaticconditions of thearea.

A total of 223 species belonging to80 genera and 33
familieshavebeen recorded from theNilgiris. The genus
Graphis dominated the Nilgiris with 25 species, followed
by Usnea and Heterodermia with 15 and 11 species,
respectively. The study area was represented by a
maximumnumber of crustoselichens with 132 species,
followed by 58 foliose and 24 fruticose (including
dimorphicspecies)lichens.

The distribution of lichens in forests patches ofSilent
Valley National Park wasentirely different ascompared
withlocalities within theNilgiris dueto the dense canopy
ofthe forests in SilentValley National Park.

Several lichen species that wereavailablein thepast
could notbe traced in our presentstudy, probably dueto
deforestation of exclusive tree species. The selective
removal of phorophytesresulted in scanty appearanceof
species that were commonly observed in the past. A
continuous trend of species repetition was also observed
duetounavailability oftreediversity.

However,home gardens oflocal people still conserve
many of the crustose species of lichens as trunks of
cultivated trees Arecacatediu and Artocarpusheterophyllus
provide suitable environment for colonization of
Graphidaceous and other crustose taxa of lichens. The
highaltitude, dense and protected forests provided anideal
condition for formation of large patches of moistureand
shadelovinglichens.

Thehigh altitudesites (Avalanche damarea,around
Lovedaleand Doddabetta) arerichin lichen diversity as
compared to low altitudinal localities. The dominanceof
Graphidaceous lichens in theNilgiris forests, indicates
thatthe forest patches areachieving a climaxstage of plant
succession.Mostof the forestsareold growth forestsand
exhibitthoselichens, which require a tree girth of large
circumference. Maintaining reserve forests and home
gardens, propagation of lichen rich areas as lichen
sanctuaries and lichen gardens could improve thesituation
of highlydisturbed areas.
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BarcodingHimalayan Lichens- cuttingedge approaches
to study Lichen Biodiversity and setting Lichen
Conservation Strategies inIndia

The lichen genus Usnea and cetrarioid group of
lichens from westernand eastern Himalayan region were
investigated for DNA barcoding.

Cetmrioid group: Amongthedifferent group oflichens,
cetrarioidlichens are found with more cryptic species in
India. A total of 75 accessions of cetrarioid lichen have
been analyzed using ITS.PCR and sequencingsuccess
was 75% and 80 %, respectively.

Usnea group: The DNA barcode studies on Usnea
lichens indicated thatall studied Usnea species inIndia
could be successfully discriminated using the nuclear
ribosomalITSregion, thestandard DN A barcode forfungi.

(0. Phylogenetic analysis: All traditional Usnea species
were recovered as monophyletic clades withstrong
statistical support [bootstrap support (BS) 88 %]in
the ITS tree. Additionally, the cetrarioid and
Cornicularia clades were recovered asmonophyletic
withstrong BS (84 %) in the ITS topology, although
thegenus Corniculariawas recovered with onlyweak
statistical support (BS<50%). Well-supported
phylogenetic sub-structure was identified within
Cornicularia normoerica, Usnea longissima, U. baileyi,
U.subfloridana, and U himalayana.

(). ITS genetic distances:- Thedistribution ofintraspecific
pairwise distances for eachspecies was estimated
together with Clade-specific (i.e., cetrarioid,
Cornicularia,and Usneaclades)intra- and interspecific
genetic distances. Mean distance values, standard
deviations, and theranges of intraspecific distances
within the 13 Usrnea species occurring in India were
also recorded. A slight overlap in intra- and
interspecific distances was identified in comparisons
amongall Usnen species taken collectively. However,
in clade-specific comparisons (i.e., Cetrarioid,
Cornicularia,and Usnea clades), a barcode gap was
detected foreach clade,with theexclusion ofoutlier
values in the Cornicularia clade. The interquartile
range of genetic distances for themajority ofspecies
fell below the estimated 0.015-0.017 s/s intra-
interspecific threshold.

Phylogenetic grouping of South Asian lichens of the
Teloschistaceae (Ascomycota) for biotechnological
purposes

The revisionary studies carried out on
Teloschistacean lichens of India resulted into discovery of
two species of Rusavskia as new to science: R.indicaS.Y.
Kondr. & D. K. Upreti and R. upretii S. Y. Kondr.,, G. K.
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Mishra & S. Nayaka, while Rusavaskiasorediata (Vain.)S.
Kondratyukand Kérnefelt was reported as new record for
India. Five lichenicolous fungi, Oxneria huculica S.Y.
Kondr., Variospora flavescens (Hud.) Arup, Frodén &
Sechting,and Zeroviella esfahanensis S.Y. Kondr. &B. Zarei-
Darki, Arthonia epiphyscia Nyl.,and Zwackhiomyceszarei
S.Y.Kondr, were recorded as new toIndia.

Water quality monitoring of Ganga River from Gomukh
toHooghly, underNational Mission for clean Ganga

All the information on algae collected fromeleven
sites under this projectwas compiled. The study revealed
the occurrence of 37 species belongingto 24 genera. The
localities surveyed had higherconcentration of nutrients
such as phosphorus and nitrogen as indicated by the
luxuriantgrowth of Chlorophyceae, Cyanophyceaeand
Bacillariophyceae. The areas such as Ballia, Patna and
Bhagalpurhaving agricultureland along the riverbank
exhibited low diversity of algae probablydue to usage of
chemicalfertilizerand pesticidein the field. The localities
nearthecities suchas Varanasi, Hooghly, Kanpur, Narora
having disposal of sewage waters to the river had
dominanceof Cyanophyceanalgae. Although the study
sitesin Farrakka district were located awayfrom cityarea
withhaving comparatively clean waters, they exhibited
less diversity of algae. This may be due tothe presenceof
many porophytes (mango orchards)in these sites which
donot allow penetration of sun rays to the water. Also,
most of the water bodies were covered with luxuriant
growth of microhytes which furthermay haverestricted,
the growth of algal population. Farrakha area alsohas
running water likein Haridwar and Bhimgoda, where
less algae are grown. However, stagnant water alongthe
coastof Narora, Kannaujand Kanpur provide suitable
condition for growth of many algal population.

A studywas carried outto understand the diversity
anddistribution pattern of Pteridophytes across thestretch
of Ganga River from Gomukhto Gangasagar. A total of
215 specimens were collected from Haridwar and Ganga
Sagar. Taxonomic studies revealed 17 species of these
belonged to 12 genera under 9 families.

Assessment of Bryophyte diversity, species richnessand
compositionin Darjeeling hills with special reference to
climate change and conservation strategies

Theobjectives of the study included the surveyand
sampling of bryophytes fromselected sites of Darjeeling
hills; to study the ecological aspects based on species
composition at various habitats along the altitudinal
gradients of speciesrichness, between habitat diversity
and species composition;ex-situconservation of selected
threatened (including endemic) bryophytes.

Bryophytes from herbariumdata wereidentified and
assessed for distribution along an altitudinal gradient
ranging from 1000 m to 2500 macross six habitats, viz.
soil,wetrocks, dryrocks, soil covered rocks, stonywalls
(terricolous habitats)and epiphytichabitats. Atotalof316
bryophytes have been recorded from the three sets of
primarydata viz. Set 1. (1965), Set 2.(1981,1983)and Set3.
(2002,2003). Among these, 129 taxa of liverworts belonging
to 51 genera and 29 families; 11 species of hornworts
belongingtofour generaand threefamilies,and176 moss
taxabelongingto 89 generaand 29 families wererecorded.

The species richness as calculated from the primary
data indicated that over the decades, the species richness
index was fluctuated at Tiger Hill and it had a steady
increase at Llyod Botanical Garden (LBG). These
differences could be due tothe fact thatTiger hill is asite
with greater touristinfluxas compared to the LBG which
has limited anthropogenic activities and also provides
protected natural habitat to plants unlike Tiger Hill, where
indiscriminatehuman activityand construction has been
a regular feature. Better conclusive results can only be
provided when recently collected data will becompared
(under progress) to this data and other parameters are
takeninto consideration.

Sphagnum khasianum Mitt has beenraisedinvitroby
tip of vegetative explants, whichis a novel method of its
propagation asearlier workers could usually raise itin
culturefrom spores.

Solenostoma schaulianum (Steph.) Vaoa et D.G. Long,
animportant Asiaticspecies has been propagatedinvitro
and multiplied well inaxenic culture. Leafy liverworts are
difficultto propagateinvitro and their propagation is rarely
accomplished under artificial conditions.

Study of Bryophyte diversity in the Eastern Ghats

Exploration of several bryophyte rich localities of
Odisha viz., Similipal Tiger and Biosphere Reserve in
Mayurbhanj District (Orchidarium, Kollah, Uski Falls,
Barehipani,JorandaFalls, Matighati, Gurguria Research
centre, Lanjighosra) and Mahendragjri Forest Reservein
Gajapati District(Bureakhata, Budighati, Ganesha Temple,
Darpanchanchara), have been made. About 321 specimens
have been collected. A critical morphotaxonomical
investigation on the bryoflora of Eastern Ghats area of
Odisha has been carried out, which revealed the
occurrence of 75 species of liverworts and mosses. The
mosses comprised 59 species belongingto 36 generaand
18 families, and 16 species of liverworts belongingto 13
generaand 7 families. An illustrated account of studied
taxa with descriptions is under preparation alongwith
theirdistributiondata.

56

RESEARCH & DEVELOPMENT



Ectropothecium dealbatum (Reinw. & Hornsch.) A.
Jaeger, Hypnum cupressiformeHedw ., Hyprumplumaeforme
Wilson, Entodon pulchellus (Griff.) A. Jaeger, Entodon
oviarrpus Dixon, Anomodonminor Hedw.) Lindb., Thuidium
assimile (Mitt.) A Jaeger, Thuidiumkiasense R.S. Williams,
Dicranodontiumdidymodon (Griff.) Paris, Ditridiumpusillum
(Hedw.) Hampe, Stereophy!lum tavoyense (Hook. ex Harv.)
A.Jaeger, Chiloscyphus campanulatus Steph. were recorded
as new reports to South India, while Entodon rubicundus
(Mitt.) A.Jaeger, Anoectangium bicolor Renauld & Cardot.
Fissidens ceylonensis Dozy & Molk, Fissidens bryoides
Hedw.,Sematophyllumhumile (Mitt.) Broth., Aerobryidium
filamentosum (Hook.) M. Heisch., Cryptopapillaria fuscescens
(Hook.) M.Menzel, CampylopusaureusBosch & Sandelac.,
Campylopus involutus (Mill. Hall.) A.Jaeger, Leucoloma
taylorii (Schwagr.) Mitt., Entodontopsis nitens (Mitt.) W.R.
Buck & R.R. Ireland, Reboulia hemisphaerica (L.) Raddi,
Lophocolea heterophylla (Schrad.) Dumort., Plagiochila
nepalensis Lindenb. and Jackiellajavanica Schiffner were
new records to Eastern Ghats.

Studies on morphogenesis, reproductive biology and ex
situ conservation of selected endangered, threatened and
potential bryophytes

Theproject has been completed in November, 2016.
In vitro study on three endangered liverworts viz.,
Stephensoniella brevipedunculata Kash., Anthoceros
macrosporus Steph. and Cryptomitriumhimalayense Kash.;
two potential liverworts viz. Marchantia polymorphaL.,
Conocephalum conicum (L.) Lindenb. and a moss
Rhodobryum roseum (Hedw.) Limpr.has been carried out
and completed.Efforts have alsobeen made to establish
the axenic cultures ofendangered and endemic liverwort,
Stephensoniella brevipedunculata using tubers as explants
which started to germinate after 3 days of inoculation in
differentmedia. Green coloured small innovations were
emerged fromsingle tuberafter3 days ofinoculation. These
tubers weresubsequently developed in tothalli in 30 days.
Plants exhibited bestgrowthin Hoagland’s mediumand
Half-strength Knop’s + Vitamins as compared to all other
culturemedia used. Thus, thestudyrevealed thatthe plant
population of Stephensoniella brevipedunculatiKashyap can
be successfully grown onHoagland and Half-strength
Knop's + Vitamins under controlled laboratory conditions.
Successfully grown plant populationin Hoagland media
has been transferred tosoilritein pots. This may lead to
large biomass production ofthe taxon for conservation
measures. It was for the first time that a considerable
amount of germplasm could be raised from tubersand a
protocol has beenstandardized to conserve thisimportant
rare liverwort.
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Monographic and phylogenetic studies in the Tribe
Delphineae (Ranunculaceae) from India

The study confirmed that in India the tribe
Delphineae is represented by 46 species and six
infraspecific taxa distributed in three genera namely
Aconitum, Delphinium and Consolida.

Aconitum L. is represented by 24 species and two
varieties, which are chiefly distributed from temperateto
alpinezones of the Indian Himalayas.One new species
namely Acnitumarunii Agnihotriet al. has been discovered
fromSikkimHimalaya (Fig.6).
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Fig. 6. Aconitum arunii Agnihotri, Husain & Husain: A. Upper Sepal,
B. Lateral Sepal, C. Lower Sepal, D. Petal, E. Petal Lip, F. Stamens,
G. & H. Carpel, I. Bract, J. attachment of bracteoles on pedicel, K.
Bracteole (T. Husain & P. Agnihotri 257637, LWG).

Delphinium L. comprises of21 species, onesubspecies
andthreevarieties, and Consolida Gray isrepresented by
three species, namely Consolida ambigua (L.) Ball &
Heywood, C. orientalis (J.Gay) Schrodinger and C.
schlagintweitii (Huth) Munz.

Extensive surveys and collections were made in
Western Himalaya (HP,, Uttarakhand), Eastern Himalaya
(Northand East Sikkim)and Western Ghats (Tamil Nadu)
and32taxa of the tribeDelphineae were collected.

Few species of Aconitum such as A.hetrophyllum, A.
ferox, and A.deinorrhizum areincluded in IUCN Red List
and Red Data Book of India. Very small, scattered
populations of two to threeindividuals of these species
were found in theHimalayas. However,during real time
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assessmentofthe genus Delphinium in the remoteareas of
the known localities and otherlikely habitats of the genus,
could help locate and collectonly a veryfew taxa invery
small populationsin nature, and itwas observed thatthe
taxa of the genus Delphiniumarerarer than Aconitumspecies.

Molecularphylogeny in the tribewas inferred using
both nuclear (ITS1andITS2) and chloroplast (rbcL, matK,
atpB, trnH-psbAand trnT-trnL)lociincluding 5 species of
Delphinium and 8 species of Aconitum.The MP and ML
analysis of various loci, rbcL, matK,atpB, trnH-psbAand
trn'T-tmLrevealed largely congruenttree topologies. Both
MP & ML analyses oftwochloroplastintergenicspacers
tmH-psbA, trnT-tmLandnuclearITS,segregated Aconitum
and Delphinium in two separate clades with similar
topologies.

Although, the monophyly of Acnitum wasstrongly
supportedin thematk anlysis, the perennial species - A.
laeve (Aconitum subgenus Lycoctonum)did not cluster with
all otherspecies of Aconitum (Aconitumsubgenus Aconitum)
in tmH-psbA, tmT-trmLanalyses.

Detailed mitotic and meiotic studies have been made
on different populations of Delphinium, Aconitum and
Consolida species tosolve these complexes on the basis of
cytotaxonomy. Meiotic studies of Consolida ambigua ! G i ;
showed chromosomal count of 2n=16 in the PMCs at Fig. 7: Various stages of meiosis in Consolida ambigua A. Prophase,

diakinesis and diplotene stage. Meiotic division wasnot B. Diplotene, C-E. Chiasma formation in Diakinensis, F. Precocious
movement in Anaphase, G. Bridge in Anaphase, H. Telophase I with

Micronuclei

normal with stickiness, precocious movement and bridge
in anaphase-I and micronuclei in telophase- I as major
abnormalities. (Fig.7)

difference between the D. vestitum (18.16 £18.25)and D.
denudatum (23.32 £ 22.17), D. roylei (22.52 + 22.26), D.
viscsum (21.72 £21.15) atp<0.05 (Table-2).

Mitotic Analysis were carried outin four species of
Delphiniumi.e., D.vestitum,D.denudatum, D. roylei and D.
viscosum. Duringthe presentstudy it was observed that
mitotic division is not normal in all the species. Lectotypification of four aconites, namely Aconitum
Chromosome number werefound to be sameinall thefour ~ hookeri, A.nagarum, A.heterophylloides var. leucanthum, A.
species i.e., 2n = 16. Mitotic index shows significant  spicatum was done.

Table 2: Chromosomal and Mitotic aberrations in five taxa of Delphinium.

Species Chromosomal aberrations Mitotic aberrations
No. of Frag- % Chromo- No.of No.of C- Lag- Bri- Disorie Un- Conden % Aber- Mul- %
met- ment somal scored dividing meta- gard dge ntation equal sation rant tinu- Micro
aphase aberration cells cell  phase separati cells cleoate -nuc-
on condi- lei
tion
D. vestitum 365 14 3.83 1500 357 05 10 07 21 36 93 48.17 3 0
D. denudatum 360 24 6.66 1500 360 06 08 04 20 45 118 55.83 2 1
D. roylei 355 18 5.07 1500 320 05 11 05 30 25 119 60.93 1 0
D. viscosum var. 370 19 513 1500 343 04 09 03 10 06 68 29.15 0 1
viscosum
D. viscosum var. 38 29 7.53 1500 334 06 18 08 34 34 56 46.70 2 0

gigantobracteum
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Mapping of floristic diversityand conservation studies
onplantresources of Kishanpur Wildlife Sanctuary

Kishanpur WildlifeSanctuary (KWS), amagnificent
sanctuary situatedat28°24’01"N and 80°22'01"E in Uttar
Pradesh,was established in theyear1972 forthe protection
ofan endangered elusive cat, Bengal Tiger (Pantheratigtis
tigris L.). KWScovers an area of227 sq.km. thatliesin the
Terai region of Uttar Pradesh.

Being situated in one of the most important
phytogeographic regions of the country, better
understanding of the biodiversity of the proposed
protected area is needed todesign environmental policies
thatwould promote conservationand sustainable useof
biodiversity in the area. Keeping in view the above
considerations, itwas envisaged to undertake the task of
thorough survey, collection and study of plants of KWS,
soas toprepare acomplete and up-to-date inventory of its
floristicdiversity with all thenecessary information that
would be of use in prioritizing conservation of RET,
economically valuableand endemic planttaxa.

Surveys were carried out in KWS for survey and
collection of plantspecimens. Voucher specimens were
collected either in fruiting orin floweringstage. A totalof
215 plant species havebeen collected from KWS.

TheHerbaria of CAL,BSD,LWG & CDRIhave been
consulted for the authenticationand assessment of plant
wealth of thearea from previous collection.

Theidentified plant specimens have been deposited
in LWG for futurereference. The nomenclature of plant
species hasalso been updated. Toestablish identity of the
herbal medicines used, plants were collected with the
associated information thatwas obtained frommedicine
menof thevillagesinand around KWS.

The ecology of few climbers like, Bauhinia vahlii,
Tiliacora acuminata,Acacia concinna and Millettiaextensa,
has also been studied.

Diversity assessment of angiospermic flora of
Sonbhadra district, Uttar Pradesh

The present study has been initiated to provide a
taxonomic account of angiosperms of Sonbhadra district
in Uttar Pradesh. Thedistrictwhich comes undervindhyan
region of Uttar Pradesh, is one of therichestareas in the
state as faras plant diversity is concerned. It is spread
overabout6788 kn?of geographical area which constitutes
about 36 % forest cover on highly undulated land. The
extensive survey of the area, critical examination of
previous collections housed in various herbaria and review
of published literaturehaveresulted in a total of 705 species
belonging to459 genera under 110 families. Of these, 541
species (76.73%) under 354 genera (77.12%) and 89
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families (80.90 %) belong todicots and 164 species (2326%)
under 105 genera (23.26%)and 21 families (19.09%) to
monocots. The family Fabaceae (110 spp.) comprises of
maximumnumber of species, followed by Poaceae (89 spp.),
Asteraceae (38 spp.), Cyperaceae (33 spp.) and Malvaceae
(33 spp.). The ten largest genera in the area are: Cyperus
(14 spp.), Ipomoea (9 spp.), Solanum (9 spp.), Ficus (9spp.),
Crotalaria (7 spp.), Desmodium (7 spp.), Bauhinia (6spp.),
Hibiscus (6 spp.), Fimbristylis (6spp.), and Acacia G spp.).
The entire forest is chiefly dominated by treeslike Acacia
catechu (L.£)Willd., Boswellia serrata Roxb.ex Colebr., Butea
monosperma (Lam.) Taub., Hardwickia binata Roxb. and
Shorea robusta Gaertn.

Inventorisationof plant diversity of Nawab Wazid Ali
Shah Zoological Garden, Lucknow (U.P.)

In order to achieve the basic objective of the
Convention of Biodiversity, itisimperative to know what
component of biodiversity are found ina particulararea
or habitat. For the study of diversity preparation of
herbariumspecimens as voucher specimens isnecessary
to keepthe record ofbiodiversity of any botanically rich
area like Nawab Wazid Ali Shah Zoological Garden,
situated at theheart of the city, Lucknow. It covers an area
of a1.29 ha. havingtherich cover of plant diversity. It will
notonly serveas aresource for identification of plants, but
also work as a data bank of plants resources of Zoo in
particular and adjacentarea in general. Such base line
data areessential for proper monitoring and to frameout
conservationstrategies of the garden.

Frequent surveys were carried outin the Nawab
Wazid Ali Shah Zoological Garden for survey and
collection of voucher specimens. A total of 75 treespecies
havebeen collected and identified. The nomenclature of
thesespecies hasalsobeenupdated. Asmany as 20 exotic
tree species have been planted by the Zoo authority for
shade, beautification and pleasant environment for
wildlife. Two historicallyand botanically importanttrees
namely, Crateva religiosa and Adansoniadigitata arealso
presentin the Zoo.

Plant diversity assessment of Dima Haso District in
Assam

Today when thebiodiversity conservation is gaining
worldwide recognition, information on plant species
occurringin any partofthe worldis highly essential. There
isan urgentneed tostudy theplantdiversity of a particular
area to guide decision on their conservation and
sustainableutilization. In this perspective, Dima Hasao
district of Assam has been selected for proper
documentation and assessmentof diversity ofangiosperms
with more emphasis on tree species as thearea has not
been explored extensively inthe past. The outcome ofthe
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studywill be beneficial for students, botanist, researchers,
NGO's, naturalists, environmental engineers, forest
managers, conservation biologists, policy makers etc., for
proper management of the forest and conservation of
plants, especially of rare, endemic and threatened
categories.

Dima Hasaois a hilly region of Assamwith dense
moistevergreen forest. Twotours havebeen takento the
areafor habitat study and collection of plantspecimens.
About150 species havebeenso farcollected from thearea.

Molecular systematics of the Didymocarpus-Henckelia
generic complex (Gesneriaceae) inIndia

Compiled preliminary morphotaxonomic data on26
species of Henckelia and 17 species of Didymocarpus by
consulting10Indian (BSHC, BSD, BSI, CAL, CALI, DD,
FRC, LWG,MH, TBGT)and5 foreign virtual herbaria (E,
G-DC K L,P).

Four fieldsurveys were conducted in18 localitiesin
Southem Western Ghats (Keralaand Tamil Nadu), West
(Uttarakhand)and East Himalayas (Sikkim). A total of66
accessions of 12 species of Henckelia and 41 accessions of
5 species of Didymocarpus were collectedin their natural
habitats.Freshleaf tissues of88 accessions (56 Henckelia +
32 Didymoarpus)werecollected for DNAisolation. Habitat
features and Geo- coordinates (latitude/longitude/
altitude) of each specimen were documented. A total of
145 herbarium vouchers were made from the above
collections.

Detailed morphological studies werecompleted for
5species of Didymocarpusand 12 species of Henckelia, based
onfield collections and herbariummaterials.

DNA extraction procedures and PCR amplification
of ntDNA ITS and ¢cpDNA trnL-F regions were
standardized for thecollected samples of Didymocarpus
and Henckelia. A total of 52 samples (20 samples of 5
species of Didymocarpus and 32 samples of 12 species of
Henckelia) were PCRamplified forITS and trnL-F regions
using the universal primers. Sequencing of the PCR
ampliconsis in progress.

In-House Projects

Taxonomicstudies and digitization of plant diversity of
India

Taxonomyand assessmentof diversity of Algae,Lichens,
Bryophytes, Pteridophytes, wild relative of Cucurbitsand

Tree Legumes in the Upper Gangetic Plains (UGP) of
UttarPradesh

Algae

A total of seven fresh water algal samples were

collected from Lucknow, which resulted in 12 algal taxa
under 11 genera and 2 classes. Chlorophyceae is
represented by five genera, namely Cosmarium, Staurastrum,
Mougeotia, Spirogym and Zygnema, while Cyanophyceae
represented six genera namely Scytonema, Lyngbya,
Oscillatoria, Chroocccus, Aphanotheceand Phormidium.

Sequenceof theSSU of 18S rRN A of seven algal strain
have been submitted to NCBI gene bank, details of which
are as follows, Chlorella sorokiniana (accession no.
KY285080), Chlorellathermophila (accessionno.KY317933),
Chlorella vulgaris (accessionno.KY407756) and Chlorella
sp3. (accession no. KY407757) Scenedesmusquadricauda
(accession no KY654954.1), Oscillatoria sp. RBD01
(accession no.KT445936.1), Leptolyngbya sp. RBD05
(accession no KT592515.1) and Coelastrella sp (accession
noKY614790.1).

Lichens

The flood zone area along the river Ganga in
Haridwar and Bhimgodaarea weresurveyed for lichens.
A total of 100 specimens of lichens were collected and
identified which revealed the occurrence of 32 species
belonging to 25 genera and 11 families from the area.The
area is dominated with crustose lichens followed by
squamulose and foliose forms, of which mostly the
toxitolerant members of thelichens dominates the region.

Bryophytes

Aninvestigation ontheBryophytes from Terairegion
of Uttar Pradesh has revealed the occurrence of 29 species
of bryophytes: 21 species belonging to 16 genera of 11
Families of Mosses; 6 species belonging to 3 genera of 3
families of Liverworts, and 2 species belonging to 1 genus
of1 family of Hornworts. This includes severalnew reports
viz., DicranellamicrosporaGangulee, Entodontopsis tavoyense
(Hook. ex Harv)) WR.Buck & R.R. Ireland, Trachyphyllum
inflexum (Harv.) Gepp.,Weissia ontroversa Hedw., Fissidens
crenulatus Mitt., Fissidens flaccidus Mitt., and Fissidens
zollingeri Mont.from Uttar Pradesh.

A study on diversityand distribution of liverworts
(Marchantiophyta) in various habitats and across the
altitudinal gradients at Pachmarhi Biosphere Reserve
(PBR), central India has been carried out. Theliverwort
diversity was assessed in selected habitats ateach site
viz.,soil, wetrocks, dryrocks, soil covered rocks, stony
walls (terricolous habitats) and epiphytic habitat. Three
altitudinal gradients were considered fordistributional
assessment. Inall, 41 liverworts belonging to 21 genera
and 15 families were encountered. Among the three
altitudinal zones, 17 taxa were found atlower altitudinal
gradient (400-800 m), whereas12 liverworts were found
atthe higheraltitudinal gradient(1001-1400 m). Maximum
number of taxa (33) werepresent at the middlealtitudinal
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zone (801-1000 m). The sitesat middlealtitudes provided
suitable conditions for the growth of bryophytes. In
general, rocks, both moistand dry, formed the mostideal
habitatfor theliverworts. Evidently, the middlealtitudinal
gradient emerged as the zone harbouring maximum
liverworts.

Theliverwort, Kurzia trichoclados (K. Miiller) Grolle
(Fig.8) has been reported new totheIndian bryoflora, which
expands its distribution in South Asia. It belongs to
LepidoziaceaeLimpr, avery diverse and complexfamily
of liverworts. Kurzia trichoclados is a disjunct liverwort
known from Europe, North America and SoutheastAsia.
By the present study its distribution in South Asia has
been expandedtoincludeIndia.

FIG. 8. Kurzia trichoclados (K. Miiller) Grolle. A. Plant habit, B. plant
portion, magnified, C. Stem T.S., D,E. Main stem leaves, F.Branch
leaf, G. Cells of leaf disc, H. apical and subapical cells, I. Branch
under leaf, J. Male inflorescence, K,L. Male bracts

A recent study on the mosses of Meghalaya has
revealed the occurrence of six taxa of the genus Entodon
viz., E. concinnus (De Not.) Par. ssp. caliginosus (Mitt.)
Mizushima, E. rubicundus (Mitt.) Jaeg., E. luridus (Griff.)
Jaeg, E.plicatus C.Muell, E.scariosus Ren. & Card.and E.
pulchellus (Griff.) Jaeg., outof which E. concinnus (De Not.)
Par.ssp. caliginosus (Mitt.) Mizushima isa newaddition
to eastern Himalaya and E. scariosus is a new record to
Meghalaya.

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

Thefollowing plants wereintroduced in Moss House
of NBRI Botanic Garden:
1)  Bryumcoronatum Schwaegr.
2)  Fumariahygrometrica Hedw.
3)  Conocephalumconicum (L.) Lindnb.
4)  Reboulia hemisphaerica (L.)Raddi
5)  Wiesnerella denudata (Mitt.)Steph.
6)  Marchantiapolymorpha L.

Pteridophytes

Prepared a checklist of Pteridophytes of Uttar
Pradesh. About151 specimens of old deposits offerns and
their allies in the NBRI Herbarium (LWG) have been
studiedand accessioned.

New introduction tothe Fern House of CSIR-NBRI

Liveplants of Nephrolepis hirsutula (G.Forst) C. Pres],
collected from Andaman Islands, was introduced inthe
fem house of the CSIR-NBRI (Fig.9).

Fig. 9. Nephrolepis hirsutula (G.Forst.) C. Presl in CSIR-NBRI fern
house.

Mass Propagation and Conservation

Mass multiplication of about 1200 individuals of13
ornamental species, such as Adiantumcapillus-veneris, A.
incisum, Colysis elliptica, Diplazium esculantum, Microlepia
strigosa, Mlicrosorum punctatum, M. altemifolium, Nephrolepes
biserrata, N. cordifolia, N.exaltata, N. tuberosa, Pteris vittata,
Tectaria macrodonta and Sanjeevani Booti (Selaginella
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bryopteris) was made for conservation, and experimental
studies.

Molecular systematic studies in cultivated and wild
species of Indian Luffa L. (Cucurbitaceae)

Molecular phylogeny offive taxa of Indian Luffa [L.
aegyptiaca Mill. L. acutangula (L.) Roxb., L. hermaphrodita
Singhand Bhandari, L.ediinata Roxb.,, L. gmveolens Roxb.]
was examined through sequenceanalysis of frmL-F region
of chloroplastDNA. A total of 35 accessions, including
four out-groups, were analyzed. The sequence length of
trnL-Fregion varied from 863 bp to895bp,with 33.10% to
34.20% G+Ccontent. The aligned tml-Fsequences formed
a matrix of 971 base positions, of which 780 sites were
conserved, 136 sites were variables, 47 sites were
parsimony informative.

The sequencedivergence ranged from0 to 0.11, with
anaverageof 0.22. Thetrees generated through Neighbor-
joining (NJ), Maximum Parsimony (MP) and Maximum
Likelihood (ML) methods grouped all the accessions of
Luffa in two major clusters: Cluster-1 comprising L.
hermaphrodita and L. acutaingula, and Cluster-2 with two
sub-clusters-sub-cluster 2a, comprising L. echinata; sub-
cluster2b, with twogroups, 2b (i) with L. graveolensand 2b
(ii) L. aegyptiaca. The tmL-F sequence data revealed anested
groupingof L. hermaphrodita (hermaphroditeform of ridge
gourd)under L. acutangula, and also confirmed the
inclusion Luffa tuberosa within Momordia.

Systematics and diversity of the genus Ephedra L.
(Ephedraceae)in India

Ephedra foliata, commonly known as ‘Shrubby
Horsetnil’,is widely distributed in deserts of Africa, Arabian
Peninsulaand India. Itisa typical componentofarid and
semi-arid regions of north western India and is locally
knownas ‘Unthphog’.The assessment of genetic diversity
andpopulation structurein threatened and endangered
species like E. foliata provideimportant information for
developmentand implementation of conservation and
managementstrategies.

Analysis of genetic variability and population genetic
structure was carried outin 11 populations of Ephedra

foliata collected from its distributional rangein arid and
semi-arid regions of north western India.

Twenty five (ISSR-15; DAMD-10) markers produced
449 fragments, of which 382 were polymorphic in nature,
revealing 84.59 % polymorphism.

ISSR markers revealed higher polymorphism 89.47 %)
than DAMD (79.70%). PIC valueranged from 0.11to 0.34

with a meanof(0.22 perprimer.

Atpopulationlevel variancewithin populations was
much higher than thatbetween populations. The three
clustering approaches viz., UPGMA, PCoA and
STRUCTURE, grouped all the natural populations into
two clusters revealing two genetic populations and the
patterns of clustering of populations according to their
geographic distribution.

Digitization and organization of CSIR-NBRIHerbarium
(NationalFacility)

Asa partof organizationand maintenanceactivity
of Herbarium, about836 bryophyte specimens collected
fromOdisha, Sikkim, Kumaun, Himachal Pradesh, Govind
Wild Life Sanctuary (western Himalaya) and Darjeeling
(eastern Himalaya)have been deposited toenrich the CSIR-
NBRIHerbarium. Identification and incorporation ofabout
800 Herbarium specimens from Govind Wild Life
Sanctuary (Uttarakhand), Eastern Ghats (TamilNadu),
and Khasi hills (Meghalaya)has been completed.

Herbarium- A National Facility

Under the National Facility-Herbarium, routine
activities, such as, general up-keep and developmental
activities were carried out, besides rendering technical
assistance to visiting students and researchers from
various Research Institutes/ Universities / Colleges, etc.,
particularly for identification of plants. Active link has
beenmaintained throughloanand exchange with other
recognised herbaria of the country and abroad. The
herbariumwas enriched by incorporating fresh voucher
specimens from different phytogeographic zones and states
suchas Jammu & Kashmir, Himachal Pradesh, Odisha,
Sikkim, Tamil Nadu, Uttarakhand, Uttar Pradesh and West
Bengal.

Thenew additionsincluded 1,036 specimens ofseed
plants, 2311 specimens of cryptogamic plants
(Pteridophytes-280, Bryophytes-836, Algae-45) and 1150
Lichens.

Herbarium Holdings
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Seed plants (Angiosperms and Gymnosperms) 1,02,862
Pteridophytes 6138
Bryophytes 17,142
Lichens 1,51,500
Algae 2675
Carpological collections 16,000
TOTAL HER BARIUM HOLDINGS 2,96,317
RESEARCH & DEVELOPMENT
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Grant-in-Aid Projects

Study ofimpact on Arsenic contaminationin rice using
OrthoSilicic Acidformulation

Arsenic (As),a heavymetalloid, is finding its routeto
human food chain through intake of ground water
contaminated with As as wellas through theconsumption
offood grown onareaswith highlevels of arsenic. Silicon
(Si) is beneficial toplantgrowth and helps againstabiotic
and biotic stresses. It is essential for sustainable
production ofrice, but Sitransporters are the major entry
route of As in rice. In the present study, impact of
commercial formulation of stabilized Ortho Silicic Acid
(O5A), thebioavailable formofsilicon (Si), in reducing As
accumulation in rice grains was analyzed.

Application of arsenate (As",10 and 50 mgl')and
arsenite (As",10 and 25 mgl") affected plant growth in
dosedependant manner.Resultsindicated that 25 mgl*
As"and 50 mgl1As" significantly decreased the plant
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Fig. 1: Effect of soil and foliar Si application on minral nutrient
accumulation in grains of rice cv. Saryu-52 during AsY and As'!

exposure

growth and yield attributes leading to lower yields.
Addition of As to the plants influenced accumulation of
other trace elements too. Grains from plant with As
treatment hadsignificantly lowerlevels of Zinc (Zn)and
Cobalt(Co),whilelevels of Copper (Cu), Manganese (Mn)
and Selenium (Se) increased significantly compared to
control (Fig.1).

Application ofSi enhanced thegrowth and yield of
plants under As stress by stimulating synthesis of thiols
andactivities ofantioxidantenzymes, and greatly reduced
grain As accumulation. Thelevel of trace elements also
increasedin the grains ofSi treated plantsin presenceor
absence of As. Foliar application of Si was found to be
more effective in reducing grain As level thansoil-5i (Fig.
2). Results of the presentstudy confirmed thatapplication
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Fig. 2: Effect on arsenic accumulation in grains of rice cv. Saryu-52
during As' and As' exposure and Si application. (A) with soil
application of Si and (B) with foliar application of Si in the form of
Ortho Silicic Acid.
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of OSA reducesnegative impacts of As,notonly in terms
ofeconomicyields butalsoimproves the quality of grains.

Screeningof rice (Oryzasativa L.) varieties fortolerance
toarsenic: Investigation of rhizospheric and in planta
chemistry of arsenic and biochemical responses of
tolerant and sensitive rice varieties

Arsenic (As) exists in several chemical forms in
environment. Inorganic arsenate (As")and arsenite (As™)
and organicmethylarsonate (MA")and dimethylarsinate
(DMAY) are the main species found in soil in varying
amountdependingon previous use of soil and microbial
activity. These species differ considerably for their
availability for plant uptakeand mobilityinside the plant.
Therefore, in planta speciationof Asis animportant tool
to understand As metabolism. In the present study,
accumulation, translocationand speciation of inorganic
(As¥)and methylated As (MAY,DMA")wereinvestigated
inroots and shoots of riceto understand metabolism of
different As species.

Total uptakeof As and accumulationin roots was
higher in As¥exposed plants incomparison to methylated
As species like MAYand DMAY.In AsY exposed plants
most of the As was confined to theroots, only around4 %
oftotal accumulated Aswas transported to shoots. While
in MAYand DMAVYexposed plants,around15% and 81 %
of the accumulated As was transported to shoots
respectively (Fig. 3A).
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Fig. 3: Total accumulation of As in root and shoot of rice exposed to
As¥, MAY or DMAY (A) and contribution of different As species
separated through anion exchange chromatography coupled to ICP-
MS (B). Values are mean +SD, n=12.

% Contribution

Separation through anion exchangechromatography
coupled to ICP-MSdetector revealed that in AsVexposed
plants, As"was themainspecies contributingup to84 %
and 75% of thetotal As inroot and shoot, respectively.
Whilein MAY exposed plants, bothinrootand shoot, most
of the MA" was reduced to MA" (84 to 86 % in rootand
shoot, respectively) and small quantities of As¥and As™"
werealso present. In DMAY exposed plants mostof the
accumulated Asremained as DMAY (approx.85% in root
and98% in shoot) (Fig. 3B).

Analysis of thiol complexation of AsY, MAY and
DMAY in rice through RP-HPLC-(ICP-MS)-(ESI-MS)
revealed a considerable diversity in As-thiolcomplexes.
(Fig.4A).InMAY exposed riceroot up to16 Ascontaining
species wereobserved, of which 11 were identified as thiol
bound (Fig. 4B).
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Fig. 4: Chromatogram of As species analyzed through HPLC-ICP-
MS/ESI-MS in fresh root extract of rice exposed to (A) arsenate
(As") and (B) methylarsonic acid (MAY). Values are mean *SD,
n=12.

Presenceof MAIII (78 %) and AslII (71 %) in shoots,
observedin the present study could be animportant factor
inducingstraighthead (spikelet sterility disorder) inrice.

Developmentof bioaugmentation basedsafe cultivation
practice for remediatingarsenic contamination topaddy
crop.

Reconnaissance of highly arsenic contaminated sites in
West Bengal & Soil Characterization w.r.t arsenic
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contamination: Acomprehensivesurveyhas been made
in West Bengal (as Phase- lofsurvey)to explorevariability
in thearsenic content of agriculture soils during April-
May2016. A total of 33 agriculturefields in10 villages of
9 Blocks under 5 Districts of West Bengal were covered
during the survey and soilsamples were collected from
paddy fields. Depending upon the total arseniccontents
onhigherrange amongthe33field soilsamples collected,
asecondround of survey (as Phase - Ilofsurvey) has been
made during July 2016 in the Gotera and Ghetugachi
villages of Chakdah Block of Nadia district, and Pipli
villageof Gaighata Blockof North 24 Parganas districtof
WestBengal. A total offive paddyfields were visited per
village to collect soil samples for characterizing total
arsenic contents (ranging 6.64 to 31.11 mg As per kg).
Amongsoil samples of 15 paddy fields of three villages, it
was observed that thebioavailable fraction of soil arsenic
(comprised of the water-soluble, weakly-adsorbed and
specifically-adsorbed fractions) was ranging between 15-
25% of the total arsenic contents in soils. Among the
bioavailable fraction of soil arsenic, the water-soluble,
weakly-adsorbed and specifically-adsorbed fractions
rangeswere 3-5%,5-8 % and 7-12%,respectively.

Selection of sites at West Bengal for multilocationtrials
under project: Amongthe15 paddy fields, threefields have
been selected asonefield in eachvillage,viz., Goteraand
Ghetugachhi villages of Chakdah Blockof Nadia district,
andPipli village of Gaighata Blockof North 24 Parganas
district of WestBengal for conducting multilocation field
trialsin the project. For conductingmultilocation trialsat
farmer's field ofthesethree villages (Gotera, Ghetugachhi
and Pipli) undertheproject,a localagency working on the
farmtrials for IRRI, AICRP, Directorateof AgricultureGovt.
of West Bengal, namely “Nadia Zilla Farmers’
DevelopmentOrganization (NZFDO)” has been screened
and identified for logistic support.

Soil fungal strains: Four fungal strainsas the leadstrains
obtained and studied for their superior performance for
arsenicremoval were selected for preparation of thefungal
consortia formulation. The four fungal stains used are
listed below.

1. Westerdykella aurantiaca (FNBR_3,MTCC10845, NCBI
gb# IN118571),

2. Trichoderma longibraciatum (FINBR_6, MTCC10846,
NCBIgb# JN102303),

3. Lasiodiplodia sp. (FNBR_13, MT'CC10847, NCBI gb#
JN118572),and

4. Rhizopus delmer FNBR_19,MTCC 10848, NCBI gb#
JN118573)

Acompatibility assayamongthesefungal strains has
been studied by co-culturing them on PDA plates. No
inhibitory effect of these fungal strains to each other’s
growth was observed showing their compatibilities
together. Role of differentadditives and carrier materials
havebeen studied; in which sucroseand talc, respectively
werefound most effectivein terms of supportinglongevity
offungal strains.

Modeling the Plant-Environment interaction with
particularreference to chemicals for riskassessment

Understandingthe extentof plantuptake of chemicals
is important for evaluating the use of plants as bio-
monitors of environmental contamination and for
phytoremediation efforts. Quantitativestructure-activity /
propertyrelationship (QSAR/QSPR)models can be used
asscreening tools to assess the effect of a large number of
chemicals on the environmentand human health. These
models establish relationships between the molecular
properties and chemical activity (endpoint property) of
thesediverse compounds.

A dataset of 63 volatile organic chemicals (VOCs)
Water-Plant Cuticle Partition coefficient (logK,,, Ywas
collected from literature and considered here for QSPR
based predictive modeling. One and two dimensional
(n=3839)molecular descriptors were calculated for all the
chemicals. The relevant descriptors for QSPR modeling
were selected from the pool of calculated molecular
descriptor using the model-fitting approach. For QSPR
modeling, the data weresplit into the trainingand test
subsets usingrandom distributionapproach. Structural
diversity of theconsidered molecules was evaluated using
the Tanimoto similarity index (TSI).

Supportvector machine (SVM) based QSPR models
were developed for predicting the plant-chemical
interaction in terms of uptakepotential of thechemical for

usein safety assessmentprocess. A conceptual diagram
of SVM method is shown below (Fig.5).

Kernel functicn

Suppor Vecior

Fig. 5: Figure shows schematic diagram of the SVM modeling
approach
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SVM based QSPR model was developed for
predicting the plant-chemical interaction in terms of
partition coefficient of the VOCs. The SVM constructed
withfour descriptors [sum of first ionization potentials,
(scaled on Carbonatom);Frequency of C-O attopological
distancel;squared Ghose-Crippen octanol-water partition
coefficient and surface area of acceptor atoms] yielded
correlation coefficient (R?) of 0.992and 0.983 between the
measured and predicted logK,, =withroot meansquared
error (RMSE) 0f0.14 and 0.23 in trainingand test data
arrays (Fig. 6).
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Fig. 6: Figure shows generalization and predictive abilities of the
SVM model to predict water-plant cuticle partition coefficient of
diverse VOCs.

Theresult suggestthatdeveloped model show good
predictive and generalization abilitiesand can be usedas
tools for predicting log K, =~ of structurally diverse
chemical compounds for regulatory purposes. These
methods involve low-cost and lesser time and efforts to
achieve more accurate results with considerably high
throughput. A prior assessmentof risk that can be posed
by new chemicals can only be evaluated using the
predictivemodels. Inlong term, in view of theneedsand
requirements, predictive modeling holdslot of potential.

In-House Projects
Bioremediation of organic and inorganic pollutants

Selenate mitigates arsenite toxicityin rice (Oryzasativa
L.) by reducingarsenic uptake and amelioratesamino
acid contentand thiol metabolism

Arsenic (As)is a toxic elementwith the potential to
causehealth effects inhumans. However, rice has become
a source of Asforbillions of people consumingrice as the
staple food.Selenium (Se) is an essential metalloid, which
can regulate As toxicity by strengthening antioxidant
mechanisms inrice plants. Thepresentstudy was designed
toinvestigate therole of SeVI tomitigate the stress effectof
Aslllin rice. The levels of As, thiolic ligands and AAs
wereanalyzed in riceseedlings after exposure to AslIIl/
SeVI alone and Aslll and SeVI treatments. Selenate

supplementation (AsllI25 pMandSeVI25 uM) decreased
total As accumulationin both root andshootby 179and
144%, respectively as compared to Aslll alone treatment.
The Aslll and SeVI treatmentalso induced the levels of
non-protein thiols (NPTs), glutathione (GSH) and
phytochelatins (PCs) as compared to AsIll alonetreatment
and also modulated the activity of enzymes of thiol
metabolism. The content of amino acids (AAs) was
significantly altered with SeVI supplementation.
Importantly,essential aminoacids (EAAs) wereenhanced
in Asllland SeVI treatmentas compared to Aslll alone
treatment. In contrast, stressrelated non-essential amino
acids (NEAAs) like GABA,Glu, Gly,Pro and Cys showed
enhanced levels in Aslll alone treatment. In conclusion,
ricesupplemented with SeVItolerated As toxicity with
reduced As accumulation and increased the nutrition
quality by increasing EA As.

Changes in biomass allocation to leaves, stems, fruits
androots underabiotic stress in seed plants

Alterationin metabolic pathways during droughtstress
inleaftissue of Gossypium species

Droughtcausesa bigeconomic loss due to reduced
yield in Cotton an economically very important fiber
yieldingcrop.In India, major cultivation of cottonis being
done under rainfed conditions, experiencing frequent
droughtcycles.Four varieties of cotton were subjected to
drought stressand the responseof metabolites of different
pathways to the stress was studied (Fig. 7). Drought
tolerant varieties JKC-770 and JKC-717 accumulated
comparatively more sugars, whilesensitive varieties KC-2
and RAHS-187 did not show changes in sugar levels
under droughtcondition. Simultaneously,y-aminobutyric
acid (GABA)and prolinealso accumulated in tolerant
varieties underwater limitingcondition. Atthe sametime,
fatty acid content also increased in tolerant varieties
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Fig. 7. Venn diagram of the metabolites identified as key metabolites
for the tolerance or sensitivity of the cotton varieties, JKC-770, KC-2,
JKC-717 and RAHS-187.
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(palmiticacid in JKC-717 and propionicacid and decanoic
acid in JKC-770 variety). Increased level of unsaturated
fattyacids in cell membranehelps these varieties to protect
from damages due to reactive oxygen species (ROS)
produced under stress.Theseresults correlated withthe
lipid membranedamage in thetolerant varieties and vice
versa in the sensitive variety. Tolerant varieties also
showed increased sitosterol and decreased campesterol
underdroughtcondition. Increasedlevel of auxin and its
precursor tryptophan probably leads tobetter growth in
the drought tolerantvarieties under drought stress. Thus,
tolerant varieties showed enhanced osmo-protection due
to the accumulation of carbohydrates (Fig. 8), sugar
alcohols, and freeaminoacids (Fig. 9) whicharelacking
in the sensitive varieties and leads to the failure of plant
survival under droughtstress.

Role of salicylic acidin soybean under droughtstress

Droughtis a major concemn forsustainableyield under
changing environment to meet the global demands.
Soybean, economically important oiland protein crop, is
prone to droughtresulting in yield instability. Salicylic
acid SA), multifaceted growth hormone, modulates the
series of parallel processes to confer drought tolerance
relieving yield limitations. The present study was

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

performed in soybean plants treated with SA (0.5 mM)
through seed pretreatment underdrought regimes: severe
stress (50 % RWC, TS1) and moderate stress (75 % RWC,
TS2),and rehydration (TSR). Differential leaf proteome
profiling with morphological, physiological and
antioxidative metabolism studies performed at two
developmental stages (vegetative and flowering). This
explained the toleranceattribution to soybean throughout
the development attaining yield stability. Ascorbate
peroxidase (APX) activity during vegetative and flowering
stages was significantly higherin TS1than TS2 (Fig. 10).
Glutathionereductase (GR) and Catalase (CAT) activities
werealso observed to be significantly higher under SA
pretreatment with maximum activity in TS2 followed by
TS1, TRand Control (I'C), subsequently (Fig. 11,12). SA
showed positive influence on yield in soybean underwater
stress (IS1 and TS2) by significantly affecting yield
parameters like seed starch, seed weight per plant, seed
number per plant, thousand seed weightand harvestindex
(Fig.13,14). The proteinsinvolved in photosynthesis and
carbon metabolism weremajor proteins upregulated under
SA in stressed plants contributing towards increased
physiology,biomass and carbon (C) partitioning. Amino
acid metabolism related protein abundance directed
towards increased osmoprotectants accumulation like
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Fig. 8: Carbohydrate metabolism in leaf tissue of JKC-770, KC-2, JKC-717 and RAHS-187 cotton varieties under watering (dark pink bar) and

drought (cyan bar) treated condition
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Fig. 11. Activity of antioxidative enzyme Glutathione Reductase
(GR) under the interactive effect of SA with water stress (75% and
50%) and rehydration at a. Vegetative and b. Flowering stage. Bar
represents mean * standard deviation (n=3), letters (abc) represents
level of significance through one way ANOVA post hoc Duncan’s
test (p<0.05)
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Fig. 14. Yield parameters a. Thousand seed weight; b. Harvest index
(HI) under interaction of droughtand rehydration with SA in soybean.
Bar represents mean * standard deviation (n=3), letters (abc)
represents level of significance through one way ANOVA post hoc
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prolineat initial stage which contributedlater towards
nitrogen (N) remobilization todeveloping sink. Defensive
mechanisms against redox imbalance and protein
misfoldingand degradation understress were enhanced
asdepicted by theupregulated proteinsinvolved inredox
balanceand protein synthesis, assembly and degradation
at vegetative stage. At later stage, abundance of these
proteins maintained redox homeostasis and N
remobilization for improved sink strength. The redox
homeostasis is supported by the increased antioxidative
metabolismin SA treated plants. The downregulationin
proteins at flowering stagealso contributed towards N
remobilization. Yield potential improved by SA
under drought through plantsurvival and acclimation
with enhanced N and C remobilization to sink
demonstrated by increased yield parameters like seed
numberand weight perplant,thousand seed weightand
harvestindex.
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Grant-in-Aid Projects

Exploring transcriptionalregulators involved in prickle
formationin Solamm khasianum

Cellularcharacterization of prickle developmentin
S. khasianum has been done. We have identified the
structural and developmental stages of prickles of S.
khasianum through SEM (Fig. 1).

We have observed that prickle development of S.
khasianum initiates only from the base of glandular
trichome, although, both theglandular and non-glandular
type of multicellular trichomes were abundantly
distributed on the stem surfaceofboth the strains.

Studies of the transverse section of stem under light
and SEM revealed that prickles are multicellular in
structureand originated fromthe epidermal cells. Studies
with confocal microscope are in progress.

High quality RN Awas isolated from the epidermal
tissues pealed from the stem of prickly and prickleless

Prickle:

Glandular trickhomes

re portion

=
=]
3
3
3
=1

Tip poition

Fig 1. Structural similarity and difference between glandular prickle
and glandular trichomeof S. khasianum. [a] entire prickle, [b] basal
portion of prickle, [c] tip portion of prickle, [d] entire glandular
trichome, [e] base of trichome, [f] tip of trichome.

strains to perform differential mRNA-sequencing,
generating a broad survey of the global transcriptional
regulators associated to theprickledevelopment andits
functioning.

Statistics of sequencing and analysis of the
transcriptomedata is given belowin thetable 1and Fig2.
SmallRN Asequencingis underprogress.

Table 1: Summary of the de novo sequence assembly and
annotation of S. khasianum

Prickly Prickleless

R1 R2 R1 R2
No. of Reads 18175222 15851932 17096127 13586099
No. of HQ 17444985 15153863 16429445 12992487
reads (95.98%) (95.60%) (96.10%) (95.63%)
No. of Contigs 150880 142861
Largest Contig 59569 46421
(bp)
Smallest contig 201 201
(bp)
Average 1126.75 1117.51
Length (bp)
GC% 46.11% 46.70%
NR Annotated 73189 70970
transcript
No of 156926
transcripts after
clustering
Largest Contig 59569

Smallest contig 201

Average 11109
Length
GC% 39.30%

Fig. 2 Differential gene expression pattern in epidermis of prickly
and prickleless strains (fold change < -1.5 and > 1.5). (A) Abundance
of differentially expressed genes; (B) Up and down regulated genes;
and C) Distribution of common and uniquely expressed genes
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Till now the available literature reported that the
prickles are the modification of multicellular trichomes.
However, we have observed that initiation and
developmentofprickle starts from the base of the selected
fewmulticellular trichomesand the glandular trichome
remained attached atthetip of the prickles.

Molecular genetics of guar (Cyamopsis tetragonoloba)
using SNP markers

The project has two main objectives - First is
Germplasmenrichmentand characterization for major
agronomic traits in guar. The second objective is to do
Genotypingby sequencingof germplasmlines for SNP
discoveryand diversityanalysis of available germplasm.

In order to enrich the germplasm and their
characterization,a total of268 accessions were collected /
obtained from various centers. Eighteen diverse and
prominent accessions were obtained from RVSKVYV,
Gwalior, Madhya Pradesh. 100 diverse accessionswere
obtained fromRajasthan Agricultural ResearchInstitute,
(RARI), Jaipur and Rajasthan. Remaining, 150 accessions
were obtained from NBPGR, Jodhpur Center, through
material transfer agreement (MTA).

Genomic DNA from~200 accessions wasisolated,
quantified and quality checked on0.8 % agarosegel.
Preparation of RAD libraries and SNP discovery
through GBS is underprogress.

Tagging Alternaria blight resistance loci and
markerassisted backcrossing (MABC) in linseed
(Linumussitatisimum L.)

This project was initiated with following
objectives -

e Linkageanalysisand mapping of Alternaria

Analysis of sterol glycosyltransferase (sgt) gene family
of Withania somnifera usingartificialmiRN A technology
inthe glycosylation of secondary metabolite

We have analyzed the functions of SGTL family
members of W. sommnifera by suppressing thegene family
usingartificial miRNAand Virus Induced genesilencing
(VIGS) method. We have modified the VIGS vector with
amiRNA and developed aMIR-VIGS system against
WsSGTLs genemembers. This aMIR-VIGSsystem helps to
avoid the off target gene silencing in theplants.

SGT silenced plants losttoleranceagainst heatstress
indicating their role in maintaining cell homeostasis
duringstress conditions. Wehave elucidated the role of
SGT enzymes under heat stress.SGTs are involved insterol
modificationand participatein metabolic flexibility during
stress. Silencing of WsSGT members, was inimical for
important physiological parameters, such as electron
transportrate, photochemical quantumyield, acceptorside
limitation,non-photochemical quenching, Fv/Fmandnet
photosynthetic rate, whereas stomatal conductance,
transpiration rate and dark respiration rates were
increased (Fig, 3A-B).
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Fig. 3. (A) Chlorophyll Imaging Fluorescence (CFI) measurements after
heat stress (B) Important physiological parameters such as stomatal
conductance, transpiration rate, photosynthesis and respiration rate of
Wsamisgt silenced lines before and after 3 h of heat stress. Data is presented
as means = SE and n=5 biological replicates and three technical replicates.
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Heat stress resulted in increased H,O,, lipid
peroxidationand nitricoxide production in the SGT gene
silencedlines due tohigh ROS generation (Fig, 4A-B). The
expression of HSPs inWsaniisgt lines might beinvolvedin
regulation of physiological processes during stress. We
havealso observed increased proline accumulation which
mightbeinvolved in restrictingwater loss in theWsamisgt
lines (Fig 40).

Observationsrevealed that SGT enzyme activity of
W. sommifera is required to minimize theinternal damages
of thecell againsthigh temperature by maintainingthe
sterol versus sterol glycosidesratio in the membrane.

Forthe functionalanalysis of members of SGI' gene
family, we have used for the first time, a successful
combination of artificial mi-RNA (amiRNA)and virus
induced genesilencing (VIGS) technology.

Thisis thefirststudy in which wehave proved the
role of SGT enzymes in the modification of phytosterols
and important withanolides and their striking effect on
heat stress tolerance.
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Targeted manipulation of SIERF6 and SIERFS in tomato:
theirrole inregulating fruitripening and productivity

SIERF6 was previouslyshownto influence several
plant growth processes thatincludedan increase in root
growth (ranging from1 5-2-fold inroot dry weight)in over-
expressinglines (lines 1-4and2-4) in tobacco. Toidentify
thestage when these changes occurred, root growthwas
monitoredat15,25 and4 5 monthsinthree seasons.Root
growth did notshow any significantchange in the first
1.5 months. Thereafter, between 15 and2.5 months,root
fresh weight and dry weightincreased considerably in
transgeniclines over thatin controlin differentexperiments
withtheincrease in dry weight varying from1.34-1.9-fold
in both thelinesin three successive years. At4.5 months
(theend oflife cycle) the increase ranged from1.4-2fold
in both the lines over the respective controls (Fig. 5).
Interestingly, a decrease in total root dry weight was
observed at 4.5 monthscompared to thatin2.5 monthsin
controls and both thetransgenic lines. During the same
period,shootbiomass did notundergoa visible differential
change between control and transgenic lines unlike in
roots.
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Fig. 4 A-C: (A). Effect of heat stress on the H,O, and NO production in the Wsamisgt line (B). Total SOD activity, MDA analysis and
accumulation of proline before and after 42 °C, 3 h heat stress (C) Real-time expression analysis of the important HSPs such as WsHSP24,
WsHSP80, WsHSP83 and WsHSP101of W. somnifera. Data is presented as means + SE and n=3 biological replicate and three technical

replicates.
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Fig. 5. Comparative age dependent effects on root growth in control
and transgenic tobacco lines (Linel-4 and Line 2-4) over-expressing
SIERF6 during their life cycle (n = 5). NtPH - control tobacco (N.
tabacum, Petit Havana)

Role of NPR1 in global nucleosomal remodelling in
Arabidopsis thaliana

Nonexpressor of pathogenesis-related gene(NPR1)
is a transcription coactivator and central regulator in
systemicacquired resistance (SAR).ltcontrolsa widerange
of pathogenesis related genesinvolvedin various defense
responses, by sensingSAR signal molecule Salicylic Acid
(SA). Previous studies from our lab show correlation
between global Nucleosome positioningand Salicylicacid-
mediated transcriptional regulation in Ambidopsis thaliana.
Currently,we aretryingtounravel therole of NPR1 in the
Nucleosomeremodelling in Ambidopsis thaliana.

For this,MNase-seq and transcriptomicsequencing
weredonein Arabidopsis thaliana inresponse toSalicylic
acid in Col-0 (wild type) and mutant (npri-1) to identify
global changes in nucleosomal positioning and
modulation in geneexpression respectively (Table 2). The
distinctand fuzzy nucleosomes in different samples were
found in the analysis (Table3).

Here C1, C2 arebiological replicates from Control
Arabidopsis plant. C51,CS2 arebiological replicates from
Arabidopsis planttreated withSalicylicacid. N1, N2are
biological replicates from nprl-Imutant. NS1,NS2 are
biological replicates from npr1-1 mutant treated with
Salicylicacid

Table2: Mappingstatistics of MNase-seq data from different
samples

Sample Total Reads % of Reads Reads
Number aligned aligned aligned
of Reads concor- concor- concor-

dantly dantly dantly
exactly exactly 1 >1
1time time times

C1 18155496 6776119 37.3226873 10161472 55.96912362
2 16944754 6485196 38.27258867 9425727 55.62622508
Cs1 14520427 5655242 38.94680232 7946324 54.72513997
CS2 14413234 5891945 40.87871605 7461254 51.76668886
N1 14854342 4967695 33.44271325 8782121 59.12157536
N2 14695406 4119635 28.03348883 9357026 63.67313703
NS1 15335319 3707193 24.17421509 10276219 67.01014175
NS2 16025547 3436310 21.44270021 11229628 70.07328985

% of
Reads
aligned
concor-
dantly >1
times

Table 3: Identification of distinct and fuzzy Nucleosomes

Sample Biological Number Distinct Fuzzy  Total
Name  Replicate of Nucle- nucle- nucle- Nucle-
name osomes osomes oOsome oOsomes
. C1 230970 138750 43351 182101
C2 233118
3 CS1 249259 135702 51051 186753
CSs2 239276
N1 250120 113853 50008 163861
N N2 210609
e NS1 237496 105503 54525 160028
NS2 228658

Further, analysisis in process tocarry out the NPR1
role in chromatin remodeling and its effect on gene
expression.

Development of F1-Hybrid Cotton using Novel
Reversible Male Sterility System

F1hybrid cotton possesses superior agronomic traits
like better fiber quality over its parents and henceit is of
tremendous global demand. We are in the process of
developing commercially viable F1 hybrid cotton via a
novelprotocol called as reversible male sterility system.
The Agrobacterium based plant genetic transformation
protocols were standardised for achieving cotton
transgenic malesterile (ms)and restorer (rs) lines of Cocker-
312. The transgenic male sterile (ms) lines carried
autophagy related gene BECLIN1 and herbicideresistance
(HR) gene BAR as selection marker. Hundred hypocotyls
segments were used for agro-infection at a time for
transformation with both ms and rs module. Explants were
sub-cultured on callusinductionmedia and followed by
callus proliferation media afterco-cultivation. Currently
transformed explants are at callus proliferation and
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embryogenic stage (Fig 6). Embryos isolated from thems,
msHR and rs module transformed callus transferred in
magnetaboxes. Regenerated plants after well developed
root and shoot were transferred in soil and kept in
hardeningchamber (Fig 7).

Fig 6:. Agrobacterium mediated transformed Cotton calli with binary
vector pBI101 and pCAMBIA 1300 containing construct 1370/1374
and 1373 respectively.

Fig.7: Putative transgenic cotton plants regenerated through somatic
embryo expressing ms, ms-Hfand rs module transferred in
greenhouse and in the process of molecular analysis.

The Role of Arabidopsis TBP-Associated Factors (I AFS)
inPlants Defence

TAF4b as a transcription co-activator mediates
defence signaling during plant pathogen interaction as
evident from our previous work (data unpublished).
Protein-DN A and protein-protein interactions are crucial
eventsin TAFs mediated transcription. The hypothesis of
the presentwork is to identify a defencerelated TAF4b
interactingcomponent that regulates immunity in plants.
So, wefollowed two differentapproachesi.e. arandom
matingapproach (S, .)andbinary matingapproach
(Spray) forthe identification of the genome wide interacting
proteins against TAF4b using Yeast two hybrid system.
The random mating approach resulted in identification of
42 proteins and the binary mating approach led to the
identification of 41 proteins. Further the cytoscapenetwork
analysisshowed significantly enriched pathways. The
major GO terms for enriched pathways include
transcriptionregulation, plant defence response through
hormone and developmental process. The interaction
strength studies further helped in screening of highly
interactingprotein out of83 proteins. Anorphan/novel
protein was selected on thebasis of interaction strength
and its relative abundancein library screening.

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

Further, TAF4b and unknown protein, herebynamed
as TIP1 (TAF4b interacting proteinl) sequences were
screened for the domain architecture using NCBI-CDD
tool. The TAF4b protein contains RST domain and TAF4
domain and the TIP1 protein shows presence of two
DUF/60 domainsat both the termini of protein.In-depth
domain interaction studies show that TAF4b-TIP1
interaction is non-redundant and specific to the RST
domain. Italso suggested thatthe TAF4 domain donot
play any role in the interaction with the TIP1.
Simultaneously, a vector switch experiment also was
performed to further confirm the TAF4b and TIP1
interactionin yeast.

TAF4b-TIP1 interaction was proveninheterologous
yeast genetic system using Y2H but there were false
positives (bottle neck limitation of the technique).
Therefore, we used in-vivo interaction validation using
BiFC assay in plant system. The biolistic particle
bombardment on onion peal followed by confocal
microscope revealed the fulllength TAF4band full length
TIP1 interaction invivo.

Transcriptome based screeningof putative targetsand
theirfunctional validation in Phenacoccus solenopsis

The present study is being carried out to identify
putative RNAIi target genes in P. solenopsis using high-
throughput screening platforms. This work involved
diet optimization for P. solenopsis. The work was
conducted to enrich the understanding of the external
morphology of cotton mealybug from India and to
differentiate developmental stages of mealybug, using
compound microscope and scanning electron microscope

i

Fig 8A: Stereoscopic microscope observation of complete
developmental cycle of cotton mealybug (Phenacoccus solenopsis), pre-
moult and moult stages of different Instars on cotton leaves. A-B:
Adult female, C: Adult female with cottony silken cocoons ovisacs,
D: eggs pouch, E: Scattered eggs on cotton leaves, F: First Instar, G:
Honeydew droplets H: Second Instar, I: Third Instar after final
moulting, J: Third Instar with left over exuvia, K: Adult female
colonization.
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(SEM) as shownin Fig.8 A and B. Sincein the available
literature, no standard synthetic dietis present for cotton
mealybugs, we made attempts to standardize the
components of a synthetic diet based on phloem-sap
analysis done through H1-NMR. The majorcomponents
ofthe dietaresugars, amino acids, and organic acids. The
dietcomponents wereoptimized through availableonline
tool “design-expert” based on response surface
methodology principal. Denovo transcriptome assembly
was used to screen out putative RNAi target genes in P.
solenopsis. We sequenced four RNA libraries fromeggs,

o e vl I
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Fig. 8B: Scanning Electron micrographs of different morphological
structures in P. solenopsis.

second, thirdinstar and adult female, obtaining an overall
total of around 245 million reads. The assembled P.
solenopsis transcriptome contained 93,781 contigs withan
average size of 871.4 bp, of which 35.69% presented
positive Blast hits. These unigenes sequences were
annotated and classified by performing Gene Ontology
(GO), Acyrthosiphon pisumand Kyoto Encyclopedia of
Genesand Genomes (KEGG) functionalclassifications.
Fromthe transcriptome, mostof the coregenes of the RNAi
mechanism of hempiteran were identified indicatingthe
potential suitability of P. solenopsis for gene silencing. To
better understand the process of metamorphosis, we
pairwise compared four developmental phases and
obtained 29415 differentially expressed genes. Functional
enrichment analysis of differentially expressed genes
showed a positive correlation with specific physiological
activities of each stage,and these results wereconfirmed
by qRT-PCR experiments (Fig. 9). Target genes based on
high expression values orFPKMwereselected, and dsSRNA
was synthesized (Table4).Thisstudyprovides avaluable
genomic resource of P. solenopsis covering all its
developmentalstages and will promotefuture studies on
biological processes atthe molecularlevel.
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Fig. 9: qRT-PCR validation of differentially expressed genes (DEGs)
result. The height of each bar chart represents the mean average of
sample-specific 244t values. “Eggl” represents the pooled samples
stage from egg and first instar nymphs, “2_I” represents the 2nd
Instar stage, “3"_I" represents the 3rd instar stage, and “Adult_I"
represents the adult female stage.

Table 4. List of potential RNAi targets genes against P.

solenopsis.
GENE % E-value = FPKM values normalized per
Identity library
Eggs/ 2nd 3rd adult
1ststage stage stage
Potential Target genes for RNAi

Rpn7 67.33  1E-1% 11984 110.62 92 77.85
SNF7 8811  3E-65 51.75 4114 344 5823
Surf4 7286 200E-114 866  102.82 108.66 94.51
Vitellogenin 8861  3E-124 1232 1717 2079 158
Kruppel 8288  2E-86 13612 111.53 107.26 18949
NiGTPase 9812 8E-12 26315 274.51 22422 15425
Ryanodine 90.54 0 79.03 9839 13265 790.14
Cs 75.98 0 187 913 1278 11.23
Surf4 7286 200E-114 866  102.82 108.66 94.51

CSIR Fast Track Translation Project

Anacardic Acid: A potentialmolecule to increase cotton
fibreyield and quality

Anacardic acid (AA) is an important candidate
molecule for the improvementof yield and fiberqualityin
cotton (Fig 10). Anacardic acid was used for field trial to
check its applicability as a plant growth regulator for
cotton undernormal agricultural practices. Multi-location
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Control

Fig 10: Boll weight and fiber yield was significantly increased in
Anacardic acid treated plants as compared to control plants.

field trials of Anacardic acid were conducted at three
locations viz., Bhatinda (Punjab), Aurangabad
(Maharashtra) and Hyderabad (Telangana). Our
preliminary results confirm an increasein boll weight and
fiberyield, however complete data analysisis in progress.
Our results suggest that more Multi-location field trials
arerequired for optimizing dosages and concentration of
anacardic acid for spraying. The technology using
anacardicacid was demonstrated toUCP chemicals Ltd.,
Chennaiand Ankur Seeds Ltd., Nagpur. The molecular
and cellular analysis suggests,anacardic acids functioned
through auxin and ethylenemediated pathways butfurther
validationsareneeded.

In-House Projects

Genetic improvement of Canna with gene(s) of
horticulturalimportance

Aprocedure forclonal propagation in fourcultivars
of Canna x generalis (Canna Lily) was developed from
rhimzome. Explants were cultured on MS medium
supplemented with different combinations of either
6-benzyl-aminopurine (6-BA), thidiazuron (TDZ) or
kinetinalong with indole-3-aceticacid (IAA). Trinacria
variegata was thebestrespondingvariety, closely followed
byPink Sunburst, Agnishikha and Raktimarespectively.
Notably,6-BA (2 mgl') or TDZ (1.5 mgl?)along with JAA
(0.1 mgl?) were the ideal concentrations among all the
combinations tested. Highest regeneration was achieved
in 36.36 % explants of Trinacria Variegata cultured on 6-
BA (2 mgl')andIAA (0.1 mgl?),while itwas33.33% in the
samevariety culturedon TDZ (1.5mgl") along withIAA
(0.1 mgl?). Kinetin failed to evoke any response.
Regeneration was enhanced up to three folds by the
supplementation ofantioxidant compounds likeascorbic
acid (100 mgl") in addition to cytokinin6-BA (2mgl*)or
TDZ (1.5 mgl?), into the culture medium, while the
incorporation of L-cysteine (100 mgl™ or dithiothreitol

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

(DTT,100 mgl?),significantly inhibited the regeneration
potential. The regenerated shoots developed 3-5 fibrous
roots, upon sub-culturing on MS basal medium
supplemented with indole-3-butyricacid (IBA, 0.5 mgl™).
Theplantlets having a pairofvegetative leaves and roots
were transplanted into pots filled with sterilized potting
mix and acclimatized to ambient conditions before
transferringto glasshouseforfurther development. There
was 100% survival rate of in vitro grown plantlets.
Agrobacterium-mediated transformation was performed
using pBI121 and transgeneintegration in the putative
transformants was confirmed by PCR analysis and
Southernhybridization.

Insectinducible methanol productionin cotton forinsect
resistance

Inour lab,as aproof ofconcept, we showed thatthe
over-expression of Pectin methylesterase (PME) isolated
from Arabidopsis thaliana (AtPME) and Aspergillus niger
(AnPME) under constitutive promoter provides broad
spectruminsectresistance. Continuous over-expression
of transgene sometimes is not beneficial for plant
development Therefore attempts arebeingmade todevelop
transgenic cotton plantover-expressing AnPME underthe
control of a wound inducible promoter (In-house
developed). The transgenic plants so developed may
provide insect biteregulated methanol production which
willgiveresistance towardsinsectpests. Thetransgenic
cotton plants, developed via somatic embryogenesis
through Agrobacterium mediated genetic transformation
(Fig.11), are beingused for further studies.

We also identified other PME genes with better
enzymaticactivity as compared to AtPME or AnPME. For
which, we selected Solanaceaefamily for furtherscreening
because Solanaceous plants emit high methanol. Our
studies suggest high PME activity in Datura stramonium
(Ds) and Withaniasomnifera (Ws)asshowninTable5 and
were selected for PME purification. Of these twoselected
PME’s; kinetic parameters of WsPME were better than
DsPME. Naturaland modified WsPME is being used for
developing transgenic plants.

Table 5 Kinetic Parameters of DsPME and WsPME

Enzyme Kn (mg/ml) Vmax Keat (sec?)
(umo}/min)

DsPME  0.0087 £ 0.001 16.96 + 0.46 7368 +4.27

WsPME  0.0071 £ 0.001 27.66 £ 0.75 93.76 £2.64

Present study demonstrated that methanol might
workas an insect resistantmolecule. Wsprme and Dspme,
purifiedand characterized in thecurrent study, showed
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Fig. 11a-g: Different stages of transgenic cotton developed via somatic embryogenesis. (a) Hypocotyls as explants. (b) Callus formation from
explants. (c) Embryogenic callus formation bearing globular embryos. (d) Bipolar embry o formation. (e-f) Plantlet formation. (g) Putative

transgenic in glass house.

highest PME activity amongst otherselected plants ofthe
same family. Wspme gene expression under inducible
promoter might provide broad spectrum resistance to
insects.

Geneticimprovement of plants through the intervention
of molecularand conventional methods

Multiplication of breeder seeds of developed high
thebaine lines (>10%) in isolation plots at CSIR-NBRI
campusisbeing done for its commercialization. The data
ofadvanced thebainelines oversixyears (2009-10 to 2014-
15)on various yield parametershavebeen compiledand
presented in Fig. 12. The lines NBIHT-1 and NBIHT-3
showed a substantial increase in opium yield in
subsequentyears whilethebaine content showed variation
over the years probably due to environmental conditions
assecondary metabolites fluctuatesubstantially according
toclimatic conditions.

Breedersseeds of thebainericelines NBIHT-1 and
NBIHT-3 weremultiplied and evaluated attwo villagesin
Chittorgarh district of Rajasthan and Mandsaur district
of Madhya Pradeshin an area of 500M? (Fig.13). Data is
undercompilation.

BC3F1 seeds and transgressive segregants for
recurrentselection of the crosses between high yielding
varieties (NBRI-5 and NBRI-2) and high thebainelines
(NBIHT-1 and NBIHT-3) were obtained. BC2F1 plants
further back crossed with recipient parent and the F3
population of selected transgressivesegregants of thecross
between high yieldingvariety (NBRI-5and NBRI-2)and

papaverineline were grown. The promising plants were
selected for furtheranalysis.

Theselected transgressive segregants from the F2
population of the cross between high yielding variety
(NBRI-2) and papaverine line were subjected to further
recurrent selection. Pedigree and recurrent selection
among identified high narcotinelines having up to15%
narcotine content were done to develop lines with
enhancedcontent of narcotineand total alkaloid. Plant
progenies of germplasmlines having high morphinein
the husk (more than 1.00%) were evaluated for their
stabilization.

Thebreeder seeds ofdeveloped thebaine richline(s)
(>10%) of opium poppy (Papaver somniferum L.) was
multipliedin isolation plots atCSIR-NBRI campus forits
commercialization. The data recorded from the field of
villages is under compilation. Thedata of 15 developed
thebaine lines over six years on various yield parameters
have been compiled. The lines NBIHT-1 and NBIHT-3
showed a substantial increase in opium yield in
subsequentyears whilethebainecontent showed variation
over the years probably due to environmental conditions
as secondary metabolites fluctuatesubstantially according
toclimatic conditions. The backcrossing program is also
underway to transfer thebaine and papaverine traitintoa
highyielding variety. Inlinseed, genetic diversity in185
lines of linseed based on morphological, biochemical and
fatty acids was carried outstatistically. High seed yielding
and rich linolenic acid plant progenies were advancedin
Linseed.
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Fig. 12: Thebaine rich line of opium poppy developed by NBRI (a) Comparative HPLC profile of thebaine line and a variety (b) field view of

thebaine line (c) chemical structure of Thebaine
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Fig.13. Performance of Thebaine lines (NBIHT-1 and NBIHT-2) at
various villages of Chittorgarh (Raj.) and Mandsaur (M.P.)

SSR and SNP based genetic diversity analysis inlinseed

Genetic diversity of 86 linseed accessions was
analyzed usinglarge set of SNP markers (10,057 SNPs)
and a set of diverse accessions identified for further
breeding program

161 SSR based linkage map of linseed was developed
and QTL mapping performed. A total of 9 QTLs were
identified:2 QT'Ls for plantheight, 3 for capsules/ plant,2
forseeds/capsule and 2 for oil content.

In Silico identification of SNP diversityin cultivated and
wildtomato species: insight from molecular simulations

Tomato is an economically and nutritionally
important crop; it is also a model system for studying
various fruit development traits. To improve different
varieties of tomato in the present market, itis importantto
develop high yielding and stress tolerant varieties.Single
Nucleotide Polymorphisms (SNPs), animportantsource
of genetic variations, areoften used in cropimprovement
programme. Thepresent study represented comprehensive
insilico analysis of nucleotide polymorphismsin thewild
(Solanum habrochaites) and cultivated (Solanum
Iycopersicum)species of tomatotoexplore theconsequence
of substitutions both atsequence and structure level. The
total EST and NGS data of both the species were
downloaded from the publicdatabases and used forthe
SNP analysis. A flow chart describing the process is
representedin Fig14A.A total of 8978 SNPs havingTs/
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Tv (Transition/ Transversion) ratio 1.75 were identified.
Out of these, 1838 SNPs were non-synonymous and
distributedin 988 protein coding genes. Among these,23
genes containing96 SNPs wereinvolved in traits markedly
differentbetween thetwospecies. Furthermore, therewere
28 deleterious SNPs distributed in27 genes,anda few of
these genes wereinvolved in plant pathogen interaction
and plant hormone pathways. Theresults alsoshowed
thatallele specific motif bindingpattern had a biological
roleinvarious pathwaysrelated tofruit ripening (Figl4B).
Molecular docking and simulations of several selected
proteinsshowed theeffectof SNPs regardingcompactness,
conformation and interaction ability. Observed SNPs
exhibited various types of motif binding effects due to
nucleotide changes. SNPs that provide the evidence
of differential motif bindingand interaction behaviour
could be effectively used for the crop improvement
program.

Variation in DNA methylation pattern in Indian
populations of Arabidopsis thaliana

Epigenetic modifications provide a potential
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mechanismfor adaptation beyond the DNA sequencelevel
variation. Studies on epigenetic changes have recently
gained momentum in relation to plant ecology and
adaptation. Cytosine methylationis a type of epigenetic
modification that is found in diverse eukaryotic organisms,
which provides anadditional layer of heritableinformation
and generegulation upon the DNA genetic code. Ithas
been shown toregulate gene expression and transposon
silencing. A number of studies have shown a high
correlation between geneexpressionand methylation. Role
of DNA methylation has also been shown in plant
adaptation to climate, in both model and non-model
species. Recent 1001 epigenome consortium has also
sequenced more than 1000 worldwide accessions of
Arabidopsis thaliana with the single base resolution.In-
spite of several studies throughoutthe world, none of the
Indian accessions is being considered in such a context.
Through our earlier studies, we predict that these
accessions mightberelictpopulationsand hencecould
contribute much to the studies on plant adaptation.
Keeping the above facts in mind, we wereinterested in
decipheringthe epigeneticcode ofIndian populations of
Arabidopsis thaliana. Seven populations were collected

PRI LA TOR T ST KRS

Fig 14 A-B: Flow graph represents the step wise procedure of NGS and ESTs SNP prediction and downstream analysis: ESTs and NGS illumina short
reads were evaluated separately for in-silico as illustrated via Phase I (Illumina SNPs) and II (ESTs SNPs) stepwise procedure. Resulted
cumulative set of all the SNPs were processed for the annotation via SNPeff and predicted deleterious SNPs via cumulative usage of SIFT
and Panther. Impact of deleterious SNPs analysed at sequence (differential motif binding, KEGG pathways) and structural level (Protein
ligand, Molecular simulations).B: SNPs involved in multiple KEGG pathways consist of differential motif binding event. Consequence of SNPs in
genes regulating the fruit ripening, texture, cold and defense responses depicted via alteration in Motif binding behaviour and KEGG

pathways.
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along thealtitudinal gradient rangingfrom 700-3500 mt
above mean sea level. These populations are new to the
community of scientists working on A. thaliana. Whole
genome bisulfite sequencing carried out of fourteen
accessions, corresponding to seven populations. Plants
were collected from their native sites, and DNA was
isolated fromrosette leaves of the plants at mid-flowering
stage. Whole genome bisulfitelibrary was prepared from
genomic DN A and was subsequently used for paired end
sequencing usinga standard protocolof wholegenome
bisulfite sequencing. On an average4-5 GB of rawreads
was obtained after sequencing for each accession. The
reads weretrimmed and filtered for high-quality basesand
removingmethylation-bias using Trimmomatic. The reads
weremapped onto therespectivereference genomesusing
Bowtie2 with 10 % mismatch. The respective reference
genome of each population was constructed by
incorporating high confidence SNPs into the Col-0
reference genome. The SNPs wereidentified from ourwhole
genome data sequenced earlier. An average unique
mappingpercentage 0f41.87% was obtained. Thebisulfite
conversion ratewas estimated by mappingreads onto the
unmethylated chloroplastgenome. Theaverageconversion
rate for all thesamples was 98.81% +0.93%. The reads
were further processed formethylation state extraction
using Bismark methylation extractor. An average of
217999216 cytosines was analyzed for methylation status.
Onanaverage, 33.9 % of cytosines were methylated in CG
context,14.9% were methylated in CHG context, and 6.6 %
were methylated in CHH context in our populations.
Averagemethylation percentageof thepopulations ineach
cytosine context is shown in Fig. 15. Further the
significantly methylated cytosinesineach context (P value
<0.05) were identified taking into consideration the
bisulfite conversion rate.On anaverage, 1314862 cytosines
weremethylated in CGcontext, 1637764 cytosines were
methylatedin CHG context,and 8243725 cytosines were
methylated in CHH context. Further the methylated sites
thatwere covered byatleast tenreads were used tocluster
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Fig.15: Bar diagram showing whole genome average methylation
percentage of populations in each cytosine context.
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the samples. Thisepigenomebased correlation clustering
showed thatthe mostoftheindividuals grouped according
to their populations of origin when CG context was
considered. The mixing of the populations was seen in
clustered on reviewingthe methylation state in CHG and
CHH context (Fig.16). On annotating the methylated
regions where average methylation was moreby atleast
25%,wefound that G methylation was moreenrichedin
thegeneic regions while the CHG and CHHmethylation
was enriched in the transposons. On an average, genes
were 18.7% more methylated in CG context than the
transposons,while the transposons showed 27.4% and
25.0% increased methylation in CHGand CHH context
respectively.
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Fig.16: Clustering of individuals on the basis of methylation state

To find out the multivariate association of the
methylation state and climate of the native sites we
performedredundancy analysis taking climate data from
WorldComdatabase over average methylation in each
context. A significantassociation of the climaticvariable
was foundwith CG and CHGmethylation context (Fig.
17).No significantassociation of climatic variables with
CHH methylation was found. This analysis showed that
the spatial gradients in temperature were majorly
associated with epigenomic variation across the
populations, specifically in CG and CHG context.Overall
our study revealed that, like the genomic variations, the

Fig.17 Redundancy Analysis with bioclimate variables and
methylation state in CG and CHG context

epigenomicvariations were also foundto bepopulation
specific. The association of the epigeneticchange with the
climate may predict for the adaptive response of the
populations towards their growth conditions. A
considerableamount of this epigenetic variation could also
be due to the underlying genetic changes, which need to
beoverruled.
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PLANT MICROBE INTERACTION, PHARMACOGNOSY AND
PHYTOCHEMISTRY

PLANT MICROBE INTERACTIONS

Grant-in-Aid Projects

A study on the role of miRNA(s) in plant growth
promoting rhizobacteria Pseudomonas putida RAR
mediated drought stress alleviation in chickpea (Cicer
arietinum L.)

A total of 572 target genes

ascompared tocontrol. RA-inoculated droughtstressed
seedlings showed up-regulation inMYB, target of miR159
and GRF1, target of miR396, whileSPL6, targetof miR156
was down-regulated, and ABA5, target of novel miR12
showed basal expression. Overall results indicated that
RARinoculation alters miRN A and target geneexpression
for amelioration of droughtstress response of chickpea
drought tolerant cultivar
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Fig 1 (A-D): qRT-PCR confirmation of RNA-seq results examining gene expression in roots from

plants grown under well-watered, RAR, drought and drought + RAR conditions.

The expression analyses of
their respective target genes was also carried out. Our
results indicated a good correlation between RNA-seqand
qRT-PCR data (Fig 1A-D)as wellas between miRN A and
targetgeneexpression (Fig2 A-D).

Theresults revealed that RAR treatment resultedin
alteration of expression of bothmiRNAsand targetgenes

Transcript profiling of major millet crops under drought
stress and cloning-characterization of stress-inducible
transcription factors

Total RNA from leaftissues of contrasting pearl millet
cultivars namely PRLT2 /89-33 and H77/833-2 (parents

ofa mapping population) subjected todrought stress via

& B

dry down protocol (NTR>02)were
used forsequencing on Illumina
MiSeq platform. A total of 40880
differentially expressed genes were
obtained.Out of which17709 were
up-regulated (>+2.0) and 22414
weredown-regulated (<-2.0).Gene
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ontology (GO) annotation revealed
more number of PRLT2/89-33
genes representing ‘response to
stresses, responseto stimulus” and
those related to ‘developmental

processes’ and ‘biological
Traasments regulation” as compared to H77/
833-2.

Fig 2 (A-D): Expression analysis of target gene in chickpea roots grown under well-watered, RAR,

drought and drought + RAR conditions.
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Single nucleotide polymorphism (SNP) and simple
sequence markers have alsobeen detected in two samples.
PRLT2/89-33 has more number of SNPs and SSRs as
compared to H77 /833-2. RNA-Seq value of 10 selected
differtially expressed genes (DEGs), which were
overexpressed in tolerant genotype (PRLT2/89-33) as
compared to sensitive (H77 /833-2) were validated using
qRT-PCR (Fig 3).
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Fig 3: qRT-PCR confirmation of RNA-seq results examining gene
expression in leaves of two contrasting pearl millet genotypes.

qRT-PCR data of all the selected DEGs were largely
consistentwith theexpressionlevel obtained through high
throughput RNA-Seq data. Azincfinger protein coding
gene (PgZnF)was alsocloned from pearl milletand its
expression was checked under different time points of
droughtstress. The gene was found to be up-regulated
underlate stress.

In-House Projects
PlantMolecular Virology Studies

Association of Cotton leaf curl Multan virus and its
associated betasatellite withleaf curl disease of Hibiscus
rosa-sinensis in India

Hibiscus (Hibiscus rosa-sinensis) is a perennial
ornamental plant grown for its attractive flowers.
Symptoms of severe leaf curling, vein thickening and
enation were observed on 31 % (13 /42) hibiscus plants
growingin a gardenin Lucknow (Fig.4).

Total DNA was isolated and subjected to PCRusing
degenerate begomovirus primers. All samples of
symptomatic leaves yielded a ~1.2 kb PCR product
indicative of a begomovirus. Full-length genomes were
amplified by the rollingcircle amplification method (~2.7
kb) from two samples, and cloned and sequenced
(GenBank Accession Nos. JN880418 and JN807763).
Nucleotide sequence analysis revealed 99% identity
between the two isolates, and 90-93 % identity andclose
phylogenetic relationships with isolates of Cotton leaf curl
Multan virus (CLCuMYV). Hence, two new variants of
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Fig. 4: Naturally infected Hibiscus rosa-sinensis twig showing leaf curl
and enation symptoms

CLCuMV were identified. Association with a betasatellite
was tested by PCR with degenerateprimers. All13 samples
of symptomatic leaves produced theexpected productof
~1.3 kb. One amplicon was cloned and sequenced
(KT447040). The sequence had 98 % nucleotideidentity
and close phylogeneticrelationships with Cotton leafcurl
Multan betasatellite (CLCuMB) isolates and was
concludedto beanisolate of CLCuMB.

Molecularcharacterization of a begomovirus, a-Satellite,
and B-Satellite associated with leaf curl disease of
Parthenium hysterophorus inIndia

Parthenium hysterophorus plants exhibitingsevereleaf
curl and stuntingsymptoms wereobserved nearagriculture
fields in Lucknow, India (Fig. 5). The association of a
begomovirus, B-satellite, and o-satellite with these
symptoms of a parthenium disease was investigated by
sequenceanalyses of virus andsatellite DN A amplified
by rolling circle amplification and polymerase chain
reaction. The highest sequence identities and closest
phylogenetic relationships forthe begomovirus, B-satellite,
and o-satellite detected in P. hysterophorus plants wereto
Tomato leaf curl virus (ToLCV), papaya leaf cuil B-satellite
(PaLCuB), and Ageratum yellow vein India a-satellite
(AYVIA), respectively. Thesefindings identified thevirus
and satellites infecting the Parthenium spp. as ToLCV,
PaLCuB,and AYVIA, respectively.
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Fig. 5: Naturally infected Parthenium hysterophorus plant showing
(a) severe leaf curl, shortening and swelling of internodes, and stunting
symptoms as compared to a healthy plant (b).

P. hysterophorus and tomato seedlings infected with
cloned ToLCV, PaLCuB, and AY VIA byagro-inoculation
developedleaf curl symptoms, whereas plantsinfected
with ToLCValone or withToLCV and AY VIA developed
mild yellowing (Fig. 6). Theresults show thatthis complex
infects and causes disease in P.hysterophorus and tomato.
P. hysterophorus is an invasive weed commonly found
around agricultural fields and alongroadsides. These
results indicate that P. hysterophorus plants infected with
ToLCVand associated satellite DNA actas an alternate
host(reservoir),and thatcould lead to increased incidence
oftomato leaf curl disease.

Molecular characterization of a begomovirus and
betasatellite infectingwild sunflower (Helianthus spp.)
inIndia

Wild sunflower (Helianthus sp.) plants exhibiting
begomovirus disease like symptoms:yellow vein netand

Par-A+Par-p

P. hysterophorus

S. lycop essicum
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leaf curl were observed (Fig.7) growingonroad sidein
Jaipur (Rajasthan). The causal virus was successfully

Par-A+Par-f-Par-a Par-A+Par-a
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Fig. 7 Naturally infected wild sunflower (Helianthus sp.) plants
growing in baron land at Jaipur, Rajasthan (a). A close view of a
diseased plant showing symptoms of severe yellow vein net and leaf
curl (b) and a diseased leaf (c) as compared to healthy plant (d).

transmitted on healthy seedlings of Helianthus spp. by
whitefly (Bemisia tabacci) which induced similarsymptoms
tothoseof naturallyinfected plants that indicated presence
of begomovirus. The association of begomovirus and
betasatellitewith thesesymptoms of Helianthus spp.was
investigated by sequence analyses of viral DNA genome
and satellite DNAs amplified by rolling circle
amplification (RCA) and polymerasechain reaction (PCR),
respectively (Fig. 8).

The highest sequence identities and closest
phylogenetic relationships for the begomovirus and

Fig. 6: Agro-infiltration of infectious cloned DNAs of viral components in host plants.
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Fig. 8 Detection of begomovirus in naturally infected (5 plants) and
whitefly transmitted (lane 6 and 7) wild sunflower plant, lane P =
Positive control, N = Negative control and M =1 Kb ladder marker.

betasatellitedetected in Helianthus spp. were to Ageratum
enation virus (AEV)and Ageratum leaf curl betasatellite
(ALCB), respectively. Thesefindings identified the virus
andsatellite DN As infecting Helianthus spp.as AEV and
ALCB, respectively. Helianthus spp.and tobacco (Nicotiana
glutinosa) seedlings infected withcloned AEV and ALCB
by Agro-inoculation developed yellow vein net andleaf
curl symptoms, whereas plantsinfected with AEV alone
or ALCB did not develop anysymptom. The results show
that this complex infects and causes disease in Helianthus
spp. and tobacco. Helianthus spp. is an invasive weed
commonly found around agricultural fields and along
roadsidesin Rajasthan, India. Theseresults also indicate
that Helianthus spp. plants infected with AEV and
associated betasatellitt DNA mayactasan alternate host
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(reservoir) for other economicallyimportant plants.

Coexistence of three virus genera (Badnavirus, Potyvirus
and Cucumovirus) inCannaspecies inIndia

Canna (Canna spp., family Cannaceae)are perennial
plants grown in tropical and sub-tropical countries
includingIndia. They arelargely used in borders of beds
for their colourful foliages and flowers, besides being
grown in lawns, parks, and other public places. Canna
have large shiny foliage and attractive flowers of red,
yellow, orange, pink colour or combinations of these
colours. Canna cultivars (Allegheny, Bengal Tiger, Black
Knight, Eileen Gallo, Encaster, Golden Girl, Golden Yellow
Lucifer,Kanchan, New DelhiYellow, and Red President)
growing in the canna repository at the institute were
observed to exhibit mild tosevere yellow mosaic mottle
and veinstreak symptoms (Fig. 9). The disease incidences
from8.0-74.4% wasrecorded. Occurrenceof single,double,
and triple infections of Cannayellow mottle virus (CaYMV),
Bean yellowmosaic virus BYMV) and Cucumber mosaic virus
(CMV) were detected in thesecultivars by PCR/RT-PCR
usingtheir respective degenerate primers. The coexistence
of CaYMV, BYMV and CMV was confirmed by sequencing
of their cloned PCR products. Further, a high genetic
diversity was observed amongst them and with other
strains of CaYMV, BYMV and CMV in phylogenetic
analysis. Thecoexistence of CaYMV,BYMV,and CMVin
canna is beingreported for thefirst time from India.

Golden yellow
Golden Givl Lucifer  Ped Fresident  Encaster New Delhi yellow
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Fig. 9 Leaves from ten different Canna cultivars exhibiting streaks, mosaic accompanied with streaks, mottling, and severe mosaic symptoms
gown in Canna repository at CSIR-NBRIL The healthy plant of each cultivar has also been shown as control
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PHARMACOGNOSY

Grant-in-Aid Projects

Production of Phytochemical from elite chemotypes of
some threatened medicinal plants through modified
cultivation and invitro technologies

A total of seventy four samples of Coleus forskohlii
and 127 samples of Gloriosa superba werecollected from
different phyto-geographic zones of the country.Passport
data sheetof each sample was maintained todocument its
phyto-geographicinformation (CSIR-NBRI). Botanicaland
physico-chemicalstandard of collected germplasm were
alsodocumented. Nosignificantvariation in microscopical
characters was observed within collected samples of Coles
and Gloriosa respectively. Quantification of Colchicine (%
dryweight)in G.superba (80samples), reveals thatNBG-
08 from Western Ghatshad maximum(3.2 %)and NBG-
20 from Eastern Ghats had minimum (0.02%)

Fig. 10a: HPTLC quantification of colchicine in G. superba samples collected from different
phytogeographical zones of India and maintenance of live germplasm at Botanical garden.

concentration (Fig. 10a). Estimation (% dry weight) of
Forskolin in 65 samples of Coleus forskohlii reveals that
maximum content (1.15%) was found in NBC-46 from
Western coast of Malabarand minimum 0.004% ) inNBC-
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36 from Western Ghats (Fig. 10b). Collected samples of
targeted species weremaintained in nursery undernatural
conditions and, transferred to field bed for mass
multiplication and phytochemical analysis. In Multi-
location cultivation feasibility studies of potential/
validated elite germplasms, amongthe collected samples
of G. superba in 57 germplasm showed survival. In C.
forskohlii 33 germplasm have survived,out of which, 19
germplasm exhibited healthy growth, these were
transferred tothe field bed for next generation study for
quantification of forskolin.

Chemoprofiling of potential phytoacaricides and their
functionalcharacterization for controlling resistantcattle
ticks

Ninety Six germplasms of Ageratum conyzoides L. were
collected from sixteen states and the variation in marker
compound and anti-tick activity was worked out.
Germplasms with considerable
amount of Precocene I were
reported fromUttar Pradesh, West
Bengal, Sikkim, Tamilnadu and
Uttarakhand. Employing strategic
chromatographic procedures, four
lead compounds (Lead-I, I, I, IV)
fromNAC-01 and threecompounds
(VP1,VP3 and VP5) from CVP-05
were identified.

The synthesized lead
moleculell showed morethan 90 %
anti-larvalactivity as observed by
in vitro laboratory standardized
and peer reviewed protocol.

The lead-III, IV and VP3
compounds showed 70-80%
adulticidal activity at 300 to 350
ppm within 48h of treatment. The samegroup of tick was
found susceptible to deltamethrin at 34.12 times (i.e.
LC95=1009.8 ppm)of baselineconcentration (LC95 =29.6
ppm). Thedetails of the chemical structure and synthesis

protocol are being protected.

Search for ellite chemotypes of
Centella asiaticaand theirrelationship
with ecogeography

Total 150 accessions of Centella
asiatica were collected from different
phyto-geographical regions of the
country. Passport data sheet of all
collected accessions has been prepared
containing details of phyto-

léﬂlllllll

= .“3' 35‘.‘35233 =

Fig. 10b: HPTLC quantification of forskolin in C. forskohlli samples collected from different geographlcal zone, altitude, latitude

phvtogeographical zones of India.
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Fig. 11 Elite accessions of Centella asiatica plants (A). HPTLC quantification of targeted metabolites in Centella asiatica (B) collected from

Western Himalayas (Values are in mean %, n= 3)

and longitude of collection,averagerain fall; associated
species are also recorded with this data. Variable
concentration of targeted metabolite was quantified
through HPTLC viz. CA-15 and CA-45 forasiaticoside
(132%and 1.56 %), CA-45 and CA-51 for madecassoside
(4.06% and 6.09%) and CA-07 for Asiaticacid (0.44%).
Amongall the collected accessions, four eliteaccessions
(CA07,CA-15,CA-45 and CA-51) havebeen observed (Fig.
11).

Nutritional profiling, free radical scavenging and
antioxidantactivities of selected small millets

Many nutritional, antioxidant and antimicrobial
properties have been characterized in differentmedicinal
and dietary plants including Usnea species,smallmillets,
Thalictrum species, Saracaspecies, and Terminalia species
etc. Morever, a best solvent system for the extraction of
bioactive substances has also developed and their free
radical scavenging activity is beingexamined.
Identification and evaluation of some lesser known plants

for malnutritionand development of alow costherbal
combinationthereof

The most potent methanolic extracts of Bauhinia
variegata L. flower, B. variegata L. bud, B. purpurea L.flower
and B.purpurea L.bud alongwith Oxaliscorniculata L.were
evaluated for anticancer activity on PC3 cell-linein a

concentration range from 500pg/ml to 15.6ug/ ml. These
plant extract showed anti proliferative effect in a
concentration dependent manner on cancer cell lines.
Methanol extract of B. variegata flower effectively inhibit
the migration of PC3 cells at potent anticancer
concentration. Theseplant species at this stage of research
are showing a positive lead to develop a nutritional
supplement to combat diseases associated withnutrient
related disordersand oxidative stress.

Phytochemical and pharma cological studies of the
isolated polyphenols from the resurrection plant
Selaginella bryopteris (Sanjeevani)

Selaginella bryopteris (Sanjeevani) is reported to
promote growth and protect against heat shock and
apopticactivities of ultravioletand oxidative stress. Rats
of either sex (200-250g) were used for forced swim
endurancestress. Thebiochemical parameters likeserum
glucose, triglycerides, cholesterol, BUN, cortisol were
evaluated. The weights of organs such as liver, adrenals,
spleen of the experimental rats were also recorded (Fig.
12). The experimental studyshowed an increasein swim
durationin rats pretreated with Selaginellabryopteris and
were similar to thechanges produced by reference drug
Withania somnifera. During stress, blood glucose level
increases,which is found tobe significantly reduced in
Selaginella bryopteris treated rats. Lowering of stress
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Fig. 12: Effect of ethanol extract of Selaginella bryopteris on Organs
weight and Swimming time in Forced swimming endurance stress in
rats

induced hyperglycemia is an indication of antistress,
adaptogenicactivity of plant In responseto stress, ACTH
is released, which actson the adrenal cortex tostimulate
thesynthesis and release of Cortisol. Increased plasma
Cortisol influences the mobilisation of stored fat and
carbohydrate reserves, which in turn increases blood
glucoselevel. The increased Cortisollevels are reversed by
anti-stress agents. Selaginella bryopteris significantly
decreased stress induced elevatedlevels of Cortisol and
blood glucose levels in both swim stress model.

Standardization and validation of lichen species; Usnea
longissima and Cladonia furcata usedin pepticulcer

Lichen produces about 800 secondary metabolites
(also called as lichen substances), most of which are
uniqueto these organisms andonly a few (c. 50-60) occur
inother fungior higher plants. Lichen metabolites exerta
widevariety ofbiological actions.’Chharilla” (lichen) is
used in Ayurvedic and Unani systems of medicine.
However,they have been neglected by mycologists and
overlooked by pharmaceutical industry. Keeping the
potential value ofthe IPR leads from Usnen longissimaand
Cladonia furcata (Fig. 13) were subjected to test against
peptic ulcer and oesophagal refluxes in rats. Both the
lichens extracts showed significantactivity against gastro-
esophagealrefluxdisease (GERD)in rats.

Fig. 13: Llchen species; (a) C. furcata and (b U longzeszma

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

Identification of potential bioactive chemical marker
compoundsand biological studies of Gloriosa superba
and their geographical variations

The phytochemicals presentin plants playa keyrole
intheirefficacy for the prevention or treatment of diseases
and have tremendous impacton the health care system.
Gloriosa superba Linn., is one of the endangered species
amongthe medicinal plants (Fig. 14). Itis one of theseven
upavishas in the Indian medicine, which cure many
ailments but may prove fatal on misuse. The
phytoconstituents colchicines and 3-demethylcolchicine
wereidentified fromG. superba. Thedetailed investigation
on the bioactives present in the Gloriosa superbaisunder
investigation.

Fig. 14: (a) Gloriosa superba and (b) Tuberous roots of G. superba

In-House Projects

Quality evaluation and scientific validation of indigenous
indian medicinal plants having industrial application
(Pharmaceutical, Nutraceutical, Cosmaceutical) and
Development of herbal product(s) based on traditional
knowledge

Comparative Physico-phytochemical analysis of
different parts of medicinally important Terminalia
species

Differentparts of medicinallyimportant Terminalia
species viz. T.arjuna Wight & Arn. and T. bellirica (Gaertn.)
Roxb. (Family: Combretaceae) havebeen undertaken for
physicochemical analysis, total phenolic Content (TPC),
total flavonoid Content (TFC), qualitative as well as
quantitative HPTLC analysis and antioxidant activity. T.
atjuna commonly knownas Arfjunin Hindi, is traditionally
know to have cardioprotective activity. Comparative
analysisof different parts of T.arjunaindicated TPCin the
order bark >leaf>twig and TFC in the order bark
>twig>leaf The HPTLCanalysisshowed the presenceof
lupeol, gallic acid, ellagic acid in all three parts,
stigmasterol in bark and twig while B-sitosterol, ferulic
acid and ursolicacid in leaf parts only. Thequantity of all
thecomponents varies frompart to parti.e. ellagic acid
andlupeol were found maximumin the bark, gallicacid
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and stigmasterol were maximum in twigs. T. bellerica,
commonly known as Bahera in Hindi, possesses an
esteemed status in medicinal plants with diversebiological
potentials. Comparative analysis of different parts of T.
bellericaindicated thatthe TPC and TFC of the samples
werein the orderleaf>fruit>bark. HPTLC analysis also
showed thatthe phenolicsare presentin larger quantity
ascompared to thetriterpenoids. Ellagicacid was themost
predominant constituentand was found tobe presentin
allthe samples of T.bellerica.

HPTLC densitometric method for simultaneous
determination of evernic and usnic acids in four Usnea
species and comparison of their antioxidantpotential

A simple, sensitive and precise high-performance
thin-layer chromatography (HPTLC) method with
densitometric scanning was developed for the
simultaneous determination of evernic (EV)and usnic
acids (USN) in Usnen aciculifera (UA), U ghattensis (UG), U.
longissima (UL)and U. stigmatoides (US) lichens (Fig. 15).
This method was also validated according to The
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals forHuman Use (ICH)
guidelines.

Usnicacid was estimated in all four Usnea species
butevernicacid wasdetectablein only twospecies with
varied quantity. Comparative antioxidantactivity revealed

Usnea species

Antioxidant
Potenfial

Abur basmco nt NI am

that USis potential freeradical scavengerin comparison
toother three Usnen species. Further, theseresults indicated
thatUSNand EV arenotsolely responsible forantioxidant
potential butit may bedueto synergisticeffect.

Effectof altitude onsecondary metabolites,antimicrobial
andantioxidantpotential of Thalictrum foliolosum

Thalictrum foliolosurm DC. is traditionally being used
as tonic, antiperiodic, diuretic, febrifuge, purgativeand
stomachic. Itis also considered as a remedy for atonic
dyspepsia, useful inconvalescenceafter acute diseases
andas application foropthalmia. Theroots of T. foliolosum
were collected fromfourlocations at different elevations,
Bhowali (1709m), Sankri (2031m), Taluka (2111m)and
Kedarkantha (3086m) in North India and evaluated for
altitudinal variationin its phytoconstituents,antioxidant
andantimicrobial activities. The ethanolic, 50 % aqueous
ethanolic and aqueous extracts were prepared for
comparativestudy. Theresults revealed that the berberine
contentvaried inversely withaltitude; on the contrary there
was an increase in the phenol and flavonoid content of
the T. foliolosum withincreasein altitude. TheT. foliolosum
extracts with high berberine content showed relatively
significantanti-lipid peroxidation, B-carotene bleaching
and reducing power, while T. foliolosum extracts with
higher phenol and flavonoid content showed better
scavenging of DPPH freeradicals. All the T. foliolosum
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Fig 15. HPTLC densitometric analysis and comparison of the antioxidant potential in Usnea aciculifera (UA), U. ghattensis (UG), U. longissima

(UL) and U. stigmatoides (US)
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extracts showed moderateto highactivityagainstCandida
albicans, Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa. Extracts with high berberine
contentwere mosteffective againstC.albiaans and S. aureus.

Simultaneous-HPLC quantificationof phenolicacidsin
traditionallyusedayurvedic herb, Diplocyclos palmatus
(L.) Jeffrey.

HPLC-quantification of phenolicacid(s)in theaerial
parts of Diplocyclos palmatus (Cucurbitaceae) and
evaluation of their bioactivity potential through in vitro
antioxidantassay’s was carried out. The HPLC elution
was done using C18 column using gradient (binary
phases) solvent system. Total phenolic and, flavonoid
contents were determined and the antioxidantpotential
was estimated by four assay’s viz DPPH radical
scavenging assay, ferric reducing power assay, total
antioxidantcapacity and 2-deoxyriboseassay. Thespecies
isrichin threephenolicacids, among which chlorogenic
acid (3529 ug/ g)is inmaximum concentration followed
by gallic acid (1708 pg/g), caeffic acid (437 pg/g) and
protocateuchicacid (338 ng/g). Total phenolic contentwas
higher (10.5 mg/g) than flavonoid content (3.78 mg/ g)
and TACwas found at0.137 mg/ g ASE (ascorbic acid
equivalent). IC50 of D.palmatus extract for scavenging of
hydroxyl radical by 2-deoxy ribose and DPPH was at
concentrationof 126 +0.83 (ug/ml) and 354+ 0.66 (ug/ ml)
respectively. In vitro antidiabetic potential, viainhibition
ofalpha amylase enzyme through starchiodine and 3,5-
DNSassay reveals theIC50 of extractat146+ 041 ug/ml
and286+0.67 ug/ mlrespectively. The species (aerial part)
was rich in phenolic acid with potential bioactivity,
identified leads will be useful in further chemical
characterization and pharmacological validation.

Resversed-phase High-Performance Liquid
Chromatography (RP-HPLC) quantification of five
phenolic compounds in Biophytum sensitivum (L.)DC.
(Oxalidaceae) and their biological evaluation

Biophytum sensitivum is a widely used medicinal
plantin traditional medicinal systems across theglobe.
The present study deals with the RP-HPLC quantification
of five phenolicacids,alongwith the invifro antioxidant
andantidiabetic activity of the aerial parts ofthe plantas
a scientific investigation oftraditionalclaims of itsuseas
anantioxidantand antidiabeticagent. Anatomy of thestem
was doneto aidin exploring identification parameters for
this plant. Among the fiveidentified phenolic markers,
caffeic acid exhibits the highest concentration (353 pg/
gm), followed by ferulicacid (242 ug/ gm), gallicacid (234
ug/gm),chlorogenicacid (192 pg/ gm), and rutin (65 ng/
gm). The total phenolic and flavonoid contents in the
methanolic extractwere found to be87.0 £0.404 mg/gm
GAEand 14.3 +0.055mg/ gm QE, respectively. The IC50

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

valuefor thein vitro DPPH method was 0.164+0.411 mg/
ml. Invitro antidiabeticactivitywas analyzed by thestarch-
iodineassay and the 3,5-DNS method which displayed
IC50 values 0f0.64 +0.05 mg/mland 1.2+ 0.04 mg/ml,
respectively. The in vitro studyresults suggestpromising
antioxidantand antidiabetic activity of the plantwhich
supports its use inthetraditional systems of medicine.

Developmentof Herbal Products:
Hebal Sindoor Stick

The technology for Sindoor Stick was
developed with herbal colours, vegetable oils,
aroma and bees wax as base material. The
productis non-toxic, withoutany heavymetals
(likered lead oxide) or chemicals. The technology
isready forcommercialization.

Herbal antioxidant formulation

A bio-combination comprising Ayurvedic plant
ingredients was developed for the management of ROS
stress and chemotherapy ofcancer patient by quenching
freeradicals and by enhancing endogenous antioxidant
system. The selected plantextracts are mixed in different
ratio and formulated to develop an acceptable herbal
formulation.

Herbal hand sanitizer

Thehandsanitizer ismade
froma combination of essential
oil emulsions of medicinal
plants as herbal ingredients.
The formulation keeps the
hands supple and soft. The
selected essential oils aremixed
in different ratio in polymer-
based gel and developed
into a acceptable gel-based
formulation which is useful in
killing germs of hand and skin.
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Herbal toothpaste

Anherbal toothpastedevelopedjointly by CSIR-NBRI
and CSIR-CIMAP containing polyherbal formulation from
known Ayurvedic medicinal plantshas been developed.
Theformulationis useful in preventing tooth decay caused
by Streptococcus mutans, provide natural mouthwash effect
and also exhibits strongantioxidantactivity. Theproduct
isfluoride free.

POLYHERBAL

e .
TOOTHPASTE l\w ]

SCIEMTIFICALLY DEVELOPED FORMULKTION FOR DRAL CARE
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Grant-in-Aid Projects

Non-targeted metabolomics approach for monitoring
chemicaldiversity in distinctchemotypes of Commiphora
wightii usingGC-MSand NMR spectroscopy

Commiphora wightii (Arn.) Bhandari, commonly
known as guggul, produces amedicinally importantgum-
resinwhich isused extensively by Ayurvedic physicians
totreata variety ofailments. Metabolite profiling of three
distinct chemotypes (NBRI-101, NBRF102and NBRF103)
of C.wightii was performed using GC-MS,HPLCand NMR
spectroscopy to studymetabolic diversity. One hundred
and thirty-two chemically diverse metabolites were
identified and quantified three differentchemotypes of C.
wightii consisted of 25 amino acids, 15 organic acids
(mono-, di-, cyclohexanecarboxylic acids), 2quatermnary
amines,6 sugarsand 1alkaloid, 31 fattyacids, 14 alkanes,
7 pregnane derivatives, 2 keto-steroids, 2 sterols, 18
terpenes (mono-, di-, tri- and sesqui-), 1 vitamin (a-
tocopherol) and 1 five-membered lactam (n-

& NBRI-101 {H)
& NBRIIOZ 0.5
= NBRIIG 0.5

methylpyrrolidone).Statistical analyses on themetabolites
clearly revealed a significant variation in all the three
distinctchemotypes. Multivariate principal component
analysis (PCA) was applied to the 'H NMR spectrum
datasetand quantified data obtained from GC-MSanalysis
toevaluate comparativemetabolic differencesin thethree
chemotypes of C.wightii. The PCA score plots ofleaves,
stemand latexshowedsignificant metabolic differences
among the chemotypes (Fig. 16A-D). The corresponding
PCAloading plot were used to identify the differentiated
metabolites responsible for the separation among
chemotypes. Results of thestudy suggest that quinic acid
inleaves maybeused as a markermetabolite foridentifying
the high guggulsterone yielding elite chemotypes of C.
wightiidue to itsnegative correlation in theconcentration
of guggulsterones. Thiswill avoid unnecessary tapping
of gum-resin for quality control of guggulsterones from
stemof C.wightii which is fatal to the plant. The present
study concluded thatthenon-targeted metabolomics could
be used to identify desired chemotypes for plantingand
conservation of C.wightii for pharmaceutical orhealthcare
applications.
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Fig. 16 A-D: 1. PCA scores plot (A) PC-1 loading plot (B) obtained from the PC analysis of "TH NMR spectra of aqueous extracts and PCA
scores plot (C) PC-1 loading plot (D) obtained from the PC analysis of GC-MS analysis of non-aqueous extracts of leaves from Commiphora

wightii.
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Metabolite profiling of Amaranthus hypochondriacus for
high squalene yielding chemotypes in control of
hypertension.

Hypertension (HTN)or high blood pressure (BP) isa
chronicmedical condition in which the BP inthearteries
is elevated, causes risk factors for strokes, heartattacks,
arterial aneurysm, and kidney failure. Squalene,a potent
healthcare agenthas been identified in many plant oilsin
different concentrations. Amaranth isan underexploited
plantsourceof squalene, acompound of high importance
inthe food,cosmeticand pharmaceutical industries.

(@) Metabolite profiling of
hypochondriacus.

Eight cultivars/varieties of Amaranthus
hypochondriacus namely NBRI-A1, NBRI-A2, NBRI-A3,
NBRI-A4, NBRI-A5, PRA-1, PRA-2 and PRA-3 were
obtained from CSIR-NBRI, Lucknow and V.C.S.G.
Uttarakhand University of Horticulture and Forestry,
Ranichauri, Uttarakhand to investigatevariations in their
squalenecontent and other bioactive metabolites. Tennon-
aqueous metabolites consisting of fatty acids, phenolics,
sterols, a-tocopherol and triterpene (squalene) were
identified from non-aqueous extracts of amaranth seeds
using GC-MS. Variations in squalene content among
different cultivars of amaranth was investigated using
analytical reverse phase HPLC. The concentration of
squalenevariedsignificantly amongdifferentaccessions.
The squalene concentration varied from6.02 to 54.3mg/ g
seed wt. Thelowestbeingin NBRI-A2and the highestin
PRA-3 with an averageof 31.8 mg/ g (Fig.17).
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Fig. 17: Quanitative variations in squalene content among different
cultivars of Amaranthus hypochondriacus.

(b) Developmentofsqualene enrichedfraction

Amethod was standardized to developed squalene
enriched fraction fromamaranth grain oil. Theantioxidant
activity and analytical data of enriched fraction supports
thatitcan beusedfor development of cosmaceuticaland
nutraceutical products.

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

Evaluation of Medicinal plants for cultivation in sodic
waste land of U.P.

Anultra-high performanceliquid chromatography
electrosprayionization tandem mass spectrometry method
has been developed and validated for simultaneous
quantification of six major bioactive compounds inleaf,
stemand rootof 5 varieties of Withania somnifera in various
plant parts. The analysis was accomplished on C18
columnwith linear gradientelution of water/formic acid
(0.1%) and acetonitrileata flow rateof 0.3 mL min® The
proposed method was validated with acceptable linearity
(r2,0.9989-0.9998), precision (RSD,0.16-2.01%),stability
(RSD, 1.04-1.62%) and recovery (RSD = 2.45%), under
optimumconditions. Themethod was successfullyapplied
for the simultaneous determination of six marker
compounds in twenty-six marketed formulations.
Hierarchical clusteranalysis and principal component
analysis were applied to discriminate these twenty-six
batches based on characteristics of the bioactive
compounds. The results indicated that this method is
advanced, rapid, sensitive and suitable to reveal the
quality of W.somnifera and is also capable of performing
quality evaluation of polyherbal formulations having
similarmarkers/raw herbs.

Development of low cost technology for extraction/
isolation of some lesser know natural gums and value
addition thereof

Villages of five different districts of U.P., which
included Varanasi, Jaunpur, Sonebhaddra, Lakhimpur
and Lucknow; weresurveyed for Sesbania sesban asa gum
bioresource plant. Our study revealed three new, cost
effective,and feasible plant gums being used amongseven
tribal population namely Tharu, Baiga, Chero, Gond,
Mushar, Kharwarand Koal. These plant gums werelesser
known. Studies were conducted to explorethe potential of
these plantgums for/asnatural binders and stabilizer of
food, colour, and develop as a natural additive and as
nutritionalsupplement/foodand valueaddition.

We identified more than 50 medicinal, aromatic,
ormamental and economical useful plants/plantexudates
andalso collected morethan 15 gum bearingplantsand
gums (six targeted and four additional) for extraction/
isolation and value addition. Identified edible gums for
nutrition and health supplements on ethnobotanical
claims/ use;twonutritional supplements formulated using
identified plant gum bindersie. Binderfood for children;
Binderfood for women and identified three plantbased
material binders (Sticking material for paper, floral crafts
and bindji).

Trainings and awareness programs to teach
identification, collection,separation/isolation of gums
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and bio-material was carried outin more than nineteen
villages; in three tribal village of Tharu tribal community,
inDudhwa region (more than100 people), and morethan
sixteen villages including Mushar, OBC and SC
communities in Jaunpur in Varanasi region (more than 50
people) and Baiga, Koal, Chero, Gondand kharwartribes
ofSonbhadra region (morethan 400 people).

In-House Projects
Phytochemicalstudies of medicinaland Aromatic plants

Extraction, isolation, purification and phytochemical
studies of some medicinal, aromatic and economically
important plants viz.different Cassia, Aaicia and Sesbania
species, Trigonella foenumgraaecum, Lepidium sativum,
Moringa oliefera, Boswelia serrata, Acacia nilotica, Cyamopsis
tetragonoloba, Tamarindusindiaa, Sterculiaurenswerecarried
out for development of economically useful
phytochemicals, natural additives, formulations and
products. Chemical profiling of more than twenty five
separated/ isolated plant gums, mucilage, medicinal plant
extracts and modified films was accomplished for
identification of functional groups, and development of
chemomarkers which were compared with commercial
standards/ drugs. More than ten seed gums are under
study foranti-inflammatory, antioxidantand antimicrobial
activities. Production of more than one kilogram of
endospermic gum (differentforms based on purity and
sizes) andseed meal each fromsix leguminous seeds for
characterizationand utilization isunder way.

Valueadditionand modifications in biodegradable
gum/ gum films to develop four saponin carrying films
NBRg-11,NBRg-13, NBRg-15,NBRg-17 and NBRg-21)out
of ten explored materials. Preparation of three best
identifiedand analysed interacted combinants NBRg-13+
SLS, NBRg-13 + sap & NBRg-13 + Ac.co.at1 & 2%
concentrations at two different volumes in different
conditions using one most potential gum were
standardized and upscaled for producing them inlarger
quantity for its specific detail evaluations, feasibility, cost
rangeand determination of acceptableformsand dose for
effective delivery as compared to commercially available
syntheticmaterial as SLS. Exploitation of bestpotential
combinantsisin process forits technological prospectsas
aplant based detergentand cleansingagent.

Processing, extraction and phytochemical
investigation of more than twenty flowers from plants
grown inNBRI garden of different colours and textures
werecarried out forextraction ofcolour and antioxidants.

Total colours and antioxidants were determined and
quantified. Physicochemical characteristics were
evaluatedand chemomarkers developedfor sustainable
utilizationand formulations. Seven plant gums exploited
for extracted colour stabilization and its development.
Standardizationand optimisation of protocol / process for
preparation of stable plant colours, (dark red and yellow)
using seed /exudate gums in powderand otheracceptable
forms (extracts; film /strip; tablet capsuleetc.) isin process.
Flowers with significantantioxidantactivities arealso
underexploration for health careproducts.

Seeds of 3 species of Sesbania viz. S. sesban (Jait), S.
grandiflora (Agast) and S. bispinosa (Dhaincha) were
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Fig. 18: Percentage of total fat, sugar and phenolic contentin different
parts of S. sesban
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investigated for nutraceutical and pharmaceutical
prospects. Different parts of the seeds including
endospermand meal wereseparated through mechanical
methods of grinding and sieving in controlled and
standardized conditions. Extractionandisolation ofseeds;
endospermic gumand seed oil was done for identification
of constituent sugars and fattyacids in S.sesban (Fig. 18).
Extractionof seeds by coldand hot (successive soxhlet)
methods was accomplished. Total sugar/starch, protein,
phenolics and antioxidants were quantified and
functional groups were identified in seeds/ isolated
endospermic gum through FTIR.

Chemical composition and termiticidal activity of
Artemisia nilagirica essential oil growing in southern hilly
regions of India

Essential oil isolated from aerial parts of Artemisia
nilagirica was analyzed using gas chromatography-mass
spectroscopy. Chemical constituents were identified by.
Totalforty constituents wereidentified whichis 93.55% of
the essential oil. The major constituents of essential oil
were o-thujone (33.78 %), germacrene-D (9.31%), B-thujone
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Fig. 19: Termite repellency and mortality of Artemisia nilagirica
essential oil
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(6.01%), caryophyllene (5.86%), caryophyllene oxide
(6.17 %)and borneol (2.16%). The essential oil consist of
4134 % monoterpenehydrocarbon, 30.9 % sesquiterpene
hydrocarbon, 10.24% monoterpene alcohol, 8.33%
sesquiterpene oxide along with 2.74% sesquiterpene
alcohol. Antitermite activity ofisolated essential oilwas
tested in vitro and in vivo. The essential oil exhibited
significant antitermite activity againstMicrotermes beesoni
termites (Fig. 19). ED,  for termite repellency was found
444mg/ gand 5.81mg/g fortermite mortality as compared
to that of 1.53mg/ g of Chlorpyriphos 20%TC used as
control.

Field Trial

Wheatcropis very pronetotermite attack. Antitermite
activity of a formulation developed by NBRI was tested
under field condition at Harikansh Garhi village of
Mohanlalganj, Lucknow, in four rows of wheat crop at
tilleringstage in December2016 covering129 square meter
area (Each plot of size 10 sqm). Twodifferentdoses ie. 5.0
ml/L water and 3.5 ml/L water of NBRI antitermite
formulation and a synthetic pesticide (control) at adose
3.5ml/L of water were tested. NBRI formulation showed
significant termite mortality rateas compared to that of
thesynthetic pesticide (Fig. 20).
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Fig. 20: Field trial results of NBRI formulation in wheat crop field.

Anticancer activity of Streblus asper on human cancer
celllines

Cytotoxicity studies were carried out on different
fractions SAH (n-Hexane), SAC (Chloroform), SAW
(Water) and SAB (n-Butanol) prepared afterfractionation
frommethanolic extractof S.asper (SA). These extracts were
tested against Leukemia (K562), Lung (A-549),Hepatoma
(Hep-G2) and Breast (MCF-7)human cancer cell lines at
differentconcentrations todetermine the IC, | valueby SRB
assay. TheSRB assay was donein triplicate to evaluate
thecytotoxic activity of this plant. Adriamycin drughas
been used as a standard in all above human cell lines.
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Fig. 21: Cytotoxic activity of solvent extracts from S. asper leaf against human cancer cell lines.

Methanolic extract of S. asper and its fractions were  cancer cell line. Among the different fractions only
potentiallyactiveon all four cancer cell lines.Methanolic ~ chloroform fraction showed activity againsthepatoma
extractand hexane fractions wereactiveagainstleukemia ~ cancer cell line (Fig. 21).
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SUPRA-INSTITUTIONAL NETWORK PROJECTS

1. Bioprospection of plant resources and other
natural products (BioprosPR)

Nodal Scientist: DK Upreti
Scientists:

KanakSahai, Sudarshan Kumar, Tariq Husain,
AKSRawat, TS Rana, KN Nair, Anand Prakash, LB
Chaudhary, Alok Lehri, ChV Rao, Sayyada Khatoon,
Mahesh Pal, Sharad Srivastava,Sanjeeva Nayaka, AK
Asthana,SK Ohja, OPSidhu, Subha Rastogi,SoumitK
Behra, AP Singh, Manjoosha Srivastava, SK Bag,
Sribash Roy, Baleshwar, Priyanka Agnihotri, BN
Singh, VV Wagh
Technical Staff:

Bhaskar Dutt, Anil Kumar, Abhishek Niranjan,

Sushma Verma, Sandeep K Behera, Vinay Sahu, MM
Pandey, KK Rawat, KKIngle

2. Genomics of medicinal plants and
agronomically important traits (PlaGen)

NodalScientist: PK Trivedi
Scientists:

SARanade, SudhirShukla, SV Sawant, APSane,
VASane, PKSingh, CSMohanty, HK Yadav, MeharH
Asif, Debasis Chakrabarty, PCVerma, SN Jena, SK Bag

3. PlantDiversity: Studying adaptation biology and
understandin/exploiting medicinallyimportant
plantsfor useful bioactives (SIMPLE)

Nodal Scientist Nandita Singh/Vivek Pandey
Scientists:

SA Ranade, Kanak Sahai, PA Shirke, LB
Chaudhary, OP Sidhu, PKSrivastava,Soumit KBehera,
Sribash Roy

Technical Staff:
AnilKumar, KKRawat

4. Introduction,domestication, improvement, and
cultivation of economically important plants
(AGTEC)

NodalScientist: RK Roy/SK Tewari
Scientists:

RS Katiyar, TS Rana, PS Chauhan, Poonam C
Singh, Devendra Singh, RC Nainwal

5. Integrated NextGen approaches in health,
disease and environmental toxicity INDEPTH)

Nodal Scientist: ShekharMallick
Scientists:

Nandita Singh, Debasis Chakrabarty, PK
Srivastava, SuchiSrivastava, Poonam CSingh
Technical Staff:

Sanjay Dwivedi, Babita Kumari

6. Probing the changing atmosphere and its
impacts in Indo-Gangetic Plains (IGP) and
Himalayan Regions (AIM -IGPHim)

NodalScientist: Vivek Pandey
Scientists:

CS Nautiyal, PA Shirke, OP Sidhu, Aradhana
Mishra

7. Plantmicrobe and soil interactions (PMSI)
NodalScientist:CS Nautiyal/ PS Chauhan
Scientists:

AradhanaMishra,Manoj Kumar, Charu Lata

8. S&T interventions to combat malnutrition in
womenand children

NodalScientist: CSNautiyal & AKSRawat
Scientists:

SKTewari, ChVRao,Sayyada Khatoon, Sharad
Srivastava, SK Ojha, Subha Rastogi
Technical Staff:

MMPandey

9. Rootbiology and its correlation to sustainable
plantdevelopmentand soilfertility (RootSF)

NodalScientist:CS Nautiyal/SKTewari
Scientists:

PA Shirke, Vivek Pandey, SV Sawant, AP Sane,
VA Sane, Alok Lehri, OP Sidhu, Indraneel Sanyal,
MeharH Asif, Debasis Chakrabarty, SuchiSrivastava,

SKBag, Aradhana Mishra, PS Chauhan, PoonamC
Singh, Devendra Singh, RC Nainwal
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SUPRA-INSTITUTIONAL NETWORK PROJECTS

1. Bioprospection of plantresourcesand othernatural e A rapid and reliable method was developed and
products (BioprosPR) validated forqualitative and quantitativeestimation
Objectives: ofbetulinand betulinicacid directly from bark tissue

of Batula utilis. Metabolite profiling of different plant

e  Bioresource mapping, eco-geographic assessment, parts of B. utilis showed a substantial quantity of
development of DNA bankand plant DNA barcode betulin in thin branches.

inselected study sitesin theHimalayas and Western
Ghats. e  Twentytwocompoundshavebeen identified inthe

essential oil of Betula utilis bark. The oil showed

e  Metabolic profiling of medicinally importantplants antimicrobial activity against human pathogens.

for identification of commercially important
chemotypes. e Twenty nine compounds were identified in the

essential oil of Hedy diium spicatum rhizome, collected
fromfour differentgeographical regions. Oil samples
evaluated for cytotoxic activities against human

e  Development of novel drug combinations using
natural products to increaseefficacy of knowndrugs.

Highlights: cancercell lines. Sampleof Pangot (Nainital)showed

e  TheFloristicaccount of Govind wildlife sanctuary, highestactivity against all cancer cell lines dueto
Uttarkashi district of Uttrakhand was completed with presenceof o-Cadinol. Twocompounds isolated from
11field trips. Along with GPS tagging, atotal 0f637 Hemidesmus indicus leaves showed anti-
species of Angiosperms,352lichens, 381 bryophytes, hyperglycemic activity.

391 taxa of algae and 88 species of pteridophytes
have been documented. Additionally, a list of 25
ethnobotanically important plants havealso been
documented.

e Twenty compounds have been identified in the
essential oil of Justicia adhatoda and found to have
antimicrobial activityagainst human pathogens.

o  Threeformulations, basedon various aromatic oils
andchemicals of Hedychium spictum,weretested for
theiranti-ageing potential.

e Taxonomic studies on various groups such as
Thelotrematoid (121 spp.), Cetrarioid lichens (47
species), Corydalis L., 23 spp.)and Ficus (40 species)
havebeen completed. Molecular systematics ofthe e  Quantification ofeight specific Polyphenols (Gallic

genus Bergenia Moench (Saxifragaceae)inIndia has acid, protocatechuic acid, chlorogenic acid, ferulic
alsobeen completed. acid, caffeic acid, rutin,quercetin and kaempferol)in

e  Propagatedandintroduced twenty bryophytespecies various extracts of Hedychium spicatum has been
inmosshouse of CSIR NBRL carried out along with estimation of total phenolic
content, total flavonoid content and antioxidant

e  Studies related toreproductivebiology and in vitro
multiplication of Onychium contiguum, Athyrium
pectinatum and Dryopteris odileatapteridophyteshave @ Marchantia polymorpha a bryophyte, has been
been completed. evaluated for in vitro cytotoxicactivity againstfour

cancer cell lines (Breast, Colon, Head & Neckand

normalepithelial cells).

activity.

e  DNAbarcode of 30 medicinally important plants
completed, based onthree plastid loci (matK, trnH-
psbA, thcL). Thegenerated data havebeensuccessfully e  Antimicrobial BIONANOgel (NBC-099) has been
submitted to GenBankand BOLD database for public developedand tested forits wound healingpotential
references. under in-vitro and in-vivo modelsystems.
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2. Genomics of medicinal plants and agronomically
important traits (PlaGen)

Objectives:

e  Developing conceptual framework and specific
resources for accelerating progress in the area of
functional genomics related to plant developmentand
stressresponse.

e  Understanding and elucidate various biological
processes and pathways involved in secondary plant
product biosynthesis as well as proper growth,
developmentand stress responseof theplant.

e Utilisation of the information generated for
translationalresearch for human health.

e  Commercialutilization for better plant varieties for

improved productivity and stress tolerance.
Highlights

Full-length cDNAs of putative genes involved in
uncharacterized steps of Papaverine biosynthesis were
identified and functionally characterized. Various
constructs have been developed and used for Virus
Induced Gene Silencing (VIGS) to study the modulation of
metabolite content. In Ps3"OMT silenced plants, the
reductionin Ps3’OMT transcriptlevels was approximately
70% compared with controls. This reduction in transcript
levelled to asignificantreduction (50%) in thepapaverine
contentin Ps3’OMT-silenced plants. There wasno effect
on content of thebaine and codeine but high levels of
morphine were detected. Theexpression ofbiosynthetic
genes catalyzing the early steps in BIA and papaverine
metabolism like 60OMT, 4’ OMT and N7OMT were not
affected by thesilencing of Ps3’'OMT which accredits the
decreasein papaverine level tosuppression of Ps3’OMT
and thus confirming the role of Ps3’OMT inpapaverine
biosynthesis. In addition, transcriptome datasets of
thebaine-rich (>10% of the latex) poppy lines and its
parentsas well as Psoralea corylifolia have been established
and being analysed.

Transcriptome and smallRNA sequencing ofripe
and unripe stages of banana completed and detailed
analysis of various gene and miRNA families carried out.
Analysis of small RNA libraries suggested thatMaMiRN A-
47, MaMiRN A-62, MaMiRN A-66, and MaMiRNA-67 were
least expressed during ripening of fruit whereas
correspondingtarget genes encoding GI's, Expansin and
AGO1Bshowedenhanced expression. Analysisshowed
thatthe expression of MaMiRNA-62 was significantly
down-regulatedin all development stages of fruitwhereas
the corresponding target Expansin was highly up-
regulatedin ripe stage. Expansin plays an importantrole
incell wall hydrolysis during the ripening process.

The Dasheharimango isa popular N. Indian variety
famous for its taste, thin stone and reduced fibre. It suffers
from excessive softening near the stone that reduces its
marketability. To obtain insights into the molecular
changes that occur duringripening, an lllumina-based
transcriptome analysis of inner and outer zones of
Dashehariwas carried out. Analysis of expression profiles
from?70 million reads revealed up-regulation of 1447 genes
and down-regulation of 2003 genes (> 2 fold, p-value <
0.05) in midripe stage as compared to unripe stage.
Prominent amongst the genes identified included the
ethylene pathway genes with 6 ACSs, 7ACOs (2 up-
regulated), 3 ETRs (oneup-regulated),2 CTRs, 2 EIN3s
(one up-regulated) and 44 AP2 domain family
transcription factors with 39 of the ERF sub-family. Cell
wallsoftening, animportantfeatureof ripening, accounted
for several ripening related genes that included 11
expansins (3 up-regulated),17 XTHs (3 up-regulated), 8
pectatelyases (4 up-regulated), 6 pectin methyl esterases
(3 down), 11 endoglucanases (5 up-regulated) and 26
galactosidases (5 alphaand 21 beta galactosidases). Other
major ripening related pathways that were represented
included theflavor/aroma genes, carotenoid / tocopherol
genes, terpenoids, etc. Besides Dashehari, Banganpalli
mangotranscriptome was alsoanalysed. The genesrelated
to ripeningand aroma showed differential expression
patternin these twovarieties.

Inrose, the fragrant variety R. bourboniana (Gruss a
Teplitz, known as Desi Gulab in Hindi) is sensitive to
endogenous and exogenous ethylene with petal fall
occurring within hours of exposure toethylene. In contrast,
the hybrid variety, R. hybrida shows greatly reduced
sensitivity toethylene and doesnotabscise in absenceof
ethylene. To understand the molecularbasis of differences
in ethylene sensitivity,an Illumina based transcriptome
sequencing(coupled with 454 GSFLX sequencing data)of
rose abscission zone (AZ) cDNA was performed.
Comparativeanalysis was performed between AZcDNA
from0 hand8h ethylenetreated flowers of Rosa bourboniana,
8 hethylene treated Rosa hybrida and 8 h ethylenetreated
petals of Rosa bourboniana. A total of about 162 million
reads from Rosa bourboniana and about 60 million from
Rosahybrida were obtained. The analysisrevealed a total
0f1278 up-regulated transcripts and 2213 down-regulated
transcriptsin8 h ethylenetreated abscission zones of Rosa
bourboniana against 0h AZcDNA. A comparisonofthe8h
ethylene treated abscission zones of Rosa bourboniana and
Rosa hybridarevealed up-regulation of 8415 and down-
regulation of 8893 transcripts in Rosa hybrida. A
comparison of ethylenetreated samples of abscission zones
of Rosabourboniana with ethylene treated petals revealed
up-regulation of a total of 1474 transcripts and down-
regulation of 539 transcripts in petal samples. These
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probably represent petal specific transcripts. Further
analysis is in progress.

To establish involvement of miRNAs in secondary
plant product biosynthesis, a detailed functional
characterization of Arabidopsis miR858a was carried out.
The study established the potential role of miR858a in
flavonoids biosynthesis and plant growth and
development. As promoter of miR858a contains light-
responsive cis-regulatory elements, experiments were
carried out to study regulation of miR858 by HY5and /or
PIFin light-dependent manner. WT, hy5-215, cop1, pifq
(mutantfor PIF1,3,4,5) weregrown in lightand dark for 5
daysand expression of miR858 was studied in different
geneticbackground (Fig.1). Expression analysis of miR858
suggests that light dependentregulation is through HY5
and not through PIF.

In cotton, gene families involved in histone
modificationsrelated tofiber development wereidentified
and characterized.In addition, transcriptional regulation
of secondary cell wall (SCW) biosynthesis, which is an
important stageof the cotton fiber development, has been
studied in greater detail. For this, Gossypiumhirsutum GDSL
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Fig. 1. The expression of miR858a is up-regulated by light and
requires HY5. (A) qRT-PCR analysis of miR858a expression in WT
(Col-0), hy5-214 and copl-4, in dark condition. (B) qRT-PCR analysis
of miR858a expression in WT (Col-0) and hy5-215 on exposure to
light (150 pmol/m?/s) at the indicated times. Error bars indicate
1SE (n=3) from three biological replicates.
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(GhGDSL)lipase/hydrolasegene (CotAD_74480),which
is expressed during SCW biosynthesis (19 through t0 25
days postanthesis; DPA) has been functionally
characterized. T1-transgenic cotton lines expressingthe
B-glucuronidase (gus)reporter underthe control of a 1026-
bp promoter fragment of GiGDSL (P, ., )showed 19 DPA
stage-s pecific increase in GUS expression. Fifty two
deletions indicated thatthe 194-bp fragment between -
788 and -594 relative to the transcription start site was
essential for this stage-specific expression (Fig. 2). Site-
directed mutagenesis ofeighttranscription factorbinding
sites within P_, . demonstrated that the MYB1 AT motif
(AAACCA) at-603/-598 was critical for the 19 DPA-
specificreporter geneexpressions. Yeast one-hybrid (Y1H)
analysis identified nine proteins, including GhMYB1
(CotAD_64719) interacting with P, ., promoter. This
analysis suggest that GEGDSL and its promoter are
potential tools for the improvement of cotton fiberquality
traits.

Transcriptome of callus culture from different
developmental stages of Indica and Japonica rice was
established and analysed. Dynamic transcriptome
landscapeduringsomatic embryo developmentsuggested
differential stem cell maintenance programmingamong
japonica and indica rice sub-species. Inorder to develop
low arsenic accumulatingrice varieties, a novelarsenic
methyltransferase gene (WaarsM) of Westerdykella
aurantiaca wasisolated fromarsenic contaminatedsoiland
functionally characterized. The expression of WaarsM
enhanced arsenicresistancein E. wli (Aars)and S. erevisine
(dacr2)strains by biomethylation and required endogenous
reductants, preferably GSH, formethyltransferaseactivity.
Arsenictolerance in rice after co-culture with genetically
engineered yeast suggested its potential role in arsenic
bioremediation (Fig, 3).

Detailed characterization of cotton transgenic lines
expressing fmal2 (aninsecticidal geneisolated froma fern)
and Tmal2 protein was carried out. Crystal structure of
insecticidal protein was established, which showed
associationof Cu and involvementoftwo disulfidebonds
intheprotein structure. In addition to whitefly resistance,
transgenic lines also show protectionagainst cotton leaf
curl disease. Exploration of possibilities for transfer of
technologytoindustry isunderway.

Chickpea (C.arietinumL)is themajorlegume in India
accounting for40% of the total legumes grownin India.
Unfortunately, several biotic and abiotic stresses reduce
chickpea yields with the pod borer Heliwverpa armigera
being one of the primary insects forits devastation. To
obtain an insightinto the earliest plantresponses to H.
armigera attackan Illumina-based transcriptomic analysis
of chickpea leaves 20 minutes after simulated herbivory
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Fig. 4. Regulation of various hormone pathways within 20 minutes of simulated herbivory

was performed, using oral secretions of H. armigera
coupled withmechanical wounding. Expression profiles
revealed up-regulation 0of1334 genes and down-regulation
0f501 genes upon wounding (log,-foldchange | FC | <-1
and > 1; FDR value < 0.05) together accounting for
differential regulation of 8.4% of the total leaf
transcriptome. Defense-related genes of the
phenylpropanoid pathway, pathogenesis, oxidasesand
CYTP450 were up-regulated along with differential
regulation of kinases, phosphatases and transcription
factors of the WRKY, MYB, ERF, bZIP families. An

interesting feature of thewound response was its rapid
influence on hormonal networks with up-regulation of JA
and ethylene pathways and suppression of growth
associated pathways of GAandauxin within 20 minutes
of wounding (Fig.4). The activation/suppression of the
respectivehormonepathways was observed at the level of
biosynthesis as well as signaling with both negative
and positive regulators being targeted. Differences
wereobserved in thescaleof expression upon treatment
with oral secretions compared to mechanical damage
alone.
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3. Plant Diversity: Studying adaptation biology and
understanding/exploitingmedicinally important plants
for useful bioactives (SIMPLE)

Objectives:

e Understanding the possible role of chemicals
(chemical ecology), genes (ecological genomics),
proteins (ecological proteomics) and functioning
(ecological physiology) in ecosystem.

®  Speciesresponse toelevated CO, under FACEand
field conditions in differentecosystem.

Above ground biomass assessmentin Indian tropical
deciduous forest

The above ground biomass (AGB)ofan ecosystemis
one of the fundamental parameters describing its
functioning. Measurement of AGB of dominant treespecies
in different forest communities is of great importance
because the dominant tree species greatly influence the
magnitude and pattern of energy flow thatis stored in
different parts ofthe plantin the formof various organic
substances. These organic substances remain in
continuous circulation between biotic and abiotic
components of the ecosystem. Thus, biomass is a useful
measure for assessing changesin foreststructure. Itis a
useful measure for comparing structural and functional
attributes of forest ecosystems across a wide range of
environmental conditions. AGBisthus of directapplied
importance for estimating ecosystem carbon storageand
fluxes.

Veryfew studies onthe AGBand biomass carbonare
available from Indian tropical deciduous forest
particularly on Terai regions of northern India. The present
studywas undertaken atKatemiaghat wildlife sanctuary
(KWLS) of Uttar Pradesh. The AGB of three forest
communities (drymixed, sal mixedand teak forests)was
measured using tree diameter at breast height (DBH) data
anddetermined the biomass carbon distribution of trees
in above three forest types having distinct species
composition, stand density and basalarea. The AGB (Mg
ha')were 424,434,440 and 450 in dry mixed; 429, 438,
445 and 456 in sal mixed; 291,306,313 and 326 in teak
forests for the four inventory years, respectively (Fig. 1).
The relationship of forest community microclimate,
community structural and functional variables with AGB
was then identified by principal component analysis
(PCA). There is a strong positive correlation between
species richnessand AGBinallfour inventoryyears. The
relationship of community structural factors such as
species diversity,stem density and basal cover, leafarea
index (LAI) on AGB was investigated for first time for
Indian tropical deciduous forests. A strong positive

correlation between AGB and key functional parameter
i.e, litter fall in all three forest types was observed. PCA
revealed thatstand AGBis mainly affected by absolute
humidity (AH) and air temperature (AT) as major
microclimatic variables, having maximum PCA
componentmatrix controlling highercarbon sequestration
and standing biomass.
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Fig. 1. Total AGB patterns among three tropical deciduous forest
types at Katerniaghat Wildlife Sanctuary, Uttar Pradesh, India. (DM,
dry mixed; SM, sal mixed, TP, teak plantation).

High altitude population of Arabidopsis thaliana is more
plastic and adaptive under common garden than
controlled condition

Plants as sessile organisms are often exposed to
heterogeneous environmental conditions thatinfluence
evolution of traits. Itcan favour either local adaptation
(adaptive differentiation/ specialization) orevolution of
plastic genotypes that respond through phenotypic
plasticity (generalization). Both adaptivedifferentiation
and phenotypic plasticity act as major factors in
generation of inter-individual variation and plantdiversity.
In this study, we determined the phenotypic differentiation
and plasticity of threenatural populations of Ambidopsis
thaliana originated from different altitudes of West
Himalaya (viz. Dehradun, Deh-700m, Munsyari, Mun-
1800mand Chitkul, Chit-3500m). We compared the level
of plasticityexhibited dueto genotypes and compared with
thatof environmental plasticity. The populations were
grown under two conditions: CG - common garden in
NBRIfield and GH-controlled Arabidopsis cultureroom.
Morphological measurements in different stages of growth
wererecorded.

Thethree populations grown in CGand GH varied
significantlyfor almostall the traits (Fig.2). The posthoc
pair wise comparison indicated thatthe Deh was more
similar to the Mun than the Chit when grown in GH.
However, in CGtheMunand theChitwere more similar.
Thedifferences in phenotypic traitexpression between the
two conditions also varied at different level (Fig. 3).
Flowering time increased in Chit while that of Deh and
Mun decreased in GH as compared to CG. The fertility
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Fig. 3. Graphical representation of difference in trait means of three populations in two conditions. Each point represents the least square
mean of each population in common garden (CG) and controlled conditions (GH). Bars above the lines represent the 95% confidence interval
error bars. The results of ANOVA for each independent variable (P= population; E= growth environment) and their interaction (PxE) is also
shown in the graph. * = P<0.05, ** = P<0.01, *** = P<0.001, ns = not significant
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percentagewas less in Chitand (a) _}
higher in Deh and Mun in GH

than in CG. Chit and Mun

produced more number of fruits . o5
in GG as compared to GH where -
as Deh producedless seeds in CG '
ascompared to GH.Germination
percentage was significantly
higherin CG produced seeds than 1
GHinall populations. Theoverall
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Chitwereless plasﬁc ascompared Fig. 4. Clustering of the three populations on Discriminant functionl and Discriminant function

to Deh and Mun. On the other
hand Mun exhibited greater plasticity for most of the
reproductivetraitsas compared toDehand Chit.Ineither
condition the populations had sufficient amount of
phenotypic variations todistinguish the threepopulations
asindicated bythediscriminantanalysis (Fig.4).

Ouranalysis of phenotypic traits, their plasticityand
selection indicate thatcommon garden plants were more
successful in terms of fitness as compared to the plants
grown under controlled condition. The plant fitness of
these populations was influenced by the lightintensity
and the maximum temperature. The high altitude
population exposed to harsh environmental condition
might have evolved to fit well in the heterogeneous
condition thus showingmaximumplasticity and fitness
as compared to the lower altitude populations. An
association of phenotypeundercommon growth condition
toits native altitude and climate predicts foranadaptive
genetic differentiation of these populations reducing
chance of being arandom processes. These differences are
also expected to indicatetheabioticstress experienced by
thepopulationsin the field conditions.
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Seasonal variations inmetabolites of Commihorawightii
(Guggul)

Seasonal variations in metabolite profiling of
aqueous extracts of leaves, stem and latex of three
accessions of C. wightii were examined out using NMR
spectroscopy and multivariate statistical analysis
techniques. Based on the therapeutical useof the plant,
the approach has been employed in order to study the
metabolic changes during different seasons. The
multivariate principal component analysis (PCA)applied
on NMR raw data revealed clear distinctions in the
metabolites between two distinct seasons (Fig. 5). The
results clearly show thattheleaves of C.wightii harvested
in winter have the highestyield of potential healthcare
agents namely, glycine, myoinositoland quinic acid. This
suggeststhatthe activeprinciples in leaves of C. wightii
that are responsible for its biological activities vary in
quantity during different seasons of the year and reach
the peak during winter.
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Fig. 5. PCA score plot (A) and its corresponding scattered loading plot (B) obtained from the PC analysis of 'HNMR spectra of aqueous
extracts of leaves samples of NBRI-105, NBRI-106 and NBRI-107 of C. wightii of winter (filled symbols) and summer (vacant symb ols)

seasons.
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Extraction, isolation, purification and characterization of
biologically active metabolites from Commiphora
agallocha

A novel therapeuticcompound was identified from
Commiphora agallocha, which showed significant anti-
inflammatory and arthritic properties by inhibiting the

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

mediators responsible forinflammation including, tumor
necrosis factor alpha (TNF-a).

2,4 ditertbutyl phenol, a potent antioxidant was

isolated, purified andidentified from chloroform extract
oflatex of C.agallocha (Fig.6).
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Fig. 6. '"H NMR spectrum of purified fraction of 2,4-ditertbutyl phenol along with NMR assignment data: (in CDCl;) 5 1.29(s,9H),
81.41(s,9H), & 4.68(s,1H), & 6.60(d,1H,]=7.95Hz), & 7.07(dd,1H), & 7.29 (d,1H,J=2.33Hz).

SUPRA-INSTITUTIONALNETWORK PROJECTS

113



ANNUALREPORT 2016-2017

4. Introduction, domestication, improvement, and
cultivation of economically important plants (AGTEC)

Objectives:

e  Characterization and development of improved
varieties of Canna, Gladiolus and other bulbous crops.

e  Evaluationof Bixaand Curcuma germplasmcollection
for plant improvement.

° Evaluation of Damask Rose for the sodicsoils.

e  Performanceand evaluation of elite plant material
and/or cultivars through multi-locational
coordinated trials.

e  Evaluation of performance of biofertilizers and
biopesticides on plants.

Characterization and development of improved varieties
of Canna, Gladiolus and other bulbous crops

Mutantsfrom Canna Varieties

New mutants were created after gamma radiation
treatment of Canna varieties, Golden Girl and Red
President. The mutants selected and isolated showed
stability with respect to change of flower colour and
combination.

Genetic Characterization of Gladiolus

Developmentof ISSRand RAPD derived SCARmarkers
for identification of Gladiolus germplasm

Sequence-characterized amplified region (SCAR)
markers from the RAPD and ISSR fragments were
developed for the identification and authentication of
Gladiolus germplasm. The SCAR markers viz., ScG12,
ScG34and ScG36 distinguished Gladiolus fromothertaxa
of thefamily Iridaceae, whereas marker ScAm was specific
to” Amethyst’ cultivar.

Development of cpSSR markersfor analysis of genetic
diversityin Gladiolus cultivars

12 novel microsatellite (cpSSR) markers isolated from
repeatsequences of chloroplastregion of Gladiolus were
developed. A total of 1188 nucleotide sequences of
chloroplast region of Gladiolus were used to search for

simple sequencerepeats and 108 sequences were found to
contain 124 SSRs. Dinucleotide repeat SSRs were most
frequent (94.4%) with the AT/ AT (59.7 %) repeat motif,
followed by TA/TA (31.5%). Assessment of genetic
diversity among 62 commercially important Gladiolus
cultivarswas carried outusing12 SSR markers. Outof12
SSR markers, only sixshowed polymorphism with allelic
variation ranging from 2 to 8. These six SSR markers
revealed high genetic diversity (84.6 %) across different
Gladiolus cultivars. The SCAR and cpSSR markers
developed could be easily employedas valuable tools to
identify newly developed Gladiolus cultivars.

Evaluationof Bixa and Curcuma germplasm collection
for plant improvement.

Anew variety of Curcuma longa L.,named as “ Kesari”
which was released on 8th Feb. 2016 has a specialty of
coldtolerance, with high yield potential (~35 t/hafresh
weight) even under partially reclaimed sodic soil. The
rhizomes of this new variety wereprovided toprogressive
farmers,having mango orchards, around Lucknow.The
field evaluation of 36 Turmeric accessions under sodic
waste land condition of Indo-Gangetic plains for late
senescingand early sprouting,shadeloving, disease free
germplasmwas continuedin the year2016-17.

Seventeen accessions of Bixa were conserved and
evaluated for their growth and quality performanceunder
sodicsoil conditions. Out of these, five accessions showing
betteryield were selected and aresuccessfully being grown
atCSIR-NEIST and CSIR-IIIM, under multi-location trials.
Thepruning experiment was conducted during the year
underreport.

One Bixa selection, havinghigh seed yield and Bixin
contenthas been identified.

Evaluation of performance of biofertilizers and
biopesticides on plants

Phosphatesolubilizingbacteria (PSB) was evaluated
fortheir plant growth promotingattributes on Gladiolus
atdifferentlocationsandshowed promising results. This
PSB based formulation can be taken up for large scale
bioinoculants preparation for not onlyGladiolus butalso
otherfloriculture crops.
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5. Integrated NextGen approachesin health, disease
and environmental toxicity INDEPTH)

Objectives

e  Phytoextraction of arsenicand strategy foroptimizing
low grain arsenic in rice.

e  Tostudy potential microbes involved in soil carbon
sequestration through rice straw decomposition.

e To develop a microbe based strategy for faster
degradation of petroleumhydrocarbons.

Phytoextraction of arsenic and strategy for optimizing
low grain arsenic inrice

A rice variety CN-1794-2-CSIR-NBRI(Muktashree)
exhibitinglow grain Asaccumulation (147 pgkg?)during
Boro cultivation with higheryield (kharif:4.17 th*and
rabi:5.24 tha')was developed undera joint collaboration
between CSIR-NBRIand RiceResearch Station, Chuchura,
Govt. of West Bengal. Thiswas further approved by State
Variety Release Committee for WestBengalon Jan.15,2016.
The variety is being approved for cultivation in arsenic
affected areas of Bengal following successful multi-
locational field trials.
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Lowering of arsenic uptake by cultivating crops with
arsenicaccumulators

Threeknown hyperaccumulators viz. Pteris vitata,
Phragmites and Vetiver wereplanted along withriceand
wheatin the plotsin As (50 mgkg?) contaminated soil.
Thesoil arsenic was reduced when accumulators were
grown with rice. Reduction of 56 to63 % arsenic level in
thesoil was achievedin rice and wheatplants cultivated
with Phragmites respectively.

Potential microbes involved insoil carbonsequestration
throughrice straw decomposition

After a wide screening of microbial strains, a
microbial formulation consisting of three Trichoderma and
one Bacillus strain was formulated for in situ application
in the fields having remains of rice stubble (~1feetlong).
Application of the formulation resulted in faster
degradation of rice straw in thefield cultivated with wheat.
Formulation was also found to enhance theproductivity
ofthesubsequent crop, wheat. Analysis of cartbon poolin
terms of oxidizable organic carbon (OOC) showed
enhancedsequestration of OOCinthe plots treated with
microbial formulation with remains of rice stubble.
Similarly micronutrient analysis through ICP-MS was also
found tobe modulatedas compared to control (Fig1).
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Fig. 1. Field application of microbial formulation for enhanced productivity of wheat (A, D); faster degradation of rice straw (B) and

enhanced nutrient pool of the soil (C, E).
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Development of a microbe based strategy for faster
degradation of petroleum hydrocarbons

Twelve different bacterial strains exhibiting faster
degradation ability for high molecular weight, polycyclic
aromatichydrocarbons (PAHs) and alkanes wereisolated
fromoilysludge. Averyhigh concentration (200 ppm)of
fluoranthenewas degraded (74% and 61 %) by Rhodococcus
sp.NJ2 and Pseudomonas aeruginosa PSA5,respectivelyin
10 days of incubation in minimal salt medium (MSM). A
consortium of these two bacteria degraded fluoranthene
by97 % under thesame condition (Fig.2)
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Fig. 2. Biodegradation of fluoranthene by bacteria in MSM

In-vitro degradation of hexacosane (C,.H,,),aHMW
n-alkane, wasstudied inMSMby two bacterial strainsi.e,
Pseudomonas sp. BP10and Stenotrophomonas nitritireducens
E9, isolated from petroleum sludge, in isolation and
combination. The result revealed that Pseudomonas sp.
BP10 and Stenotrophomonas nitritireducens E9 could
degrade83 % of hexacosane (50 ppm) in isolation while
98 % incombination (Fig.3).
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Fig. 3. Degradation of hexacosane by Pseudomonas sp. BP10 and
Stenotrophomonas nitritireducens EO.

Biodegradation of aromatic compound,anthracene
has been investigated by three bacterial strains i.e.
Corynebacterium sp. PSM10, Pseudomonas aeruginosaPSA5
and Rhodococcus sp. NJ2 in vitro conditions in MSM
supplemented with 1000 ppm of anthracene as carbon
source. Highest degradation (94 %) was observed in the
presence of Pseudomonas aeruginosa PSA5, followed by

Corynebacterium sp. PSM10 (84%) and least (78 %) was
contributed by Rhodoaccus sp.NJ2 (Fig.4).
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Fig. 4. Degradation of anthracene in presence of different bacterial
strains

Asignificantinduction of four degradativeenzymes
i.e.catechol 1,2 dioxygenase, catechol 2,3 dioxygenase,
protocatechuate3 4 dioxygenase and protocatechuate 4,5
dioxygenase involved in the degradation process of
anthracene. The highestactivities ofthese enzymes were
recordedinthe case of Pseudomonasaeruginosa PSA5.

Degradation of Total petroleumhydrocarbons (IPH)
insoil spiked with differentconcentrations of crudeoilin
presenceof microbial consortium:

Soil were s piked with different concentration ofcrude
oili.e. 20,30, 40 and 50% (w/w) and were treated with
consortium of bacterialand fungal strains i.e., Psuedomonas
sp. BP10 and Penicillium oxalicum PS10. Microbial
consortiumdegraded maximum49% of TPH when grown
in30% crude oil spiked soil after one month ofincubation.
Rate of degradation decreased with increasing the
concentrationof crude oil (Fig.5).
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Fig. 5. Degradation of Total petroleum hydrocarbons (TPH) by
Microbial Consortium
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6. Probing the changingatmosphere and itsimpacts in
Indo-Gangetic Plains (IGP)and Himalayan Regions (AIM
-IGPHim)

Objectives

e  Impactof Green House Gases (CO, and O,)oncrops
ofIndo-Gangetic plains.

e  Identification of soil microbes related to carbon
sequestration.

Highlights

Response of wheat varieties to elevated carbon dioxide
and EDU treatment

Over the last few decades, human activity has
accelerated atmospheric changes. CO, emissions have
increased by about 80 % between 1970 and 2004. In parallel,
increasing NOx and hydrocarbon emissions haveresulted
inhigher troposphericozone (O,) concentrations. Theeffect
ofrising CO, onplants can bebest studied byusingFree
Air CO, Enrichment (FACE) technology which provides
desired elevated CO, concentration under natural field
condition. Ethylene diurea (EDU) has been used as an
altemativeapproach toevaluate theeffects of O, onplants
in open field conditions. EDU is known to specifically
suppress acute and chronic injury due to O, ina wide
range of plants withoutappreciable effects onits own.
Interestingly, CO, and O, haveopposing effects on plants;
elevated O, typically decreases photosynthesis, growth
and crop yield, whereas elevated CO, typically stimulates
productivity of plants. Evenif emissionrates arestabilized
orreduced, a continued increasein atmospheric CO, is
committed and under current emission scenarios,
background tropospheric O, isalso predicted to increase
in the coming decades. Identifying mechanisms that
improve stress tolerance traits against increased
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background O, with the help ofantiozonant whileenabling
crops to exploit rising CO, for yield enhancement is a
critical step towardsadapting crops to future changing
environments.

Presentstudy was conducted to understand response
of three wheat varieties to elevated carbon dioxideand
EDU treatment. Commonly grown three wheat varieties
PBW343, LOK1 and HD2967 having similar growth
condition, fertilizer requirement and maturation period
wereselected for thestudy. Duringthe study period average
ambient O, concentration was about 60 ppb. Ambient CO,
level was 406 ppmand that of elevated CO,, was about
480 ppm.Plants wereharvestedat3 phases viz, vegetative,
floweringand harvesting.In vegetative phase PBW343
and LOK1 showed decreasein total chlorophyll content
with EDU treatment while HD2967 showed increased
response underambient CO,(@CO,). However when plants
were grown in elevated (eCO,) with EDU treatment all
three varieties showed increased amount of total
chlorophyll. At floweringphaseall three varieties showed
increased chlorophyll contentwith EDU treatmentinaCO,
aswellas in e€CO, condition.In vegetativephasePBW343
and LOK1 accumulated less biomass while HD2967
showedincreased biomass with EDU treatmentin both
CO, conditions. Atflowering phase, PBW343 withEDU
treatmentshowed decrease in biomass grown in aCO,.
LOK1 and HD2967 showed increased biomass with EDU
treatment in both aCO,and eCO, conditions. Similarresults
wereobserved for PBW343 with EDU treatment in eCO,
condition (Fig. 1).

In vegetative phase PBW343 and LOK1 showed
increased MDA content with EDU treatment while
HD2967 shows decreased response in aCO,. However,
when plants were grown in eCO2 with EDU treatment
oppositeresults werefound. Atflowering phase PBW343
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Fig. 1. Effect of elevated CO, and EDU application on total plant biomass of Triticum aestivum cultivars at vegetative and flowering phase
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showed decreased MDA content with EDU treatmentin
controlled as well as eCO, condition. LOK1 and HD2967
show decrease inaCO, condition and increasein eCO,
withEDU treatment.

condition with EDU treatment. In eCO, with EDU
treatment LOK1 and HD2967 showed increased and
PBW343 showed decreased SOD content. In flowering
phase, SOD level increased in LOK1 and HD2967 and
decreased in PBW343 in aCO, with EDU treatment. In
eCO, with EDU treatment PBW343 and LOK1 showed
increased and HD2967 showed decreased SODactivity.

In vegetative phase, SOD activity increased in
PBW343 and HD2967 and decreased in LOK1 inaCO,
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Invegetative phase catalaseenzyme levels decreased
inPBW343 and HD2967 when plants were growneither
inaCO, or eCO, condition with EDU treatment. For LOK1
itslevelincreased inaCO, and decreased ineCO, condition
with EDU treatment. In flowering phase, enzyme level
increasedin PBW343 and LOK1 when plants were grown
either in aCQO, or eCO, condition with EDU treatment.
HD2967 showed decreased enzyme levels with EDU
treatment.

Invegetative phase, Ascorbate peroxidase levels were
decreased in PBW343 and LOK1 and increased in HD2967
with EDU treatment under aCO,. In eCO, LOK1 and
HD2967 showed increased and PBW343 showed
decreased APX enzyme activity. In flowering phase,
enzyme levels increased in PBW343 and LOK1 and
decreased in HD2967 in aCO, condition with EDU
treatment. In eCO, with EDU treatmentall varieties showed
lowerenzymelevels.

In vegetative phase, GRdecreasedin PBW343 and
HD2967 and increased in LOK1 in aCO, condition with
EDU treatment. In eCO, with EDU treatment LOK1 and
HD2967 showed increased and PBW343 showed
decreased GR content. In flowering phase, enzymelevels
decreasedin PBW343 and LOK1 and increased in HD2967
inaCO, and eCO, conditions

Number of spiklets per spikeincreased for all three
varieties with EDU treatmentunder both conditions. Spike
length decreasedin PBW343 andincreased for LOK1 and
HD2967 with EDU treatmentunderambient condition.In
elevated condition with EDU treatment LOK1 showed

decreased while PBW343 and HD2967 showed increased
Spike length (Fig. 2). Number of grains per plant was
increased for all varieties with EDU treatment under
ambientcondition whilein eCO, LOK1 showed decreased
andPBW343 and HD2967 showed increased numberof
grains per plant with EDU treatment. Grain weight per
plant weredecreased for PBW343 and increased for LOK1
and HD2967 underambient condition while in eCO,LOK1
showed decreased and PBW343 and HD2967 showed
increased grain weight with EDU treatment (Fig. 2). naCO,
with EDU treatment, thousand Grain weight (TGW)
increased in PBW343 and LOK1 while it decreased in
HD2967.When EDUwas appliedin eCO,condition, TGW
was decreased in PBW343 and HD2967 while LOK1
showed increased TGW (Fig. 2). No significantchanges
were observed in Harvestindex (HI) of PBW343 in both
growing conditions with EDU treatment. While LOK1
showed decreased HI underambientand no changein
elevated condition with EDU treatment. Decreased HIwas
found for HD2967 in ambient condition with EDU
treatment while increased HI was found in elevated
condition withEDU treatment (Fig.2).

The present study indicated that ozone
concentrations in and around Lucknow city have
increased significantlyaffecting various physiologicaland
biochemical characteristics of wheat cultivars. EDU
application protected plants against harmful effects of
ozone. HD2967 among the selected wheat varieties,
performed better in morphology, physiology and
biochemical response selected forexperiments with EDU
treatmentin eCO, condition.
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7. Plant-microbe and soil interactions (PMSI)
Objectives:

e  Isolation of ACC deaminase producing PGPR from
differentstressed soils in India

e  Expressionandcharacterization of ACC deaminase
genes from PGPR

e  Evaluationof ACC deaminaseproducing PGPR for
plantgrowth promotion under stressed environments
incontrolled conditions and fields

o  Characterizing plant interactions with PGPR ad
viruses

Exotic Pseudomonas spp.and Ochrobactrum sp. from
Volcanic Soil Possess Multiple Plant Beneficial Traits
alongwith Abiotic Stress Tolerance Capabilities

Anattempt was madeto evaluate soil bacteria from
extreme environments of volcano soils based on plant
growth promoting and abiotic stress mitigating
characteristics. The screeningled toeight bacterialisolates,
(NBRISH4,NBRISH6, NBRISH10, NBRISH11,NBRISH13,
NBRISH14, NBRISH16 and NBRISH26) capable of
withstanding stress, namely temperature (up to 45 °C),
salt(up to2M NaCl)and drought(upto60 % Poly Ethylene
Glycol6000) invitro.

Further, the selected isolates were very promisingin
vitro temporal performancewithregardsto their survival
(in terms of colony count), phosphate solubilization,
biofilmformation, auxins, alginateand exo-polysaccharide
production abilities under abiotic stresses i.e. 40 °C
temperature; 500 mM NaClsaltand 250 mM LiCldrought
conditions. In vivo seed treatments of individualselected
bacterium to maize plants resulted into significant
enhancementinroot and shootlength, root andshootfresh
and dry weightandno.of leaves perplant(Fig. 1). Overall,

Fig. 1. Growth representation of Zea mays plant inoculated with
selected isolates. A represent Control; B represent NBRISH4; C
represent NBRISH6; D represent NBRISH10; E represent NBRISH11;
F represent NBRISH13; G represent NBRISH14; H represent
NBRISH16; I represent NBRISH26

the plant growth promoting and abiotic stress tolerance
abilitywas prominentfor NBRISH6 bacterial isolatewhich
was identified as Ochromobactrum sp. using16S rRNA
based phylogenetic analysis (Fig. 2). NBRISH6 having
multiple plant beneficial and abiotic stress tolerance
characteristics can be considered for its application in
agriculture under stress conditions.
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Fig. 2. Phylogenetic relationship based on the 16S rRNA gene
sequences using neighbor-joining method (MEGA 6). The data of all
genera obtained, are from Genbank database. The numbers above
each node on the tree indicates the percentages of bootstrap sampling
derived from 1,000 replications. Bar infers nucleotide substitutions
per nucleotide.

Interaction of Cucumovirus with Gerbera

Maintenance of virus-free Gerbera plants: The
polyhouse grown gerbera (Gerbera jamesonii L.) cultivar
Zingaro plants at CSIR-NBRI, Lucknow were observed to
beinfested with the severeyellow mosaic symptoms.The
infection was confirmed by reverse transcription-PCR
detection method to be of Cucumber mosaic virus (CMV).
The gerbera plants were made free from CMV infection
through floral bud culture method coupled with viralzole
chemical at concentration of 30 mg/1. These CMV-free
plantsare beingpropagated using tissue culture method.
Plants have been multiplied fromthemother cultureand
rootedin Gerberarootingmedia (Fig.3).
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Fig. 3. Rooted and acclimatization of gerbera plants in glasshouse
conditions.

Screeningof invitro regenerated gerbera plants for CMV
persistence

The absence of CMV in in vitro raised plants was
confirmed by reverse transcription-PCR (RT-PCR) method
usingdegenerate primers of CMVwhich amplifies ~0.7 kb
band in infected plants.

Interaction of Potyvirus with Gladiolus

The tissue culture raised Bean yellow mosaic virus
(BYMV)-freegladiolus plants of cultivars Shagun, Tiger
flame, Decisso, Vink’s glory and Aldebaron are being
maintained under culture roomconditions and arealso
being multiplied byclonal propagation inexperimental
plots.

Assessmentof PGPR for induction of growth and disease
(virus)-resistance in gladiolus cultivars

Theplant growth promoting rhizobacteria (PGPR),
Paenibacillus lentimorbus B-30488 (referred as B-30488), was
used to assess its impact on induction of growth and
BYMV-resistancein gladiolus cultivars. The gladiolus
cultivars Tiger flame, Vink’s glory and Aldebaronwere
were grown to 3-4 leaves stages in 12 inches (diameter)

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE
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pots in soil and maintained in glasshouse for further
experiments. AB-30488 cell sus pension was used todrench
potsoil twice atweekly interval. Morphological analysis
showed that B-30488 inoculation of soil significantly
enhanced the plant vigour in terms of shoot length, shoot
thickness, fresh weight and dry weight of plants as
compared to mock (buffer)inoculated plants.

Paenibacillus lentimorbus inoculationenhances tobacco
growth and extenuating the virulence of cucumber
mosaicvirus

Previous studies with Paenibacillus lentimorbus B-
30488, a plant growth promoting rhizobacteria (PGPR)
isolated from cow’s milk, revealed its ability to improve
plantquality under normalandstress conditions. Present
studyinvestigatesits potential as a biocontrol agentagainst
an economically important virus, Cucumber mosaicvirus
(CMV),in Nicotiana tabacum cv.White Burley plants and
delineates the physical, biophysical, biochemical and
molecular perturbations due to the trilateralinteractions
of PGPR host-CMV.Soilinoculation of B-30488 enhanced
the plant vigor while significantly decreased thevirulence
andvirus RNAaccumulation in systemic leaves of CMV
infected tobacco plants as compared to the control ones.

Histology of theseleaves revealed improved tissue
healthandleastagingsignsin B-30488 inoculated tobacco
plants, with or without CMVinfection, and showed lesser
intercellular spaces between collenchyma cells, reduced
amountof xyloglucansand pectins in connectingprimary
cells,and higher polyphenol accumulation in hypodermis
layer extending tocollenchymacells (Fig.4).

These improvements led tobacco plant to produce
more flowers and seeds with no negative impact on plant
health.The presentstudy may advocate the applicability
of B-30488 for crop yield improvementin virus infested

areas.

Fig. 4 Histological analysis of stem tissue of N. tabacum plants showing effect of PGPR in presence and absence of CMV. (a) Healthy
collenchyma cells are observed in control, B-30488 and CMV+ B-30488 treatments while CMV infection caused shrinkage of the cells altering
the intercellular space (shown by the arrows) and thickened cell connecting corners (b) Stem tissue showing polyphenol accumulation in

hypodermis layer (shown by arrows).
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8. S&T interventions tocombat malnutrition in women
and children

Objectives:

e  CSIR-NBRIproduct(Nutrijam) havinghighnutrient
value particularly micronutrients, vitamins and
minerals will be taken to the selected Tech-villages
and villages.

e  Distribution of the product (Nutri-Jam) inselected
villages among women & children suffering from

malnutritionand monitoring for the improvementin
health.

e  Disseminationof knowledge abouttheuse oflocal/
traditional fruits, vegetables, cereals to combat
malnutrition through imparting training, publishing
manuals, leaflets and posters.

e  Preparation,Qualitycontrol and scientificevaluation

studies of the CSIR-NBRIproducts will becontinued
tomaintain batch tobatch consistency of the products
inpilotscale.

The CSIR-NBRI nutritional product, “Nutri-Jam”
(IPR covered videapplicationno. 2506 /DEL/2004)was
providedto undernourished women and children. The
product was distributed to the selected individuals of
Dafedarka Purva villageof Barabanki district, Daun village
of Unnao and Tulsipurvillage of Amethi district.Several
visits each of Dafedarka purva, Tulsipur and Daun village
were conducted. Feedback from the selected 60, 58,169
individuals from Daun, Tulsipurand Dafedar Ka Purva
respectively were taken. Based on BMlI of individuals it
wasconcluded that afterconsumption ofthe productthe
BMlIof the individuals was found to be increased which
indicate positive impact on the health of selected
individuals.
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9. Root biology and its correlation to sustainable plant
development and soil fertility (RootSF)

Objectives:

e  Generationof soil metagenomic map of agricultural
area of the state of Uttar Pradesh for improvingsoil
productivity under normal and abiotic stressed
conditions.

e  Study of developmental changes in root system
architecture (RSA), morphology and physiology of
riceand chickpea roots growing under normaland
stressed (less water forriceand drought forchickpea)
soil conditions.

e  Study ofthe effectof plant growth promotingbacteria
on rice and chickpea root development and its
mechanism of action under normal and stressed
(drought) soil conditions;

e  Understanding signaling cross-talk during root
development.

Improvement in Agrobacterium-mediated transfor-
mation of chickpea (Cicer arietinum L.) by the inhibition
of polyphenolics released during wounding of
cotyledonarynode explants

Agrobacteriumrmediated transformation ofchickpea
(Cicer atietinum L.)was performed usingcotyledonarynode
explants (CNs), which release phenolics upon excision

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

that are detrimental to the viability of Agrobacterium
tumefaciens and resultin low transformation frequency.
Twelvelow molecularweight phenolic compoundsand
salicylic acid were identified in theexudates released upon
excision during the preparation of cotyledonary nodes by
reversephase high-performanceliquid chromatography
(RP-HPLC). Zone inhibition assays performed with the
explant exudates released at periodic intervals after
excision showed the inhibition of A. tumefaciens.
Agroinoculation of freshly excised cotyledonary nodes of
chickpea showed 98-99 % inhibition of colony forming
units (cfu). Osmium tetraoxidefixation of excised tissues
showed enhanced accumulation of phenolicsin the sub-
epidermalregions causing enzymaticbrowning, affecting
theviability and performance of A. tumefaciens for T-DNA
delivery. The periodic analysis of exudates released from
excised CNs showed enhanced levels of gallic acid,
chlorogenicacid, and quercetin, which weredetrimental
to A. tumefaciens. Quantitativeassays and theelution profile
showed the maximumleaching of phenolics, flavonoids,
and salicylic acid immediately after the excision of
explants and continued till 4 to 8 h post-excision. Pre-
treatmentof excised explants with inhibitors of polyphenol
oxidaselike L-cysteine, DTT,and sodium thiosulfatebefore
co-cultivation showed the recovery of A. tumefaciens,cfu
decreased the accumulation of phenolics, andimproved
transformation frequency (Fig. 1). Our results show the
hypersensitive response of excision stress for the

Fig. 1. Histochemical determination of phenolics in chickpea CN by osmium tetraoxide post-fixation method. a T.S. of freshly excised
explant. b Overnight pre-incubated explants. ¢ Explants soaked for 1 h in water and then pre-incubated on MS semi-solid medium. d L-
cysteine (100 mg/1). e Sodium thiosulfate (100 mg/1) and f DTT (100 mg/1) treated explants, respectively. Histochemical GUS assay in CN
explants. g Control explant, h freshly excised explant, and i explant treated with L-cysteine
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expression of defenseresponse-related genes and synthesis
of metabolites in grainlegumechickpea againstpathogen
infestation including Agrobacterium.

Characterization and functional validation of two
scaffold attachmentregions (SARs) from Cicerarietinum

Alibrary of SARs has been prepared fromchickpea
bylllumina sequencingof DN A fragments thatco-isolate
with the nuclear scaffold by lithium diiodosalicylate
treatment. Seven fragments were screened on the basis of
SARassociated motifs and theirinteractions were tested
with the nuclear scaffold of chickpea by in vitro binding
assay.SAR 1andSAR 2 bind stronglyin comparison to
otherSARs to the nuclearscaffold of chickpea and tomato

during invitro binding assay. To investigatethe effect of
SARs on transgene expression and variation among
transformants, NBRI 1.1 (harbouring GUS expression
cassette with single SAR1 fragment), NBRI2.1 (withsingle
SAR?2 fragment)and NBRI12 (withtwo SAR1 fragments)
vectors were prepared for plant transformation and
transgenic tomato plants were developed, plants
transformed with pBI121 functioned as a control. The
enzymatic activity of GUS increased 9.52fold in NBRI2.1,
17.82 fold in NBRI1.1and 51.4 fold increase in NBRI1.2
incomparison topBI121.Chickpea was transformed with
NBRI 1.2 and pBI121, where GUS enzymatic activity
increased 13.789 fold in NBRI1.2in comparison topBI121

(Fig.2).
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Fig. 2. a PCR amplification of uidA gene of TO transgenic plants of chickpea transformed with different chimeric constructs. i pBI121 and ii
NBRI 1.2. GUS histochemical assay. The chickpea leaves of eight randomly selected independent TO transgenic events developed with
chimeric construct. b pBI121. ¢ NBRI 1.2 showing GUS expression. d Quantitative GUS expression by fluorometric assay of TO transgenic

chickpea plants developed by different chimeric constructs.
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Elucidation of complexnature of PEG induced drought-
stressresponse inrice root using comparative proteomics
approach

Along with many adaptive strategies, dynamic
changes in protein abundance seem to be the common
strategy to cope up withabiotic stresses which can bebest
explored through proteomics. Understandingofdrought
responseisthe key to decipherregulatory mechanism of
betteradaptation. Rice (Oryza sativaL.) proteomerepresents
a phenomenal source of proteins that govern traits of
agronomicimportance, such as drought tolerance. In this
study, a comparison of root cytoplasmic proteome was
donefora droughttolerantrice (Heena) cultivarin PEG
induced droughtconditions. A total of 510 protein spots
wereobserved by PDQuestanalysis and 125 differentially
regulated spots were subjected for MALDI-TOF MS-MS
analysis outof which 102 proteinspots identified which
further led to identification of 78 proteins with a significant
score (Fig. 3). These78 differentially expressed proteins
appeared to beinvolved in different biological pathways.
Thelargest percentageof identified proteins are involved
inbioenergy and metabolism (29 %) and mainly consists
of malate dehydrogenase, succinyl-CoA, putativeacetyl-
CoAsynthetase, and pyruvatedehydrogenase. Thiswas

Control
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followed by proteins related to cell defense and rescue
(22%) such as monodehydroascorbate reductase and
stress-induced protein stil,followed by protein biogenesis
and storage class (21 %)e.g putative thiaminebiosynthesis
protein, putative beta-alanine synthase, and cysteine
synthase. Further, cellsignaling(9%) proteins likeactin
and prolyl endopeptidase, and proteins with
miscellaneous function (19 %) like Sgtl and some
hypothetical proteins represent a large contribution
towards drought regulatory mechanism in rice. We
proposethat protein biogenesis, cell defense, and superior
homeostasis mayrender better drought-adaptation. These
findings might expedite thefunctional determination of
thedrought-responsiveproteins and their prioritization
aspotential moleculartargets for perfectadaptation (Fig.
4).

Physiological performance of two contrasting rice
varietiesunder waterstress

Tworice varieties PR-115and Super-7 wereimposed
to water stress and different physiological traits were
monitored to evaluate the performance of these varieties
under drought. Underwater stress condition although the
relative water content, osmotic potential, chlorophyll
content, photosynthesis rate, carbon discriminationand
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Fig. 3. 2-DE analysis of root proteome of rice. (A) Rice plant showing different stages of drought. (B) Proteins were extracted from rice root
tissue and equal amounts (250 pg) of proteins were separated by 2-DE as described in Materials and Methods Section. (C) Three replicate
silver-stained gels for each stage were computationally combined using PDQuest software and one representative master standard gel image

was generated.

SUPRA-INSTITUTIONALNETWORK PROJECTS

125



ANNUALREPORT 2016-2017

Ghucose-6-F

|esra
IIFruc‘bu:-e-E—P‘ MADP
FFE
Ll 1
Fruciose-1,6-bis-F &k i pnap
';i'F aLD 1 r
1
GAPDH NAD
T
1,3-bis-PGA . Ha0 +00;
PGK Methylghyoeal = PO3
Ceri POA |_- L
ne
sar] “:Jm Henmiiscetal
. 1
O-acetyl Serines ima | :
. L}
‘|':I B] \\\ ":TP LacHc acldl
Cysteln -
o 4%‘\\ P‘I'ru-:-ut:""ff t
Cystathiane " e LIS Breughl Induced proteins .
] | JEIRHE - [N iy .
Hemacyesine eyl Co *  Cosi — — ' Lignification and
B Tnlamowtts Citrate dem eac | Uwiee | suberization
R LU % o . 0 - cfcall wall
SAM 5 L e mll.‘u == e =
AR o Isocitrate e
I I[ TCA il - M wl - W 1" e
L-methiorine = iu:m HIE HE DL EE 0
Fumarate cycle - ketoglutacte
(1]
-y -u”'“ \ i" \ v
Sctinate Saucdinyl-loA
R -~ Ind sceddrou gh
- tolerance

Fig. 4. Nlustration of role of differentially regulated proteins involved in different pathways in rice for sustaining during drought stress.
Proteins engaged in carbon breakdown, protein synthesis and ROS pathway are displayed on the corresponding metabolic pathways. Graphs
are the representatives of expression profile of individual protein and number given below in each graph indicates the protein identification
number

antioxidantand itincreased alongwith total phenolicand
anthocyanin contentin both the varieties under drought
stress. However, gallic acid, 4 hydroxy benzoic acid,

biomass decreased in both the varieties, however, the
reductionwas more pronouncedin Super-7 variety (Fig.
5). Oryzanol a trans-ester of ferulic acid functions as
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Fig. 5. Net photosynthesis rate (A), stomatal conductance (B), transpiration rate (C), and water use efficiency (D) in leaves of PR-1115 and
Super-7 varieties at 0, 1st 4", 7" and 10" day of drought. Data showed as average + standard deviation of five samples
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syringic acid and chlorogenic acid showed differential
pattern in both of the varieties under water limiting
conditions. Under drought, grainyield was penalized by
17and 54 % in PR-115andSuper-7 varieties, respectively
incomparison towatered plants.Super-7 varietyshowed
pronounced electrolyte leakage and malondialdehyde
enhancement under water stress condition. High non
photochemical quenchingand reductioninnon-regulated
energy dissipation and Photochemical quantum yield of
photosystem Ilindicated balanced energymanagement
in tolerant PR-115 variety. The studies showed that PR-
115isa droughttolerantvariety while Super-7is drought
sensitivein nature.

Unraveling aspects of Bacillus amyloliquefaciens
mediated enhanced production of rice under biotic stress
of Rhizoctonia solani.

Rhizoctonia solani is a necrotrophic fungi causing
sheath blightin riceleadingto substantial lossin yield.
Excessive and persistentuseofpreventive chemicals raises
human health and environment safety concerns. As an
alternative, use of biocontrol agents is highly

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

recommended. In the present study, an abiotic stress
tolerant, plant growth promotingrhizobacteria Bacillus
amyloliquefaciens (SN13) is demonstrated to act as a
biocontrol agent and enhanceimmune responseagainst
R. solani in rice by modulating various physiological,
metabolic, and molecular functions (Fig. 6). A sustained
tolerance by SN13 primed plantover a longer period of
time, post R. solani infection maybe attributed to several
unconventional aspects of the plants” physiologicalstatus.
The prolonged stress tolerance observed in presence of
SN13 is characterized by (a) involvement of bacterial
mycolytic enzymes, (b) sustained maintenance of elicitors
to keep the immune system induced involving non-
metabolizablesugars suchas turanosebesides theknown
elicitors, (c)a delicatebalanceof ROS and ROSscavengers
through production of proline, mannitol, and arabitol and
raresugars like fructopyranose, B-D-glucopyranoseand
myoinositol and expression of ferric reductases and
hypoxia induced proteins, (d) production of metabolites
like quinazoline and expression of terpene synthase, and
(e) hormonalcross talk. As thenovel aspectof biological
control this study highlights the role of rare sugars,
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Fig. 6. (A) Biocontrol efficacy of Bacillus amyloliquefaciens (SN13) against Rhizoctonia solani (R. solani) in dual culture method (I) and broth
conditions (II) (primary axis) SN13 growth, (secondary axis) R. solani biomass. (B) Effect of SN13 on plant growth and biocontrol of rice
sheath blight (a) 45 dpi (b) close view of lesion development in RS and SN13 + RS at 15 dpi. CON, control; SN13, biocontrol agent; R. solani,

pathogen; dpi, days post infection.
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maintenanceof hypoxicconditions,and sucrose and starch
metabolism in B. amyloliquefaciens (SN13) mediated
sustained bioticstress tolerance in rice.

Physico-chemical condition optimization during
biosynthesis lead to development of improved and
catalytically efficient gold nanoparticles

Biosynthesis of nanoparticles has gained great
attention in making the process cost-effective and eco-
friendly. In thepresentstudy, gold nanoparticles (GNPs)
ofvarious shapes and sizes were obtained by modulating
different physical parameters using Trichodermaviride
filtrate (Fig. 7). The particles were characterized on the
basis of visual observation,dynamiclight scattering, UV-
visible spectroscopy, transmission electron microscopy,
fourier transform infrared spectroscopy, and X ray
diffraction. While the size varied from 2-500 nm, the
shapes obtained were nanospheres, nanotriangles,
nanopentagons, nanohexagons, and nanosheets.
Changingthe parameters such as pH, temperature, time,
substrate,and culturefiltrateconcentration influenced the
sizeand geometry of nanoparticles. Catalytic activity of
the biosynthesized GNP was evaluated by UV-visible
spectroscopy and confirmed by gas chromatography-mass
spectrometricanalysis for theconversion of4-nitrophenol
into4-aminophenol which wasstrongly influenced by their
structure and dimension. Common practices for
biodegradation are traditional, expensive, require large
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amount of raw material, andare time taking, Controlling
shapes and sizes of nanoparticles could revolutionize the
process of biodegradation (Fig.8).
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Fig. 8. Overall graphical abstract illustrating diverse shapes
biosynthesized GNP and its ability to degrade 4-nitropdhenol into 4-
aminop henol.

Arsenic tolerant Trichoderma sp.reduces arsenic induced
stressin chickpea (Cicerarietinum)

Toxic metalloids including arsenic (As) canneither
beeliminated nor destroyed from environment; however,
they canbe converted from toxic to less / non-toxic forms.
The form of As species and their concentration determines
its toxicity in plants. The microbe mediated
biotransformation of As is crucial forits plantuptake and
toxicity. In the present study the role of As tolerant
Trichoderma in modulating As toxicity in chickpea plants
was explored. Chickpea plants grownin arsenatespiked

soil under greenhouse conditions were
inoculated with two plant growth
promoting Trichodenna strains, M-35 (As
tolerant)and PPLF-28 (Assensitive). Total
As concentration in chickpea tissuewas
comparable in both
the Trichoderma treatments, however,
differences in levels of organic and
inorganic As (iAs) species wereobserved.
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Fig. 7. Schematic diagram representing mechanism of formation of gold nanoparticles

of different shapes and sizes under different reaction conditions.

morphology.Down regulation of abiotic
stress responsive genes (MIPS,PGIP, CGG)
intolerant Trichoderma + As treatmentas
compared to As alone and sensitive
Trichoderma + As treatment alsorevealed
thattolerantstrain enhanced the plant’s
potential to cope with As stress as
compared tosensitive one. Considering the
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bioremediationand plantgrowth promotion potential, the
tolerant Trichoderma may appear promising for its
utilizationin Asaffected fields for enhancingagricultural

productivity (Fig. 9).
The functional validation of GheCAMTA and NAC2

genes in chickpea in response to water stress. Our aimis
todevelop drought-tolerantchickpea

Chickpea seeds of variety P-362 were surface
sterilised and allowed to germinate for seven days. The
cotyledonarynodes (CNs)were prepared using 17-19 days
old germinated seedlings. The excised CNs was pre-
conditioned for 24 hin the culture roomon MSmedium
supplemented with 1 mg/1 BAP. After 24 h,the CNswas
co-cultivated with Agrobacterium harbouring the CAMTA
gene for drought tolerance. The shoots were allowed to
develop on shoot elongation mediumin the presence of
hygromycin for15 days.Theshoots surviving theantibiotic
selection regime were sub-cultured on medium
supplemented with silver nitrate for further elongation.
The selected shoots were grafted intoseedling stocksand
allowed to grow for15days in plasticcups in ahardening
chamber. After15 days,theplants were transferredinto a
growth chamber. Later the plantlets were transferred to
pots filled with soil and farmyard manure under

Fig. 9. Transverse section of chickpea stem, (A) TO,Un-inoculated control (B) T1, sensitive Trichoderma,
(C) T2, tolerant Trichoderma (D) T3, As alone (E) T4, sensitive Trichoderma + As (F) T5, tolerant
Trichoderma + As. e - epidermis; c - cortex; sc - sclerenchymatous cells; p - phloem; x - xylem; H - healthy

cells; S - shrunken cells. Magnification: AeC (10X), DeF (20X).
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glasshouse conditions for pod development.

Functional Characterization of PGPRinduced rice gene
in Arabidopsis

Oneofabiotic stress related genes, ie, stress,ripening
gene (OsASR6, LOC_Os01g73250) was found to be up-
regulated (five folds) by PGPR treatmentin riceroots. To
examine the potential role of OsASR6 in plant
development, heterologous expression in Arabidopsis
thalianawas carried out. 549 bp long OsASR 6orf was cloned
inplantexpression vectorand then used for Arabidopsis
transformation. Out of seven transgeniclines, progeny test
of three transgenic lines showed segregation ratio of 3:1
(resistance: susceptibility to kanamycin), suggesting a
single copy insertion of the transgene. These lines were
analyzed for OsASR6 transcript through real-timePCR,
andalmostequal expression level of OsASR6 was found
infullyexpanded leaves of T3 generation plants. Os ASR6
expressed constitutively in different plant parts in
Arabidopsis transgenic lines. Further progenies were
checked for various phenotypic analyses. Thetransgenic
Arabidopsis plants expressing OsASR6 showed better
plant growth with respect to control. Transgenicplants
were 34.7% taller compared to control plants with an
average heightof 32.243.2 cmand leaves were longer by
69.1% as compared to
control leaf. Roots of fully
grown plants were longerin
transgenic plants with
increasedroot density than
control plants. Root hairs
b alsoincreased in transgenic
& roots compared to control
when observed under a
stereomicroscope. The
transgenic plants showed an
increasein root dry weight
and a 78% increase in dry
shootweight. Theincrease
in theroot growth and the
root density of transgenic
plants suggests that the
transgenic plants mightbe
more capable of searching
for nutrition and water in
the soil in deficient
conditions. Further workon
transgenic lines is under

progress.
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PATENTS GRANTED
Sl Title Inventors Application Country and  Patent No.
No. No. grant date
1. A gene for inducing male Sawant S, Tuli R, Singh 2009321261 AU/14/07 /2016 2009321261
sterility in plants SP
2. Allium fistulosum Leaf Singh PK, Rai P, Singh R, 14 /368443 Us/17/01/2017 9545107
Agglutinin Protein, its Encoding Upadhyay SK, Sharad S,
Gene, Primer and Process for Singh H, Verma PC,
Preparation Thereof Chandrashekhar R, Tuli R
PATENTS HLED
S. Title Inventors Country Filing Date/NF No.
No.
1. Amethod for productionof = SawantSV, TripathiRK  US (USA) 08/04 /2016/ 0092NF2013/ US
transgenic cotton plant and Idris A BR (Brazil) 11/04/2016/0092NF2013/BR
AU (Australia) 11/04/2015/0092NF2013/ AU
2.  Novelreversible expression ~ Sawant SV, Singh SP WO 18/04/2016/0174NF2014/ WO

system for transgene
expression in plants

3. Herbal Composition for the =~ Nautiyal CS, Rao ChV, LK (Sri Lanka) 08/09/2016/0097NF2014/LK

Management of Diabetes Ojha SK, Rawat AKS, MY (Malaysia)  08/09/2016/0097NF2014/ MY
Mani D, Pal A, Kumar D
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CSIR-NBRI PARTICIPATION IN TRAININ GS/EXHIBITIONS/WORKSHOPS/FLOWER SHOWS

S.

No.

N

on | ©1l | = =2

N

10.
11.
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13.
14.
15.
16.
17.

Event Details

Bougainvillea Festival

Creating livable planet earth

Exhibitions in Agri-Tech India 2016
HR Group Meet
Tech-Exhibition 2016

District level science exhibition and
competition

Post-Harvest Expo -2016
National Children Science Congress - 2016

CSIR Platinum Jubilee Techno-Fest under
36th India International Trade Fair

India International Science Festival - 2016
104th Indian Science Congress

Innovation Festival 2017

Kisan Mela

State Flower Show 2017

Nagar Nigam Flower Show 2017
Udyanotsav - 2017

Micro, Small and Medium Enterprises
(MSME) Trade Fair

Venue

IARI, New Delhi

Dr. APJ] Abdul Kalam Memorial
Youth Conclave, Lucknow

BIEC, Bangalore

HRDC, Ghaziabad

Vigyan Bhawan, New Delhi
CMS, Gomti Nagar, Lucknow

Integral University, Lucknow

Pioneer Montessori School, Eldeco,
Lucknow

Pragati Maidan, New Delhi

CSIR-NPL, New Delhi

Tirupati, Andhra Pradesh
Regional Science City, Lucknow
CSIR-CIMAP, Lucknow

Raj Bhawan Garden, Lucknow
E-park Mahanagar, Lucknow
Rashtrapati Bhawan, New Delhi
Bhubaneswar, Odisha

INDIVIDUALTRAINING/WORKSHOP ATTENDED

Name of Person (s)

Dr. RN Gupta
Technical Officers

Dr. PK Srivastava

Subject of Training Course
Managerial effectiveness for

Certificate course for NABL

Assessor ISO/IEC 17025:2005

Dr. Lal Bahadur

Diversification

Mr. SK Sharma and
Dr. S Singh

Dr. Charu Lata

societies

scientists and officers

Dr. Lal Bahadur and Workshop on “Art of

Mr. Y Misra

Date

April 01-03, 2016
July 26-27, 2016

August 26,2016
September 01, 2016
September 26, 2016
October 22, 2016

November 12, 2016
November 13-14, 2016

November 14-27, 2016

December 06-12, 2016
January 3-7, 2017
January 23-25, 2017
January 31, 2017
February 25-26, 2017
March 4-5, 2017
March 10, 2017
March 5-11, 2017

Agro-Ecotourism - An Emerging
Enterprise for Agricultural

Science and technologies for rural

Work-life balance for women

Organizer/Place Date/Period
CSIR-HRDC, Ghaziabad September 28-
30,2016
NITTR, Chandigarh October 17-21,
2016
ICAR-Central Coastal October 30 -
Agricultural Research November 09,
Institute, Ella, Old Goa 2016
Indian Institute of Public November 07-
Administration, New Delhi 11,2016

HRDC, Ghaziabad

Public CSIR-HRDC, Ghaziabad

Speaking and Technical Writing”

December 21-23,
2016

April 11-13, 2016

HUMANRESOURCE DEVELOPMENT
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A
Zet
SI. Name of Person (s)  Subject of Training Course Organizer/Place Date/Period
No.
7.  Dr.GG Sinam Capacity Building for Technical GSIR-HRDC, Ghaziabad July 25-29, 2016
Officers
Uncertainty Measurement as per CIPET, Lucknow September 14-
ISO/IEC-17025-2005 16,2016
8. Dr. KK Rawat Managerial Effectiveness for CSIR-HRDC, Ghaziabad September 28-
Technical Officers 30, 2016
9.  Dr.RC Nainwal Soil Safety and Soil Health: Issues ~ Department of Soil Science & September 27 -
of Concern for Agriculture, Agricultural Chemistry, October 17, 2016
Environment and Human Health  Jawaharlal Nehru Krishi
Vishwa Vidyalaya, Krishi
Nagar, Jabalpur (M.P.)
10. Dr. L Bahadur, Design and Analysis of CSIR-HRDC, Ghaziabad January 18-20,
Scientist and Dr. GG  Experiments 2017
Sinam
11. Dr. P Mishra Sexual harassment of woman at CSIR-HRDC, Ghaziabad January 27-28,
workplace 2017
12.  Dr.S Srivastava and Science and Technology for Rural  Indian Institute of Public February 20-24,
Dr. Poonam C Singh ~ Societies Administration, New Delhi 2017
13. Dr. A Mishraand Dr. Emerging Trends in Science, Indian Institute of Public February 13-17,
Charu Lata Technology and Governance Administration, New Delhi 2017
GROUPTRAINING IMPARTED
S.  Name of the Organization Subject of training No. of Date/Peroid
No. participants
1. Gardeners, High Court, Lucknow Bench ~ Garden Management 09 July 4-18, 2016

July 18-Aug 4, 2016

2. General Public (House wives, teachers, Bonsai Technique 12 September 2, 2016
students and garden lovers)
3.  Family Welfare Centre, AMC Centre and Dehydrated Floral Crafts 50 September 6-7, 2016

College, Lucknow and Bonsai Technique

4, Farmers of Lucknow, Unnao, Sitapur and Betelvine Cultivation 40 September 7, 2016
Barabanki districts

5.  General Public (House wives, teachers, Home gardening 18 September 19, 2016
students and garden lovers)

6. General Public (House wives, teachers, Bonsai Technique 90 March 21-23, 2017
students and garden lovers)

7. General Public (House wives, teachers, Dehydrated Floral Crafts 43 March 28-30, 2017

students and garden lovers)

StudentTraining Imparted

Fifty Four post-graduate students of different universities/ institutes were imparted training on various topics of
their interest, during April 2016 to March2017. Asum of% 8,76,000.00 was realized fromthemas training fee.
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HONOURS/AWARDS/DISTINCTIONS

CSIR-NBRI with CSIR-CIMAP SHARED CSIR
TECHNOLOGY AWARD FOR LIFE SCIENCES-2016

CSIRTECHNOLOGY AWARD FOR LIFESCIENCE
2016 was conferred jointly to CSIR-National Botanical
Research Institute and CSIR-Central Institute of Medicinal
and Aromatic Plants, Lucknow for development of Herbal
Composition (NBRMAP-DB) for the Management of
Diabetes Type IL.

CSIR Foundation Day ceremony at New Delhi on September 26, 2016

NBRMAP-DB is a scientifically validated and
standardized herbal formulation developed jointly by
CSIR-NBRIand CSIR-CIMAP, Lucknow. The drughas
beenmarketed by AIMIL Pharmaceuticals (India) Limited,

formulation with immune-modulatory properties and
providesrelief to peoplesuffering from diabetes through
management of blood glucoselevel. Duringa shortspan
ofless than a year, more than onemillion diabetic patients
have been benefited by this formulation throughout the
countrywitha saleofapproximately Rs. 60 crores.Success
of this formulation has given a thrust to cultivation of
medicinal plants and thus value addition to the
agriculturalsector, towards generating employmentand
thereby uplifting thesocio-economicstatus of farmers. This
award inspires researchers engaged in findinginnovative
solutions, for affordable healthcare through the
amalgamation of modernscientific methods,andIndia’s
richtraditional knowledge.

The team CSIR-NBRIincluded former Director Dr.
CS Nautiyal, Dr. AKS Rawat, Dr. ChV Rao and Dr. SK
Ojhaand team CSIR-CIMAPincluded Prof. AK Tripathi
(Director), Dr. DN Mani, Dr. A Pal,and Dr. Dinesh Kumar.
Dr. Harsh Vardhan Hon'ble Union Minister for Science &
Technology & Earth Sciences,Shri Y.S. ChowdaryHon'ble
Minister of State for Ministry ofScience & Technology &
Earth Sciences and Dr. Girish Sahni, DG, CSIR felicitated
theR&D teams on theoccasion of CSIR-Foundation Day
onSeptember 26,2016.

CSIR-NBRI won Gold Award in CSIR Platinum
Jubilee Techno-Fest under36' India International Trade

NERT

utd. 1953

New Delhi-the licensee, under the tradename of BGR-34.

FairunderAgriculture & Floriculture theme in held during
NBRMAP-DB is an anti-diabetic, hypoglycemic

November14-27,2016 atPragati Maidan, New Delhi.
IndividualHonours/Awards/Recognitions

Sl.  Name of the Person(s)
No.

1. Agnihotri P

Award(s)

Prof. Shiv Mangal Singh Smriti Paryavaran Sanrakshan Samman for the year
2015-2016 by Sri Prabhu Devi Vidya Mandir Pratisthan, Lucknow.

Best Reviewer Certificate by the Journal Ecological Indicators.

Awarded with Indo-Australia Early & Mid-Career Researchers Fellowship 2016-
17 for duration of three months at the University of Queensland, Brisbane,
Australia administered by the Indian National Science Academy, New Delhi,
India and supported by Department of Science & Technology (DST), Government
of India.

Rashtriya Gaurav Award for the meritorious services, outstanding performance
and remarkable role by India International Friendship Society, New Delhi on
March 25, 2017 in National Seminar on Economic Growth and National
Integration, New Delhi.

2. BajpaiR
3. Charu Lata

4. Kannaujia R

5. Mishra GK Dr. Dharni Awasthi Award 2016 by International Association for Lichenology, in

the 8th IAL Symposium held at Helsinki, Finland.

Young Scientist Award for the year 2016 for contribution in the field of Agronomy
by the Society for Scientific Development in Agriculture and Technology, Meerut

6. Nainwal RC & Singh D

HONOURS/AWARDS/DISTINCTIONS 147



ANNUALREPORT 2016-2017

Award(s)

Aryabhatt Award 2016 for excellence in Ayurvedic Research, by Association of
Ayurvedic Professionals of North America (AAPNA)

Dr. SK Jain Medal for the year 2015-16 by the Society of Ethnobotanists

A
2o
Sl. Name of the Person(s)
No.
7. Ojha SK
8. Rawat AKS
9. Singh BN

Young Scientist Award of Biotech Research Society of India (BRSI) in recognition
of his significant contributions in the area of Medical Biotechnology

Membery/Editor, Referee, Expert, Reviewer, Judge, etc. (selected, recognized, enrolled, empanelled, nominated)

o Fellow of Indian Botanical Society and Association for Plant Taxonomy

e Evaluator of projects in the executive agency for higher education research,

e Elected Member of the National Academy of Sciences India (NASI), Allahabad, India

e Selected as one of the 20 founding Member/Fellow of the India National Young
Academy of Science (INYAS), New Delhi for a period of five years (April 24, 2015-

e Appointed as an Expert of a Panel ‘for issuing the License to the Unani Pharma
companies for manufacturing the Unani products’ from Unani Directorate, UP,

e Editor of Asian |. Pl. Sci., Intl. ]. Bot.,, Res. J. Med. Pl |. bot. Sci, Pharmacog. |. and J.

External Expert for the monitoring of National Programme for Prevention and Control of
Cancer, Diabetes, Cardiovascular Disease and Stroke (NPCDCS) at District Lakhimpur-
Kheri: A AYUSH Project under Central Research Institute of Unani Medicine, Ministry of

e Member, Research Council, Amity University, Lucknow, Jawaharlal Nehru Tropical
Botanic Garden & Research Institute, Thiruvanathapuram, Integral University,

1.  Asthana AK
2.  Chakrabarty D e Member of Plant Tissue Culture Association (India) 2016
development and innovation funding (UEFISCDI), Romania
3.  Charu Lata
December 31, 2019)
4. Khatoon S
Lucknow
Develop. Biol. Tissue
5.  OjhaSK
Health & Family Welfare.
6. RaoChV
Lucknow, Dr. AP] Abdul Kalam Technical University, Lucknow
e Fellow of National Society of Ethno-pharmacology, Kerela
7.  Rawat AKS

Ph.D.Awarded

Appointed as an Expert of a Panel ‘for issuing the License to the Ayurvedic Pharma
companies for manufacturing the Ayurvedic products’ from Ayurveda Directorate, UP,
Lucknow.

University: Academy ofScientificand InnovativeResearch

1. Mr AmitK. Dey

Biodiversity assessment oflichens and evaluation of their

role asecological indicators in Nagaon district of Assam,
North EastIndia

Guides: Prof. ] Rout, Department of Ecology &
EnvironmentalScience, Assam University, Silcharand
Dr.DK Upreti, Chief Scientist, CSIR-NBRI, Lucknow

University: Assam University, Silchar
2. AmitPal Singh

Modulation of ArseniteInduced Toxicity by Nitric Oxide
andSalicylicAcid in Rice(Oryza sativa L.)

Guide: Dr. RD Tripathi, Retd. Former Chief Scientist,
CSIR-NBRI, Lucknow

(AcSIR),New Delhi.
3.  Mr. Anukool Srivastava

Development of Genetic markers (SSRs,SFPs & SNPs)in
Indian Genotypes of Gossypium herbaceurm and Gossypium
hirsutum

Guide: Dr. S N Jena, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy ofScientificand InnovativeResearch
(AcSIR),New Delhi.

4. Mr. Gaurav Singh

Functional analysis of sterol glycosyltransferase gene
(SGTs)family members of Withania somniferausingartificial
miRNA technology
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Guides: Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Surendra Singh, BHU, Varanasi

University: Banaras Hindu University (BHU), Varanasi
5. Mr.KN Maurya

Study of components of variance and linkage
disequilibriumin a population subjected to biparental
matingin opium poppy (Papaver somniferumL.).

Guides: Dr. S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. Geeta Asthana, Lucknow
University, Lucknow

University: Lucknow University, Lucknow.
6. Ms.Mamta Bhat

Studies on lichen diversity of Rajouri district with
assessmentofimpact of air pollution

Guides: Dr. S Verma, Associate Professor, Centre for
Biodiversity Studies, School of Biosciences and
Biotechnolgy, BGSB University, Rajouri and
Dr.DK Upreti, Chief Scientist, CSIR-NBRI, Lucknow

University: BGSB University, Rajouri
7. ManishaMishra

Guide: Dr. P K Singh, Principal Scientist, CSIR-NBRI,
Lucknow

Effective Control of Bemisia tabaci via strategically identified
biomolecules

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi.

8.  Ms.Manvi Singh

Remediation potential of soil fungi to reduce arsenic
contamination from agriculturalsoils of Uttar Pradesh.

Guides: Dr. RN Kharwar, BHU, Varanasi and
Dr. PK Srivastava,SeniorScientist, CSIR-NBRI, Lucknow

University: Banaras Hindu University (BHU), Varanasi
9. NidhiThakur

RNAi Mediated Suppressionof Vital Genes in Whitefly
(Bemisia tabaci)and Development of Transgenic Plants for
Resistanceto the Pest

Guide: Dr. P K Singh, Principal Scientist, CSIR-NBRI,
Lucknow

University: Academy ofScientificand InnovativeResearch
(AcSIR),New Delhi.

10. Mrs.Nidhi Verma

Geneticcharacterization of indigenous germplasm lines
of opium poppy (Papaver somniferum L.) through

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

morphological, biochemicaland molecularapproaches

Guides: Dr. S Shukla, SeniorPrincipal Scientist, CSIR-
NBRI, Lucknow and Dr.K Yadav, Lucknow University,
Lucknow

University: Lucknow University, Lucknow

11. Ms. Monika Dwivedi

Novel combinations of medicinal plants viz. Piperlongum,
Piper nigrum and Zingiber officinale with known anticancer
agents curcumin and oleanolic acid: Formulation and
evaluation

Guides: Dr. AKS Rawat,Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr.S Paliwal, Banasthali University,
Tonk

University: Banasthali University, Tonk
12. Ms. Nishi Srivastava

Variation in secondary metabolites of Bergenia Ciliata
collected from different altitudes of Himalaya and
explorations of biosynthetic biogenesis pathways of
secondary metabolites of Andrographicpaniculata, Artemisia
annua and Birgenia ciliata

Guides: Dr. AKS Rawat,Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof. AR Khan, Integral University,
Lucknow

University Integral University, Lucknow
13. Ms.Neha Karakoti

Ecophysiologicalattributes of selected lichen species of
Garhwal Himalayas along analtitudinal gradient

Supervisors: Dr.DK Upreti, Chief Scientist, CSIR-NBRI,
Lucknow and Prof. (Mrs.) Kiran Bargali, Kumaun
University, Nainital

University: Kumaun University, Nainital
14. Ms.Rekha Singh

Genetic variability, diversityand stabilityanalysis in grain
amaranth (Amaranthushypocondriacus L.)

Guides:: Dr.S Shukla, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr.Suresh BG, Sam Higginbottom
University of Agriculture, Technology and Sciences
(SHUATS), Allahabad

University: Sam Higginbottom University of Agriculture,
Technology andSciences (SHUATS), Allahabad

15. Ms. Saba Irshad

Botanical, Chemical and Molecular Characterization ofa
Controversial Drug ‘Shankhpushpi” and evaluation of its
antioxidantpotential

HONOURS/AWARDS/DISTINCTIONS
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Guides: Dr. Sayyada Khatoon, Principal Scientist, CSIR-
NBRI, Lucknow and Prof. PK Mishra, Lucknow
University, Lucknow

University: Lucknow University, Lucknow
16. Mr. SK Mandotra

Screeningof potential algalspecies for biofuel production
and optimization of growth conditions for high lipid
accumulation

Guides: Dr. MR Suseela, Retd. Senior Principal Scientist,
CSIR-N BRI, Lucknow and Prof. PW Ramteke, Sam
Higginbottom University of Agriculture, Technology and
Sciences (SHUATS), Allahabad

University: Sam Higginbottom University of Agriculture,
Technology and Sciences (SHUATS), Allahabad

17. Ms. Shweta Singh

Selectionand gamma induced mutation for development
of high yielding superior quality genotypes of Curcuma
longa L.

Guides: Dr. SKTewari, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr.Manjul Dhiman, KLDAV College,
Roorkee.

University : HNBGarhwal University, Srinagar, Garhwal
18. Ms.Syed Saema

Functional characterization of sterol glycosyltransferase
(SGT) L1 gene of Withania somnifera

Guides: Dr. P Misra, Principal Scientist, CSIR-NBRI,
Lucknow and Dr. Iffat Zareen Ahmad, Integral
University, Lucknow

University: Integral University, Lucknow

Ph.D. Theses Submitted

1. Ms. Aarti Kumari

Moleculardetection,characterization of viruses infecting
Canna spp. and development of virus4{ree Canna plants

Guides: Dr. PS Chauhan, Senior Scientist, CSIR-NBRI,
Lucknow and Dr. SK Raj, Retd. Chief Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and InnovativeResearch
(AcSIR),New Delhi

2. Ms.Ameena Siddiqui

Diversity analysis, gene interactions and association
among different traits in Linseed (Linumusitatissimum L.

Guides: Dr. S Shukla, SeniorPrincipal Scientist, CSIR-
NBRI, Lucknow

University: Academy of Scientific and InnovativeResearch
(AcSIR),New Delhi

3. AsmitaGupta

Functional analysis of SIERF6 during Tomato Plant
Growthand Ripening

Guide: Dr. A P Sane, Senior Principal Scientist, CSIR-
NBRI, Lucknow

University: Academy ofScientificand InnovativeResearch
(AcSIR),New Delhi.

4. Ms. Archana Bhardwaj

Design and development of plantspecific model based
SNP pipeline

Guides: Dr. SKBag,Senior Scientist, CSIR-NBR], Lucknow

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi

5. Ms. Astha Gupta

Mappingquantitativetraitlocifortraits related tobiomass
in Ambidopsis thaliana

Guides: Dr. HK Yadav, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi

6. Ms.Chandrawati

Genetic diversity analysis and QTL mapping in linseed
(Linumusitatissimum L.)

Guides: Dr. HK Yadav, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi
7. Ms.Deepali Johari

In-vitro studies on mating system and colonization
potential ofsome threatened Pteridophytes

Guides: Prof. LM Tiwari, Kumaun University, Dr. PB
Khare, Retd. Chief Scientist and Dr. AP Singh, Senior
Scientist, CSIR-N BRI, Lucknow

University: Kumaun University, Nainital
8. Ms. Deepika Lakhwani

Integrating bioinformatics approaches toidentify gene
expression profileand networksregulating fruitripening
inBanana

Guides: Dr. MH Asif, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi.
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9. Mr. Krishna Mohan Rai

Exploring the role of JMJC domain containing histone
demethylases in epigenetetic regulation of cotton fiber
development

Guides: Dr. Veena Pande, Dr. KK pandey, Department
of Biotechnology, Kumaun University, Nainital and
Dr.SV Sawant, Senior Principal Scientist, CSIR-NBRI,
Lucknow

University: Kumaun University, Nainital
10. Mr.Nayan Sahu

Eco-physiological studies of understorywoody species of
tropical moist deciduous forestecosystemof northern India.

Guides: Prof. SS Bargali, Department of Botany, DSB
Campus, Nainital and Dr. S Nayaka, Principal Scientist,
CSIR-NBRI, Lucknow

University: Kumaun University, Nainital
11. Mr. Niraj Singh

Physiological studiesand molecular characterization of
Gladiolus germplasm using molecular markers

Guides: Dr. TS Rana, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. S Tamta, AssistantProfessor,
Kumaun University, Nainital

University: Kumaun University, Nainital

12. Mr.Pankaj KVerma

Functional characterization of arsenic-responsive
glutaredoxingenes ofrice (Oryza sativa L.)

Guides: Dr. D Chakrbarty, Senior Scientist, CSIR-NBRI,
Lucknow and Dr.Veena Pande, Head, Department of
Biotechnology, Kumaun University, Nainital

University: Kumaun University, Nainital
13. Mr.Rajeev Tripathi

Functional validation of SQUAMOSA promoter binding
like (SPL) transcription factorin cotton fiber development

Guides: Dr. Veena Pande, Dr. KK Pandey, Department
of Biotechnology, Kumaun University, Nainital and
Dr.SV Sawant, Senior Principal Scientist, CSIR-NBRI,
Lucknow

University: Kumaun University, Nainital
14. Ms.Reena Yadav

Potentiating the insecticidalactivity of Bt-Cry1Ab toxinin
transgenic tomatoby the co-expressionofa plantserine
proteaseinhibitor

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

Guides: Dr. Veena Pande, Professor, Department of

Biotechnology, Kumaun University, Nainital and
Dr.1Sanyal, Principal Scientist, CSIR-NBRI, Lucknow

University: Kumaun University, Nainital

15. Ms. Ridhi Goel

Bioinformatics of WRKY gene family: Evolution,
Expression and Neofunctionalization inhigherplant

Guides: Dr. MH Asif, Senior Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientificand Innovative Research
(AcSIR),New Delhi

16. SameerDixit

Enhancement of Methanol Production in Tobacco for
BroadSpectrum Insect Resistance

Guide:Dr. Praveen C Verma, Senior Scientist, CSIR-N BRI,
Lucknow

University: Academy ofScientificand Innovative Research
(AcSIR),New Delhi.

17. Ms. Shilpi Singh

Study on Indian bred Bougainvillea through
morphologicaland molecularapproaches

Guides: Dr. RK Roy, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Dr. S Chandra, Assistant Professor,
Kumaun University, Nainital

University: Kumaun University, Nainital
18. Ms.Shikha Verma

Identification and characterization of a novel arsenic
methyltransferase from Westerdykellaaurantiaca isolated
fromarseniccontaminated agricultural soil

Guides: Dr. D Chakrbarty, Senior Scientist, CSIR-NBR],
Lucknow and Dr. Veena Pande, Head, Department of
Biotechnology, Kumaun University, Nainital

University: Kumaun University, Nainital
19. Ms. Smrati Srivastava

Spatial and Temporal Regulation of Ripening in Two
Indian Varieties of Mango (Mangifera indiaz)

Guide: Dr.Vidhu Sane, Principal Scientist, CSIR-NBRI,
Lucknow

University: Academy of Scientific and Innovative Research
(AcSIR),New Delhi

HONOURS/AWARDS/DISTINCTIONS
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20. Ms Sujata Misra

Taxonomicreappraisaland genetic diversityassessment
in Indian Luffa Mill. (Cucurbitaceae) through
morphological and PCR-based DN A markeranalyses

Guides: Dr. KN Nair, Senior Principal Scientist, CSIR-
NBRI, Lucknow and Prof.SS Bargali, Kumaun University,
Nainital

University: Kumaun University, Nainital

21. Mr. Surendra Pratap Singh

Novel strategy for developing male sterile plants and
fertility restoration of F1 hybrid through regulated
expression system

Guides: Dr. RRSingh, Department of Botany, Lucknow
Universityand Dr. SV Sawant,Senior Principal Scientist,
CSIR-NBRI, Lucknow

University: Lucknow University, Lucknow
22. TapsiShukla

Understandingarsenic stress responses usingnatural
variation in Ambidopsisthaliana

Guide: Dr. Prabodh K Trivedi, Senior Principal Scientist,
CSIR-NBRI, Lucknow

University: Academy of Scientificand Innovative Research
(AcSIR),New Delhi.

23. Ms. Varsha Srivastva

Cytotaxonomic studies on some threatened and
medicinally important plants from Indian Himalayan
Region.

Guides: Prof. Kumkum Mishra, Lucknow Universityand
Dr. P Agnihotri, SeniorScientist, CSIR-NBRI, Lucknow

University: Lucknow University, Lucknow
24. Mr. Verendra Kumar

To explore the role of histone deacetylases in epigenetic
regulation of fiber development in Gossypiumhirsutum

Guides: Dr. Gauri Saxena, Department of Botany,
Lucknow University and Dr.SV Sawant,Senior Principal
Scientist, CSIR-N BRI, Lucknow

University: Lucknow University, Lucknow
25. Mr. Vikash KYadav

Identification and characterization of long range
chromatin interactions involved in regulation of gene
expression in Ambidopsisthaliana

Guides:Dr. SV Sawant,Senior Principal Scientist, CSIR-
NBRI, Lucknow

University: Academy of Scientificand InnovativeResearch
(AcSIR),New Delhi
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S & T SUPPORT




Information, Publication & Library

Dr.PAShirke, Dr. KN Nair, Dr. CS Mohanty, Mr. Yogendra Nath, Mr. Yogendra
Mishra, Mr. MLKain, Mr. RR Rastogi

Planning Monitoring & Evaluation

Dr.AKGauniyal, Dr. RN Gupta, Mr. VK Gupta

Technology Transfer & Business Development

Dr. AKGauniyal, Mr. VivekSrivastava, Mrs.Swati Sharma, Mr. BL Meena

ICT

Dr. Sudarshan Kumar, Mr. Surjit Kumar, Mrs. Leena WahiGupta,
Mr. PrashantSrivastava, Mr.Devranjan

Essential and Civil Services

Mr. AA Mallick,Mr. VD Tripathi, Mr.LK Srivastava, Mr. Harendra Pal,
Mr. Somanath Swain
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S & T SUPPORT SERVICES

INFORMATION, PUBLICATION & LIBRARY (IPL)

IPL, one of the core S&T support systems of the
Institute, primarily caters to the information needs of
scientists, researchers,students, industrialists, planners,
administrators, and people fromother walks of life on
various aspects of plant sciences and related research
disciplines. With its threeconstituent functional units, IPL
serves as a gateway for science dissemination and as a
knowledgeresource centre for the benefitof awideuser
groups. The main functions of IPL include collection,
collation, publication and effectivedissemination of the
S&T information resources generated by the Institute
through different communication tools,includingprint
and electronic media.

It serves as the principal communication link
between the Institute and its stakeholder groups. It
organizes scientific events, press meets, celebration of
nationaland international days of scientific, technological
andstrategic importance tothe Institute and ournation,
besidesshowcasing the Institute’s publication and other
R& D outputs to the science community and the public
through differentmedia and means.

Its primary function is publication of theresearch
and development outcomes and outputs ofthe Institutein
the form of NBRI News Letter (a quarterly in-house
publication), Annual Report,and otherscienceand popular
books, scientific education materialsincludingbulletins
andcalendars on different themes of topical interests on
plants, environment, biotechnology, agro-technology,
omamentalhorticulture, etc.

Publications: It is one of the major activities of the
division.Following publicationswere ~ brought out
during 2016-2017:

i)  CSIR-NBRI Newsletter,2016,Vol. 43, Nos.2-4 and
2017,Vol. 44,No.1.

ii) EducationalMaterial (Calendar) forthe year2017

was designed and produced, with the theme -
“Bougainvillea-CSIR-NBRI Varieties”.

iii) CSIR-NBRI Annual Report: Annual Report2015-
2016 was compiled and broughtout.It wasreleased
on the occasion of Annual Day of the Institute on
October 25,2016 by Prof. Pramod Tandon, CEO,
Biotech Park, Lucknow and Padmashree Dr. P
Pushpangadan, DG, AIHBPD, Thiruvananthapuram
and Former Director, CSIR-NBRI, Lucknow.

iv) CSIR Annual Report: Progress reporton important
R&D projects was compiled with respect to CSIR-
NBRI, which covered significant contributions of
CSIR-NBRI in the areas of Science & Technology,
HRD activities, Awards and Distinctions, Patents
Filed & Granted and sentto CSIRHQfor inclusionin
the CSIR Annual Report 2015-2016.

Sale of Publications :¥ 14,735/-

Parliament Questions: Forty Fiveparliament questions
received from CSIR HQand otheragencies were answered.

KNOWLEDGERESOURCE CENTRE (KRC)

Thelibrary is the designated Knowledge Resource
Centreofthe Institute and provides services and facilities
tomeet theS&T knowledgerequirement of theR& D Groups
ofthe Institute, University Students, Research Scholarsand
other user groups as well. The KRC operates with the
followingobjectives:

e  To support the learning process of the students
through provision of knowledge/ Information.

e To meet knowledge/information needs of the
scientists and research students to support their
research activities.

e To respond effectively, where possible, to the
knowledge/information needs of the Institute’s
clientele.

Atpresent KRC (Library)is using LIBSYS Software
and all operations of KRC are fully automated. OPAC
(Online Public Access Catalogue)is available to theusers
ontheir desks.

PLANNING,MONITORING & EVALUATION

The Planning, Monitoring and Evaluation Division
of the Institute assist the Director and acts as a liaison
between Director and various R&D groups:CSIR HQ and
otherorganizations. TheDivisionstrives to spearhead the
programmes and projects of various divisions of the
institute from thestageof planning tooutputs of valueto
diversestakeholders. Theactivities ofthe divisioninclude
scrutiny, coordination and evaluation of new research
proposals, monitoring the progress of research projects
and maintenance of repository of R&D projects in both
physicaldocuments as wellas electronic databases.

During 2016-17, 41 Grant-in-Aid/Consultancy
projects were populated in the R&D module as a part of
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LIBRARY HOLDINGS (As on31.32017)

Books & Journals
1. Number of books and journals added during 2016-2017

(i) Books Purchased Nil
(ii) Books received on gratis/ exchange 05
(iii) FAO's Books received 12
(iv) Bound Journals 06
Total number of books added during 2016-17 23
2. Number of books and bound journals as on 31.3.2017 60903
Current Periodicals
(i) Print only 67
(i) Print + Online Nil
(i) Online only 20
(iv) Online received through CSIR consortium (NKRC) on share basis 475
(v) Complimentary/Exchange 14
Total number of Periodicals (titles) received during 2016-2017 576
Database received through CSIR Consortium (NKRC) on share basis 02
Document Delivery Services
Reprography Service 06
Total number of photocopies of documents and scientific publications provided to the scientists of 7300

the Institute during 2016-2017

ERPsolutions for quick online accessibility and usability e

of complete accurateinformation. Newly joined employees
were mapped for thenew projects commenced during the

period underreport. Thenecessaryprojectreceipts ofthe

FY 2016-17 of ongoing projects were processed in the

Centralized Valuable Receipt(CVR).
The major activities carried out during the year

were:

e Prepared CSIR-NBRI Policy and Road Map
Document

e  Prepared Documenton Performance Appraisal Board
(PAB)

e  Mapping of new Contract R&D Projects in R&D
Project Module °

e  Document for renewal of registration for availing
customs /centralexcise duty exemption certificate

e  Technicalmanpowerplanning and humanresource
development.

o  Coordination betweenvarious agencieswithrespect o

toR&D activities

e  Project evaluations of new research proposals @

(through Project Evaluation Committee).

Thenecessary project receipts of theFY 2016-17 of
ongoing projects wereprocessedin the CVR

Database maintenance for R&D projects (in-house,
sponsored,collaborative, Grant-in-aid, Consultancy,
NMITLI, Plan Projects & NetworkProjects)

Organizationof 45" and 46™ Research Council (RC)
meetings held during April 22,2016 and March15,
2017, respectively.

Interfacewith auditors: the division interactedand
provided supportinginformation for submission of
internal and external audit parties of CSIR in the
auditing of R&D projects

Examination,evaluationand processingof indents

Public Financial ManagementSystem (PFMS): Asan
Agency Administrator of PEMS of CSIR-NBRI, details
of all the utilization certificates (UCs) funded by
variousfunding agencies werechecked and approved
in the PEMS portal (https://pfms.nic.in/Users/
LoginDetails/ Login.aspx?ReturnUrl=%2f)).

Processingof foreign deputation cases ofresearchers
for various R&Dpurposes.

The visit of foreign scientists /nationals was
facilitated through ISTAD, CSIR HQ, New Delhi.
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S.  Project Project title Funding Agency Project Co- Duration
No. ordinator/
Investigator
1 MLP 0007  Thebaine-rich opium poppy lines for suitable CSIR Dr.Sudhir Shukla 18 Months w.e f.
cultivation through narcotics department 20-Jul-16
2. MLP 0008 Developmentoflow grain arsenic rice CSIR Dr. Shekhar 18 Months w.e.f.
cultivar for arsenic contaminated areas Mallick 06-Sep-16
3. MLP 0009  Anacardic Acid: A potential molecule to CSIR Dr.Samir V. 18 Months w.e.f.
increase cotton fibre yield and quality Sawant 06-Sep-16
4. MLP 0022 Development of microbial formulations that ~ CSIR Dr.P.S. Chauhan 25 Months w.e .
serve as stress buster and biofertilizer for 10-Feb-17
improving crop productivity in stressed
agriculture
5 CNP3042 Consultancy for improvement of alkaline Rail Coach Factory Dr.S.K. Tewari 07 Months w.e f.
land of Rail Coach Factory (RCF), Raebareli (RCF), Raebareli 11-Apr-16
6. CNP3043  Consultancy study for expansion of Obra Uttar Pradesh Dr. Vivek Pandey 18 Months w.e f.
Thermal Power Plan by addition of 2x660 Rajya Vidyut 06-Jun-16
MW at Obra, Tehsil Robertsganl, District Utpadan Nigam
Sonebhadra, Uttar Pradesh Ltd, Lucknow
I. Assessment of soil health and
recommendation of decontamination
strategies
II. Mitigation of fly-ash contaminated
agriculture soil-technology demonstration for
environmental management.
7. GAP3370 Exploring transcriptional regulators involved SERB, New Delhi Dr. Pratibha Mishra 36 Months w.e f.
in prickle formation in Solanum Khasianum 04-Apr-16
8. GAP3371  Assessment of population dynamics and SERB, New Delhi Dr. Soumit K. 24 Months w.e f.
carbon sequestration potential in conjunction Behera/ Dr. N. 08-Apr-16
with sustainable utilization of some Manika
medicinally important plant species to
expedite conservation goals
9. GAP3372 Monitoring of organochlorine pesticides NASI, Allahabad  Dr. Alok Lehri/Dr. 24 Months w.e f.
(OCPs) pollution of River Ganga at Kanpur, Vandana Singh 01-Apr-16
India
10. GAP3373  Search for elite chemotype(s) of Centella NMPB, Ministry ~ Dr. Sharad 36 Months w.e f.
asiatica and their relationship with of AYUSH, New  Srivastava 17-May-16
ecogeography Delhi
11. GAP3374 Identification of Potential Bioactive Chemical NMPB, Ministry = Dr.Ch.V.Rao 36 Months w.e f.
Marker Compounds and Biological Studies of of AYUSH, New 17-May-16
Gloriosa superba and their geographical Delhi
variations
12. GAP3375 Identification of elite chemotype(s) and SERB, New Delhi  Dr. Sharad 18 Months w.e f.
evaluation of biological properties of essential Srivastava/Dr. 01-Jun-16
oils from Cyperus rotundus Linn. from Priyanka Dhar
different phytogeographical zones of India
13. GAP3376 Investigation of the biological roles of MYB1  SERB, New Delhi Dr.Samir V. 24 Months w.e f.
transcription factor and its regulatory Sawant/ Dr. Pravin 11-Jul-16
microRNAs in secondary cell wall Prakash
biosynthesis in cotton (Gossypium sp.) fibers
14. GAP337/ International consortium for renewableand  INDO-US Science Dr.Sanjeeva 36 Months w.e f.
advanced fuel technologies (i-CRAFT) and Technology =~ Nayaka 25-Jul-16
Forum, New Delhi
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15. GAP3378 To decipher the histone acetylation dynamics DST,New Delhi  Dr. Samir V. 36 Months w.e.f.
regulating the yield and quality of cotton Sawant/ Dr. Amita 08-Aug-16
fiber Dubey
16. GAP3379  Exploration of native endophytic fungi from SERB, New Delhi Dr. Aradhana 24 Months w.e.f.
Bacopa monnieri involved in bacoside Mishra/ Dr. Sumit 08-Aug-16
biosynthesis Kumar Soni
17. GAP3380 Modeling the plant-environment interactions SERB, New Delhi  Dr. Shekhar 24 Months w.e.f.
with particular reference to chemicals for risk Mallick/ Dr. 01-Sep-16
assessment Shikha Gupta
18. GAP3381 Enhancement of solasodine content in shoot = SERB, New Delhi  Dr. Pratibha 24 Months w.e.f.
cultures of Solanum khasianum Clarke through Mishra/ Dr. 17-Aug-16
biotic elicitors and expression analysis of the Archana Prasad
genes associated with solasodine biosynthesis
19. GAP3382 Development of insect resistant chickpea SERB, New Delhi Dr. A.P.Sane/ Dr. 24 Months w.e.f.
lines expressing the crylAc (Bt) gene under a Krishna Kumar 19-Sep-16
strong early acting wound inducible
promoter for improved efficacy of the Bt
toxin
20. GAP3383 Investigation of plant diversity of Nawab Nawab Wazid Ali Dr. Tariq Husain 12 Months w.e.f.
Wazid Ali Shah Zoological Garden, Lucknow Shah Zoological 21-Dec-16
Garden, Lucknow
21. GAP338  Microbial roles in yield management of DBT, New Delhi Dr. AK.S. Rawat 36 Months w.e.f.
scented rice of North-East, India 27-Oct-16
22. GAP338  Seed multiplication of high thebaine lines of =~ Govt. Opium and Dr. Sudhir Shukla 12 Months w.e.f.
Opium Poppy (Papaver sonmiferum L.) at Alkaloids 20-Oct-16
different locations of Rajasthan and Madhya Factories, Deptt. of
Pradesh Revenue Ministry
of Finance, Gol,
New Delhi
23. GAP338  Chemotyping and molecular profiling of NASF, ICAR, New Dr. Sharad 14 Months w.e.f.
bioactive metabolites in Hemidesmus indicus ~ Delhi Srivastava 01-Jan-17
and Costus speciosus, adapted to different
phytogeographical zones and identification of
candidate genes related to metabolic
pathways
24. GAP3387 Studies on role of endophytes in variation of DBT, New Delhi Dr. Sharad Kumar 36 Months w.e.f.
acaricidal properties of two acaricide Srivastava 11-Feb-17
producing plant species NBA22 /F1 and
NBA18/D1 from North-Eastern States
25. GAP3388  Chemical, structural and functional NASF, ICAR, New Dr. AK.S. Rawat 14 Months w.e.f.
characterization of identified anti-tick lead Delhi 01-Jan-17
phytochemicals and optimization of delivery
matrix for effective application of natural
formulation for control of acaricide resistant
ticks
26. GAP3389 Functional Characterization of rice class I SERB, New Delhi  Dr. Debasis 36 Months w.e.f.
Metallothionein (MT) gene family Chakrabarty 06-Feb-17
27. GAP339 Plant Diversity Assessment of Dima Hasao ~ ASBB, Guwahati, Dr. LB. Chaudhary 24 Months w.e.f.
district in Assam Assam 04-Feb-17
28. GAP3391 Assessment of F and Cr in soil, Plants and UPCST, Lucknow Dr. Shekhar 24 Months w.e.f.
water in and around the Unnao region of Mallick/ Dr. 02-Dec-16
Uttar Pradesh Gayatri Singh
29. GAP3392 Role of NPR1 in global nuceosomal SERB, New Delhi  Dr. Samir V. 36 Months w.e.f.
remodeling in Arabidopsis thaliana Sawant 15-Feb-17
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31.

32.

35.

37.

39.

41.

GAP 3393

GAP33%

GAP33%

GAP339%

GAP 3397

GAP 339

GAP 3399

GAP 3400

GAP 3401

GAP 3402

GAP 3403

GAP 3405

Metabolomic analysis for isoquinoline
alkaloids from therapeutically important
genus Berberis L.

Development of consensus genetic linkage
map for Gossypium L. spp. with SNP markers
and QTL analysis for fiber trait

Exploring a novel role of SkMSM1 and
SkR2R3-Myb315-like transcriptional
regulators in the development of prickles of
Solanum khasianum

Biofortification of essential metal nutrients
(Fe, Zn) in Oryza sativa L. through microbes

Exploration of plant diversity in
un/underexplored areas of Manipur and
Nagaland: Inventory, conservation of
threatened and endemic plants, field
germplasm bank and bioprospection of
selected taxa for using as bioresources

Meta-genomic and transcriptomic studies
on Termitomyces growing fungal combs
of termites found in Assam for
bioprospection

Monographic studies on the genus Geranium
with special emphasis on the
phytosociological and conservation status

Programme support secondary plant product
pathway engineering for enhanced
nutritional quality and yield

Combining Proteomics and Transcriptome
sequencing to identify putative RNAi targets

for mealybug (Phenacoccus solenopsis) and
their functional validation

Development of plant based synergistic
natural supplement and its pharmacological

validation to alleviate gouty arthritic
conditions

Molecular Systematics of the Genus Betula L.
(Betulaceae) in India

Studies on microbiome mediated defense
signaling against Bipolaris sorokiniana
(spot-blotch) infestation in wheat

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

SERB, New Delhi

DBT, New Delhi

DBT, New Delhi

SERB, New Delhi

IBSD, Imphal

DBT, New Delhi

SERB, New Delhi

DBT, New Delhi

SERB, New Delhi

DST, New Delhi

SERB, New Delhi

SERB, New Delhi

Dr. Sharad
Srivastava

Dr. Samir V.
Sawant/ Dr.S.N.
Jena

Dr. Pratibha Misra

Dr. Shekhar
Mallick

Dr. SK. Barik (PC)
/ Dr. Tariq Husain
(P)

Dr. TS. Rana

Dr. V.V.Wagh

Dr. PK. Trivedi

Dr. P.C. Verma

Dr. Sharad

Srivastava/ Dr.
Ankita Misra

Dr. TS. Rana

Dr. P.S. Chauhan/
Dr. Sudeep Tiwari

36 Months w.e.f.
06-Feb-17

36 Months w.e.f.
21-Feb-17

36 Months w.e.f.
30-Jan-17

36 Months w.e.f.
03-Mar-17

24 Months w.e.f.
21-Mar-17

36 Months w.e.f.
17-Jan-17

36 Months w.e.f.
15-Mar-17

60 Months w.e.f.
24-Mar-17

48 Months w.e.f.
20-Mar-17

36 Months w.e.f.
22-Mar-17

48 Months w.e.f.
17-Mar-17

21 Months 13
days
w.e.f. 27-Jul-2016
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New projects initiated during 2016-17

Projects in operation during 2016-17
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Deputation of NBRI Scientists/Fellows Abroad
S.N. Name of

Scientist
1. Dr. Alok Lehri  Kathamandu,
Nepal
2. Dr. Pankaj KTH Royal
Kumar Institute of
Srivastava Technology,
Stockholm,
Sweden

3. Dr.D.K. Upreti Sunchon National July 20-23, 2016

University, South
Korea

TECHNOLOGY TRANSFER & BUSINESS
DEVELOPMENT,PATENT,RTI & TRAINING CELL

Technology Transfer & Business Development
(TTBD) division continued its efforts to increase the
business development opportunities for the Institute. The
major activities of the division are:

e Tointeract withindustries,agencies forincreasing
business possibilities for theInstitute.

° Tomake agreements (MoU,MoA, Secrecy Agreement,
Technology Transfer Agreement) for smooth business
activities of the Institute.

e  Negotiations with variousstakeholdersin theR&D
activities of the Institute for exploring business

Country of Visit  Visit Duration

June 18-19, 2016

June 19-23, 2016

Purpose of visit

To attend meeting regarding final assessment
audit of "Instrument Section and Natural
Product Research Lab, Department of Plant
Resources"

To participate and for oral presentation in 6th
International Congress Arsenic in the
Environment - Arsenic Research and Global
Sustainability (AS2016)

To attend an International Symposium and
workshop on '"Lichen Biodiversity in Asia and
Biological Activity of Lichen Bioresources"

Information disseminationabout the technologies of
the Institute for publicity and attracting potential
clients.

Participationin displayingtechnologies /knowhow
ofthelnstitute through exhibitions.

TrainingCell of the division manages short term (3-6
months) training / project work of PG students of
various Universities from all overthecountry, soas
to develop trained manpowerin researchactivities
leading to capacitybuilding.

PatentCell of the division helps in II” protection by
identification of patentable invention, patent
applicationfiling and prosecution of application of

the Institute, patent analysis, prior artsearch and co-
ordinates with IPU division, CSIR HQ, New Delhi,

opportunities. for patentrelated matters.
MoUs/ MoAs/MTAs SIGNED
S. Details Client Date
No.
1. MTA for germplasm of guar (Cyamopsis ICAR - NBPGR, New Delhi April 04, 2016
teragonoloba)
2. Agreement for the project of development DBT, New Delhi May 26, 2016

of F1 hybrid cotton using novel reversible
male sterility system

3 Agreement for the study for expansion of Uttar Pradesh Rajya Vidyut Utpadan June 06,2016

Obera Thermal Power Plant Nigam Ltd., Lucknow

4. MTA for pNIA plasmid for nuclear State University of New York, New June 17,2016
localization York, USA

5. MTA for procurement of germplasm of ICAR - NBPGR, New Delhi June 21, 2016

Lepidium spp., Vitex spp., Aegle marmelos
and Limonia acidissima

6. MTA for procurement germplasm of ICAR - NBPGR, New Delhi June 22, 2016

tomato varieties
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7. MTA for procurement of vectors China Agriculture University and Seoul
National University, Korea through
ADDGENE, USA
8. Agreement for CSIR-NBRI technologies CSIR-TECH Private Ltd., 100 NCL
marketing Innovation Park, DR. Homi Bhabha
Road, Pune
9. Secrecy Agreement for evaluation of Vasundhara Green Dehydration Pvt.
product - Herbi Chew Ltd., Gujrat
10.  Secrecy Agreement for evaluation of UCP Chemicals India Pvt. Ltd., Chennai
Anacardic Acid
11. MTA and Commercial Use Agreement Punjab Agriculture University (PAU),
(CUA) for Whitefly Technology Ludhiana, Punjab
12.  MTA for procurement of germplasm of Indian Institute of Pulses Research,
chickpea Kanpur
13. MOoA for project entitled ‘Genome wide DBT, New Delhi
epigenetic variations’
14.  Secrecy Agreement for Hair Dye KTC Products, Baddi (HP)
evaluation
15. MTA for procurement of seed material of ICAR-NBPGR, New Delhi
Pear] millet
16.  Agreement for technical services Assam State Biodiversity Board, Aranya
Bhawan, Panjabari, Guwahati
17.  MoA for project “To decipher protein DBT, New Delhi
interaction network of TAF4b
18.  Secrecy Agreement for Herbichew Eximburg International Pvt. Ltd., Gujrat
19. MTA for procurement of plasmid ADDGENE, USA

From Donald Danforth Plant Science
Center, USA

August 09, 2016

August 26, 2016

September 20, 2016
September 27, 2016
October 04, 2016
October 25, 2016
November 29, 2016
December 22, 2016
December 26, 2016
January 06, 2017
January 19, 2017

February 07, 2017
February 15, 2017

20. MoU for Academics Purposes

CENTRAL INSTRUMENTATION FACILITY (CIF)
Technical Services Provided and Achievements

Central Instrumentation Facility of the institute,
maintains majorsophisticated equipment’s like GCMS,
IRMS, TDNMR, HPLC-ICP-MS, HPLC,HPTLC,LC/MS,
GLC,AAS, Hash Chromatography, Microwave Digestion
system, Stereo Microscope, Refractometer, Tintometer, and
SCEFE, etc. CIF provides analytical services to various
industries/organization/entrepreneurs/individuals
(External samples) and various scientists/staff of the
institute (Internal samples). The details of external and
internal samples analyzed during reporting period is
given below:

Analyticaltestingservices provided (1* April2016 to31¢
March2017)

No.ofexternal samples analyzedfor : 65
industries/ institutes/ organization
Totalrevenue generated Rs.1,79,391.00
(training+
testing)

Dr. SMNR University, Lucknow

February 23, 2017

No. ofinternal samples analyzed 7888

Participatedin International and
National PT/ILC programme-Total : 3

Entrepreneurs/ individuals : 19
benefited

NABIL-Accreditation

CSIR-NBRIhas been accredited since2008 as per the
requirements of ISO-IEC-17025,2005 from NABL (National
Accreditation Board for Calibration and Testing of

Laboratories), Department of Science and Technologies
(DST),Govt.of India, New Delhi.

Reassessmentaudit has beenconductedin July2016
and the auditreportrecommended continuation of NABL-
accreditation of the Institute up to July 2018, with the
CertificateNo. T-1381.

Area of Scope of CIF-Herbal drugs, Essential oils,
Vegetable oils & Soil
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Information and Communication Technology
CSIR-NBRI Sub-Distributed Information Centre (DIC)

The CSIR-NBRI Sub-DIC was established during
1999-2000, this Centrefacilitates the followingactivities
related to biodiversityinformatics:

e  Establisheda state-of-the-art Ethernetswitch based
networkin CSIR-NBRIand alsothe institute’s website
(www .nbrires.in) for providingglobal access toall
R &D groups and promoteresearch in bioinformatics
&biotechnology.

e  Updatedand upgraded databaseofover 2030 species
of legumes of South Asia covering countries India,
Pakistan, Nepal, Bhutan,Bangladesh,Sri Lanka &
Maldives under theaegis of the International Legume
Database and Information Service (ILDIS), UK.

e Initiated development of database standards,
software’s, digitization of plantdiversity information,
including nomenclature and geo-occurrence.

e  Digitized herbarium of CSIR-NBRI(LWG) and the
virtual herbarium was launched by the Honorable
Minisiter of S&T and Earth Sciences, Dr. Harsh
Vardhanon April 20,2016.

o  Todevelop network and establish linkages with
globalnetworks so as to bring bioinformatics tomany
biotechnologists, traditional botanists and several
Institutions atregional, national and international
level.

EXPOSITION

The Exposition showcases the history and the R&D
activities of the institute in form of posters, models,
photographs and articles. This year the exposition was
visited byseveral dignitaries and Guests of theinstitute.
On thespecial occasions ofNational Technology Day, CSIR
Foundation Day, National Science Day and duringseveral
Out-Reach Programmes of theinstitute the instituteand
the Exposition was kept open for the common public,
school children, collegeand university students, teachers,
scientists, researchers and other academicians toinspire
andmakeaware the visitorwith the research activities of
theinstitute. Several thousands individuals visited the
Expositiononthese opendays.

ENVIS-Center

TheEnvironmental Information System (ENVIS) at
CSIR-NBRlIis focused on Plants and Pollution.

° The ENVIS-NBRI updated its website, databases and
subjectarea paneland developed new databases. The

Centre organized outreach-cum-training

programmes for general public and students. The
Centrehas developedanandroid mobileapplication
onplants for air pollution control. The totalnumber
ofvisits to thewebsite were1222442. Atotalnumber
of177 queries were obtained and answered.

ENVIS-NBRIorganized the followingoutreach-cum-
training programmes during this period.

R

< Orientation-cum-Training Programme on
ENVIS-NBRI by CSIR-National Botanical
Research Institute at National Post Graduate

College (N.P.G.C), Lucknow, on September14,
2016

VL -

ENVIS-NBRIoutreach in India International
Science Festival (ISF-2016) with Vigyan Bharati
atCSIR NBRIon November 11,2016

X3

%
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<  ENVIS-NBRIoutreach during FlowerShowat
CSIR-NBRIonDecember 10-11,2016

< ENVIS-NBRI orientation at Munshi
Raghunandan Prasad Sardar Patel Post
Graduate College, Barabanki on February 11,
2017

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

e  Four Quarterly ENVIS-NBRINewsletters have been
published during 2016-17, viz.,Vol. 12 No. 1: Indoor
AirPollutants; Vol. 12 No. 2:Biomonitoring; Vol.12
No.3:Forest Fire; Vol. 12 No. 4: Carbon Sequestration.

(http:/ /nbrienvis.nic.in/Publication Common.
aspx?Linkld=740)

e  Android Mobile App - Green Planner:

An android mobile application “Green Planner”
covering detailed information on air pollution mitigant
plants has been developed and released at Google Play
Store for different stakeholders (https:// play.googlecom/
store/apps/ details?id=comnbri_csir&hl=en).This Green
Planner App was released by Shri Ajay Narayan Jha,
Secretary, MoEF&CC, Govt. of India in the National
Evaluation Workshop of ENVIS Scheme organized by
MoEF&CC at Gandhinagar, Gujratduring March 17-18,
2017. The “Green Planner” is a database to provide
information on different plants formitigating airpollution.
These plants can beplanted on roadside, road-dividers,
in greenbelts, and in indoorpremises. The plantation of
such locally suitable and pollutant mitigant plants will
help to ameliorate the deleterious effects of differentair
pollutants fromindustrial emissions, vehicularexhausts,
andindoorpremises. The plantlistin the Green Planner
will providethe botanical and commonnames of pollution
tolerantand mitigant plants, their distribution in India
and suitable planting sites along with economic
and ecological benefits as well as other relevant
information.
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EVENTS

S. Date
No.

1. April 82016

2. April 20,2016

3. April 26-28, 2016

4. May 03-04,2016

5. May 11,2016

6. August 15,2016
7.  September 09, 2016

8.  fudsx 1—14, 2016

Salient Feature

Under the CSIR- Rural Development Programme (CSIR-800), CSIR-NBRI organized a
Farmers Interaction Programme (Kisan Mela) on April 8, 2016 at its Distant Research
Centre, Banthra. Seven hundred selected farmers from different villages of Lucknow,
Barabanki, Mau, Sultanpur, Amethi and Unnao districts participated in the
programme.

Dr. Harsh Vardhan, Union Minister for Science & Technology and Earth Sciences,
Govt. of India visited the Institute on April 20, 2016. He addressed the scientists and
staff members and exhorted to think out of box and plan to work towards
development on innovation driven research.

In a major event of the day Dr. Harsh Vardhan, launched "CSIR-NBRI Herbarium
Online" on the CSIR-NBRI website (www.nbri.res.in) and thus making One Hundred
thousand Herbarium collections accessible worldwide.

Dr. Harsh Vardhan appreciated the efforts of scaling up of CSIR-NBRI and CSIR-
CIMAP joint product BGR-34 which has got overwhelming response among Diabetes
Type-II patients throughout India.

Dr. Harsh Vardhan, specifically directed CSIR-NBRI scientists to take up work on
scaling up of "Herbi Chew" on a priority basis as a potentially useful product to
replace the tobacco based Gutka’s currently available in the market, which causes
cancer and other diseases among the citizens.

Dr. Harsh Vardhan visited different plant houses of the Botanic Garden and planted a
sapling of Rakt Chandan.

CSIR-NBRI organized a training programme on “Bonsai Technique” during April 26-
28, 2016. A total number of 16 candidates including housewives, doctors, students and
general garden lovers participated in the programme.

CSIR-NBRI organized a two day training programme on ‘Dehydration of Flower and
Foliage’” at MR Mahila College, Darbhanga, Bihar, during May 3-4, 2016. Teachers and
students of the college participated in the training. The students were imparted hands
on training on dehydration techniques, making artefacts and their maintenance.

CSIR-NBRI celebrated National Technology Day on May 11, 2016. The day was
observed as ‘Open Day’ and large number of students drawn from various local
schools and colleges visited different facilities, viz., Exposition, Herbarium, Library,
Botanic Garden and various R&D Laboratories. Prof. Asis Datta, Distinguished
Scientist and Former Director, National Institute of Plant Genome Research, New
Delhi, was the Chief Guest and delivered The National Technology Day Lecture on
‘Dream to bring science to society’.

INDEPENDENCE DAY

A Cleanliness Drive under Swacch Bharat Abhiyaan was organized on September 09,
2016 at the Botanic Garden of the institute. All the staff members actively participated
in the drive.
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S. Date

9. September 27,2016

10. October 25, 2016

11. November 03-10,
2016

12. November 11, 2016

13. November 25, 2016

14. November 26, 2016

Salient Feature

CSIR-NBRY, celebrated the 74th Foundation Day of Council of Scientific and Industrial
Research, New Delhi on September 27, 2016. The Institute observed a “Open Day”,
over 600 students, researchers and general public visited various laboratories,
exposition, herbarium and garden on this occasion.

Dr. Shalendra Rajan, Director, ICAR-Central Institute for Subtropical Horticulture
(CISH), Lucknow, was the Chief Guest of the function. Dr. Rajan mentioned that
“CSIR-NBRI is reaching to the common man of the city as well as state through its
research in the area of floriculture and the flower shows it organizes.”

Dr. Rajan, distributed certificates and mementoes to two employees who had
completed 25 years of CSIR service and to 34 employees who retired during 2015-16.
Dr. DK Upreti, the then Acting Director, distributed prizes and certificates to those
children of staff who participated and won in the Science Essay competition organized
on this occasion.

CSIR- NBRI celebrated its 63rd Annual Day on October 25, 2016. Padmshree Prof.
Pramod Tandon, CEO, Biotech Park, Lucknow was the Chief Guest and Padmshree
Dr. P Pushpangadan. DG, Amity Institute of Herbal and Biotech Product
Development, Thiruvananthapuram was the Guest of Honour.

The Institute’s Annual Report was released by the dignitaries. Dr. DK Upreti, the then
Acting Director, presented the annual progress for 2015-16 and apprised about the
various activities and achievements of the Institute during the reporting year.

Dr. PK Singh and his team were felicitated for their outstanding research work on
Whitefly resistant cotton and publication of the research findings in the prestigious
journal, Nature Biotechnology.

The recipients for the CSIR-Technology Award in the area of Life Science for the
product BGR 34, a herbal formulation for diabetes management were also honoured.
Scientists and research scholars of the institute who had published their research work
in journals with high impact factors were also felicitated.

CSIR-NBRI, organized a training course on “Classical and Modern Methods in Plant
Taxonomy and Biosystematics” during November 03-10, 2016. Dr. GS Rawat, Scientist
‘G’ and Dean, Faculty of Wildlife Sciences, Wildlife Institute of India, Dehradun was
the Chief Guest of the Inaugural Function. During his inaugural speech, he
emphasized the need and importance of plant taxonomy and taxonomists in the
country for documentation of plant resources. About 32 participants from various
institutions, colleges, universities, and other departments representing 10 states of
India participated in the training course.

CSIR-NBRI organized a One Day Outreach Programme to celebrate the 2nd India
International Science Festival (IIFS-2016) on November 11, 2016. A poster exhibition of
R&D Products of the Institute was displayed in the Institute for students, teachers,
research scholars and the public. A film on the activities and achievements of CSIR-
NBRI and a documentary film on Vijnana Bharati (VIBHA) were also screened at the
Institute’s auditorium for the students and visitors.

In the concluding event, the Chief Guest of the function Prof. Sunil Bajpai, Director,
Birbal Sahani Institute of Paleosciences, Lucknow, felicitated over 30 science
innovators (including school children who received recognition at State or National
level), science teachers, science journalists, senior science scientists, NGOs/
Individuals.

Her Excellency Prof. Ameenah Gurib-Fakim, President of Mauritius visited CSIR-
NBRI, Lucknow on 25th November, 2016. She planted a Sapling of Sandalwood in the
garden. Later, she visited the Cycad and Cacti houses at the botanic garden. Her
Excellency also interacted with the scientists of the institute.

CSIR-NBRI, Lucknow celebrated Constitution Day on November 26, 2016. Prof.
Shashikant Pandey, Associate Professor, BBAU, Lucknow delivered the constitution
Day Lecture.
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S. Date
No.

15. December 10-11,
2016

16. January 06-07, 2017

17. January 10,2017

18. January 21-22, 2017

19. January 26,2017
20. January 31,2017

CSIR-N ATIONAL BOoTANICAL RESEARCH INSTITUTE

Salient Feature

Dr. Girish Sahni, DG, CSIR and Secretary, DSIR, New Delhi during his maiden visit to
CSIR-NBRI as DG, CSIR, addressed the scientists, research scholars and staff of the
Institute. Dr. Sahni discussed the vision of the CSIR in development of the nation. He
stated that CSIR with its tremendous wealth and potential contributed a lot in
development of the nation. He emphasized on the need for transforming the existing
CSIR wealth (General Science) to market and industry. Dr. Sahni advised scientists to
be positive towards young researchers and encourage them for innovative and
creative research.

Dr. Girish Sahni and Mrs. Chander Kanta respectively, were the Chief Guest and
Guest of Honour at the Chrysanthemum and Coleus - 2016 show held during
December 10-11, 2016 at the Central Lawn, Botanic Garden of CSIR-NBRI. They
distributed the prizes in a ceremony held on December 10, 2016.

A total of 8lexhibitors participated in the show with a total of 802 exhibits. A total of
23 Cups and Shield (Running Shields. and Cups) were distributed to the winners of
the show.

Dr. Alok Dhawan, Director, CSIR-II'TR, Lucknow was the Chief Guest & Mr. CA
Macfarlane, Principal, La Martiniere College, Lucknow was the Guest of Honour of
the closing ceremony held on December 11, 2016.

CSIR-NBRI in collaboration with Indian National Science Academy (INSA), National
Academy of Science, India (NASI) and Uttar Pradesh Academy of Sciences (UPAS)
organized a two day Faculty Training, Motivation and Adoption of Schools and
Colleges Programme during December 06-07, 2016. Padmshree Dr. Nitya Anand,
former Director, CSIR-CDRI, Lucknow was the Chief Guest at the inaugural function.

The main objective of the programme was to create interest, excitement and excellence
in science education at school and undergraduate level to raise the standard of science
education and capabilities. A total of 31 teachers from 13 colleges of 7 districts of UP
participated in the training programme.

Prof. RK Kohli, Vice Chancellor, Central University of Punjab, Bhatinda, delivered a
lecture on “Let’s save ourselves from self-inflicted pollution” at the institute on
January 10, 2017. Prof. Kohli spoke about the several common issues of pollution, its
causes and remedies.

A two day Rose and Gladiolus Show was organized during January 21-22, 2017 in the
central lawn of the Institute.

Prof. SK Barik, Director, CSIR-NBRI released two late blooming new Chrysanthemum
varieties: ‘NBRI-CSIR75" (commemorating the platinum jubilee celebrations of CSIR)
and ‘NBRI-Asha Kiran’. These varieties were developed by the floriculture group of
the institute through gamma ray mutation. These varieties can be used as cut-flower
and potted as well as bed plants.

The number of entries for the show was 521 by 59 exhibitors from Lucknow and
outstation. A total of 26 running cups/shields/trophies along with 266 prizes (First -
92, Second - 81 and Commendation - 93) were given to the winners of the show under
different sections.

REPUBLIC DAY

CSIR-NBRI organized Science Popularization Lecture on "Health through Herbs" at

Maharana Pratap Post Graduate College, Jangal Dhoosad, Gorakhpur on January 31,
2017 and at Digvijai Nath Post Graduate College, Gorakhpur on February 01, 2017. A
total number of 300 students and 30 teachers participated in the programme.
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Date

BRI 02, 2017

February 11, 2017

February 15-17, 2017
February 28, 2017

March 06-07, 2017

March 4, 2017
March 21-23,2017
March 28-30, 2017

Salient Feature
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CSIR-NBRI organized a lecture programme on “Herbs for Health and Plants for
Controlling Environmental Pollution” at Munshi Raghunandan Prasad Sardar Patel
Mahila PG College, Barabanki on February 11, 2017. Approximately 350
undergraduate and post-graduate students from science and arts streams and 20
teachers participated in the programme. The programme was followed by Exhibition
cum training on controlling environmental pollution.

Bonsai training programme was organized by CSIR-NBRI.

CSIR-NBRI celebrated the National Science Day on February 28, 2017. The theme for
this year’s science day was ‘Science and Technology for specially abled persons'. The
day was observed as ‘Open Day’ for general public and students.

In addition to 300 students, specially abled students drawn from local 8
schools/ organizations also visited CSIR-NBRI Botanical Garden which included the
tactile garden, Jurassic gallery, Cactus House, Fern Hose and Bonsai House.

On the National Science Day, a MoU was signed with Dr. Shakuntala Mishra National
Rehabilitation University, Lucknow (DSMNRU) for participation in teaching and
research programmes in various streams of plant sciences. This MoU will provide an
opportunity to students for registering in Ph.D. programmes with DSMNRU.

CSIR-NBRI organized a workshop on “Eco-friendly Technologies for setting up
Cottage Industry” on March 6-7, 2017 at Amity Institute of Biotechnology, Amity
University, Lucknow. A total of 115 participants including faculty members and
students participated in the workshop. The workshop intended to apprise and
demonstrate the methodology for dehydrating and utilizing fresh flowers for a long
period of time.

The National Safety Day
Bonsai training programme was organized by CSIR-NBRI.

CSIR-NBRI organized a three day Training Programme on Preparation of Dehydrated
Floral Crafts at the Botanic Garden during March 28-30, 2017. A total of 43 persons
including students, teachers, housewives, etc. participated in the programme.
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Her Excellency Prof. Ameenah Gurib-Fakim, Presidentof Maurititus visited CSIR-N BRI
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Glimpses of the Annual Chrysanthemum and Coleus Flower Show 2016
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ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH (AcSIR)

Coordinator:
Dr. S V Sawant/Debasis Chakrabarty

The Academy of Scientific & Innovative Research
or AcSIRis an Indian institute of national importance,
currentlyhead quarteredin CSIR Campus, Taramani,and
Chennai. The Academywas established for the purpose
of granting doctoraland post-graduatedegrees, througha
centralized institution to manage research and
developmentin CSIR laboratories. It was established in
2010 (Government of India resolution of June 17,2010)
and formalized by an Act of Parliament (Academy of
Scientific & Innovative Research Act,2011, notified on
April 3,2012), asan ‘Institution of National Importance’,
with an aim of furtherance of advancement of learning
andresearch inthefield of Science & Technology and their
interfaces in association with Council of Scientific and
Industrial Research (CSIR),India.

Mission

The mission of the Academy is to create highest
quality personnel with cross-disciplinary knowledge,
aiming to provide leaders in the field of science and

Courses offered at AcSIR-NBRI

technology. The Academy shall primarily focus on
researchand impartinginstructions insuchamannerthat
the methodologyis noveland off the beaten track. Further,
the Academy aims to:

° Nurturea research-propelled, technology-enabled,
industry-inked, socially conscious highereducation
platform.

e Achieve a seamless integration of intellectual
strengths with current market needs with a people
centricfocus.

e  Developniche capabilityrequired to bolster research
effortsin futuristic science. Provide theopportunity
to work on the frontier and contemporaneously
challenging areas for nurturing innovation.

It is one of its kind meta-University in India with
study centers in 37 laboratories and 6 units of CSIR, spread
across 23 cities of India.

At present the Academy has about 2506 full-time
faculty members from CSIR Laboratories and over 4000
students enrolled in various programmes.

S. No. Course Name Course
Number
1 Biostatistics (Compulsory) 1-001
2 Computation/ bioinformatics(Compulsory) 1-002
3 Basic Chemistry (Compulsory) 1-003
4 Research Methodology, Communication/ethics/safety (Compulsory) 1-004
5 Biotechniques and Instrumentation (Compulsory) 2-001
6 Biology of Inheritance 2-003
7 Genomics: Information flow in Biological System 2-005
8 Plant Microbe Interaction 2-009
9 Plant Environemnt Interaction 2-010
10 Cell Signalling 2-012
11 Developmental Biology-Plants 2-016
12 Epigenetics and Chromatin Organization 2-017
13 Homeostasis and feedback in biological systems 2-018
14 Molecular Breeding of Plants 2-021
15 Biodiversity 2-025
16 Plant morphogenesis and regeneration 2-486
17 Seminar Course (Compulsory) 3-001
18 Cell and Tissue Engineering 3-003
19 Climate change and Plants 3-486
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20 Bioremediation 3-487
21 Environmental Biochem and Biotech 3-488
22 Taxonomy and speciation 3-489
23 Plant conservation and reproductive biology 3-490
24 Economic Plants and Pharmacology 3-491
25 Floriculture and Agronomy 3-492
26 PHYLOGENOMICS - An interdisciplinary course 3-493
27 Biofuels - An interdisciplinary course 3-494
28 Knowledgebase Research Management and it's utilization 3-495
Number of students enrolled for Ph.D until 31st March 2017 97

Ph.Ds awarded during 2016-17 4

Ph.D theses submitted during 2016-17 12

AcSIR
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RESEARCH COUNCIL (As on 31.03.17)

Prof. SK Sopory Chairman Dr. Ehrlich Desa DG Nominee
Former Vice Chancellor, CSIR Distinguished Scientist,
Jawaharlal Nehru University, CSIR-4 PI, NAL Belur Campus
584, Sector 14, BENGALURU-560 037
FARIDABAD -121007
Prof. R. Uma Shankar Member Dr. AK Tripathi Director,
Professor & Head, Director Sister
Dept. of Crop Physiology and School of CSIR- CIMAP, Laboratory
Ecology & Conservation, University of P.O. CIMAP,
Agricultural Sciences, GKVK, Near Kukrail Picnic Spot
BENGALURU-560 065 LUCKNOW - 226 015
Prof. PK Gupta Member Dr. RA Vishwakarma Cluster
Hon. Emeritus Professor & NASI Senior Director Director
Scientist CSIR- Indian Institute of Integrated
Department of Genetics & Plant Breeding, Medicine,
Ch. Charan Singh University, Canal Road,
MEERUT - 250 004 JAMMU -180 001
Prof. JS Singh Member Prof. SK Barik Member
Professor Emeritus, Director
Department of Botany, CSIR-National Botanical Research
Banaras Hindu University, Institute,
VARANASI-221 005 Rana Pratap Marg,

LUCKNOW - 226 001
Prof. JP Khurana Member Dr. Sudeep Kumar Permanent
Coordinator (UGC-SAP) Head or his Nominee Invitee
Department of Plant Molecular Biology, Planning & Performance Division,
University of Delhi, South Campus, Benito CSIR,
Juraj Marg, Anusandhan Bhawan, 2, Rafi Marg,
NEW DELHI-110021 NEW DELHI - 110001
Prof. Sunil Kumar Mukherjee Member Prof. V Verma Member
NASI-Sr. Scientist, Platinum Jubilee Dean Faculty of Engineering,
Fellow, Director, School of Biotechnology,
Genetics Department, Shri Mata Vaishno Devi University,
University of Delhi, South Campus, Benito JAMMU -182320
Juraj Marg,
NEW DELHI-110021
Dr. Paramjit Singh Agency Dr. SK Tewari Member-
Director Senior Principal Scientist Secretary
Botanical Survey of India, CSIR-National Botanical Research
CGO Complex, Institute
Salt Lake City, Rana Pratap Marg,
KOLKATA - 700 064 LUCKNOW -226 001
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MANAGEMENT COUNCIL (Ason 31.03.17)

Prof. SK Barik Chairman
Director

CSIR-National Botanical Research Institute

Lucknow - 226 001

Prof. Alok Dhawan Member
Director

CSIR-Indian Institute of Toxicology Research

Lucknow 226001

Dr. Sanjay Kumar DG Nominee
Director

CSIR-Indian Institute of Himalayan Bioresource Technology

Palampur- 176062

Dr. SK Tewari Member
Senior Principal Scientist

CSIR-National Botanical Research Institute

Lucknow - 226 001

Dr. AK Gauniyal Member
Senior Principal Scientist

CSIR-National Botanical Research Institute

Lucknow - 226 001

Mr. Y Nath Member
Principal Technical Officer

CSIR-National Botanical Research Institute

Lucknow - 226 001

Dr. Pratibha Mishra Member
Principal Scientist

CSIR-National Botanical Research Institute

Lucknow - 226 001

Dr. PK Singh

Principal Scientist Member
CSIR-National Botanical Research Institute

Lucknow - 226 001

Dr. Poonam C Singh

Scientist Member
CSIR-National Botanical Research Institute

Lucknow - 226 001

Controller of Finance & Accounts /Finance & Accounts Officer Member
CSIR-National Botanical Research Institute

LUCKNOW - 226 001

Controller of Administration Member Secretary
CSIR-National Botanical Research Institute

LUCKNOW -226 001
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EXPENDITURES AND EARNINGS 2016-17 (As on 31.03.17)

I. EXPENDITURE Figure in Lakhs of Rupees
A. Revenue
1. Salary & Sal. Linked Allowances 2531.078
2. Other Allowances
a. Re-imburs. of Med.Exp./ CGHS/Med.charges 61.000
b. Overtime Allowance 0.939
c. Honorarium 1.007
d. Leave Travel Concession 17.500
e. T.A (India) 14.949
f. T.A. (Foreign)
g. Professional Update Allowance 10.400
h. Total Other Allowances (a to g) 105.795
3. Total Salaries (1+2h) 2636.873
4. P-04 Contingencies 579.000
5. P-05H.RD.
6. P-06 Lab. Maintenance 225.008
7. P-701 Staff Qrs. Maintenance 80.174
8. P07 Chemical/Consum.& Other Res.Exp. 240.604
9. Total Revenue (3 to 8) 3761.659
B. Capital

a) P-50Land Cost
a) P-50Land Cost

b) (i) P-50 Works & Services /Elec. Installations (Lumpsum) 230.269
b) (ii) P-50 Works & Services/ Elec. Installations (Other)

c¢) P-50 App. & Equip./ Computer Equipments 923.852
d) P-50 Workshop Machinery

e) P-50 Office Equipment 0.709
f) P-50 Fumiture & Fittings 5372
g) P-50 Library (Books/ Journals/ e-Journal) 50.156
h) P-50 Model & Exhibits

i) P-50 Vehicles 2.576

j) P-50 Tools & Plants
k) P-50 Software development/procurement/ LAN /W AN

) P-26-ICT
m) (i) P-702 Staff Qrs.(Construction) (Lumpsum) 69.665
m) (ii) P-702 Staff Qrs.(Construction) (Other)
Total Capital (a to m) 1282.599
Total A+B 5044.258

C. Special Proj. SIE/NWP/FAC/IAP/RSP/HCP/12th Plan Proj.
1. Revenue

(@ T. A. (India) 21.864
(i) T.A. (Foreign)
(iii) Contingencies 212.740
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(iv) Maintenance 57.650
(v) Chemical, Consum.& Other Res.Exp. 1602.857
Total Rev. (C1) 1895.111
2. Capital
(i) Work's & Services 30.000
(i) Appartus & Equipment 6.070
(iii) Other Capitals
Total Capital(C2) 36.070
C. Totalallocation SIP/NWP/FAC/IAP/RSP/HCP/12th Plan (C1+C2) 1931.181
Total National Labs. (A+B+C) 6975.439
D. CENTRAL ADMINISTRATION
P-804 Pension & Other retirement benefits 2064.925
P-801 and P-62 ISTADS
P-803 PPD/TNBD
P-805 HRD
P-80508 RAB
P-807 Publicity & Exhibition
P80804 Grant to other Sci. Organisations
P80805 CSIR Guest House (Science Centre)
P80806 Celebrations
P906- Advance
(i) Conveyance/Computer Advance 0.900
(i) House Building Advance
(iii) Others
Total Central Admin. 2065.825
II. Earnings
RECEIPTS
R04 DONATION
R05 CONTRIBUTION

R06 MISC RECEIPTS 69.067
R906 RECOV. OF ADV. 9.579
TOTAL R06+R906 78.646
R071 LAB RESERVE

a) Royality Premia 0.020
b) Testing & Analytical Charges 1.655
c) Other Technical Service 6.240
d) Job Work 10.744
e) Rest of R071 heads 24.809
Total Lab Reserve(R-071) 43.468
R909 EXTERNAL CASH FLOW

a) Govtdeptt./PSU's 954.709
b) Private agencies 1.304
¢) Foreign govt/agencies

TOTAL ECF (at+b+c) 956.013
Royalty & Premia for distribution (R907) 1.604
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PERSONNEL (Ason 31.03.17)
Director Senior Scientists Yogendra Misra SumitYadav
SKBarik Arvind Jain VD Tripathi KKRawat
VivekSrivastava DDToppo
Chief Scientists CS Mohanty Sr.Tech. Officers (3) Somanath Swain
DK Upreti HK Yadav A ClLittle Satish Kumar
RSKatiyar MeharH Asif RK Tripathi PrashantSrivastava
L L. Debasis Chakrabarty DK Purshottam Jai Chand
Sr. Principal Scientists AlokKumar
ShekharMallick
SKumar PK Srivastava ShankarVerma Technical Assistants
TariqHusain SoumitK Behera Shweta Singh
AKSRawat SuchiSii Sr.Tech. Officers(2) RameshwarPrasad
PA Sh1rke. uchisrvastava LK Srivastava Rekha Kannaujia
SK Tewari PCVerma Anil Kumar SK Mishra
TS Rana - SN ]e.na DayaShanker KK Ingle
AK Gal.mlya AP Singh BhagwanDas BL Meena
I;Ijﬂll\la;; u ManjooshaSrivastava AtulBatra VK Gupta
Heir=Eia SK Bagh Sanjay Dwivedi RR Rastogi
AnandPrakash . . o .
L Sribash Roy Abhishek Niranjan Devranjan
PK Trivedi Aradhana Mishra Vandana Tiwari
LB Chaudhary ancana wan
. Baleshwar Sr.Tech. Officers (1) MG Prasad
VivekPandey
SVSawant PS Chauhan RN Gupta
AP Sane PoonamC Singh Sushma Verma Administration
RajeevKumar MukundSahai, CoA
Principal Scientists Scientists GSharma Rajhans Gautam, CoF&A
TalewarSingh Lal Bahadur Harendra Pal SanjeevShekhar, F&AO
Pratibha Misra Devendra Singh Sandeep K Behera Dinesh Kumar, SPO
Vidhu A Sane Priyanka Agnihotri VinaySahu RS Chowdhary, SPO
AlokLehri RCNainwal foh;ﬂda PrasoonMisra, SO
Ch.VRao BN Singh an toppo Shiva Kant Mishra,SO
Sayyada Khatoon ) MMPandey )
. Manoj Kumar Sachin Mehrotra, SO
PK Singh h
Mahesh Pal VVWag Technical Officers RK Verma, 50
Sharad Srivastava CharuLata SurjitKumar SK Singh,SO
Sanjeeva Nayaka SwatiSharma Prabha Tirkey, SO
AK Asthana Pr. Technical Officers Leena Wahi Ram Badal, SO
SK Ojha AA Malick SKSharma BP Pande,PS
OP Sidhu SS Tripathi KNMaurya Bijendra Singh, Hindi
Subha Rastogi Yogendra Nath Babita Kumari Officer
Indraneel Sanyal ML Kain GGSinam SKPandey, Security Officer
PERSONNEL 183



nnnnnnnnnnnnnnn

ANNUALREPORT 2016-2017

NOTES

184



NOTES

CSIR-NATIONAL BoTANICAL RESEARCH INSTITUTE

;;;;;;

185



nnnnnnnnnnnnnnn

ANNUALREPORT 2016-2017

NOTES

186






7o

CSIR Touching Lives

CSIR-National Botanical Research Institute

(Council of Scientific & Industrial Research, New Delhi)
Rana Pratap Marg, Lucknow - 226 001, U.P., India

Phones : 0522-2205848, 0522-2297802 Fax : 0522-2205839
E-mail : director@nbri.res.in Website: http://www.nbri.res.in
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