ISSN - 0971 - 8842

ZP
f“‘\
7
©
L\

Hodey [enuuy 91-GLOZ bbpBIK %ekilb
N

For géaecmam
. . 'j_ P o : g 5, . 1 o £ o '\
s y 5 - i
Vot o . 2 PN - e . ;
% - gL R N 5 ) e e
L Y . ALY SO e ¥
¢ S Wy ‘ g e
- . J:_ ) T -k “- ) . l"
25 AR I By » ¥
G :
” . . - 4
L f'\}" - \‘\ ! ? g t L] - S ~
o § - Zg’ ' { g7 ' !#
\ J # # v # VNN ) A
L ‘f‘f i L

MNuH3TE IR—f2HTera Siaduen ﬁaﬁﬁrﬁr AT

CSIR-Institute of Himalayan Bioresource Technology
UTYR—fedarae g<en

Palampur-Himachal Pradesh






ISSN - 0971 - 8842

Annual Report
2015-16

With Best Compliments from
Dr. Sanjay Kumar

Drrector

CSIR- Institute of Himalayan Bioresource Technology
Palampur (HP)-176061



© Director, CSIR-IHBT, Palampur (HP)

Published by:

Editorial Committee:

Convener Editorial Committee:
Photography & cover design :

Dr. Sanjay Kumar

CSIR- Institute of Himalayan Bioresource Technology
Palampur (HP)-176061, India.

Phone: +91-1894-230411, Fax:+91-1894-230433
Email: director@ihbt.res.in; Web: http://ihbt.res.in

Dr. Amita Bhattacharya, Dr. Vipin Hallan

Dr. Sanjay K. Uniyal, Dr. Shashi Bhushan

Dr. Pralay Das, Dr. SGE Reddy, Dr. Yogendra S Padwad
Dr. Amitabha Acharya, Dr. Vishal Acharya

Sh. Sanjay Kumar

Sh. Mukhtiar Singh

Sh. Pabitra Gain



MISSION

Committed to develop technologies to boost bioeconomy

through sustainable utilization of Himalayan bioresources.
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FROM THE DIRECTOR'S DESK

Advancing in its mission of developing bio-based
economy to boost economic development and national
competitiveness, greater diffusion of knowledge and
technologies resulting from inventions and

innovations on rich Himalayan bioresources was

evident this year. MoUs were signed with (i) M/s. Agri
Natural India to work on steviosides, (ii)) M/s. Root and Flowers for fruit products, (iii) Minocha
industries for food products, (iv) M/s. FEEDS, Manipur, (v) M/s. Pushp Biotech and Farms, and
(vi) M/s. Model Floriculture Centre. Biotechnology Industry Research Assistance Council
(BIRAC) funded a project to our industry partner M/s Baijnath Pharamcuticals for production of
catechins from tea leaves. The institute successfully established Common Research and
Technology Development Hubs, supported by the Department of Scientific and Industrial
Research that was recognized by the ministry of micro, small, & medium enterprises, Government
of India as one of the Incubation centres in the state of Himachal Pradesh. Scientific knowledge
generated by the scientists, technical staff and research scholars made an impact through 174
research articles published in quality journals and grant/filing of thirteen patents. Aligned with the
national needs, the institute identified Fast Track Translational Projects and Mission Mode
Projects under the dynamic leadership of our Director General, Dr Girish Sahni. This complied
with the true spirit of Manthan, (a director's conference held during 12-13 June, 2015 at CSIR-IIP,
Dehradun) under the visionary guidance of our Honourable Union Minister for Science &
Technology and Earth Sciences, Dr. Harsh Vardhan.

Combating malnutrition is a major challenge for our country and addressing to this, our team
developed two innovative products, nutri-bar and nutri-mix, to meet the requirements of iron and
calcium using relevant bioresources. Gluten-free-antioxidant rich food items, buckwheat
(Fagopyrum esculentum) based noodles, flakes and puffed snacks were developed. Advancing in
the area of development of nutritive food and nutraceutical products, our teams identified the
beneficial effects of Himalayan ethnic cuisine Kangri Dham on health attributes. To preserve and
promote Kangri Dham, several dishes were processed as 'Ready to Serve Food' with shelf-life of

more than 6 months at ambient temperature without adding any preservatives.

Adaptation biology is one of niche areas of research at CSIR-IHBT. Analysis of genes and

X



processes were identified wherein universal stress proteins (USPs) and dehydration responsive
elements binding proteins (DREB) plying an important roles in plant adaptation under abiotic
stresses. Of the various USPs, arole of A#USP17 was analysed using a knock down mutant with T-
DNA insertion in Arabidopsis. While the detailed analysis is underway, data did suggest AtUSP17
to be a component of stress tolerance mechanism in Arabidopsis. Of the various DREBs of apple,
Md DREB-076 and MdDREB-043 were identified to be of critical importance and their functional
characterization is underway in tobacco. On biotic stresses, our team identified for the first time
that whitefly can also transmit naked viroid RNA from one plant to the other as plant- and whitefly-

proteins —complex.

Dissecting the stress adaption pathway in plants, a thermostable superoxide dismutase (SOD)
enzyme was identified that could be autoclaved. Since this enzyme has commercial implications,
the technology of the production of enzyme was earlier transferred to M/s PhtyoBiotech, Kolkata.
During the year, our team successfully deciphered the molecular basis of SOD tolerance to
autoclaving. Continuing our research on enzyme prospection, yet another commercially important

novel L- asparginase was identified from high altitude flora.

CSIR-IHBT has pioneered research on genome biology of Himalayan bioresources.
Transcriptomes of important Himalayan plant species were deciphered on next generation
sequencing (NGS) platform that presented a range of deployable genes and processes. Dormancy
related genes were identified from apple using transcriptome analysis on next generation
sequencing platform, which has implications in modulating the dormancy process. Genomes of
important Himalayan microbial species were sequenced to bioprospect relevant industrial
enzymes. Genomic resources were created and genetic was characterized for agarwood (Aquilaria
malaccensis) and bamboos (Dendrocalamus latiflorus). Importantly, huge volume of sequencing
data led to identification of a regulatory SRNA-9881 as a prominent marker for several cancer
types. Also, the first ever comprehensive analysis of Solanum genome repeats helped to
understand their role in genome regulation. Some of the repeats appeared to influence transcription
factor binding site and miRNA. Also, a miReader (85) with potential to identify mature miRNAs
directly from NGS read data without the need for genomic sequences or homologous references,
was developed.

Monitoring Himalayan bioresources is one of the major thrusts of our institute. The estimated net
primary productivity studied for three protected areas using satellite data recorded the highest
values with 5.35 t C/ha/yr Great Himalayan National Park. Satellite data was also used to estimate
land use and land cover mapping, preparation of digital geo-referenced forest fire maps and spatial
distribution maps of important plant species. Work on plant invasion showed the importance of
fruiting time and dispersers on the spread of Sapium sebiferum. .Yet another important



contribution of the team has been on establishment of long term ecological research plots in
protected and unprotected areas in western Himalayas and data was recorded for species

abundance, flower traits and soil chemistry.

Work on chemical exploration of bioresources continued with full vigour. Importantly, a new
skeleton (14R, 17S, 20R-lupan-3-one) was isolated from Commiphora wightii. A new
hederagenin based triterpenoid saponin, clematograveolenoside A, along with known compounds
were characterized from Clematis graveolens roots. These showed potent insecticidal activities.

The group identified a new plant source for shikimic acid.

Synthetic and semisynthetic chemistry focused on developing newer catalysts, C-N bond
formation, carboxylation , and esterification reactions of alcohols. Method for palladium
supported nanoparticle catalyzed carboxylation of aryl halides alkenylsilanes and organoboronic
acids was developed. Quinoline derivatives were synthesized via C-H activation/
functionalization for their possible use as anti-malarial compound. In a new initiative, the institute
developed a lab scale process for production of textile fibres from bamboos with an aim to upscale

the process for industrial use.

The power of nanotechnology is being used to improve the therapeutic importance of biologically
active molecules. Stability and solubility of curcumin was improved through nanotechnology
approach. Further, biocompatible fluorescent silicon nanoparticle conjugated albumin proteins
was found as better cholesterol efflux agent for macrophages in vitro. In addition, to search for
novel macromolecule based therapeutic nano-devices, dendrimer conjugated podophyllotoxin

was found to be an effective inhibitor against skin-tumor formation in vivo.

Societal development in the Himalayan region and northern plains has been one of the major thrust
of our institute. Our teams have been active on various fronts such as value addition to the
underutilized crops, trainings, advisory and extension services in the area of tea, floriculture,
medicinal and aromatic crops, supply of virus tested planting material of apple rootstocks, and
promotion and utilization of bamboos. Significantly, apple was introduced for the first time in

Champhai district of Mizoram.

The institute focused on various activities around commercial crops of commercial significance
including in developing new varieties. Five genotypes of gerbera and two of calla lilies, generated
through hybridization, showed promising attributes for commercial floriculture. Also, research on

orchids and carnivorous plants species was initiated.

Our team promoted cultivation of wild marigold and damask rose in Himachal Pradesh and Jammu
and Kashmir, and stevia in Punjab. Hippophae germplasm at institute's Centre of High Altitude
Biology (CeHAB), Ribling, Lahaul (HP) was enriched with 43 accessions from Uttrakhand and
17 from Sikkim.

X1



The animal house facility was upgraded that got approved by 'The Committee for the Purpose of
Control and Supervision of Experiments on Animals, Ministry of Environment, Forest and

Climate Change, Government of India, for the trade of laboratory animals for research purpose.

A sprawling culture of innovation, an ecosystem of team work, dedicated human capital, state of
art infrastructure, and a powerful communication system to link to stakeholders is exhibiting its
positive impact through the scientific knowledge generated and the technologies developed
around Himalayan bioresources in a time defined manner. CSIR-IHBT rededicates itself to

strengthen and competent the nation through deployment of science and technology.

Sanjay Kumar
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Agrotechnology of Medicinal,
Aromatic & Commercially Important Plants

Development of agro-technologies, production of quality planting material and
plant protection of medicinal, aromatic and other commercial crops
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CSIR-IHBT Annual Report 2015-16

| R.K. Sud, Senior Principal Scientist
~ | rksud@ihbt.res.in
\ - | Research area: Agronomy of plantation crops and extension

Rural development in the western Himalayan region and adjoining plains through transfer
of CSIR-IHBT technologies: CSIR-Institute of Himalayan Bioresource Technology has major
goal of rural development in the western Himalayan region and northern plains. During the year
the following activities were pursued under CSIR Rural Development programme:

e Advisory and extension services for improving productivity and quality of China hybrid
tea

e Transfer of agro-techniques and post-harvest management technology of commercially
important cut flower crops

e Production of characterized planting material of industrial and commercial plants for
facilitating crop diversification and processing of aromatics and herbals

e [mprovement of apple production and quality through training growers, and dissemination
of virus tested planting material of apple rootstocks through tissue culture industry

e Demonstration of essential oil extraction technologies
e Promotion and utilization of bamboos for livelihood and environmental benefits

® Value addition to the traditional/underutilized crops of high altitude region

Promotion of tea farm mechanization for combating problems of labour shortage and rising
costs in tea plantations: Strengthening of the tea industry in this region by improving crop quality
and cost reduction through mechanization of farm operations is prime need of small tea growers in
the current scenario of scarcity of farm labour and rising costs.

e Conducted five training programmes and demonstrations on handling of different tea
machines and their use

e Organised training and workshop for up-gradation of tea quality and productivity
¢ Bilingual technical folder on “Tea Farm Mechanization” was released

e Advisory service was extended for improving productivity and quality of Kangra tea and
promotion of mechanisation.

Introduction of apple in Mizoram: Apple (Malus domestica) is being cultivated since time
immemorial. Being a temperate fruit crop, over 80% of the global production is done in Europe. In
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other countries apple cultivation is confined in temperate zone as well. Regions with long day-
hours, bright sun-shine, cool nights and low humidity during the growing season associated with
chilling winter season (temperature <7°C) are essential for apple cultivation. With time, improved
cultivars have been developed for growing in regions with low chill requirements. There are
varieties now available with wide adaptability, and modern facilities for marketing and transport
to ensure apple availability throughout the year.

e Initiated work jointly with Project Director of DRDA, Champhai, Mizoram

e Chose cultivars with low chilling requirement (300-500 hours)
+ Setl: Cultivar Anna and Dorsett Golden, with chilling requirement of below 300 hours.

» SetlI Cultivar Fuji, 3 variants, & Gala, 3 variants, having chilling requirement of nearly
500 hours.

e Demonstration plots were set up at 10 locations, accommodating a total of 210 apple
saplings

e Organised training for capacity building of staff of DRDA and farmers

e Besides, imparted training on tea nursery and plantation management to enthusiastic
group of farmers who had started tea but were unaware of its technical details.

Promoting cultivation of potential aromatic crops: Traditional farming has never been paying
as much in the Himalayan region as in the plains. Wild animal and stray cattle menace has recently
emerged as a serious intimidation to the traditional farming, forcing farmers to abandon their
fields. Under such a scenario, there is a strong need to diversify agriculture and grow Himalayan
friendly preferably native plants with marketable attributes which promise assured returns to the
community. Promotion of cultivation of aromatic crops, by providing quality planting material,
agrotechnology, processing technology and value addition to the products, holds promise for
entrepreneurship development and creating import substitute in the flavour and fragrance sector.
Potential of Tagetes minuta as high value aromatic crop has already been tried and tested by the
Institute.

Keeping in view that cultivation of region specific aromatic crops needs support not only in terms
of planting material and processing facilities but also a proper network of quality evaluation and
assurance as per market need, survey for introduction of tagetes cultivation in Sainj and Banjar
regions of Kullu district, Tissa & Chauri area of Chamba, parts of Kangra, Mandi and Kinnaur
districts were conducted. The farmers of these areas were imparted training on cultivation and
distillation of the aromatic crops.

Rural Health: Primary Health Centres (PHCs) across the country are the most basic units in the
field of medical care in the rural India. Under CSIR 800 programme, conducted survey of the
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Primary Health Centres (11 No.) in and around Gopalpur region of Kangra district for compiling a
report on their response to common ailments in Kangra district particularly. The survey revealed
that through overall response of the PHCs to common ailments is satisfactory, yet lot sources and
quality evaluation of drinking water was done in the panchyats. Surveys needs to be done in many
PHC:s for further improvement. Provision of the latest medical diagnostic kits to the PHCs and
frequent training of the medical and paramedical staff on the modern techniques and
developments in medical science would make the delivery efficient and convenient to the
beneficiaries. IT based approach for diagnosis and treatment of the patient could be a boon to
those residing in tough hilly terrains.

Under CSIR-800 course, the AcSIR students also conducted survey and awareness campaign of
important diseases in 3 villages panchayats in Kandwari region.

Connecting with societies through electronic and print media: Telecasts on cultivation of
stevia, gladiolus, gerbera, tea, Crataegus, Acorus, bamboo and ferns; conservation needs and
quality estimation of medicinal and aromatic plants, plant adaptation under climate change
scenario were arranged. Additionally, telecast on importance and mapping of bioresource and
database development and role of CSIR-IHBT in socio-economic development through
Doordarshan and other channels were organised. Articles on important achievements of the
institutes appeared on national and regional print media.
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KK Singh, Senior Principal Scientist
kksingh@ihbt.res.in

Research area: Water and farm mechanization

Production of bamboo charcoal using portable kiln: Activities on conversion of bamboo culms
into charcoal were continued this year. Different bamboo species were tested to find out their
suitability for conversion into bamboo charcoal using portable and brick kilns. A total of five
quintals of charcoal was produced after carbonization. As studied earlier, the charcoal has a carbon
content of 76-85%. Earlier, 1000 kg of charcoal powder prepared by pulvarizing bamboo charcoal
was exported to the cosmetic company, Body Shop in UK @ $5 per kg via Unifect Ltd., UK. In the
current year also, a demand for 500 kg has been received from the same company. For this,
charcoal has already been prepared and pulverized into a powder of 200 um. However, attempts
are being made to pulverize it further to a range of 50 to 70 um.

) T —— > ot A L S A o S L

Bamboo Kiln Portable Kiln Bamboo Charcoal
Designing of activated charcoal plant for production of biochar and activated charcoal from
bamboos: In order to prepare activated charcoal from bamboo culms, a design for upgrading the
existing kiln was prepared. The design is expected to cater to a temperature of >800°C and also
reduce the obnoxious fumes produced the process of carbonization. The design is presently under
the process of being fabricated.
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Sanatsujat Singh, Senior Scientist

sanatsujat@ihbt.res.in

Research Area: Plant breeding

Stevia breeding: Nine stevia genotypes derived from diverse crosses were selected based on
higher proportion of rebaudioside-A than stevioside (Table 1) and involved as parental lines in a
polycross through a controlled hybridization programme. The parental lines were grown in
isolation and the seeds from individual plants were collected representing half-sib progenies. The
half-sib populations have been planted in field and will be evaluated for steviol glycoside profile
for further improvement in rebaudioside-A content in stevia.

Table 1. Stevioside and rebaudioside-A content of stevia genotypes used as parental lines in
hybridization programme

S.No. Genotypes  Stevioside  Rebaudiosie-A  Ratio (Reb.- Ste. +
content (%) content (%) A/Stev.) Reb.-A
1. 2A-3-1-10 1.227 1.956 1.59 3.183
2. 5a-8-3-2 2.998 3.465 1.16 6.463
3. 5b-9-5-3 9.837 12.396 1.26 22.233
4. 5b-9-5-9 3.460 4.609 1.33 8.069
5. 6a-10-5-3 12.970 13.015 1.00 25.985
6.  6a-11-1-5 9.810 9.836 1.00 19.646
7. 6a-11-1-10 3.139 3.964 1.26 7.103
8.  Ta-15-4-2 0.235 0.378 1.61 0.613
9.  7b-21-3-2 1.978 2423 1.22 4.401

Calla lily breeding: In Zantedeschia aethiopica morphological characterization of calla lily
genotypes raised from open pollinated seedling population was undertaken to study the variability
with respect to different vegetative and floral traits. Morphological parameters were evaluated for
aperiod of two years and potential selections were identified IHBT-CL-W1-1, 2-1, 2-5, 4-1, 4-3,
7-5, 8-4, 13-1, 19-3, 29-4, 29-5 and 33-4). These selections are being evaluated for propagation
potential under field conditions.

In Z. elliotiana hybridization programme in calla lilies was undertaken using two parental
genotypes IHBT-CL-Y1 (yellow color) and IHBT-CL-P1 (purple colour). Seeds obtained from
hybridization flowered three years after germination and variable colors of calla lilies were
obtained which are being further evaluated for flower production potential.
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Table 2. Morphological variations among Z. aethiopica genotypes under field and polyhouse

conditions
Traits Range Range Mean Mean

(Field) (Polyhouse) (Field) | (Polyhouse)
Stalk height (cm) 25.2-76 29-112 38.25 60.5
Leaves no. 13-18 36 - 57 7.95 46.4
Largest leaf length (cm) 6.5-19.9 19- 42.5 11.79 32.5
Largest leaf Width (cm) 2.9-13.5 9-20.5 6.14 15.9
Flower No. 2-6 2-10 2.6 4.1

Fig 1. New color variations in Z. elliotiana obtained through
hybridization programme.

Gerbera breeding: Hybrid F, genotypes of gerbera were developed through controlled crossing

program and subjected to in vitro micro-propagation to achieve quick multiplication. Mature
seeds obtained from different cross combinations were used for the establishment of in vitro

gerbera cultures. Seeds were cultured on MS basal medium and the developing micro-shoots from

seeds were further cultured on MS media supplemented with different doses of growth regulators

to achieve shoot proliferation. Of the different media, highest number of micro-shoots, number of

leaves and leaf length were observed in proliferation medium (MS supplemented with Img/l BAP
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+0.030 mg/ IBA+0.025 mg/l NAA) which gave best proliferation among the gerbera genotypes.
The half strength MS medium supplemented with 0.4mg/l IBA was found best for in vitro rooting.

Rooted plantlets were successfully hardened in trays filled with moist sand and transferred to

sleeves for cultivation in soil. The hybrid F, genotypes were morphologically characterized under

field conditions with respect to floral traits and evaluated for agronomic performance over a

period of two years.

Based on mean performance of hybrid gerbera genotypes compared to respective parents, CSIR-
[HBT-Gr-13-1 was superior to parental lines with respect to leaf length (cm) and stalk length (cm),
while CSIR-IHBT-Gr-11-6 and CSIR-IHBT-Gr-24-6 were superior to parents for leaf width (cm).
CSIR-THBT-Gr-24-6 was superior to one of the parents for number of flowers per plant in a year
but had significantly reduced stalk length (cm) in comparison to the parents. CSIR-IHBT-Gr-29-1
and CSIR-IHBT-Gr-Y-1 were superior to the parents for stalk length.

Table 3. Details of floral features of selected gerbera F; genotypes

S. Plant No. Flower colour | Stalk | Flower Flower | Disc Flower
No. length | diameter head colour | type
(cm) | (cm) type
1. CSIR-IHBT-Gr-11-6  Light Yellow 43.0 10.2 Double | Green | Standard
2. CSIR-IHBT-Gr-13-1 Red 46.5 10.5 Double | Green Standard
3. CSIR-IHBT-Gr-24-6  Yellow orange | 29.6 11.7 Semi- Brown | Standard
double

4 CSIR-IHBT-Gr-29-1 Red bicolour 45.8 10.5 Double | Green | Standard
5 CSIR-IHBT-Gr-Y-1  Yellow 44.5 11.5 Double | Green | Standard

Fig. 2 Potential gerbera genotypes with high in vitro proliferation (left to right: CSIR-IHBT-Gr-11-6,
CSIR-IHBT-Gr-13-1, CSIR-IHBT-Gr-24-6, CSIR-IHBT-Gr-29-1 and CSIR-IHBT-Gr-Y-1)
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Registration of gerbera cultivars: Registration of two gerbera cultivars “Him Glow”
(INGR15019) and “Him Peace” (INGR15018) as germplasm at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm Registration Committee (PGRC) of Indian Council of
Agricultural Research.

Publications:

e Singh S, Raja Ram, Kaundal S, Sharma A, Kumar A and Dhyani D (2016) Field
performance and differential response of micro-propagated potential F, genotypes of
Gerberajamesonii. American Journal of Experimental Agriculture, 10(1): 1-11.

e Singh S and Dhyani D (2016) Domestication of Wild Gerbera (Gerbera gossypina (Royle)
Beauved). International Journal of Plant Science and Ecology ,2:10-14.

e Singh S, Dhyani D, Nag A and Sharma RK (2016) Morphological and molecular
characterization revealed high species level diversity among cultivated, introduced and

wild roses (Rosa sp.) of western Himalayan region. Genetic Resources and Crop
Evolution, DOI: 10.1007/s10722-016-0377-0.

e Yadav AK, Kaundal S, Sharma A and Singh S (2015) Chilling Stress tolerance in plants:
Physiology and mechanisms. In: Recent advances in plant stress physiology. Praduman
Yadav and Sunil Kumar (eds.) Astral International (P.) Ltd., India ISBN 978-93-5124-
730-2.

e Dhyani D and Singh S (2015) Wild roses of western Himalayas and a catalogue of Rosa
species. CSIR-IHBT Publication.
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Rakesh Kumar, Senior Scientist
rakeshkumar@ihbt.res.in

Research Area: Agronomy, medicinal and aromatic plants, climate change

Development of agrotechnologies for medicinal and aromatic plants: Our group is involved in
development of production technologies of medicinal, aromatic plants and industrial crops viz.,
damask rose (Rosa damascena Mill.), stevia (Stevia rebaudiana Bertoni), kutki (Picrorhiza
kurrooa), ginseng (Panax ginseng), Hippophae spp. etc. We are involved in studying crop weather
relationship of damask rose and also studying the growth and phenology of Himalayan spp. under
elevated CO, temperature conditions.

While studying the effect of plant spacing (45 cm x 45 cm and 60 cm x 45 cm) and weed
management practices (control, weed free, hand weeding, pendimethalin +1 HW and oxyfourfen
+1HW) in stevia, it was found that planting stevia at a spacing of 45 cm x 45 cm and spraying with
pendimethalin as pre-emergence herbicide followed by hand weeding at 30 days after spray
recorded significantly higher stevia dry leaf biomass than other treatments. Steviol glycosides
were not affected by the treatments.

To study the effect of environmental conditions on growth and yield of Hypericum perforatum, an
experiment was initiated during November 2015 under free air carbon enrichment (FACE), free
air temperature increase

(FATI) and FACE+FATI mAmbient WFATI mFACE+FATI mFACE mAmbient mFATI = FACE+FAT m FACE
facility in the institute. At 30 a a

15 1

ca

o
I
:u

and 60 days after exposure

3 8 60 4 b
= 10 4 2
(DAE) to elevated CO, and | £ 2 4
. B 5 4 a 4 o a
temperature, plant height was | % b‘-h 2201 Soamboc
= y — \
. . . . o o + . ’ 0 -
significantly higher in FATT as -~ 0DAE - coDAE
Compared to FACE and Days after exposure (DAE) Days after exposure

ambient but remained at par Fig. 1 Effect of environmental conditions on plant height and

with FACE+FATI (Fig.1). At pumber of leaves per plant of Hypericum perforatum at 30 and 60
30 DAE, significantly higher days after exposure (DAE).

numbers of leaves were

recorded in FATT as compared

to other environmental conditions. Number of leaves in FACE+FATI remained at par with ambient
but was significantly higher than ambient. At 60 DAE, significantly lower number of leaves was
recorded in FACE as compared to three remaining environmental conditions. The latter three
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treatments remained at par with each other (Fig.1).

Germplasm resource centre of Hippophae at Ribling farm, CeHAB, Keylong, Lahaul & Spiti, HP
was enriched with collection of Hippophae salicifolia from different regions of the country. About
43 accessions were collected from Uttrakhand and 17 accessions from Sikkim.

Growth data was recorded from demonstration plots of Ginseng (Panax ginseng) laid out at
farmer's field at village Sansha, Tehsil Keylong, district Lahaul & Spiti, HP. Plant height varied
from 12 to 38 cm and number of leaves per plant varied from 1 to 5 in 1 to 4 years old plant of
ginseng. Likewise plant spread in north —south (N-S) directions varied from 9 to 33 cm whereas in
E-W direction it varied from 10 to 30 cm in 1 to 4 years old plant. The demonstration plots of
damask rose at district Reasi and Tagetes minuta (8 ha) village Batote, district Ramban of Jammu
and Kashmir were established.

Publications:

e Kumar R, Sharma S, Kaundal M, Sood S and Agnihotri, VK (2016) Variation in essential
oil content and composition of damask rose (Rosa damascena Mill) flowers by salt
application under mid hills of the western Himalayas. Journal of Essential Oil Bearing
Plants. 19:2,297-306.

e KumarR, Sharma S, Kaundal M, Sharma S and Thakur M (2016) Response of damask rose
(Rosa damascena Mill.) to foliar application of magnesium (Mg), copper (Cu) and zinc (Zn)
sulphate under Western Himalayas. Industrial Crops and Products, 83:596-602.

e Sharma S and Kumar R (2015) Effect of temperature and storage duration of flowers on
essential oil content and composition of damask rose (Rosa x damascena Mill.) under
western Himalayas. Journal of Applied Research on Medicinal and Aromatic Plants. DOI.:
http://dx.doi.org/10.1016/j.jarmap.2015.10.001.

e Sharma S, Walia S, Singh B and Kumar R (2015) Comprehensive review on agro
technologies of low -calorie natural sweetener Stevia (Stevia rebaudiana Bertoni): a boon
to diabetic patients. Journal of the Science of Food and Agriculture. DOI:
10.1002/jsfa.7500. 23;96(6):1867-79.

e Kumar, R, Sharma, S, Prasad R and Dubey YP (2015) Bioorganic nutrient source effect on
natural sweetener plant stevia and soil fertility in the Western Himalayas. Communications
in Soil Science and Plant Analysis. 46: 1170-1186. DOI: 10.1080/00103624.2015.1033545.
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Gireesh Nadda, Scientist
girish@ihbt.res.in

e ™1 Research Area: Entomology; bioprospection of insects, microbes and plants

Bioprospection of microbes from insects: Our group has initiated work for isolation, screening
and characterization of microbes from insects for industrially important enzymes. Characterized
cellulase producing bacteria viz. Trabulsiella sp. from termites and Serratia sp. from silverfish.
Congo red assay showed a zone of clearance, indicating cellulose degrading activities of the
isolated microbes.

Development of bio-insecticides: In the direction of developing plant based biopesticides, two
accessions of Acorus calamus, viz., IHBT/AC/7 and IHBT/AC/16, that contain high and low (-
asarone content, respectively showed insecticidal activities against 2™ instar larvae of Spodoptera
litura and Plutella xylostella. However, P. xylostella larvae were more susceptible (96 h
LC,JHBT/AC/7 = 1085 ppm; IHBT/AC/16 = 1200 ppm) than the larvae of S. /itura (96 h
LC, JHBT/AC/7=1756 ppm; IHBT/AC/16=2427 ppm). In IHBT/AC/7 accession, B-asarone is
2.51 times and a-asarone is 6.65 times higher as compared to IHBT/AC/16 accession. LC,, results
of these two accessions depict that asarones

g
o

are not completely responsible for the

bl

larvicidal activities of the essential oils;

larvae (mg)
3

other constituents also play their role in

Larval weight increase of 30
o

rendering toxicities. The essential oils of 4.

)

AT w

calamus can be exploited for the
development of plant based insecticides for
sustainable management of agriculturally

important insect pests.

DNA barcoding of insects: Initiated work

on DNA barcoding of insects and identified Fig. 1 Non-choice and choice feeding and

different sps. of insects viz. Aphis, Archips, performance by P. xylostella on Arabidopsis thaliana
(AT) and Lepidium latifolium (LL). (A) leaf damage
after 48 h of challenge by three 3" instar larvae; (B)
average leaf area consumed by larvae in both plants;
Host-insect interaction studies: (C) increase in weight of larvae after 48 h; (D)

representative petri dish showing choice
Adult moth and larval performance of experiment; (E) % unchewed discs in choice

Plutella xylostella were studied on a novel —experiment; (F) total number of insects found on
each plant

Aulacorthum, Platynus, Argyresthia and
Asaphes.
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host Lepidium latifolium L. (LL) that has high sinigrin content and was compared with its
laboratory host Arabidopsis thaliana (AT). Adult moths visit and prefers LL over AT for
oviposition. Conversely, LL leaves were not preferred and proved detrimental for P. xylostella
larvae (Fig. 1). This preference-performance mismatch of P. xylostella on LL mediated by
glucosinolate pattern suggests that this novel plant could be utilized in P. xylostella management.
Advisory services: Advisory services for the management of insect and mite pests of tea besides
medicinal, aromatic and other floriculture crops was provided during the year.

Publications:

e Kumari S, Chauhan U, Kumari A and Nadda G (2015) Comparative toxicities of novel and
conventional acaricides against different stages of Tetranychus urticae Koch (Acarina:
Tetranychidae). Journal of the Saudi Society of Agricultural Sciences, DOI:
10.1016/j.jssas.2015.06.003.

e Nadda G (2015) Occurrence of root aphid, Forda orientalis George on a high altitude plant,
Arenaria festucoides Benth in Western Himalaya. Munis Entomology and Zoology, 10
(2):499-501.

e Nadda G and Kumar S (2015) First report of aphid, Liosomaphis ornata Miyazaki,
1971 (Hemiptera: Aphididae) from India. Halteres, 6:51-55.
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e Probir Kumar Pal, Scientist

l“ palpk@ihbt.res.in

! Research area: Agronomy of medicinal and aromatic plants
| S

The medicinal and aromatic plants sector is witnessing sea changes in the recent past due to high
demand in the international market and also facing numerous challenges such as lack of
agronomic practices and sustainable supply. Thus, the major focus is to develop and standardize
the agronomic practices for higher productivity under the western Himalayan conditions. Damask
rose (Rosa damascena Mill.) is one of the most high-value essential oil bearing plants in the world.
However, the flower yield and quality of essential oil of R. damascena are largely influenced by
the pruning practices and balance supply of plant nutrition. Information about the effect of pruning
system and foliar application of MgSO, on flower yield and secondary metabolites of R.
damascena is still unsolved. Thus, a field experiment comprising two pruning systems (complete
and partial) and five levels of MgSO, (water spray as control, MgSO, @ 5.0gL",10.0gL",15.0g L
', and 20.0g L") was conducted. Overall, the flower yield ranged from 503.66 -1114.47 g bush’
(Fig. 1), while oil content varied from 0.039- 0.046 % of the fresh flower. Irrespective of foliar
spray, partial pruning produced significantly (P< 0.05) higher flower yield (893.02 and 503.66 g
bush™) compared with complete pruning system in both the years. Regardless of pruning system,
the foliar application of MgSO, @ 15.0g L' registered about 26 -38 % higher flower yield as
compared to water spray (control). However, the essential oil content in flower was not
significantly (P>0.05) influenced by pruning system and foliar application of MgSO, (Fig. 1).

BEFlower (Nobush-1) Lst year EFlower (Nobush-1) Zndyear

1400 OFlower yield (2 bush-1) 1st year  @Flower vield (2 bugh-1) 2nd year

1200 A
1000 4
800
600
400 4

200 A

Flower number (no bush ')/ yield (g bush ')

Complete | Partial

Pruning System Foliar spray of MgS04 2 L-1

Fig. 1 Effect of pruning system and foliar application of MgSO, on flower number (No./bush) and
yield (g/bush) of R. damascena.
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Our group is also interested in developing location specific, cost effective and eco-friendly
agrotechnologies for higher resource use efficiency and sustaining the productivity and soil health
under medicinal crop production system. The effect of conservation of agricultural practice has
been evaluated in stevia crop production system under the western Himalayan conditions. The
analyzed data revealed that conventional tillage practices significantly (P< 0.05) increased dry
leaf yield (t ha") by about 22 and 50 % compared with zero tillage practices during 1% and 2™
cropping season, respectively. However, no significant (P<0.05) difference was observed
between conventional and zero tillage practices during 3" cropping season. Organic carbon (OC)
content in soil was significantly (P<0.05) increased with conventional tillage practices during 2™
and 3" cropping seasons (Fig. 2). On the other hand, application of mulching (M,- Stha”, M,-5t ha
', M,-15t ha") increased OC in soil as compared to control (M,-without mulch) during all the
cropping seasons (Fig. 2).
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Fig. 2 Effect of tillage practices and mulching on soil organic status under the western Himalayan
conditions.
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Ashok Kumar, Scientist
ashok@ihbt.res.in

Research area: Plant breeding

Evaluation of polyploid stevia CSIR-IHBT-ST-03 (C-7-3-4): Tetraploid stevia genotype was
developed through treatment of stevia seeds with 0.6% colchicine treatment for 24 h. The
polyploid stevia genotype CSIR-IHBT-ST-03 (C-7-3-4) was distinguished from diploid control
stevia plant through flow cytometry. Chromosome count in the root tip cells of polyploid stevia
CSIR-THBT-ST-03 (C-7-3-4) confirmed the tetraploid status.

The genotype CSIR-IHBT-ST-03 (C-7-3-4) was evaluated for morphological as well as
biochemical traits (Fig. 1; Table 1).

v T
g 200 400 600 800 1000 ¥ w - L " iy

FIZEA FL2-A

Fig. 1 (a) Diploid (Control) and tetraploid genotype CSIR-IHBT-ST-03 (C-7-3-4) of stevia, (b) Flow-
cytometry histogram showing internal reference standard M1 (Lycopersicum esculentum) and
diploid Stevia rebaudianaM2 and (¢) Internal reference standard M1 (L. esculentum 'Stupicke')

and tetraploid CSIR-IHBT-ST-03 (C-7-3-4) S. rebaudiana M2. Inset pictures are the chromosome
counts from root tips of respective stevia plant.
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Table 1 Morphological features of tetraploid stevia genotype CSIR-IHBT-ST-03 (C-7-3-4)

in comparison to check at Palampur location .

CSIR-IHBT-ST-03

Control (Canada-2-3-1)

Character (C-7-3-4)
2012-13 2013-14 2012-13 2013-14
Biochemical traits
Stevioside % 6.35 7.54 7 6.6
Rebaudioside-A% 2.55 2.25 2.1 2.4
Morphological trait
Plant height (cm) 103.70 97.40 105.50 112.30
Branches/plant (no.) 4.50 12.00 8.00 18.00
Stem thickness (mm) 8.15 6.14 6.41 542
Internode length (cm) 5.40 6.10 3.10 3.80
Max. leaf length (cm) 10.24 9.67 6.80 6.84
Max. leaf width (cm) 6.94 7.08 3.80 3.52

Selection and evaluation of potential Calla lily genotypes

The parental genotypes of Zantedeschia elliottiana CSIR-IHBT-
CL-ZE-1 (light yellow coloured) and CSIR-IHBT-CL-ZE-2 (Red
purple coloured) were crossed and variable colours of calla lilies
were obtained in the progenies which were morphologically
characterized for floral traits. The genotype CSIR-IHBT-CL-Y-1
has been selected for its unique cylindrical trumpet flower shape
and attractive bright yellow colour. The genotype along with
parents were evaluated for two years with respect to flower
production potential and other agronomic attributes viz., flower
stalk length, stalk diameter, leaf size and numbers, plant height,
number of flowers per plant and number of shoots under field and
protected conditions.

Fig. 2 Flower and plant of
genotype CSIR-IHBT-CL-
Y-1 of Zantedeschia
elliottiana

Table 2. Morphological features of genotype CSIR-IHBT-CL-Y-I under field and polyhouse

conditions
Morphological Traits Protected cultivation Field condition
Mean Range Mean Range
Number of flowers 3.3 1.0-4.0 3.2 1.0-4.0
Flower stalk length (cm) 88.4 44.3-97.6 48.2 37.5-64.3
Flower stalk diameter (mm) 8.6 4.88-10.4 6.7 3.9-8.9
Plant height (cm) 124.5 81.4-134.5 94.3 56.4-102.3
Leaf length (cm) 25.4 18.7-31.5 22.2 15.4-26.2
Leaf width (cm) 17.3 12.4-21.4 12.1 9.3-13.1
Number of shoots 4.6 2.0-5.0 5.0 1.0-6.0
Number of leaves 20.3 16.0-25.0 28.2 5.0-32.0
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In Zantedeschia aethiopica hybridization
programme was undertaken using two
parental genotypes CSIR-IHBT-CL-ZA-1
and CSIR-IHBT-CL-ZA-2. Variable floral
shapes of calla lilies were obtained in the
progenies which were evaluated for
agronomic traits under protected and field
conditions. The genotype CSIR-IHBT-CL-
W-1 has been selected for desirable flower
shape and white colour. The evaluation of
selection along with parents was done for
two years with respect to flower production
and agronomic parameters viz. flower stalk 4
length, stalk diameter, leaf size and Fig.3 Flower and plant of genotype CSIR-IHBT-
numbers, plant height, number of flowers CL-W-1 of Zantedeschia aethiopica

per plant and number of shoots.

- 4 Ly

Table 3. Morphological features of IHBT-CL-W-1 under field and polyhouse conditions

Morphological Traits Field condition Protected cultivation
Mean Range Mean Range
Number of flowers 6.7 4.0-10.0 5.0 4.0-6.0
Flower stalk length (cm) 90.3 81.4-104.5 107.5 98.5-118.0
Flower stalk diameter (mm) 10.2 6.9-16.5 13.1 10.1-17.8
Plant height (cm) 62.2 49.0-72.5 85.6 81.5-95.1
Leaf length (cm) 22.7 16.4-28.4 42.5 38.0-45.5
Leaf width (cm) 11.4 7.6-17.5 21.5 17.3-26.2
Number of shoots 10.3 6.0-14.0 12.4 10.0-16.0
Number of leaves 33.0 26.0-37.0 38.0 34.0-45.0

Chrysanthemum breeding: For the genetic improvement of Chrysanthemum, 78 crosses were
attempted among the diverse germplasm accessions to generate novel variations for flower
colour, shape and size. The F1 Hybrid seeds were sown and hybrid populations were raised.
Selection was performed among the hybrid populations for flower colour, shape and size. A total
of 16 F1 hybrids were selected for further multiplication and evaluation (Fig. 4).
A PV
'l ‘i

'

Yellow pums x Shyamal (40) Yellow puma x White Star {(4) Yellow puma x Shyamal (56)

Fig. 4 Selected chrysanthemum F1 hybrids for further multiplication and evaluation.
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Marigold breeding: Ninety nine breeding lines of marigold were developed through
hybridization and selection approaches. These selected breeding lines were evaluated for morpho-
agronomic traits for two seasons during 2014-15and 2015-16 (Fig. 5; Table 4).

Fig. 5 a) Marigold plant and b) marigold flower

Table 4: Morphological characteristics of marigold breeding lines

S. No. | Morphological Range Mean
parameters
1 Plant Height (cm) 35-98 71.44
2 Flower diameter (cm) 46-7.6 6.12
3 Flower no./plant 3-101 31.0
4 No. of buds 7-60 27.4
5 Total flower + buds 18 -107 57.28
6 Flower wt. (g) 8.57-15.12 10.52
7 No. of branches 4-15 7.12
8 Plant spread (cm) 35-97 61.34

Registration of Germplasm: Registration of two gerbera cultivars “Him Glow” (INGR15019)
and “Him Peace” (INGR15018) as germplasm at National Bureau of Plant Genetic Resources
(NBPGR) by Plant Germplasm Registration Committee (PGRC) of Indian Council of
Agricultural Research.

Publications:

e Singh S, Ram Raja, Kaundal S, Sharma A, Kumar A and Dhyani D (2016) Field
performance and differential response of micro-propagated potential F, genotypes of

Gerberajamesonii. American Journal of Experimental Agriculture,10(1): 1-11.

e Yadav AK, Kaundal S, Sharma A and Singh S (2015) Chilling Stress tolerance in plants:
Physiology and mechanisms. In: Recent advances in plant stress physiology. Praduman
Yadav, Sunil Kumar (eds.) Astral International (P.) Ltd., India ISBN 978-93-5124-730-2,
pp--185-199.
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N ?“ ‘?ﬁ ereddy@ihbt.res.in

- AR Research area: Development of bio-pesticides and pest management

The research focus is on isolation and characterization of native strains of entomopathogenic fungi
(EPF) from insect cadavers' and soil samples from agricultural, horticultural and forest ecosystem
in western Himalayan region for development of microbial biopesticides. We are also targeting
Himalayan flora to study their insecticidal properties against target pests i.e. Plutella xylostella,
Spodoptera litura and Aphis craccivora. The work is also being done on effect of elevated
temperature and carbon dioxide on biology and life cycle of insect pests on target medicinal plants.

Identification of promising native strains of entomopathogenic fungi (EPF) for the
development of microbial bio-pesticides for pest management: Field surveys were carried out
for isolation of EPF from soil samples of different ecosystems. Two strains showed promising
activity/pathogencity against second instar larvae of P. xylostella (60-100% mortality) and 4.
craccivora (96-100% mortality) under laboratory conditions. The isolated strains will be further
evaluated against target pests under field conditions.

Screening plant extracts/fractions/essential oils/pure compounds/synthetic analogues
against target pests for development of formulations: Essential oils of Acorus calamus, Cedrus
deodara, Aegle marmelos, Tagetes minuta and Murraya koenigii were screened for their
insecticidal properties against P. xylostella larvae. A. calamus was found more effective against
second instar larvae (LC,;=0.29 mg/mL) after 72 h followed by C. deodora (LC,=1.08 mg/mL) as
compared to other essential oils. Feeding deterrence and repellent activity of A. calamus and C.
deodara was more promising (59-71% and 73-86% respectively) against third instar larvae.

Insecticidal and structure activity relationship of cinnamoyl amides from Zanthoxylum armatum
was studied against P. xylostella. The activities of these compounds varied depending on the
presence of specific substituents at various positions of the aromatic rings (A and B). Among the
tested compounds, 8, N-(3-bromo-4-methoxyphenethyl)cinnamamide showed best larvicidal
activity (LC,,=62.13mg/L) followed by 6, N-(3%-bromophenethyl)cinnamamide
(LC,=128.49mg/mL) and 2 N-(4x-methoxyphenylethyl)cinnamamide (LC,;=225.65 mg/mL).

A new hederagenin based triterpenoid saponin, clematograveolenoside A (1) along with three
known saponins, tomentoside A (2), huzhangoside D (3) and clematoside S (4) were isolated from
the roots of Clematis graveolens were screened for their toxicity against A. craccivora.
Tomentoside A (2) was found more effective against A. craccivora with an LC,, value of 1.21 and
0.46 mg/L at 72 and 96 h after treatment, respectively.
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Publications:

¢ Reddy SGE, Dolma SK, Koundal R and Singh B (2015) Chemical composition and
insecticidal activities of essential oils against diamondback moth, Plutella xylostella.
Natural Product Research,DOI:10.1080/14786419.2015.1068772.

e Rattan R, Reddy SGE, Dolma SK, Fozdar BI, Gautam V, Sharma R and Sharma U (2015)
A new triterpenoid saponins from Clematis graveolens and their insecticidal activity.
Natural Product Communications, 10(9):1525-1528.

e KumarV,Reddy SGE, Bhardwaj A, Dolma SK and Kumar N (2016) Larvicidal activity and
structure activity relationship of cinnamoyl amides from Zanthoxylum armatum and their
synthetic analogues against diamondback moth, Plutella xylostella. EXCLI Journal,
15:229-237.

e Reddy SGE, Dolma SK and Bhardwaj (2016) Plants of Himalayan region as potential
source of biopesticides for lepidopteron insect pests. In. Herbal insecticides, Repellents
and Biomedicines: Effectiveness and Commercialization (Eds) Vijay Veer and Reji
Gopalakrishnan, Springer India.

Patent (Filed):

e Reddy SGE and Sahotra S (2015) A novel medium composition for culturing the
entomopathogenic fungus, Lecanicillium lecanii. Filed for Indian patent, Reference
number 0285NF2015 dated 11/1/2016.
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Bhavya Bhargava, Scientist
bhavya@ihbt.res.in

Research area: Protected cultivation of ornamental crops

Floriculture has been the major thrust area for diversification of agriculture in the hills during the
recent years. The agro climatic conditions offer excellent opportunities for the development of
floriculture to serve the internal off-season market.

Development of agro-technologies for orchids: Orchids have become one of the most important
segments in world floriculture market. The orchids symbolize friendship, perfection, elegance and
virility. These are grown for cut flowers, pot plant, extraction of bio-molecules and herbal
medicines. The flowers and pot plant
command highest price in markets due to
their incredible range of diversity in size,
colour, shape, forms, appearance and long
vase life. Keeping in view the potential of
Orchids, we are interested in developing
agro-technologies, improvement in
productivity, quality and commercialization
for high value temperate orchids in the
Western Himalayas.

Agro technologies for eight hybrids of
Cymbidium i.e. 'Pink
Clash Moon Venus',
'"Winter Beach Sea Green',
'Eushi Kam', 'Sleeping
Nymph', 'Soul 'Hunt 6',
CM12, CMO03, CM02, and
CMO06 along with other
orchids species i.e.
Arundina graminfolia,

5 ' © <l v 3 !,

Fig. 2 Flowering in Cymbidium varieties (Yellow colour and Cattleya sp. and
Yellow colour with brownish spot) Dendrobium aphyllum are

Zygopatalum lutermilium,

under development.
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<

M02 and CM06)

Fig.3.1-year-old cymbidium seedlings (C

Lilium: Due to increase in
demand, year round production
of cut flower has become
important practice among
growers. For control of flowering
bulbs and plant are treated with
specific temperatures and
chemicals to impact their growth
and flowering. In this regard, we
evaluate lilium LA varieties

Pavia and Ercolano in poly house
conditions for growth and Fig.4Floweringin LA lilium cultivar Ercolano in polyhouse

flowering parameters.

Table 1. Performance of Ercolano and Pavia varieties of LA lilium in protected
cultivation

Parameters Ercolano Pavia
Plant height 67.85 cm 65.91 cm
No. of leaves 78.2 54.9
Length of leaves 8.54 cm 10.07
Days for flowering 71.3 days 79.3 days
Duration of flowering 9.4 days 8.9 days
Flower diameter 20.13 cm 18.48 cm
No. of buds per plant 3.9 4.4
No. of bulbs harvested/ plant 2 2.5
No. of bulblets/ bulb 5.8 2.5
Weight of bulbs 52 ¢ 45 ¢
Diameter of bulbs 5.01 cm 4.5cm
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Germplasm conservation and maintenance: Existing germplasm of lilium consisting of ten
asiatic cultivars was enriched with eight oriental lilies and two LA cultivars, one calla lily cultivar,
eight orchid cultivars, three chrysanthemum cultivars. Twelve wild species namely Corydalis
meifolia, Meconopsis aculata, Rhodolia fastigata, Potentilla atrosanguinea, Polygonum affine,
Pedicularis siphonantha, Cremanthodium arnicoides, Swertia paniculata, Senecio raphanifolius,
lagotis cashmeriana, Dianthus angulatus and Iris kumaonensis were collected from Rohtang and
Lahaul valley of Himachal Pradesh for testing their suitability as a potted plant.

Publications:

e Sharma P, Gupta YC , Dhiman SR, Sharma P and Bhargava B (2015) Effect of planting
time on growth, flowering and seed yield in Dianthus barbatus L. National Academy
Science Letters, DO110.1007/s40009-014-0336-2.

e Sharma P, Gupta YC, Dhiman SR, Sharma P and Bhargava B (2016) Variation in growth,
flowering and seed yield of satin flower (Godetia grandiflora) planted on different date.
Indian Journal of Agricultural Sciences, 86(2):277-280.

o T ARGUSY, HAR HO Ud 9 ANId (2015) TRGMARAT B GRIET WAl Bel He
TATS—3NTRA |
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Biotechnological interventions for prospection, utilization and conservation
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of bioresources in Himalaya

Developing efficient micro-macro propagation systems

Identification of genome wide makers, metabolic engineering and Nanobiology
Next-Gen and Third Generation high throughput whole genome and
transcriptome sequencing for understanding evolutionary mechanism
Dissecting abiotic and biotic stresses

Identification and characterization of novel enzymes/ genes for basic and
applied research
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Sanjay Kumar, Director and Senior Principal Scientist
sanjaykumar@ihbt.res.in; director@ihbt.res.in

Research area: Plant adaptation and high altitude biology

Himalayas offer large opportunities to bioprospect microbe and plant diversity for identification
and sustainable utilization of the relevant components for industrial use. Our group has been
involved in bioprospecting genes, enzymes & metabolic pathways, and understanding the
adaptation of plants along the altitudes of Himalayas. While prospecting enzymes, our group
identified a unique thermostable superoxide dismutase (SOD) from Potentilla atrosangunia that
was further engineered to improve tolerance to autoclaving and functionality across the wide
range of temperature from subzero to 50C. Analysis of amino-acids sequence of SOD showed the
presence of a central core that imparts structural stability and catalytic activity to the enzyme.
However, a role of sequences flanking the central core was not known. Wet lab as well as
bioinformatic-based experiments with the deletion mutants of SOD showed that the flanking
sequences are important for the optimal functionality of the enzyme and also to maintain the
stability of the enzyme after autoclaving (Fig. 1). Deletion of flanking sequences produced
unfavorable geometry of SOD which leads to non-availability of substrate to the active site (Fig.
2).

Central core of Cu,Zn SOD

H45H4T C56 H62 H70 HT9D82 H118

C145,
- I e

Actrve site including amino acid residues mvolved in Cu™ and Zn’ 1on co-ordination. and
cysisines ivolved in disulfide inkage (CS8. and C145) ware retained

mut] (4280 = Y AEND)

A40%8

Rﬂm‘hmﬂE-m&mmmhammm:dmim
Cu™ and Zn™ ion , and disulhde inkage (C55. and C145)

mat2 (% 53 + 2 0VND)

az2in

H45 and HAT involved in Cu”" jon co-ordination along with C58
(involved in disulfide inkage) were deleted

mut (NDND)

ASTI0

Fig. 1 Deletion experiments carried out with the wild-type (WT) SOD. Important amino acids in the WT are
shown by arrow mark. Central core is marked and it has important residues for conferring catalytic activity.
N-terminal of the protein is shown by the first encoded amino acid methionine (Met), whereas extreme C-
terminus is marked as Stop. Various deletion mutants such as mutI (deletion of 40 and 6 amino acids from N
and C-terminal, respectively), mut2 (deletion of 21 and 1 amino acids from N and C-terminal, respectively),
mut3 (deletion of 57 amino acid from N terminus, whereas all amino acids were retained at C-terminus,
respectively) created in the study are shown as line diagram. WT and mutant SODs were expressed and
purified for estimation of the activity. The per cent activity relative to the maximum activity of WT is given in
parentheses below the line diagram of each mutant. A, truncation; numerical values before and after slash are
the number of amino acids truncated from N- and C-terminal, respectively; nd, activity not detected (adapted
from our article published in J Biomol Struct Dyn,34(3): 474-85,2015).
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WT Mutant

Fig. 2 Comparison of volume and electrostatic potential surface of wild type (WT) and a mutant (deletion of
40 and 6 amino acids from N and C-terminal, respectively) models. Though, we created three different deletion
mutants as shown in Fig. 1, data of only one mutant is shown in the above figure. Blue, red and white color
represents negative, positive, and neutral charge, respectively. Catalytic pocket region within enzyme is
encircled (adapted from our article published in J Biomol Struct Dyn, 34(3): 474-85, 2015).

Yet another interest of our group is on regulation of secondary metabolites in the medicinal plants
of Himalayas. Our previous work deciphered the metabolic pathway leading to the picroside
biosynthesis in Picrorhiza kurrooa (P. kurrooa) and revealed the importance of temperature in
regulating the picrosides metabolism. To gain insights into temperature regulatory mechanisms,
miRNA libraries were prepared and analyzed from leaf and rhizome tissues of P. kurrooa exposed
to 15°Cand 25°C. The functional validation of micro RNAs and their respective targets showed the
importance of phenylpropanoid, stibelinoid, cysteine and methionine metabolism in regulating
temperature response of P. kurrooa. The outcome from such studies has far reaching implications
in the metabolic engineering of plant secondary metabolism and synthetic biology.

Publications:

¢ Kumar A, Randhawa V, Acharya V, Singh K and Kumar S (2015) Amino acids flanking the central core of Cu,
Zn superoxide dismutase are important in retaining enzyme activity after autoclaving. Journal of
Biomolecular Structure & Dynamics, 34(3):475-85.

e Shafi A, Chauhan R, Gill T, Swarnkar MK, Sreenivasulu Y, Kumar S, Kumar N, Shankar R, Ahuja PS and
Singh AK (2015) Expression of SOD and APX genes positively regulates secondary cell wall biosynthesis
and promotes plant growth and yield in Arabidopsis under salt stress. Plant Molecular Biology 87(6):615-31.

» Paul A and Kumar S (2015) An A20/AN1-zinc-finger domain containing protein gene in tea is differentially
expressed during winter dormancy and in response to abiotic stress and plant growth regulators. Plant Gene 1:
1-7.

e Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Complete genome sequence of
Arthrobacter sp. ERGS1:01, a putative novel bacterium with prospective cold active industrial enzymes,
isolated from East Rathong glacier in India. Journal of Biotechnology 214:139-140.

Patents:

e Kaachra A, Vats SK, Ahuja PS and Kumar S. An expression construct and process for enhancing the carbon,

nitrogen, biomass and yield of plants. Aug 19,2015 EP2699687 B1.
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Amita Bhattacharya, Senior Principal Scientist
amitabhatta@ihbt.res.in
Research area: Conservation and genetic improvement of western

Himalayan bioresources

Conservation of rare, endangered, critically endangered and threatened medicinal plants of
western Himalaya

In our attempt to develop alternative systems of Nardostachys jatamansi for valuable
physiochemicals, large amounts of callus cultures were developed from leaf explants and screened
for important phytochemicals. The calli was found to have a number of important phytochemicals
including nardin known for its hair growth promoting property.

In continuation to previous work carried out under the DBT sponsored project 'Preventing
extinction and improving conservation status of threatened plants through application of
biotechnological tools', in vitro repositories were established for 15 accessions of Dactylorhiza
hatagirea collected from different locales of HP. In a separate study, Plant Growth Promoting
Rhizobacteria (PGPR) were isolated from the in sifu thizosphere of Picrorhiza kurrooa and used
for hardening tissue culture raised P. kurrooa plants under polyhouse conditions. The biologically
hardened plants showed more than 85% survival as compared to no survival of untreated control
plants.

Evaluation of growth and reproductive performance of transgenic tea plants developed by
the biolistic gun method: Transgenic tea plants developed from leaf explants by the biolistic gun
method in an earlier study were maintained under polyhouse conditions for seven years. The
growth and reproductive behaviour of the transgenic and nonbombarded control plants were
evaluated. Phenotypic similarity was recorded in the transgenic and control plants. Although, the
growth parameters were significantly at par, shoot height was found to be significantly lower in the
transgenic plants. Abscission of floral buds and flowers, fruit drop and empty seed formation were
significantly higher in the transgenics. Viability and germination of the transgenic seeds was also
significantly lower and only 3% of the transgenic seedlings survived. Depression in reproductive
behaviour of transgenic plants was notable.

Catechin-specific-diazotized sulfanilamide reagent for histo-chemical evaluation of
catechins in PEG stressed transgenic tea plants: Presently, there are a number of methods for
detection of cellular localization of polyphenols using histo-chemical methods. However, specific
detection of catechins in the plant cells has not been possible till date. Therefore, the applicability
of the catechins-specific-reagent (CSR) was investigated for histo-chemical detection of cellular
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catechins. It was earlier shown that a
golden-yellow coloured complex is
formed when the diazotized arylamine
moiety of the CSR reagent reacts
specifically with the Aring of catechins.
Based on this principle, the CSR regent
is used for spectrophotometric
quantification of catechins. In the study,
CSR stained microtome sections of
leaves and stem of transgenic and
nontransgenic tea plants revealed
cellular localization of golden yellow

coloured catechin globules. The
structurally intact and highly turgid

transgenic cells accumulated higher

levels of catechins after 20% PEG Fig. 1CSR stained longitudinal sections of stem sed
untransformed control (UT). B) Untreated

stress, whereas, the non-transgenic cells h
ined onlv f techin olobul transgenic (TR). C) PEG treated UT. D) PEG treated
contained only few catechin globules. rp ¢iojebars- 20 wm.

The findings corroborated well with
spectrophotometric quantification data

(Fig. 1).

Identification of markers of floral transition in maggar bamboo (Dendrocalamus
hamiltonii): While all clonal populations of a bamboo plant remember their age and die en masse
after gregarious flowering, it is impossible to identify juvenile plants from the ones that will flower
gregariously and die. Therefore, the transcriptome approach was employed to identify markers
that will differentiate juvenile and about-to-flower plants. The up and down regulation of several
floral transition genes and transcription factors
homologous to dicot and monocot model plants were
recorded and correlated with morphological and
biochemical changes in vegetative, about to flower
and flowering stages. These changes were able to
predict flowering in the in vitro system and
corroborated well with data obtained from proteomic
studies (Fig. 2).

Differential Gene
Expression

= Total ® Down-regulated
o Up-regulated

BHM
FS/VS | 474
N 5150

[ 5211
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I 0357

5508

I
AFS/VS I Gt
— 2707

Fig.2 Heat map of significantly but differentially expressed contigs of three floral
transition stages.
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Publications:

Kaur D, Dogra V, Thapa P, Bhattacharya A, Sood A and Sreenivasulu Y (2015) In vitro
flowering associated protein changes in Dendrocalamus hamiltonii. Proteomics
15:1291-1306, DOI 10.1002/pmic.201400049.

Bhattacharya A, Sharma M, Gulati A, Joshi R, Chanda SK and Ahuja PS (2015) Biotechnic
& Histochemistry. The Biological Stain Commission, 90(1): 45-54.

Sandal I, Koul R, Saini U, Mehta M, Dhiman N, Kumar N, Ahuja PS, Bhattacharya A
(2015) Development of transgenic tea plants from leaf explants by the biolistic gun
method and their evaluation. Plant Cell Tissue and Organ Culture, 123:245-255.

Ahmad N and Anis M (2015) In Vitro Approaches for Conservation and Sustainable
Utilization of Podophyllum hexandrum and Picrorhiza kurroa - An overview on these

Endangered Medicinal herbs of Western Himalaya. In: Plant Tissue Culture: Propagation,
Conservation and Crop Improvement. Springer, Singapore.
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S.K. Vats, Principal Scientist
skvats@ihbt.res.in
Research area: Adaptive biology and climate change

Studies under free-air CO, enrichment and temperature increase facility is a better way of

estimating how plant growth will FREE AIR CO, ENRICHMENT (FACE) &
respond to the conditions under climate FREEAIR TEMPERATURE INCREASE (FATI

a3

change scenario. There is an increasing
support to the view that such
information should be generated from
diverse regions as well as ecosystems of
the world to account for inherent |
variability and have representation of E=5
diverse groups of plants. -
a) Gas exchange studies: During the current year, impact of elevated CO, and temperature was
studied in the following plant species native to Himalaya viz. Hypericum perforatum, Picrorhiza
kurroa, Rumex neplensis, Taraxacum officinale (low and high altitude populations), and Valeriana
Jjatamansi. Changes in physiology, morphology, secondary metabolite composition and biomass
partitioning were studied during spring and autumn seasons.

Spring = FACE = FATI Spring =FACE = FATI
E w0 48 ;‘ ] a8 54
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£ T.afficinale Tofficinale V. jatamansi R.nepalensis Phurroos H.perfomtum 35 T officinale  T.officinale V. jatamansi B napalensin  Phurooa  H perforatum
LA HA LA HA
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Fig. 1 Percent changes in light saturated photosynthesis (A ) and stomatal conductance (g,) in leaf
of Hypericum perforatum, Picrorhiza kurroa, Rumex neplensis, Taraxacum officinale (low and high
altitude populations), and Valeriana jatamansi during spring and autumn months under elevated
CO, (FACE;550+50 pmol m”s") and elevated temperature FATI; 2.5+0.50 °C).
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Under elevated CO, (FACE), light saturated photosynthesis (A
for T officinale was higher in spring than
for high
altitude (HA) population of the species was more than 3 times higher in spring than during autumn.
Change in A
was greater during autumn compared to spring.

) increased for all species during

sat

Spring and Autumn months. The percent change in A

sat

during autumn. Compared to low altitude (LA) population of 7. officinale, change in A,

sat

for under-storey species, V. jatamansi and R. nepalensis, and HA species P. kurrooa

sat

Stomatal conductance (g) decreased invariably under FACE, for all the species and for both the
seasons of study. Change in g, was greater for low altitude species during Spring than autumn. HA
species 7. officinale and P. kurroa showed relatively greater decrease during autumn.

Grown under elevated temperature conditions, 7. officinale showed differential responsive to

warming; A, increased during spring but decreased during autumn. Warming increased A, in

open habitat species 7. officinale and H. perforatum during spring but led to its decrease in under-
storey species like V. jatamansi and R. nepalensis during both the seasons.

under FATI
during spring season only. Decrease in giwas greater during autumn than spring for all species in

P. kurrooa an open habitat species of high altitude distribution showed decrease in A

sat

response to warming.

b) Variation in total polyphenol content under Free Air CO, Enrichment (FACE) and
Free Air Temperature Increase (FATI):

OControl OFACE ®FATI

—_
(=]
[=]

Under FACE environment, total polyphenol

®©
(=}
1

content registered a significant (P <0.05) increase

[N
(=]

in both leaf and root samples of R. nepalensis.

IN
=)

Under elevated temperature, the content decrease

Total polyphenol content
(GAE mg g fw)
N
(=]

non-significantly (P > 0.05) in leaves. However,

total polyphenol content in root increased Leaf Root

significantly (P < 0.05) as compared to that in Fig. 2 Total polypenol content in leaf and root
of Rumex nepalensis grown under ambient
CO, (Control), elevated CO, (FACE), and
C) Variation in total polyphenol content along elevated temperature (FATI) on fresh weight
(fw) basis and expressed as gallic acid
] . equivalents (GAE). The data shown indicate
nepalensis were raised from seeds collected from | eans +SE (n=3). One-way ANOVA was
four different altitudes; 800 m amsl, 1300 m amsl, conducted and different letters in superscript
show significant difference at P<0.05.

leaves grown under control conditions.

an altitude: For ex-sifu studies, populations of R.

2200 m amsl, 4000 m amsl and grown under
common conditions of greenhouse. For in-situ
studies, samples were collected from population of the species growing in its native habitat at all
the four altitudes as mentioned earlier. In leaves of the species, total polyphenols content showed
a curve-linear response as a function of altitude under both ex-situ and in-situ conditions.
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Compared to 800 m, total polyphenol
content increased significantly (P <
0.05) under ex-situ and in-situ
conditions up to 2200 m altitude.
Thereafter, total polyphenols content
showed a significant (P <0.05) decline
at 4000 m amsl. Total polyphenol
content in roots of R. nepalensis
showed a significant (P < 0.05) linear
decrease with increase in altitude
under both ex-situ and in-situ
conditions.

Patent:

e Anish Kaachra, Surender Kumar
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Fig. 3 Total polyphenol content in leaf and root of Rumex
nepalensis under ex-situ and in-situ conditions on fresh
weight (fw) basis and expressed as gallic acid equivalents
(GAE). All the data are mean values £ SE. One-way
ANOVA was conducted and different letters in
superscript show significant difference at P<0.05 (n=3).

Vats, Paramvir Singh Ahuja, Sanjay Kumar. An expression construct and process for

enhancing the carbon, nitrogen, biomass and yield of plants. peoples republic of china
(Application No. 201280027891.9; granted 05/11/2015);European patent (No: 269968;

granted on 19/08/2015).
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- J Vipin Hallan, Principal Scientist
‘ a hallan@jihbt.res.in

o Research area: Plant-virus interactions

Active transmission of Apple scar skin viroid naked RNA by the whitefly, Trialeurodes
vaporariorum: Nucleic acid transfer between plants is a phenomenon which is likely to occur in
many ways in nature. Active transmission of Apple scar skin viroid (ASSVd) naked ssRNA
species by the whitefly Trialeurodes vaporariorum (Tv) was reported for the first time. Not only
the viroid RNA, its DNA form was also
identified from the insect. The viroid transfer whitefly

Apple sear skin viroid was found transmissible by the Greenhouse

efficiency was enhanced with the help of  viridinfectious __ pirect inocutation —»
Cucumis sativus Phloem protein 2 (CsPP2), one
a plant protein known to translocate viroid
RNAs. This PP2/ASSVd complex was

stably present in the viroid infected

—_— 5
Triadeurades voporarionsT (Tv)

cucumber plants (Fig. 1). As viroid-like
secondary structures are found in some plant
RNAs, and PP2 is known to bind and
translocate several RNAs, the results have

i

zi
|
-
: RNA Biology 12, 1-8 (2015)

huge implications in transfer of similar RNA  Fig. 1 Viroid RNA replication and conversion into
DNA in Tv (RT) The RNA is picked up as a
. complex involving viroid, phloem protein 2 and
whitefly. ubiquitin ligase

species between plants visited by the

Natural occurrence of Apple stem grooving virus on bamboos and Bauhinia variegata: Apple
stem grooving virus (ASGV) is an important and abundant virus in apple orchards. Presence of the
virus was confirmed on various Bamboo species and B. variegata by molecular means. The
identified isolate were 95-98% similar at sequence level. After Bamboo mosaic virus and Cherry
necrotic rusty mottle virus, ASGV happens to be only the third virus to be characterized from
bamboo. The trees probably act as areservoirs of ASGV.

Complete nucleotide sequence of Ageratum enation virus and an alphasatellite infecting a
new host Glycine max in India: Leaf crumpling, yellowing and stunting were observed on soya
bean (Glycine max) in Himachal Pradesh, India. PCR-based detection confirmed the presence of a
begomovirus. The viral genome was amplified by rolling circle amplification, cloned and
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sequenced. The complete nucleotide sequence of DNA-A showed highest nucleotide identity to
an isolate of Ageratum enation virus infecting a weed Ageratum conyzoides. In addition, a DNA
molecule was found which shared 95% nucleotide identity with an alphasatellite infecting
ageratum. Neither beta satellite nor DNA-B were detected in the infected samples.

Valeriana jatamansi and Glycine max as natural hosts of Begomoviruses and Cucumber
mosaic virus: In order to identify natural virome of Valeriana jatamansi and Glycine max, V.
Jjatamansi was found infected with Cucumber mosaic virus (CMV) subgroup I isolate. In another
study, V. jatamansi showing crinkling symptoms and G. max showing yellowing and stunting
were found associated with Bhendi yellow vein mosaic virus and Ageratum enation virus,
respectively. Results suggest that V. jatamansi may act as a reservoir for the above two important
viruses of vegetables.

Publications:

e Bhardwaj P, Awasthi P, Prakash O, Sood A, Zaidi AA and Hallan V (2016) Molecular
evidence of natural occurrence of Apple stem grooving virus on bamboos. Trees - Structure
and Function, 1-9,D0OI110.1007/s00468-016-1375-8.

e Bhardwaj P, Ram R, Zaidi AA and Hallan V (2015) Natural occurrence of Apple stem
grooving virus on Bauhinia variegate. Trees - Structure and Function,29(5): 1415-1422.

o Bhardwaj P, Ram R, Zaidi AA and Hallan V (2016) Apple stem grooving virus naturally
infects himalayan wild cherry (Prunuscerasoides D. Don). Forest Pathology, 46(2): 116-
121.

e Awasthi P, Ram R, Zaidi AA, Prakash O, Sood A and Hallan V (2015) Molecular evidence
for bamboo as a new natural host of Cherry necrotic rusty mottle virus. Forest Pathology,
45(1):42-50.

e Walia Y, Dhir S, Zaidi AA and Hallan V (2015) Apple scar skin viroid naked RNA is
actively transmitted by the whitefly trialeurodes vaporariorum. RNA Biology, 12(10):
1131-1138..
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Ram Kumar Sharma, Principal Scientist
ramsharma@jihbt.res.in
Research area: Molecular genetics and genomics

Genetic diversity characterization and genomic resource creation in endangered medicinal
and commercially important plants

Aquilaria malaccensis (Agarwood): The primary goal of plant conservation is to maintain
genetic diversity of endangered species. Among the different genetic resources, home garden
plantations are proved to be very efficient for ex- situ conservation of rare/endangered species.
The endangered A4. malaccensis is an important plant with high economic values. 4. malaccensis
Lam. (Thymelaeaceae) is an evergreen, hermaphroditic and an obligate outcross species,
commonly known as 'sasi'. It is the main source of agarwood in India. Characterization of genetic
diversity and population structure is receiving tremendous attention for effective conservation of
genetic resources. Considering important repositories of biological diversity, the genetic
relationships of 127 A. malaccensis accessions from 10 home gardens of three states of northeast
India were assessed using amplified fragment length polymorphism (AFLP). Of the 1153
fragments amplified with four AFLP primer combinations, 79.4% were found to be polymorphic.
Polymorphic information content (PIC) and marker index (MI) of each primer combination
correlated significantly with the number of genotypes resolved. Overall, a high genetic diversity
(avg. 71.85%) was recorded. Further, high gene flow (Nm: 3.37), low genetic differentiation
(FST: 0.069) and high within population genetic variation (93%) suggested that most of the
genetic diversity is restricted within population. Neighbour joining (NJ), principal coordinate
analysis (PCoA) and Bayesian-based STRUCTURE grouped all the accessions in two clusters
with significant intermixing between populations. This revealed that two genetically distinct gene
pools are operating in the A. malaccensis populations cultivated in home gardens (Fig. 1). Based
on the various diversity inferences, five diverse populations (JOH, FN, HLF, DHM and ITN) were
identified, which can be potentially exploited to develop conservation strategies for A.
malaccensis. Further to enhance the genomic resources, the publicly available transcriptome was
mined for SSR identification. A total of 7,072 SSRs was identified from 125,479 sequences.

Current inferences on genetic diversity and population structure will allow developing
appropriate sampling strategies for optimization and implementation of ex situ conservation in 4.
malaccensis genetic resources. AFLP-based high within population genetic diversity in A.
malaccensis home garden populations revealed that the current study can be potentially utilized
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for implementation of conservation strategies in the northeast India.

Fig.1 Genetic diversity of 127 Aquilaria malaccensis . (a) Map displaying the location of A.
malaccensis collected from different home gardens of northeast India (b) Bootstrapped
neighbour—joining (NJ) tree of 127 A. malaccensis accessions based on AFLP analysis.

Genomic resources creation in bamboo: Bamboo is one of the most essential forest resources.
Microsatellites have important role in genome, and are preferred over other molecular markers.
For the first time, we exploited public transcriptome data of Dendrocalamus latiflorus for
identification and characterization of 12,028 potential genic microsatellite markers in the species.
Frequency of SSRs was found to be 1 per 4
Kb. Tri-repeats were found to be the most
abundant (47.7 %) (Fig. 2). Among them,

:'T"ﬂ GC richrepeat motifs namely, CCG/ CGG
#Tetra (24.18 %) and AGG/CCT (22.29 %) were
'::: predominantly identified. Of these, 92 %

were class II type. Interestingly, 100 %

b markers showed cross transferability
. i R 5 Dicrepes across 14 related bamboo species, and
? 2 ::ﬂ.:::,. were utilized for establishing
E‘ £ T11 T phylogenetic relationships. Unique set of
s "l"iiﬁﬁiﬁffff developed genic SSR (DLTGMS)
5 § EE ';E g g g ::: E E E E g § E E E E E markers were deposited to NCBI's probe
24843878 % g g E g 2 E, % E % § database under accessions Pr032396515
Repratmeotf

to Pr032408542 and available at
Fig. 2 Relative frequency of genic microsatellitesinD. institution web page

latiflorus transcriptome (a) Repeat types; (b) (http://www.ihbt.res.in/GR/Bamboo/DL
Frequency of top 20 repeat motifs. ’ ’ R
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TGMS_ MarkerResource.xls). Genic SSR markers developed herein would assist in genetic
diversity, evolutionary and association mapping studies in bamboo. Similar efforts are under
progress in Tea, Stevia, bamboo and other important medicinal plants .

Publications:

e Unamba CI, Nag A and Sharma RK (2015) Next Generation Sequencing technologies: The

doorway to the unexplored genomics of non-model plants. Front. Plant Science, 6:1074.
doi: 10.3389/fpls.2015.01074.

e Kumar V, Bhandawat A, Sharma H, Nag A and Sharma RK (2015) Novel microsatellite
markers identification and diversity characterization in Pteris cretica L. Journal of Plant
Biochemistry and Biotechnology,DOI10.1007/s13562-015-0316-8.

e BhandawatA, Singh G, Raina A, Kaur J and Sharma RK (2015) Development of genic SSR
marker resource from RNA-Seq data in Dendrocalamus latiflorus. Journal of Plant
Biochemistry and Biotechnology, DOI10.1007/s13562-015-0323-9

e SinghP,NagA, Parmar R, Ghosh S, Bhau BS and Sharma RK (2015). Genetic diversity and
population structure of endangered Aquilaria malaccensis revealed potential for future
conservation. Journal of genetics, 94(4), 697-704.

e Kumar R, Kuldip, Ahuja PS and Sharma RK (2015) Status and Opportunities of Molecular
Breeding Approaches for Genetic Improvement of Tea. Spinger International Publishing
Switzerland, V.R. Rajpal et al. (eds.), Molecular Breeding for Sustainable Crop
Improvement, Sustainable Development and Biodiversity, 11, DOI 10.1007/978-3-319-
27090-6_5.
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Yelam Sreenivasulu, Principal Scientist
sreenivasulu@ihbt.res.in
Research area: Transgenics, plant developmental and seed biology

Seed biology of high altitude plants

Re-analysis of protein data reveals the germination pathway and up accumulation
mechanism of cell wall hydrolases during the radicle protrusion step of seed germination in
Podophyllum hexandrum- a high altitude plant: Podophyllum hexandrum Royle is an
important high-altitude plant of Himalayas with immense medicinal value. Earlier, it was reported
that the embryo of the seed is surrounded by thick walled, multi layered endosperm tissue and
thick testa and these protective layers create a physical barrier to the water uptake and provide a
constraint against radicle emergence during seed germination. It was also identified that the cell
wall hydrolases were up accumulated
during radicle protrusion step of
Podophyllum seed germination.
Presently, Podophyllum germination
protein interactome network (PGN)
was constructed (Fig. 1) by using the
differentially accumulated protein data

set of Podophyllum during the radicle —

Fig. 1 (a) Podophyllum Germination Network (PGN)
representing molecular mechanisms underlying
Podophyllum seed germination. The giant component
comprising of 10466 interactions among 1028 proteins
was used for the network analysis. Key proteins
identified by network analysis which were relevant
for the germination are highlighted in yellow.

protrusion step of seed germination
with reference to Arabidopsis
protein—protein interactome network
(AtPIN). The developed PGN is
comprised of a giant cluster with 1028

proteins having 10519 interactions and
a few small clusters with relevant gene
ontological signatures. In this analysis,
a germination pathway related cluster

Proteins overlapped with initial proteomics based
dataset are highlighted in red, b)Venn diagram
depicting the strategy used for the identification of
germination relevant key proteins from
Podophyllum germination interactome analysis.

which is also central to the topology and

information dynamics of PGN was obtained with a set of 60 key proteins. Among these, 8 proteins
which are known to be involved in signalling, metabolism, protein modification, cell wall
modification and cell cycle regulation processes were found commonly highlighted in both the
proteomic and interactome analysis. The systems-level analysis of PGN identified the key
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proteins involved in radicle protrusion step of seed germination in Podophyllum.

Xyloglucan endo-transglycosylase/hydrolase (XET/H) gene is expressed during the seed

germination in Podophyllum hexandrum: a high altitude Himalayan plant: In earlier studies

on seed germination in Podophyllum, accumulation of Xyloglucan endo-

transglycosylases/hydrolases (XET/Hs) transcripts was recorded. XET/Hs belong to glycosyl

hydrolase family 16, which play
an important role in endosperm
weakening and embryonic
expansion during seed
germination. The study
confirmed its possible role in
determining the fate of seed for
germination. Full length cDNA of
a membrane bound PAXET was
cloned from the germinating
seeds of Podophyllum. Analysis
of nucleotide sequence revealed
PhXET with an open reading
frame of 720 bp encoding a
protein of 239 amino acids with a
molecular mass of 28 kDa and pl
of 7.58. In-silico structure
prediction of PhAXET showed
homology with that of Populus
tremula (1UN1). PhXET was
predicted to have a potential GPI-
anchor domain and was located in
plasma membrane (Fig. 2). It was

52-EIDFEFLGNRT-62 anchor

i (N
/- = \il .
L;.,-:v Trans-membrane domain

96-SYAILWNMYQIVFYV+110

Fig. 2 Predicted tertiary protein structure of the PhXET.
Helices are represented by round cyan arrows, -sheets by flat
magenta arrows and loops linking secondary structures are
represented in tint. Predicted N-linked (N60) glycosylation
sites and signature motif of Glycosyl hydrolases family 16 (52-
EIDFEFLGNRT-62) are indicated (yellow) with arrows. Two
active sites ES2 and E56 are marked in green. Trans-
membrane domain (96-SYAILWNMYQIVFYV-110) is
highlighted in blue. Potential GPI anchor site (S201) is also
marked.

found that the exogenously applied phytohormones (GA and ABA) regulate the expression of
PhXET. The obtained data showed that the PAXET regulates seed germination in Podophyllum by
supplementing its activity along with other endosperm weakening and embryo expansion genes.

Publications:

e Dogra V, Bagler G and Sreenivasulu Y (2015) Re- analysis of protein data reveals the

germination pathway and up accumulation mechanism of cell wall hydrolases during the

radical protrusion step of seed germination in Podophyllum hexandrum — a high altitude

plant. Frontiers in Plant Science, 6:874.
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e DograV, Sharma R, Sreenivasulu, Y (2016) Xyloglucan endo-transglycosylase/hydrolase
(XET/H) gene is expressed during the seed germination in Podophyllum hexandrum: a
high altitude Himalayan plant. Planta, DOI110.1007/s00425-016-2520-8 .
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{ &) ' | Dr. Sudesh Kumar, Senior Scientist
) sudeshkumar@ihbt.res.in
TES Research area:Plant metabolic engineering, epigenetics and nanobiology

Protein-Protein Interactome of Horse Gram: Global protein-protein interactome (PPI) map
was constructed for horse gram (Macrotyloma uniflorum), a highly drought-tolerant legume.
Large-scale studies of PPIs and the constructed database has provided the rationale behind the
interplay at cascading translational levels for drought stress-adaptive mechanisms in horse gram.
Using a bidirectional approach (interolog and domain-based), a high-confidence interactome map
and database for horse gram was constructed. Available transcriptomic information for shoot and
root tissues of a sensitive (M-191; genotype 1) and a drought-tolerant (M-249; genotype 2)
genotype of horse gram was utilized to draw comparative PPI subnetworks under drought stress.
High-confidence 6804 interactions were predicted among 1812 proteins covering about one-
fourth of the horse gram proteome. The highest number of interactions (33.86%) in horse gram
interactome matched with Arabidopsis PPI data. The top five hub nodes mostly included ubiquitin
and heat-shock-related proteins. Higher numbers of PPIs were found to be responsive in shoot
tissue (416) and root tissue (2228) of genotype 2 compared with shoot tissue (136) and root tissue
(579) of genotype 1. Characterization of PPIs using gene ontology analysis revealed that kinase
and transferase activities

involved in signal ‘ S o

transduction, cellular
processes., D
nucleocytoplasmic
transport, protein
ubiquitination, and
localization of molecules
were most responsive to L

drought stress. Hence, these
could be framed in stress

adaptive mechanisms of

horse gram. Being the first

Fig. 1 Predicted protein-protein interactome consisting of 6804
) L interactions among 1812 proteins. Hub nodes common to both
would provide new insights methods used are depicted in bold and red color.

into gene and protein

legume global PPI map, it
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Fig. 2 Screenshot of front page of MauPIR database showing (A) homepage of the database and (B)
Functional description of a protein query.

Epigenetic regulation of genes encoding enzymes of flavonoid biosynthesis and antioxidant
pathways during salt stress in transgenic tobacco: Epigenetic changes have been identified as
regulators of developmental events in plants during normal growth as well as environmental stress
exposures. Flavonoid biosynthetic and antioxidant pathways play a significant role in plant
defense during their exposure to environmental cues. The aim of this study was to unravel whether
genes encoding enzymes of flavonoid biosynthetic and antioxidant pathways are under epigenetic
regulation, particularly DNA methylation, during salt stress. For this, a repressor of silencing from
Arabidopsis, AtROS1, was overexpressed in transgenic tobacco. Generated transgenics were
evaluated to examine the influence of AtROS1 on methylation status of promoters as well as on
coding regions of genes encoding enzymes of flavonoids biosynthesis and antioxidant pathways.
Overexpression of AtROS1 increases the demethylation levels of both promoters as well as
coding regions of genes encoding chalcone synthase, chalcone isomerase, flavanone 3-
hydroxylase, flavonol synthase, dihydroflavonol 4-reductase, and anthocyanidin synthase of the
flavonoid biosynthetic pathway, and glutathione S-transferase, ascorbate peroxidase, glutathione
peroxidase, and glutathione reductase of the antioxidant pathway during control conditions. The
level of demethylation was further increased at promoters as well as coding regions of these genes
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during salt-stress conditions. Transgenic tobacco overexpressing AtROS1 showed tolerance to
salt stress that could have been due to the higher expression levels of the genes encoding enzymes
ofthe flavonoid biosynthetic and antioxidant pathways.

CONTROL (M) SALT STRESS Cobuub) Nanobiocomposites of bamboo

2

(AgNPs) from leaf extract mediated
reduction of AgNO, to form
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Fig. 3 Methylation pattern of coding regions of genes the use of plant CNCs as an alternate to
encoding enzymes of the flavonoid and antioxidative . tcrial cellulose for wound dressings.
pathways by methylation-specific PCR in wild-type and
transgenic tobacco lines under normal and salt stress
conditions. Methylation pattern of coding regions of capacity and strong antibacterial
genes encoding enzymes. M, methylated; U
unmethylated.

NCs possessing water absorption

> activity showed synergistic effect on in
vivo skin wound healing
and documented faster and
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significant wound closure

in treated mice. NCs
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Fig. 4 TEM micrographs of various nanocomposites. (a) DH-CNCs,
(b) BB-CNCs, (¢) DH-CNC-Ag, and (d) BB-CNC-Ag. Histograms
representing the size distribution of AgNPs in NCs: (e) DH-CNC-Ag,
and (f) BB-CNC-Ag. TEM-EDS as inset figures in (c) and (d) show the
presence of Ag peaks in NCs.
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biocompatible, and easy to apply NCs wound dressings (ointment and films) containing lesser

amounts of Ag (0.05+0.01 wt%) are potential candidates for effective skin repair.
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Fig. 5 Schematic presentation of the process of synthesizing nanocomposites and their use as

antimicrobial and wound healing agents.

Publications:

Bhardwaj J, Gangwar I, Panzade G, Shankar R and Yadav Sudesh Kumar (2016) Global
De Novo Protein-Protein Interactome Elucidates Interactions of Drought-Responsive
Proteins in Horse Gram (Macrotyloma uniflorum). Journal of Proteome Research,
15(6):1794-8009.

Guliani Anika, Kumari Avnesh, Kumar Dharmesh and Yadav Sudesh Kumar (2016)
Development of nanoformulation of picroliv isolated from Picrorrhiza kurroa. IET
Nanobiotechnology, 10: 114-119

Bharti P, Mahajan M, Vishwakarma AK, Bhardwaj J and Yadav Sudesh Kumar (2015)
AtROS1 overexpression provides evidence for epigenetic regulation of genes encoding

enzymes of flavonoid biosynthesis and antioxidant pathways during salt stress in
transgenic tobacco. J Exp Bot. 66: 5959-5969.

Guleria Praveen, Masand Shikha and Yadav Sudesh Kumar (2015) Diversion of carbon-
flux from gibberellin to steviol biosynthesis by overexpressing SrKA13H induced

dwarfism, abnormality in pollen germination and seed set behaviour of transgenic
Arabidopsis. J Exp Bot. 66:3907-3916.

Kumar Ajay, Vishwakarma,Vihan Aprajita, Sharma Nity and Yadav Sudesh Kumar

(2016) DNA methylation status in leaf, root and rhizome of Valeriana jatamansi. J Global
AgriEco4(1):36-44.
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hy _ Shashi Bhushan, Senior Scientist
_ w sbhushan@jihbt.res.in

Research area: Value addition of western Himalayan bioresources

Value addition of western Himalayan bioresources

Value addition of apple pomace for products like dietary fibre and polyphenol extraction will help
in sustainable industrial growth, besides providing potential human health supplements. Dietary
fibres are mainly cell wall polysaccharides, resistant to hydrolysis by digestive enzymes in the
human body. The dietary fibre consumption have various positive health effects, especially in
management of gastric and cardiometabolic disorders. Fibres also have preventive role in world's
widely spreading diseases like obesity and diabetes. The polyphenol extracted from pomace was
found to be rich in quercetin, phloretin and phloridizin metabolites. Pholridizin is known to have
good antidiabetic properties. In addition, a prototype was developed to separate the seeds at
industrial scale. The seed separator was patented in major apple producing countries. The group
also focused on western Himalayan MAPs for their improvement or value addition through
screening of arrays of biological activities. In continuation to previous research work on
bioactives of western Himalayan plant resources, screening is under progress to develop
biopreservatives to enhance the shelf-life of perishables.

Isolation of dietary ingredient from apple pomace: Phenolic compounds possess wide-range of
biological properties including free radical scavenging antioxidant activities and playing a
significantrole in stabilizing lipid peroxidation. Quercetin, phloretin and phloridizin are the major
polyphenol isolated from apple pomace (Fig. 1). The total phenolics (TPC) yield was
approximately 7-10 mg gallic acid equivalent (GAE)/g of dry pomace, whereas flavonoids ranged

= Phloretin

- Phioridain

19
¥ pletvstin Phlaridin

Fig 1. Apple pomace polyphenolic profile a) Isolated phenolic compounds and b) HPLC profile

Page No. 49



CSIR-IHBT Annual Report 2015-16

between 1.5 to 2.0 mg quercetin equivalent (QE)/g of dry pomace (Fig 2a). The total dietary fiber

(TDF) contents were more than 65% with a ratio of 1:4 between soluble and insoluble fibre (Fig.

2b). The apple pomace mainly consists of cell wall polysaccharides and thus showed good

functional properties such as swelling, water retention and fat adsorption capacity. The results also

revealed better hydration properties of freeze dried fraction. Thus it has potential as a low caloric

bulk ingredient in dietary fiber enrichment of variety of food products.
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Fig. 2 Apple pomace bioactive constituents a) Total Polyphenol (TPC) & Flavonoids Contents (TFC)
and b) Soluble (SDF), insoluble (IDF) and total dietary fiber (TDF) content

Publications:

e Rana S, Kumar S, Rathore N, Padwad Y and Bhushan S (2016) Nutrigenomics and its

impact on life style associated metabolic diseases. Current Genomics, 17(2):261-278.

e Rana S and Bhushan S (2015) Apple phenolics as nutraceuticals: assessment, analysis and
application. Journal of Food Science and Technology, DOI: 10.1007/s13197-015-2093-8.

e RanaS§, Gupta S, Rana A and Bhushan S (2015) Functional properties, phenolic constituents
and antioxidant potential of industrial apple pomace for utilization as active food
ingredient. Food Science and Human Wellness,4:180-187.

e Bhushan S (2016) Conceptual editorial - sustainable management and value addition of
western Himalayan plant bioresources. International Journal of Food and Fermentation

Technology, 5(2).

Patents:

e Shashi Bhushan, Sakshi Gupta, Garikapati Dyva Kiran Babu, Mohit Sharma, Paramvir
Singh Ahuja. Method and apparatus for the separation of seeds from fruit
pulp/slurry/pomace, US Patent No. 9,011,942 B2, dt. 21/04/2015.
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Rituraj Purohit, Senior Scientist
rituraj@;ihbt.res.in

Research area: Structural bioinformatics

The work focused on different aspects of structural bioinformatics by adopting multidisciplinary
approaches where first-principle physics was combined with the analysis of biological systems
such as 3-dimensional structure of proteins, protein-drug complex and nucleic acids. Attempt was
made to ascertain mutations that alter the dynamics behavior of proteins and its interaction with
other molecules.

Protein engineering of industrial important proteins/enzymes for improving bio-
physiochemical properties:In the initial phase of this project, the potential mutation information
conceived from wetlab and presently the conformation behaviour of protein is being studied at
different levels in simulation conditions.

Target identification of natural compounds obtained from western Himalayan

bioresources: Work was initiated on target identification of 40 natural lead molecules available at
CSIRIHBT.

TRAF Protein-protein interaction and simulations studies:The wet and dry-lab studies were
carried out to explore the phenotypic changes occurring due to mutation in MATH 2 domain. A
novel MATH 2 mutation severely affected the normal function of the protein and its phenotype as
compared to wild type. The altered phenotype characteristics of the mutant protein was further
rationalized with dry-lab studies. Long term (~200 ns) molecular dynamics simulation (MDS)
were conducted for wild and mutant TRAF proteins. The atomic alteration related with the mutant
protein were useful in elaborating the changes in structural conformations coupled with the MATH
2 mutation.

RMSD inm)

. PR [P [—
00 250 300 350

o 150
Residue vumber

Fig. 1 Analysis of simulation trajectory of native and mutant MATH 2 domain at 300K. (a) Time
evolution of backbone RMSD as a function of time (b) RMSF of the Ca atoms. The colour scheme is

as follows: native: black and mutant: red.
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Dharam Singh, Senior Scientist
dharamsingh@ihbt.res.in
Research area: Molecular and microbial biology

Bioprospection and adaptation of novel microbes from Himalayan regions: Extreme climatic
conditions and topography of higher altitude affect both microbes and plants. In particular, we are
interested in the functional genomics of higher altitude microbes with the major focus on enzymes
of industrial relevance. In addition to unlock the microbial diversity of unexplored regions in the
western Himalayas (Fig. 1), we are trying to harness the richness of novel microorganisms for the
biotechnological applications. It is expected that higher altitude microbes have evolved a
resistance mechanisms that facilitate their survival under harsh and stress full conditions. It is also
possible that they could have evolved in a different direction than similar microbes from other
regions. Currently, we are targeting therapeutic proteins and industrially relevant enzymes from
higher altitude microbes (Fig. 2). Our strategy includes multi-dimensional approaches such as
whole genome sequencing, molecular, proteomics, genetics, and bioinformatics to develop a
bioprocess for the industrial use.

Isolation: Colorful life of Screening for pure culture
microbes at higher altitude

Fig. 1 Isolation of microbes for industrially important enzymes

Bacterial isolates with high Cellulase activity

Fig. 2 Screening of microbes for industrially important enzymes
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Publications:

» Himanshu, Swarnkar MK, Singh D, Kumar R (2016) First complete genome sequence
of a species in the genus Microterricola, an extremophilic cold active enzyme producing
bacterial strain ERGS5:02 isolated from Sikkim Himalaya. Journal of Biotechnology,
222: 17-18.

e Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2016) Complete genome
sequence of Arthrobacter alpinus ERGS4:06, a yellow pigmented bacterium tolerant to
cold and radiations isolated from Sikkim Himalaya. Journal of Biotechnology,220: 86—87.

e Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Complete genome
sequence of Arthrobacter sp. ERGS1:01, a putative novel bacterium with prospective cold

active industrial enzymes, isolated from East Rathong glacier in India. Journal of
Biotechnology,214:139-140.

o Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Genome assembly of
Chryseobacterium polytrichastri ERMR1:04, a psychrotolerant bacterium with cold active

proteases, isolated from East Rathong glacier in India. Genome Announcements,
3(6):¢01305-15.
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S “4  Ravi Shankar, Scientist
;%;.‘« ravish@ihbt.res.in
Research area: Computational biology and bioinformatics

ﬁ

A legion of potential regulatory sRNAs exists beyond the typical microRNAs microcosm:
Post ENCODE, regulatory sSRNAs (rsRNAs) like miRNAs have established their status as one of
the core regulatory elements of cell systems. However, large number of rsRNAs are compromised
due to traditional approaches to identify miRNAs, limiting the otherwise vast world of rsRNAs
mainly to hair-pin loop bred typical miRNAs. A huge volume of sequencing data from 4997
individuals and 25 cancer types to report

11,234 potentially regulatory small
RNAs was analyzed. The rsRNA-target |AStiin Signaking
interactions were studied and validated F%g',?gg%;%i's

= Glycolysis and Gluconeogenesis
N wan s Glutathione metabolism
e Adipogenesis
. Electron Transport Chain
= Oxidative phosphorylation

using experimental data from AGO-cross
linking, DGCR8 knockdown, CLASH, guanosine nucleotides

metapathway biotransformation

Easny

Focal Adhesion

proteome and expression data. A subset Pyrimidine metabolism

Purine metabolism sen

of such interactions was also validated o T

independently in the present study using = SUVIGH2 _om

multiple cell lines, by qPCR. Several of

the potential rsRNAs emerged as critical
cancer biomarkers controlling some
important spots of cell system (Fig. 1).

The entire study has been presented into

. . . . Adipl?gzpesis_
an interactive info-analysis portal rooehe. s
MAPK signaling pathway

handling more than 260 GB of processed

data. Th ible d fcell syst
ata. The possible degree o cell system Fig. 1 rsRNA-9881 emerges as a prominent marker of

several cancer types. One of those 11,237 rsRNAs,
much higher than previously assumed. rsRNA-9881 appeared in almost all cancer conditions.
The rsRNA and their biology have been  From its network analysis, it emerged out that it is
archived at a dedicated database: The deeply involved with pathways and genes critical in
"Mythology of "micro"-RNAs" is cancer, and Adipogenesis and Focal adhesion related
available at SCBB software page: genes emerged mostly associated with this rsRNA.

http://scbb.ihbt.res.in/SCBB_dept/Soft Using these rs-RNAs one could also characterize the
N cancer cases.

regulation by sRNAs appears to be

ware.php.
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Decoding of Solanum genome repeats: Repetitive elements have lately emerged as key
components of genome, performing varieties of roles. It has now become necessary to have an
account of repeats for every genome to understand its dynamics and state. Recently, genomes of
two major Solanaceae species i.e. Solanum tuberosum and Solanum lycopersicum were
sequenced. However, there is a reasonable gap in information about repetitive elements and their
possible roles in genome regulation for these species. The present study was aimed at detailed
identification and characterization of

(B) Solanum (uberosm

complex repetitive elements of the =

genomes of these species and assess the
possible transcriptionally active
repetitive elements. About 50-60% of
genomes of S. tuberosum and S.
lycopersicum was found to be composed

of repetitive elements and complex
repetitive elements were found
associated with >95% of genes in both
species. The genomes of both species are
mostly composed of LTR

retrotransposons. Two novel repeat ;: .
families very similar to LTR/ERVI and ™ =
LINE/RTE-BovB were reported for the ™ ey
first time. A reasonable amount of =

regulatory components like transcription

factor binding sites and miRNAs appear .
to be under the influence of these . AMdebiblitbbtbidl LU UG LAl boubl LLLLLusdiddl

cWiaH e 8B E LR ERERREET TS Yk E S

! EENSFS TR R RN R R R
SRSRERERERRRRRRRRRRIRERE

Fig. 2. Several repeats were found actively transcribing in
possess exonized repeats (Fig. 2). Solanum genome.

.. . I
complex repetitive elements in these |1
species, while several genes appeared to

Role of antioxidant enzyme in secondary cell wall biosynthesis and plant growth under salt
stress: Abiotic stresses cause accumulation of reactive oxygen species (ROS), such as hydrogen
peroxide (H,0,) in plants. Sophisticated mechanisms are required to maintain optimum level of
H,O,that acts as signaling molecule regulating adaptive response to salt stress. CuZn-superoxide
dismutase (CuZn-SOD) and ascorbate peroxidase (APX) constitute first line of defense against
oxidative stress. In the present study, PaSOD and RaAPX genes from Potentilla atrosanguinea
and Rheum australe, respectively were overexpressed individually as well as in combination in
Arabidopsis thaliana. Interestingly, PaSOD and dual transgenic lines exhibit enhanced lignin
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deposition in their vascular bundles with altered S:G ratio under salt stress. RNA-sequence
analysis revealed that expression of PaSOD gene in single and dual transgenics positively
regulates expression of lignin biosynthesis genes and transcription factors (NACs, MYBs, C3Hs
and WRKY), leading to enhanced and ectopic deposition of lignin in vascular tissues with larger
xylem fibres and alters S:G ratio, as well. In addition, transgenic plants exhibit growth promotion,
higher biomass production and increased yield under salt stress as compared to wild type plants.
Results suggest that in dual transgenics, ROS generated during salt stress gets converted into H,O,
by SOD and its optimum level was maintained by APX. This basal level of H,O, acts as messenger
for transcriptional activation of lignin biosynthesis in vascular tissue, which provides mechanical
strength to plants. These findings reveal an important role of PaSOD and RaAPX in enhancing salt
tolerance of transgenic Arabidopsis via increased accumulation of compatible solutes and by
regulating lignin biosynthesis.

Publications:

o Ashwani Jha, Ganesh Panzade, Rajesh Pandey and Ravi Shankar (2015) A legion of
potential regulatory sSRNAs exists beyond the typical microRNAs microcosm. Nucleic
Acids Research, ,doi: 10.1093/nar/gkv871.

e Mehra M, Gangwar [ and Shankar R (2015) A Deluge of Complex Repeats: The Solanum
Genome. PLoS One, 10(8):e0133962.

e Shafi Amrina, Chauhan Rohit, Gill Tejpal, Swarnkar Mohit K, Sreenivasulu Yelam, Kumar
Sanjay, Kumar Neeraj, Shankar Ravi, Ahuja Paramvir Singh and Singh Anil Kumar (2015)
Expression of SOD and APX genes positively regulates secondary cell wall biosynthesis
and promotes plant growth and yield in Arabidopsis under salt stress. Plant Molecular
Biology, 87(6):615-631.

Page No. 56



CSIR-IHBT Annual Report 2015-16

[ @m Amitabha Acharya, Scientist
! SN amitabha@ihbt.res.in

! — N Research area: Functional nanomaterials for biomedical applications,
4 > = . . . . . .
ps w A\ nanoparticle-cell/protein interactions, nanomaterials based detection of

|5

4| biomolecules/analytes

Functional nanomaterials (FNM) as cellular imaging probe: Clinical imaging of anatomical
details at disease sites is of utmost importance in the modern era of medical diagnosis because it
allows the detection of disease sites at very initial stages of growth and plays an integral part in
medical diagnosis. However, the development of suitable molecular diagnostic systems for
cellular and sub-cellular imaging has remained a dream in medicine. Thus, nanoparticles (NPs)
continue to receive attention in the field of medical imaging for their potential as specific contrast
agents in vitro and in vivo. In this respect, our group is involved in designing novel nanomaterials
which can be utilized for specific cancer cell targeting studies. The chemical conjugation of folic
acid on such hybrid nanomaterials surface suggested receptor mediated endocytosis process being
responsible for the intracellular localization of NPs (Fig. 1 & Fig. 2). These studies indicated that
the prepared nanocomposites have the potential to be used as delivery agent for magnetic and
fluorescent materials towards folic acid receptor over-expressing cells and thus can find
application in the field of in vitro imaging diagnosis. Further, the intraperitoneal administration of
one of the nanoformulations to Wistar rats suggested deposition of these nanocomposites in the
lungs. The hematological, biochemical and histopathological analysis confirmed that these
nanocomposites are safe to use as anovel dual mode imaging material.
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Fig. 1 Absorption (a) and fluorescence (b) spectra of CdS NPs ( ==), CSNPs (=), PD (=), A
(=), B (=), C (=) and D (=). The excitation wavelength for fluorescence was 380 nm in all
the cases.
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Fig. 2 TEM images (a) and (b) of the prepared nanocomposites. The dark
spots inside the spheres correspond to CdS-IONPs. The scale bar is 200
nm for both the cases.

Nanoparticle based detection of biomolecules/toxic warfare agents: The development of
nanomaterials-based sensors for biomolecules or chemical warfare agents is expected to increase
the specificity while lowering the detection limit of individual analytes. Nanosensors provide
rapid and easy detection of the target analytes and are thus cost effective. In this respect, our group
has developed glutathione coated fluorescent CdS NPs for sensing dicofol. TEM, SEM and DLS
data suggested aggregation of NPs in presence of the same. Similar studies carried out with gold
NPs resulted in colorimetric recognition of pesticide dimethoate. These results suggested that the
synthesized nanomaterials are very selective and sensitive towards specific pesticides. Such
studies are expected to provide new molecular approaches for further development of novel
nanosensors for targeted analytes.

Publications :

e Walia S, Sharma S, Kulurkar PM, Patial V and Acharya A (2016) A bimodal molecular
imaging probe based on chitosan encapsulated magneto-fluorescent nanocomposite offers
biocompatibility, visualization of specific cancer cells in vitro and lung tissues in vivo.
International Journal of Pharmaceutics,498(1-2):110-118.

e Acharya A, Rawat K, Bhat KA, Patial V and Padwad YS (2015) A Multifunctional
Magneto-fluorescent Nanocomposite for Visual Recognition of Targeted Cancer Cells.
Materials Research Express,2(11): 115401.
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Vishal Acharya, Scientist
Y vishal@ihbt.res.in
Research area: Computational functional genomics and system biology

Machine learning and system biology approaches to prioritize drug targets from plant
derived molecules of Himalayan region: a case study in oral cancer: Systems-biology inspired
identification of drug targets coupled with machine learning-based screening of small molecules
that modulate their activity have the potential to revolutionize modern drug discovery by
complementing conventional methods. To utilize the effectiveness of such pipeline, the
dysregulated gene pairs between control and tumor samples were first analyzed and then
implemented as ensemble-based feature selection approach to prioritize targets therapeutic
exploration. Based on the structural information of known inhibitors of CXCR4—one of the best
targets identified in this study—a feature selection was implemented for the identification of
optimal structural features (molecular descriptor) based on which a classification model was
generated. Furthermore, the CXCR4-centered descriptor-based classification model was
developed for the first time and was utilized to screen a repository of plant derived small-molecules
to obtain potential inhibitors from Himalayan plant species.

Computational identification raises a riddle for distribution of putative NACHT NTPases in
the genome of early green plants: NACHT NTPases and AP-ATPases belongs to STAND (signal
transduction ATPases with numerous domain) P-loop NTPase class, known to be involved in
defense signaling pathways and apoptosis regulation. The AP-ATPases (also known as NB-ARC)
and NACHT NTPases are widely spread throughout all kingdoms of life except in plants, where
only AP-ATPases were extensively studied in the scenario of plant defense response against
pathogen invasion and hypersensitive responses (HR). In the present study, a genome-wide survey
(using stringent computational analysis) of 67 diverse organisms' viz., archaebacteria,
cyanobacteria, fungi, animalia and plantaec were employed to revisit the evolutionary history of
these two STAND P-loop NTPases. This analysis divulged the presence of NACHT NTPases in
the early green plants (green algae and the lycophyte) for the first time which had not been
previously reported. These NACHT NTPases were known to be involved in diverse functional
activities such as transcription regulation in addition to the defense signaling cascades depending
on the domain association. In Chalmydomonas reinhardtii, a green algae, WD40 repeats were
found to be at the carboxyl-terminus of NACHT NTPases suggesting probable role in apoptosis
regulation. The presence of NACHT NTPases in the early green plants and phyletic patterns
resulting from this study raises a quandary for the distribution of this STAND P-loop NTPase with
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the apparent horizontal gene transfer from cyanobacteria (Fig. 1). The details of our lab can be
accessed at https:/sites.google.com/site/vishalfunctionalgenomics/

Selaginella

Cyanobacterial ancestor
. Chlorophyte ancestor

Q Lycophyte ancestor
. Potential horizontal gene
transfer routes

Progenote

Fig.1. Hypothetical pictorial representation of horizontal gene transfer of NACHT NTPase genes in
early green plants (Source : Arya & Acharya, PLoS One, 2016).

Publications:

e AryaPand Acharya V (2016) Computational identification raises a riddle for distribution
of putative NACHT NTPases in the genome of early green plants. PLoS One, 11(3):
e0150634.

e Kumar G, Arya P, Gupta K, Randhawa V, Acharya V and Singh AK (2016) Comparative
phylogenetic analysis and transcriptional profiling of MADS-box gene family identified
DAM and FLC-like genes in apple (Malus x domestica). Scientific Reports, 6:20695.doi:
10.1038/srep20695.

e Randhawa V, Singh AK and Acharya V (2015) A systematic approach to prioritize drug
targets using machine learning, a molecular descriptor-based classification model, and

high-throughput screening of plant derived molecules: a case study in oral cancer.
Molecular BioSystems, 3362-3377.
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e Randhawa Vinay and Acharya Vishal (2015) Integrated network analysis and logistic
regression modeling identify stage-specific genes in Oral Squamous Cell Carcinoma. BMC
Medical Genomics, 8:39,DOI: 10.1186/s12920-015-0114-0.

e Pathania Shivalika and Acharya Vishal (2015) Computational analysis of "-omics" data to

identify transcription factors regulating secondary metabolism in Rauvolfia serpentina.
Plant Molecular Biology Reporter, DOI: 10.1007/s11105-015-0919-1.
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- Kunal Singh, Scientist
kunal@ihbt.res.in
Research area: Plant microbe interaction and molecular plant pathology

Mining differentially expressed apple genes and in-planta induced fungal genes during apple
fungal pathogen interactions: India is the fifth largest producer of apple worldwide and in India
(FAO, 2013) and it is a major crop in western Himalayan region. Every year, farmers incur huge
losses due to fungal diseases. Among them

cAQOAS ncADAZ
(5949) (4986)

apple scab caused by Venturia inaequalis 1s Chiallesiged Non Challeniged

one of the most devastating disease, causing
huge losses during epidemic season. Our
group is interested in understanding the
biology of apple-Venturia interaction. A
transcriptomic approach was utilized to
identify the 9407 genes from apple and

NcADAS

venturia showing differential expression e (=%
Fig. 1 Genes differentially expressed during

during compatible interaction. All the compatible apple- venturia interaction

transcripts were further assessed through in

silico approach to identify the putative

secretome. A total of (~450) putative secretory proteins have been identified using this approach
(Fig. 1).

Their further characterization will help in identification of important virulence factors and
effectors from pathogen. Simultaneously, we have tried to elucidate the transcripts that expressed
in apple during compatible interaction. Computational analysis suggested differential expression
of 5104 transcripts during compatible challenge, two day post inoculation. To confirm the result of
computational approach, expression of few selected transcripts was analyzed through quantitative
real time PCR analysis. Our results validated the expression pattern obtained through FPKM
analysis (Fig. 2).

Analysis of Trichoderma sp. induced resistance in tomato (L. esculentum Mill.) during
interaction with pathogen Fusarium oxysporum: Previously few selected proteins were
identified through 2DE analysis of tomato proteome with Fusarium oxysporum lycopersici (Fol)
infected sample after treatment with 7richoderma sp. A few selected genes are under further
characterization for their role in tomato- FOL interaction.
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Characterization of
saffron microflora of
rhizosphere associated
with
target to develop
consortia of beneficial

saffron with a

microbes: The project
was initiated with the
aim to develop 'fail-safe'
microbial inoculants
through the selection of
widespread genotypes
of rhizobacteria with
multiple plant growth
promoting activities
with the consortia
partners for improving
growth and productivity
in saffron. Antagonism
towards wilts and corm
rot pathogens along
with abiotic stress
tolerance were
analyzed. Ten efficient
rhizobacteria were
selected among 2,401

isolates on the basis of
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Fig.2 Expression profile obtained through RNA seq data was validated

attributes and the abiotic stress-tolerance. Evaluation of PGPR for growth promotion in saffron

plants under controlled conditions revealed enhanced growth as compared to the control (Fig 3).

When one of the novel rhizobacteria Chryseobacterium sp. strain IHBB 17019 isolated and

analyzed through complete genome sequencing, a circular chromosome of 4.07 Mb with an extra

chromosomal DNA of 5.5 kb, and an average 35.91% G+C content was revealed. The annotation

predicted gene-coding clusters for phosphate solubilization, auxin biosynthesis, siderophore

production and ACC-deaminase activity. At present pot and field trials are ongoing in Pampore,
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Fig. 3 Growth promotion shown by efficient PGPRs as compared to control in saffron.

Jammu & Kashmir, to assess the effectivity of selected rhizobacteria for their role in growth
promotion of saffron.

PGPRs tools for improving crop productivity in stressed agricultural systems: Stress
conditions limit growth and yield in crops. The plant hormone ethylene is involved in evoking
physiological responses in plants exposed to a variety of stresses, including salinity, flooding,
drought, temperature, presence of heavy metals, pesticides and phytopathogens. PGPRs produce
ACC-deaminase which cleaves ACC, the immediate precursor of ethylene, thus preventing the
effects of high levels of ethylene on plants. So, the work was aimed at developing formulation of
ACC-deaminase PGPRs which can be more economical, environment friendly and beneficial for
soil and plant system for the development of stress-tolerant plants. Evaluation of six efficient
PGPRs for growth promotion in maize under field conditions in the saline-sodic soils at Banthra
experimental fields of CSIR-NBRI revealed enhanced growth as compared to the control. One of
the rhizobacterium Halotalea alkalilenta Strain IHB B 13600 was analyzed for the complete
genome sequence. The gene-coding clusters predicted the genes for auxin production, phosphate
solubilization, siderophore production, ACC-deaminase activity and stress-response genes. At
present, field trials are under progress in Bajaura, Kullu (H.P.) to evaluate the effect of selected
rhizobacteria on growth promotion of different crops such as potato, garlic, wheat and pea.

Biopospecting microbial endophytes and their natural products from some medicinal plants
of Indian trans-Himalayas: Among 1184 isolates screened in agar overlay assay against a panel
of test organisms, 85 cultures showed antimicrobial activity in well diffusion assay against one or
more test organisms. Twenty-five microbial cultures, including 21 endophytes and 4 soil
microorganisms, selected for antimicrobial activity have been submitted for structure elucidation
of the antimicrobial compounds to the CSIR-Institute of Microbial Technology. These microbial
cultures belong to Bacillus aryabhattai, B. amyloliquefaciens subsp. plantarum, B. cereus, B.
pumilus, B. thuringiensis, B. weihenstephanensis, Brevibacterium halotolerans,

Page No. 64



CSIR-IHBT Annual Report 2015-16

Micromonospora sp., Nigrospora sphaerica, Nigrospora sp., Paenibacillus peoriae, Penicillium
sp., Serratia plymuthica, S. proteamaculans Streptomyces cirratus S. pseudovenezuelae, S.

spororaveus, S. misawanensis, S. olivochromogenes and Variovorax paradoxus.
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Ashish R. Warghat, Scientist

(Joined on 10.12.2015)
ashishwarghat@ihbt.res.in

Research area: Plant cell & tissue engineering

In vitro production of secondary metabolites

The group is working on the development of plant cell and organ culture systems for in vitro
production of secondary metabolites from the commercially important plant Stevia rebaudiana
(stevia) and Rhodiola imbricata (rhodiola). While stevia is known for steviosides and rebaudiosides
for use as natural sweeteners, rhodiola contains salidrosides which are used as adaptogenic and nerv-
tonics. There is a huge demand for these compounds in the national and international markets. In this
regard, callus proliferation protocol and cell suspension cultures have been standardized for large scale
production of targeted metabolite.

S. rebaudiana

B o AN
¥ ..

In vitro culture plant Callus initiation . Callus induction

R. imbricata

Callus initiation Callus induction
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Research area: Plant stress biology

Exploring the adaptative mechanism across elevational gradients of high altitude

medicinal plants: The extreme environmental
conditions across altitudinal gradients in Himalayas
affect the extremely complex and dynamic proteome
of plants. Many of these plants are extensively used in
traditional health care systems and pharmaceuticals.
Picrorhiza kurroa, a perennial herb that grows at
2700-5000 m amsl, is a rich source of glycosides as
well as picroside-I and picroside- II having wide
medicinal properties. In order to explore the adaptive
mechanism of this plant under stress conditions, a
comparative proteomic approach has been used to
decode different aspects of plant functions. In this
direction, total protein were separated on 2DE (11cm,
pH 4-7, 200pg) followed by mass spectrometric
identification of proteins (Fig. 1).

pH4 7

Mwt |

Fig. 1 2D-SDS PAGE of P. Kurroa

Identification of novel proteins in response to elevated temperature and CO, in Picrorhiza kurroa

using proteomic approach: Environmental
factors are continuously affecting the climate
and plant growth which need to be studied for
the understanding of plant adaptation and
their growth regulation. We addressed P.
kurroa responses for proteome grow at
elevated CO, (550 £ 5 ppm) and elevated

temperature (2-3°C above ambient) by using
analytical and statistical methods. Using 2-
DE combined with mass spectrometry leads
to identification of thirty five non-redundant
differentially expressed proteins. All of these

1 = Mcubalic priocess

= Signal transcucrion and

Fig. 2. Graphical representation of P. kurroa proteome under

proteins were grouped into five functional gpee air CO, enrichment (FACE) and free air temperature
categories viz. metabolic process, signal increase (FATI) conditions

transduction and transport, biosynthetic

process, nuclear and metal binding, gene expression and unknown according to gene ontology (Fig. 2).
The identified proteins and the associated biological processes can be utilized for improving plant
performance in Picrorhiza under elevated temperature and elevated CO,.
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Development of nutritive food and nutraceutical products of high commercial
standards from Himalayan bioresources, and quality evaluation complying with
internationally acceptable standards
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Ashu Gulati, Senior Principal Scientist
ashugulati@ihbt.res.in
Research area: Tea chemistry and product development

Continuing with the work on characterization of Indian teas, aroma components of teas from
lower Darjeeling region were characterised this year. The aroma constituents were extracted by
simultaneous distillation extraction and beverage method to get the complete aroma profile of the
infused tea. The major components recorded in aroma profiles were geraniol, linalool, nerol and
hexanoic acid, while the minor compounds included 3,6-Dimethyl-2H-pyran -2-one, a- and B-
ionones, citral and furfural. Interestingly, the GC profiles of these teas did not record presence of
methyl salicylate and pyrazines which are present as major compounds in profiles of Kangra
orthodox teas and responsible for the nutty flavour.
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Sensory profile of orthodox black tea from lower Darjeeling region

Method for detection and quantification of theanine and catechins was standardized using HPTLC
and validated for its accuracy and reliability. Theanine and catechins were identified and
quantified in different tea samples using HPTLC. NMR based metabolomic studies were also
done for the comprehensive metabolite profiling and qualitative assessment of theanine and
catechins along with caffeine in tea samples.
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Pilot scale production technology of purification of catechins from tea shoots: In pilot scale
study, production of catechins was optimized at 40 kg fresh tea shoots per batch. An industry-
academia interface project has been sanctioned to the Institute in association with M/s. Baijnath
Pharmaceuticals Pvt. Ltd. as industrial partner for up-gradation of catechins purification at 100 kg
fresh tea shoots per batch.

Studies on biotransformation of glutamine to theanine: More than 220 microbial isolates
collected from the tea rhizosphere were screened for enzymatic synthesis of L-theanine from
glutamine. Seven isolates showing high conversion to theanine (40-55%) were taken for further
optimization using different parameters (temperature, pH, substrate concentration etc.).
Chemical profiling of purple tea shoots: Cyanidin-3-glucoside, cyanidin-3-O-f-D-(6-
(E)coumaroyl) glucopyranoside, delphinidin-3-O-4-D-(6-(E)-coumaroyl)-glucopyranoside and
cyanidin-3-O-(2-O-f-xylopyranosyl-6-O-acetyl)-f-glucopyranoside were the anthocyanins
characterized from purple tea shoots by comparing their MS data with published data.
Anthocyanin biosynthesis in plants takes place via phenyl propanoid pathway and controlled by
the transcription level of corresponding genes. Therefore, expression of five genes encoding
anthocyanidin reductase (CsANR), dihydroflavonol-4-reductase (CsDFR), anthocyanidin
synthase (CsANS), flavonol synthase (CsFLS) and leucoanthocyanidin reductase (CsLAR) was
analyzed in both the normal and purple coloured cultivars growing in Kangra valley. The
expressions of CsDFR, CsANR, CsANS were upregulated, while CsFLS and CsLAR genes of
anthocyanin biosynthesis were downregulated in purple coloured tea shoots as compared to
normal tea shoots.

Detection of organic acids produced by plant growth promoting rhizobacteria from tea
rhizosphere: Phosphorous is an essential macronutrient available in soil. Soils contain
approximately 95-99% of total phosphorous. But most of the phosphorous occurs in insoluble
form as Fe and Al phosphates in acidic soils and Ca phosphate in alkaline soils. Several
rhizobacteria possess the ability to solubilize insoluble inorganic phosphate and make it available
to plants. Abudance of aluminium and iron in tea soils makes phosphorus unavailable to the plants
by forming insoluble free oxides and hydroxides of Al and Fe which are known to fix phosphorus.
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The phosphate solubilization is usually due to the production of organic acids by these microbes.
In this context, HPLC analysis of the culture filtrates was done to identify and quantify the organic
acids produced during the solubilization of tricalcium phosphate (TCP), aluminium phosphate
and iron phosphate under abiotic stress (pH, desiccation, salinity and Fe, Al and Ca salt) by
Bacillus altitudinis ITHB B 1045, Pseudomonas frederiksbergensis IHB B 1059, Pseudomonas
mohnii IHB B 7048, Bacillus aryabhattai THB B 7024, Bacillus subtilis subsp. inaquosorum IHB
B 7075, Viridibacillus arenosi IHB B 7171 and Serratia marcescens IHB B 7064. The organic
acids were quantified by comparing the peak areas with reference to authentic standards. All
strains exhibited the production of oxalic acid. In TCP solubilization, strains showed the
production of oxalic acid, formic acid, malic acid, succinic acid and propionic acid. The
production of other organic acids was restricted to some strains. During ferric phosphate and
aluminium phosphate solubilization the production of oxalic and succinic acid was detected for all
the strains. Of all the acids, oxalic acid (230-313 pg/ml), succinic acid (38-89 pg/ml), and
propionic acid (30-183 pg/ml) were the major organic acids produced by the microbes during
solubilization of different phosphates.

Publications:
o Joshi R, Rana A and Gulati A (2015) Studies on quality of orthodox teas made from

anthocyanin-rich tea clones growing in Kangra valley, India. Food Chemistry, 176:
357-366.

« RanaAjay, Singh HP and Gulati Ashu (2015) Concurrent analysis of theanine, caffeine and
catechins using hydrophobic selective C12 stationary phase. Journal of Chromatography
and Related Technologies, 38:6,709-715.

o Rana A, Kumar D, Joshi R, Gulati A and Singh HP (2015) Cytotoxic activity of black tea
theaflavin digallates against Chinese hamster ovary cells (CHOK1) and rat glioma cells (C-
6). Chemistry of Natural Compounds,51: 835-839.

« Bandana, Sharma N, Joshi R, Gulati A and Sondhia S (2015) Dissipation kinetics of of
glyphosate in tea and tea-field under northwestern mid-hill conditions of India. Journal of
Pesticide Science, 40: 1-5.

« Bhattacharya A, Sharma M, Gulati A, Joshi R, Chanda S, Ahuja PS (2015) Histochemical
evaluation of catechins in PEG stressed transgenic tea plants by catechin-specific-
diazotized sulphanilamide reagent. Biotechnic & Histochemistry,90: 45-54.
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Mahesh Gupta, Scientist
mgupta@ihbt.res.in

Ethnic Foods of Himachal Region

Research Interest: Functional food and nutraceuticals

Traditional foods have unique taste and palate because of their regional cooking style and

ingredients. Variety of Ready-To-Eat (RTE) foods are available in the market, however traditional

ethnic foods like Kangri Dham
prepared and served during
marriages, family occasion and
religious events are not yet
available. CSIR-IHBT has
developed an indigenous
technology for commercial
production of Kangri Dham with
shelf life up to six months at
room temperature without any

Kangri Dham developed by CSIR-IHBT, Palampur

chemical preservatives that are not yet available. Patent for the developed technology has been

filed.

Functional Foods: Buckwheat is a traditional crop of the high altitude Himalayan region having

potential health benefits. Puffed buckwheat is rich in protein, fat and carbohydrate as well as rutin

content. Some puffed buckwheat products have been developed and launched at Tribal Fair at

Keylong (Lahaul and Spiti). Food processing facility for buckwheat has been established at

CeHAB, Keylong (Lahaul and Spiti) and demonstrated to the local inhabitants, progressive

entrepreneurs, NGOs and SHGs of theregion.

Table Nutritional composition of buckwheat and product

Compeosition in | Buckwheat Puffed ﬁ
p(%) Grain Buckwheat ‘_ BEkeatarn
Moisture 8.67+0.02 [ 2.96+0.01 L% e
Protein 13.2240.08 | 7.630.04 S B
Fat 3.90+0.05 2.85+0.08 l
Carbohydrates 58.50 £0.04 | 77.69+0.09
Dietary Fiber 13.36 £0.02 | 6.52+0.03 gt
Ash 1.98 +0.08 2.15+0.02 <
Puffed Buckwheat Bar

Buckwheat Extruded Noodies
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Nutrition for Health: Nutritionally enriched food products to combat malnutrition particularly
calcium and iron deficiencies were developed using low cost affordable technology. Fruit bar and
nutri mix were developed by incorporating underutilized bioresources to meet 40 and 60% RDA
(recommended daily allowances) of
iron and calcium.

Around two hundred women's from
Gopalpur (Distt. Kangra), CSIR-IHBT
Tech-village were selected and '
screened for their nutrition profile. =

Results revealed more than 95% female

; Fruit Bar i Mi
volunteers under this survey were t Ba Nutri Mix
anaemic.
Publications:

o Agrawal H, Joshi R and Gupta M (2016) Isolation, purification and characterization of
antioxidative peptide of pearl millet (Pennisetum glaucum) protein hydrolyzate. Food
Chemistry,204:365-372.

e Gupta M, Sharma P, Ghosh MA, Patial V and Singh D (2015) Dwindling of cardio damaging
effect of isoproterenol by Punica granatum L. peel extract involve activation of nitric oxide-
mediated Nrf2/ARE signaling pathway and apoptosis inhibition. Nitric Oxide Journal,
50:105-113.

e Kumari M, Swarnkar MK, Kumar S, Singh AK and Gupta M (2015) Complete Genome
Sequence of Potential Probiotic Lactobacillus sp. HFCS, Isolated from Human Gut Using
PacBio SMRT Sequencing. Genome Announcements, 3(6): €01337-15.

e Kumari M, Swarnkar MK, Kumar S, Singh AK and Gupta M (2015) Genome Sequence of a
Potential Probiotic Strain, Lactobacillus fermentum HFB3, Isolated from a Human Gut.
Genome Announcements, 3(6):€01296-15.

e Sood A and Gupta M (2015) Extraction process optimization for bioactive compounds in
pomegranate peel. Food Bioscience, 12:100—106.
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Yogendra S. Padwad, Scientist
yogendra@ihbt.res.in
Research Area: In vitro and in vivo pharmacology

Anticancer and immunomodulatory potentials of Zinospora cordifolia: The plant is widely
used in various traditional medicinal systems including "Ayurveda" for the treatment of jaundice,
rheumatism, urinary disorder, skin diseases, diabetes and anaemia. The phytoconstituents present
in the plant belongs to different class of compounds such as alkaloids, diterpenoids lactones,
glycosides, steroids, phenol, aliphatic compounds and polysaccharides. With this background,
present study addressed the isolation, structure elucidation, quantification and evaluation of
anticancer and immunomodulatory potential of secondary metabolites.

The anti-cancer activities of different extracts, fractions and isolated compounds were evaluated
on four different human cancer cell lines, KB (human oral squamous carcinoma), CHOK-
I(hamster ovary), HT-29 (human colon cancer) and SiHa (human cervical cancer).

Immunomodulatory potential was determined on murine primary splenocytes (Fig.1).

All extracts and fractions - g~ ™"" "I T T s
were active against KB and ; ' \
CHOK-1 cells, whereas, !
palmatine was active
against KB and HT-29; .._:‘::‘3.‘31‘“ o,
tinocordiside against KB g L D
and CHOK-1 and | | ...."
yangambin against KB e e e e e =

cells. However, N- Fig.1. Phytochemical profiling, in vitro anticancer and
immunomodulatory activities of Tinospora cordifolia.

" Vil ill
. ! i e !
|)] " .\‘(‘ P = ~ ’ lHl A

P [ O

i Anticancer i
1 7 L0 —d L
Y ~d = + o

N-Foemylancaaine (1) 1 1-Hydoxymustakene | 5) Vavocordnade (T)

formylannonain and 11-
hydroxymustakone showed
immunomodulatory
activity.

Publications:

o Koundal R, Kumar D, Walia M, Kumar A, Thakur S, Gopichand, Padwad Y'S and Agnihotri
VK (2016) Chemical and in vitro cytotoxicity evaluation of essential oil from Eucalyptus

citriodora fruits growing in the Northwestern Himalaya, India. Flavour Fragrance
Journal, 31:158-162.
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Rana S, Kumar S, Rathore N, Padwad YS and Bhushan S (2016) Nutrigenomics and its
Impact on Life Style Associated Metabolic Diseases. Current Genomics, 2016, 17 (6).
Sharma S, Rana S, Patial V, Gupta M, Bhushan S and Padwad YS (2016) Antioxidant and
hepatoprotective effect of polyphenols from apple pomace extract via apoptosis inhibition
and Nrf2 activation in mice. Human and Experimental Toxicology, DOI:
10.1177/0960327115627689.

Patial V, Mahesh S, Sharma S, Pratap K, Singh D, Padwad YS (2015) Synergistic effect of
curcumin and piperine in suppression of DENA-induced hepatocellular carcinoma in rats.
Environmental Toxicology and Pharmacology,2015,40: 445-452.

Acharya A, Rawat K, Bhat KA, Patial V and Padwad YS (2015) A multifunctional
magneto-fluorescent nanocomposite for visual recognition of targeted cancer cells.
Material Research Express,2: 115401 doi:10.1088/2053-1591/2/11/115401.
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Vikram Patial, Scientist
vikrampatial@ihbt.res.in

Research Area: Toxicopathology and animal pathology

Regulatory and efficacy studies

Our lab is involved in the safety /toxicity and efficacy evaluation of natural drug molecules,
nutraceutical and nanomaterials. In regulatory studies conducted as per standard guidelines,
steviol glycosides (SG) showed safety up to 5g/kg bw dose in acute study, whereas, no toxicity up
to 2g/kg bw dose in sub-acute.

In efficacy studies, the synergistic effect of curcumin and piperine against chemical induced
hepatocellular carcinoma in rats was found. Piperine as a bio-enhancer increased the
bioavailability of curcumin and thus enhanced its anticancer effect.

The antioxidant and hepatoprotective effect of apple pomace polyphenols was studied using CCl, .
induced live injury in rats (Fig.1). It was found that the hepatoprotective effect is mainly due to
inhibition of apoptosis and activation of _

antioxidant factors in the cells. ok

In collaborative work, the acute toxicity of
fluorescent nanocomposites was studied in the

rats. The nanocomposites were found safe to use

T

as anovel dual mode imaging material. Diabetic L R
Fig. 1 a) Hepatocellular carcinoma in rat liver, b)

wound healing activity of nanoformulation CCl4 induced liver necrosis

formed by combining plant cellulose

nanocrystals and green silver nanoparticles was studied in Swiss albino mice. Diabetes was
induced in the mice using streptozotocin and later mechanical wounds were created on which the
healing effect of nanoformulation was studied. We were also involved in the evaluation of
cardioprotective effect of Punica granatum L. peel extract through activation of nitric oxide-
mediated Nrf2/ARE signalling pathway and apoptosis inhibition in isoproterenol induced cardiac
damage inrats.

Publications:

e Sharma S, Rana S, Patial V, Gupta M, Bhushan S and Padwad YS (2016) Antioxidant and
hepatoprotective effect of polyphenols from apple pomace extract via apoptosis inhibition

and Nrf2 activation in mice. Human and Experimental Toxicology, DOI:
10.1177/0960327115627689.
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Walia S, Sharma S, Markand KP, Patial V and Acharya A (2016) A bimodal molecular
imaging probe based on chitosan encapsulated magneto-fluorescent nanocomposite offers
biocompatibility, visualization of specific cancer cells in vitro and lung tissues in vivo.
International Journal of Pharmaceutics,498:110-118.

Patial V, Mahesh S, Sharma S, Pratap K, Singh D and Padwad YS (2015) Synergistic effect
of curcumin and piperine in suppression of DENA-induced hepatocellular carcinoma in
rats. Environmental Toxicology and Pharmacology,40: 445-452.

Acharya A, Rawat K, Bhat KA, Patial V and Padwad Y'S (2015) A multifunctional magneto-
fluorescent nanocomposite for visual recognition of targeted cancer cells. Materials
Research Express,2(11):115401

Gupta M, Sharma P, Mazumder AG, Patial V and Singh D (2015) Dwindling of cardio
damaging effect of isoproterenol by Punica granatum L. peel extract involve activation of
nitric oxide-mediated Nrf2/ARE signaling pathway and apoptosis inhibition. Nitric Oxide:
Biology and Chemistry, 50 : 105-113.
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Damanpreet Singh, Scientist

damanpreet@ihbt.res.in

#, : N Research area: Neuropharmacology

Cardioprotective effect of Punicagranatum L. peel

The aim of our research work is to explore, validate the therapeutic potential and identify active
principles in plants of western Himalayan region using experimental animal models. Further, to
study the therapeutic benefits and safety of developed food products is another core area of our
research group. In this regard, cardio protective effect of Punica granatum L. (Punicaceae) peel
was studied. The peel comprising around 50% of the total weight of the fruit is often considered as
a waste, in spite of its high bioactive metabolite composition. It is a rich source of phenolic
antioxidants like punicalagin, gallic acid, epicatechin etc. The peel was extracted (PGE) and
analysed for its secondary metabolite profile. PGE showed presence of punicalagin, gallic acid
and epicatechin. The effect of PGE was studied in rat model of isoproterenol (ISO)-induced acute
myocardialinfarction (MI). The electrocardiographic alterations with increased heart weight and
cardiac tissue damage (Fig. 1) signifying MI was observed following ISO administration (150
mg/kg; s.c.), twice at 24 £ 1 h interval. Marked attenuation of the said parameters (Fig. 2), along
with reduction in serum creatine kinase-MB, lactate dehydrogenase, alanine transaminase and
aspartate aminotransferase was observed with

06 - B ST Segment (mV)
PGE pretreatment at 50, 100 and 200 mg/kg; p.o. @R Amplitude (mV)
doses. Moreover, PGE treatment decreased lipid | [B
peroxidation and increased cardiac tissue ] 7
superoxide dismutase activity, reduced = | ol ]
glutathione and nitrite levels. There wasdose- 1 - :

0.1 4

o

Naive Vehicle PGE 50 PGE 100 PGE 200

Fig. 2 Effect of Punicagranatum L.
(Punicaceae) peel extract on isoproterenol-
induced alteration in ST segment and R
amplitude. 'P< 0.05 indicates ST segment as
compared to naive group; "P< 0.05 indicates
ST segment as compared to vehicle control
group.”P< 0.05 indicates R amplitude as
Fig. 1 Histopathological finding showing  compared to naive group; "P<0.05 indicates R

myocardial tissue damage in isoproterenol  amplitude as compared to vehicle control
administered vehicle control group group
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dependent increase in endothelial nitric

oxidesynthase, Bcl-2 and nuclear factor
erythroid 2-related factor 2 (Nrf2), and v

Endothelial nitric
oxide synthase

decrease in Bax proteins expression in the

myocardium of the extract treated rats. It
was concluded that PGE increases
myocardial expression of endothelial nitric
oxide synthase that leads to nitric oxide-
mediated Nrf2activation thus
upregulateantioxidant mechanisms, which Fig. 3 Proposed cardioprotective mechanism of

ultimately leads to inhibition of apoptosis Punica granatum L. ((Punicaceae) peer extract.

(Fig. 3).
Curcumin as a bioenhancer for hepatocellular carcinoma

Phenolic compounds in medicinal plants are major bioactive metabolites found to be effective
against several pathological conditions. However, poor pharmacokinetics parameters restrict the
clinical use of these bioactive metabolites. Current research is in progress to develop add-on
therapies to improve the kinetics of active metabolites. Curcumin is a phenolic compound that has
been found to be efficacious against oxidative stress related diseases. Interestingly, due to poor
absorption it has been found to be less efficacious in vivo as compared to in vitro. Hence, to
improve its efficacy its effect was studied in combination with piperineagainst diethylnitrosamine
(DENA)-induced hepatocellular carcinoma in rats. The combined treatment of curcumin with
piperine showed significant improvement of hepatocellular carcinoma in comparison to curcumin
per se and vehicle control group.

Other work in process

The effect of bioactive components of medicinal plants of western Himalayan region including
Crocus sativus, Ginkgo biloba and a few others being used in traditional medicine for neurological
disorders were also studied in chronic experimental animal models.

Publications:

e Gupta M, Pallavi S, Mazumder AG, Patial V and Singh D (2015) Dwindling of cardio
damaging effect of isoproterenol by Punica granatum L. peel extract involve activation of
nitric oxide-mediated Nrf2/ARE signaling pathway and apoptosis inhibition. Nitric Oxide:
Biology and Chemistry,50:105-113.

« Patial V, Mahesh S, Sharma S, Partap K, Singh D, Padwad YS (2015) Synergistic effect of
curcumin and piperine in suppression of DENA-induced hepatocellular carcinoma in rats.
Environmental Toxicology and Pharmacology,40: 445-452.
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« Singh P, Singh D, Goel RK (2015) Protective effect on phenytoin-induced cognition deficit
in pentylenetetrazol kindled mice: a repertoire of Glycyrrhiza glabra flavonoid
antioxidants. Pharmaceutical Biology,(DOI: 10.3109/13880209.2015.1063673).
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=7 Narendra Vijay Tirpude, Scientist
t‘? (Joined on 02.02.2016)
&' -

narendra@ihbt.res.in

Research Area: Animal model development and preclinical toxicology

Animal breeding and housing facility: Contribution of laboratory animals in the field
toxicology is well known. No compound/molecule/drug can reach to human clinical trials without
making it through the pre-clinical experimentation on laboratory animals. Thus animal studies
play vital part of this research process.

Development of laboratory animal models for various clinical conditions/diseases: In the
process of development of beneficial product for human or animal use, raw formulation/molecule
is tested in vitro using tissues and isolated organs initially, but before human use, legally and
ethically, it has to be tested in a suitable animal model before clinical trials in humans can take
place. Humans and animals share hundreds of illnesses, and thus animals can act as models for the
study of human illness. From such models we learn mechanism/pathogenesis of disease
progression and how the immune system responds during the disease progression. Development
of animal models for learning this mechanism and finding potential cure is important for
betterment of human health. Presently, we target to develop of animal models for carcinogenicity
studies by chemical induction as well as humanised xenograft translation. We aim to study
chemical induction of mammary tumors by N-methyl-n-nitrosourea (NMU), or 7,12-
dimethylbenz[a]anthracene (DMBA) and also study of lung cancer using N-nitroso-tris-
chloroethylurea (NTCU) or N-nitroso-methyl-bischloroethylurea

Pre-clinical assessment of lead molecules from western Himalaya region: Once an animal
model is developed for a particular disease/clinical condition, animals are used to test potential
therapies as part of the applied research process. New medicines/compounds are required be
tested in order to assess the beneficial and the harmful effects of a compound on a whole organism.
Preclinical assessment of such different formulations/lead molecules from western Himalayan
region following norms of national and international regulatory authorities is our service support
for testing of various compounds.
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Brij Lal, Senior Principal Scientist
brijlal@ihbt.res.in
Research areas: Ethnobotany, taxonomy and plant conservation

Documentation of Ethnobotanical Knowledge: Ethnobotanical studies were carried out among
the Gaddis and Gujjars inhabiting the remote forest areas of Bharmour and Tisa subdivisions of
Chambea district, HP. Information on around 50 plant species used by these ethnic groups in their
daily life were recorded through on spot personal interactions and interviews with several
knowledge holders in the field. Among the plants reported to be used in curing different ailments
were Aconitum heterophyllum, Angelica glauca, Arnebia benthamii, Dactylorhiza hatagirea,
Picrorhiza kurrooa, Podophyllum hexandrum, Rabdosia rugosus, Swertia paniculata etc. Plants
like Swertia petiolata, Rheum emodi and Aconitum heterophyllum are being used for stomach ache
cure, whereas roots of Angelica glauca is given in joint pain. Dactylorhiza hatagirea tuber is used
for snake bites. Plants like Betula utilis, Valeriana jatamansi, Juniperus communis and Jurinea
dolomiaea are used in different rituals performed during various occasions.

An interesting process of drying of herbs by the local people was observed in the field, particularly

the roots of Kadu (Picrorrhiza kurrooa) were dried with the help of fire smoke in the field (Fig. 1).

Fig. 1 Drying of roots of Picrorhiza kurrooa in the field

Enrichment of herbarium: In order to enrich the existing herbarium through extensive field
explorations, around 500 plant specimens were collected from different locations. Of the total 500
specimens collected, around 100 voucher specimens were selected, processed, identified and
deposited in the herbarium for future reference. Voucher specimens added as new to the herbarium
included Arabidopsis spp., Gymnema sylvestre, Trollius acaulis, Aquilegia nivalis, Allium
semenovii, Primula macrophylla, Paraquilegia microphylla, Pedicularis oederi, Cardamine
macrophylla and Fritillaria roylei.
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S & T Services:

e On a request made by the official of M/s Wah Tea Estate, Rajpur (Palampur), of Kangra
(HP), an official site visit was organized in the month of July 2015 to suggest some
ornamental ferns for decoration and landscaping of the area. After visiting the site, an
ornamental fern, Adiantum species was suggested to be suitable for the proposed site.

e Identified around 155 plant specimens including 32 specimens of pteridophytes received
from local R&D organizations like Department of Veterinary Pathology, College of
Veterinary and Animal Sciences, CSKHPKYV and IVRI Regional Station Palampur for
authentication.

e Around 250 INSPIRE students were enlightened about importance of MAPs, biodiversity
and its conservation. Further, 50 XI"standard students from Jawahar Navodaya Vidyalaya,
Paprola were made aware about the conservation and sustainable utilization of biological
diversity and also collection and preservation herbarium samples.

Publications:

¢ Singh KN, Gopichand, Lal B and Todaria N P (2016) Ecological status and conservation of
rare plants in high altitude landscapes of Indian western Himalaya. Global Journal of
Research on Medicinal Plants & Indigenous Medicine, 5 (1): 01-18.

e Rana S, Rawat K, Mahendru M, Padwad YS, Pakade YB, Lal B and Bhushan S (2015)
Screening of bio-constituents and in vitro cytotoxicity of Clematis gouriana leaves. Natural
Product Research,29 (23):2242-2246.

e Stappen I, Ali A, Tabanca N, Khan IA, Wanner J, Gochev VK, Singh V, Lal B, Jaitak V, Kaul
VK, Jirovetz S and Jirovetza L (2015) Antimicrobial and repellent activity of the essential

oils of two lamiaceae cultivated in western Himalaya. Current Bioactive Compounds, 11:23-
30.

e Stappen I, Tabanca N, Ali A, Wedge DE, Wanner J, Kaul VK, Lal B, Jaitak V, Gochev VK,
Jirovetz Schmidt E and Leopold (2015) Chemical composition and biological activity of
essential oils from wild growing aromatic plant species of Skimmia laureola and Juniperus
macropoda from western Himalaya. Natural Product Communications, 10(6): 1071-1074.

e Lal B and Kumari A (2015) Report on national conference modern approaches to
pteridophytes: Biology, biodiversity and bioresource, organized at CSIR-IHBT Palampur,
during 20-21 December. Indian FernJournal,32:1-10.
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Gopichand, Principal Scientist
gopichand@ihbt.res.in

Research area: Crop physiology and agrotechnology of medicinal, aromatic

and other economic plants.

Survey, cultivation, domestication, characterization and standardization of agro-techniques
of bioresource of western Himalaya

(A) Valeriana jatamansi: Screening of elite plants by chemical characterization and identification
of suitable tree species for their intercropping in western Himalaya was carried out (Fig. 1A).
More than twenty field surveys were conducted to collect different accessions of V. jatamansi from
HP, Sikkim (Gangtok) and West Bengal (Darjeeling and Kalimpong).

In HP, forest regions such as Dhauladhar, Chhota and Bada Bhangal, Barot, Mandi, Kullu, Manali,
Sainj valley, Garsha valley, Manikaran valley and Barshani region were surveyed. Besides,
Kafnoo, Nichar, Reckongpeo, Sangla and Bhavanagar regions of district Kinnaur was also
surveyed for the collection of V. jatamansi. The details of these surveys are mentioned in Table 1.

Fig. 1 (A) Valeriana jatamansi (B) Crataegus oxycantha

Table 1 Detail of surveyed areas for the collection of accessions of V. jatamansi

S.no. Location Altitude Latitude Longitude
(m amsl)
| Birni-1(Palampur) 2704 32°09'22.232N 76°34'35.071E
2 | Birni-2 (Palampur) 2883 32°09'35.820N 76°34'39.094E
3 Birni-3 (Palampur) 2548 32°09'18.534N 76°34'22.126E
4 | Birni-4 (Palampur) 2274 32°08'47.745N 76°33'42.865E

Page No. 89



CSIR-IHBT Annual Report 2015-16

5 | Kukurgunda 2625 32°07.659N 76°45.577E
6 | Plachack-1 2681 32°08.911IN 76°45.705E
7 | Plachack-2 2769 32°08.105N 76°45.521E
8 | Kandi (Mandi) 1961 31.82083°N 77.07694°N
9 | Kafnoo(Kinnaur) 2700 31.63912°N 78.00453°N
10 [ Ranipani (Kullu) 2448 31.58222°N 77.48194°N
11 [ Barshaini 2075 31°59'52.8N 77°26'37.3E
12 [ Shilagarh 2123 31°52'14.1N 77°20'09.6E
13 [ Rahla 2221 31°4722.4N 77°18'34.7E
14 [ BSI (Sikkim) 1671 27°20'21.2N 088°36'52.0E
15 | UBKVKC (Kalimpong) 1076 27°04'07.4N 088°28'36.8E
16 [ Darieeling 2038 27°02°38.4 N 088°15°48.3 E

Result of soil analysis: The pH of the soil was acidic in nature in all the sites. The maximum
nitrogen kg/ha was estimated in Darjeeling (437.53 kg/ha) and minimum in Kukurgunda (73
kg/ha). The available P was observed maximum in soil of Kalimpong and minimum in
Kukurgunda. Available K was found maximum in Kafnoo and minimum in soil of Kukurgunda.

Mass multiplication: The seeds of V. jatamansi were collected, dried in shade and nursery was
raised in polyhouse under controlled conditions. After 15-18 days, when the seeds started
germinating, agronet was removed. After three months, the Valeriana seedlings were ready for the
transfer in the sleeves and field. The field trial was laid out in the month of August, 2015 to study
the growth and biomass production under different tree shades. All the meteorological parameters
including minimum and maximum temperature, humidity, rainfall, wind velocity, bright sunshine
and evaporation rate were also recorded every day from January, 2015 to March, 2016. The soil
samples were collected for analysis of its physical and chemical properties from all three tree
shades. On the basis of morphological variations two clones of V. jatamansi were selected and
chemically characterized. In the plantation, the selection criteria were based on the leaf structure
such as Valeriana dark green color of leaves (VDGQG) for one clone. The second clone was Valeriana
light green color of leaves (VLG) with small leaf in comparison to the first clone leaf.

(B) Crataegus oxycantha: In order to standardize agro-techniques for cultivation of C. oxycantha,
a field trial was laid down in different plots (Fig. 1B). Among different growth hormones, Indole
Butyric Acid (IBA, 1000mg/L) gave highest percentage of sprouting (78.35%) as compared to .
control (32.43%) the sprouting.

© Ginkgo biloba L: The study on growth and yield of G. biloba leaves under high density
plantation was conducted at different FYM levels (15-60t/ha). The data for last three year revealed
an increment of 25-35% yield of fresh as well as dried leaves (Fig. 1C)
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Re-vegetation of dumping sites of Himalaya Region: Ten dumping sites (1403 m to 2221 m
amsl) were targeted for re-vegetation in three valleys namely Sainj, Manikarn and Garsa in Kullu
district. Eleven different tree species, planted during 2010 to 2012, showed specificity to
plantation sites. Among them, Aesculus indica gained maximum growth at DS-02, Ailanthus at
DS-06, while Cedrus deodara and Robinia at DS-16 site.

Publications:

e Koundal R, Kumar A, Thakur S, Agnihotri VK, Gopichand and Singh RD (2015) Seasonal
variation in phytochemicals of essential oil from Juniperus communis needles in western
Himalaya. Journal of Essential Oil Research,27 (5): 406 —411.

e Gopichand and Meena RL (2015) Standardization of propagation and agro techniques in
Ginkgo biloba L. - Amedicinally important plant. Journal of Medicinal Plant Studies, 3(4):
6-15.

e Koundal R, Kumar D, Walia M, Kumar A, Thakur S, Gopichand, Padwad YS and Agnihotri
VK (2016) Chemical and in vitro cytotoxicity evaluation of essential oil from Eucalyptus

citriodora fruits growing in the Northwestern Himalaya, India. Flavour Fragrance
Journal,31:158-162.

o Singh KN, Gopichand, Lal Brij and Todaria NP (2016) Ecological status and conservation
of rare plants in high altitude landscape of Indian Western Himalaya. Global Journal of
Research on Medicinal Plants and Indigenous Medicine, 5 (1): 01-18.
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Sanjay Kr. Uniyal, Principal Scientist
suniyal@ihbt.res.in
Research Area: Biodiversity, ecology and resource use

2015-16

In continuaton to work on plant invasion, time of fruiting and role of dispersers was found to play an

important role in the spread of Sapium sebiferum. Further, work on the traits of Trifolium repens revealed

that flower recurving is an important strategy that helps the species in augmenting reproduction. Studies on

host-epiphyte relationships are meager in the Himalayan region and therefore, occurrence of Pyrrosia

flocculosa, an epiphytic fern on Eucalyptus globulus was studied. Further, work on long term ecological

research plots and addition of information to the plant database continued.

Plantinvasion studies: Spread of
invasive species 1s a
contemporary ecological issue.
Recent studies have documented
advancement of such species in
the Himalayan biodiversity
hotspot. S. sebiferum is one
amongst them that has serious
ecological implications. We have
been monitoring a stand of S.
sebiferum to document its
phenology and seed dispersal
patterns. Unlike majority of the
plant species in the  western
Himalaya which fruit during
monsoon, fruits of S. sebiferum
mature and dehisce during
November-December. This being
winter season in the Himalaya,
wherein resources are scarce, S.
sebiferum is able to attract a large
number of frugivorous birds
which increase the chances of
wider seed dispersal (Fig. 1).

Fig. 1 Some of the bird species recorded feeding on S.
sebiferum a: Rose ringed parakeet, b: Rufous tree pie, c:
Black lored yellow tit, d: Jungle crow, e: Indian Grey
Hornbill, f: Gold finch, g: Red vented bulbul, h: Great
barbet, i : Himalayan bulbul, j: Rufous sibia, k: Great tit,
and l: dehisced fruits of S. sebiferum exposing the seeds)
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Thus, late fruiting seems to be of much advantage for this species and possibly one of the reasons
for its success in the Himalayan foothills.

Recurving as an effective reproductive strategy of Trifolium repens L.: Recurving refers to
bending of a structure or an organ in the direction opposite to that of its growth. Flowers of T.
repens showed recurving. We, therefore, studied whether recurving is an effective strategy
employed by 7. repens to maximize chances of fertilization and thereby seed production. For this,
fifty individuals of 7_ repens were identified and tagged in wild. Of these, twenty were control
(growing as such) and twenty were constrained from recurving. The remaining ten plants were
covered with net to limit cross pollination (Fig. 2). All these plants occupied the same habitat and
grew in the same natural environment. No significant difference in the number of flowers per
inflorescence between control and constrained plants was found. However, a significant
difference (p<0.001) in the number of seeds produced by control (68.35+3.92) and constrained
plants (22.25.41.35) was observed. Three times more seeds, without compromising on seed mass
(p>0.05), were produced in the control plants. No seeds were produced in the flowers that were
netted. Thus, recurving appears to help 7 repens in reproduction.

Fig. 2 Inflorescence of T. repens (a- compact inflorescence with flower pointing upwards, b- a
constrained flower, c- pants covered with net to deter pollination, d-a pollinator on the
peripheral mature flower, e- half of the flowers have recurved while the ones yet to be fertilized
face upwards, f-inflorescence completely recurved with fruit formation in the process)
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Epiphyte-phorophyte studies: Bark characteristics of the phorophyte such as, thickness,
rugosity and water holding capacity define host suitability for epiphytes. Little is known about the
epiphytic ferns and phorophytes from the Himalayan region. For this, 200 trees of E. globulus
were sampled and information on girth, fern location and inclination of phorophyte was recorded
(Fig. 3). Additionally, bark samples were also analyzed.

Fig. 3 Sampling of phorophytes and collection of bark samples

Ferns were observed growing on 48% of the sampled trees. The distribution of fern increased with
increasing girth of the phorophyte. Maximum percentage of the trees in which ferns were present
with respect to the total trees present in that girth category was in the 125-145 cm girth class
(Fig. 4). With increase in tree girth, outer layer of the bark gets fissured and also its thickness
increases. All the trees that hosted ferns had inclination and were associated with mosses. None of
the straight trees hosted ferns.

Long term ecological research monitoring plots: Documenting ecosystem responses and
species redistribution is an

important aspect of climate change
studies. For this permanent long
term ecological research
monitoring plots have already been
established in the field. During this
year four more plots having
automated dataloggers were
established and species abundance,
flower traits, and soil data was
collected from these sites (Table 1).
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Table 1. Physico-chemical characteristics of the soil collected from LTERS located along an
elevation gradient

Electrical Total Total Total
Elevation | pH Conductivity | Nitrogen Phosphorous | Potassium
3000 | 5.04+0.22 0.09+0.00 0.58+0.03 0.09+0.00 1.10+0.03
3100 | 5.76+0.19 0.12+0.00 0.63+0.03 0.13+0.00 1.60+0.06
3200 | 5.17+0.07 0.12+0.00 0.63+0.03 0.11+0.00 1.68+0.01
3300 | 4.37+0.02 0.17+0.00 0.60+0.03 0.15+0.01 0.97+0.01
3400 | 5.35+0.10 0.11+0.00 0.82+0.05 0.18+0.00 1.0240.02

Database on floral resources of Himachal Pradesh: Continuing with the development of plant

database, information on morphological characteristics, distribution, taxonomy and uses of 1000

plant species were added. This My Sql database consists of 12 tables pertaining to distribution, life

form, population, local name, taxonomy, image, uses, conservation status and alien species. The

tables are linked to one another by one-to-one and one-to-many linkages.

Publications:

* Ahmad M and Uniyal SK (2016) Is recurving an effective strategy of Trifolium repens L. to
augment reproduction? Scientifica, Article 1D 4741086, dx.doi.org/10.1155/2016/
4741086.

« Jaryan 'V, Uniyal SK, Datta A and Gupta RC (2016) Late fruiting in Sapium sebiferum: an

effective dispersal strategy. Tropical Ecology, 57(2):375-379.
* Verma A, Kumar S, Ahmad M, Kumar A, Uniyal SK (2015) HIMADRI site in Himachal Pradesh

(Chansal). ENVIS Newsletter on Himalayan Ecology, 12(2): 5.

* Sood A, Alpy and Uniyal SK (2016) Biodiversity characteristics of the Western Himalaya.

In. Das and Bera (Eds). Plant Diversity in the Himalaya Hotspot Region.
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Amit Kumar, Principal Scientist
amitkr@ihbt.res.in
Research area: Geospatial mapping and database development on

bioresources in western Himalaya.

Difterent factors responsible for forest fires and the regions sensitive to such fires were identified
in Kangra district of Himachal Pradesh. A digital geo-referenced forest fire map was also prepared
for Dehra forest division of Himachal Pradesh. Maps depicting spatial distribution of targeted
Pteridophytes in western Himalaya were also prepared. The temporal pattern of Net Primary
Productivity of Great Himalayan National Park (GHNP), Rupi-Bhabha Wildlife Sanctuary
(RBWS) and Pin Valley National Park (PVNP) of Himachal Pradesh during 2000 to 2014 was also
estimated using satellite data. The land use/ land cover map of Chamba district (HP) was prepared
using Landsat image, which provided latest ground conditions. An E-Inventory of 45 medicinal
plants of the Indian Himalayan Region (IHR) was prepared from the data compiled from published
sources.

Identifying triggers for forest fire and assessing fire susceptibility of forests: A study to
identify fire prone sites was carried out in Kangra (HP). For this, geographical coordinates of the
recorded fire locations were overlaid on various thematic layers such as elevation, slope, aspect,
mean annual temperature and fuel map of the region. The 10.7 % of the forest cover in the study
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Fig. 1 Prioritized forest fire-prone regions in Kangra district, Himachal
Pradesh
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were 5.35tC/ha/yr; 4.35 tC/ha/yr and 0.46 tC/ha/yr, respectively (Fig. 3).

Fig. 3 Mean annual Net Primary Productivity of

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Land use/ land cover mapping: Chamba represents one of the interior and biologically rich

districts of Himachal Pradesh. Mapping of the district was, therefore, carried out using LANDSAT

MSS satellite images (Fig. 4A). The results identified nine major land use/ land cover classes in the

area (Fig. 4B). Among these classes, forests occupy the largest area (42.26 %) followed by scree
slopes (17.09 %), agricultural land (10.36 %), alpine area (10.18 %), scrub/grass land (9.15 %),

snow cover (8.47 %), stony/barren area (0.96 %) and built-up areas (0.06 %).
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B Alpine area
1 Snow cover

Fig. 4 (A) Landsat image, (B) Land use land cover map of Chamba district of HP
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The P. roxburghii forest, low elevation, high temperature, high slope, south-west facing aspect,
and anthropogenic disturbances were identified as major factors responsible for forest fire in the
region.

75°0'0"E 78°0'0"E 81°0'0"E
i 1 1
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Fig. 2 Maps depicting geographical distribution of one of the

Equisetum) represented by six targeted fern species in western Himalaya

species in the western Himalayan

regions (Himachal Pradesh,

Uttarakhand, Jammu & Kashmir) have been prepared (Fig. 2). Information on locations of
occurrence of target species of Pteridophytes in the western Himalaya was recorded from
secondary (published) sources and plotted on the administrative map of western Himalaya in
Geographic Information System (GIS) environment.

Field surveys: The ground truthing of Nagrota Bagwan, Khaniara and Dhramkot areas of Kangra
district of Himachal Pradesh were carried out in June, 2015. The field survey to Chanshal area of
Shimla district of Himachal Pradesh was conducted in the month of August, 2015. The vegetation
data was recorded following GLORIA measurement protocols from long term ecological plots
named as HIMADRI site.

Estimation of Net Primary Productivity of protected areas in Himachal Pradesh: Annual Net
Primary Productivity (NPP) of Great Himalayan National Park (GHNP), Rupi-Bhabha Wildlife
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Development of E-Inventory on medicinal plants of Indian Himalayan Region: E-Inventory
of 45 medicinal plants of Indian Himalayan Region (IHR) was prepared (Fig. 5). The database
contains information of these plants on medicinal usage (traditional, unani, ethno-botanical,
modern medicine, ayurvedic and siddha), their systematics, diseases cured, parts used,
photographs and maps depicting their general distribution in IHR. The graphic user interface of
this E-Inventory allows querying the database on the basis of plant name, family name, part of
plant used and diseases cured by the plants.

Ethno TradMed  Ayur

Fig. 5 GUI of E-Inventory of medicinal plants of IHR

Publications :

o Kumar S, Meenakshi, Bairagi GD, Vandana and Kumar A (2015) Identifying triggers for
forest fire and assessing fire susceptibility of forests in Indian western Himalaya using
geospatial techniques. Natural Hazards, 78:203-217.

o Kumar A and Deshmukh B (2015) A Review on 'Geo-ecological studies - an

interdisciplinary approach for evaluation and sustainable management of 'Geo-ecosystems.
Journal of Geological Society of India, 89: 605-612.

o Kumar A, Chauhan VK, Kumar S and Singh RD (2015) Relevance of satellited derived net
primary productivity data in monitoring of protected areas in Indian Western Himalaya.
Asian Journal of Geoinformatics, 15(4): 1-24.

e VermaA, Kumar S, Ahmed M, Kumar A and Uniyal SK (2015) HIMADRI site in Himachal
Pradesh (Chansal). ENVIS Newsletter on Himalayan Ecology, 12(2): 5.
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Anil Kumar Singh, Scientist

Research area: Plant adaptation

Over group page is involved in understanding plant response to environmental stress in both
abiotic and biotic stresses negatively affect the yield and quality of economically important crops.
Plants have to constantly cope with different abiotic stresses such as drought, salinity, high or low
temperature, oxidative stress etc. To counteract these stresses, plants have developed stress
tolerance and avoidance mechanisms to overcome the challenges posed by surrounding
environment.

Continuing working on plant adaptation, universal stress proteins (USPs) and DREB were
identified that are likely to play important roles in plant survival under abiotic stresses. Of the
various USPs, arole of A1USP17 was analysed using a knock down mutant with T-DNA insertion
in Arabidopsis. While the detailed analysis is under progress, data did suggest that AtUSP17 is a
component of stress tolerance mechanism in Arabidopsis. Of the various DREBs of apple, Md
DREB-076 and MdDREB-043 were identified to be critical and their functional characterization is
underway in tobacco.

Previous work in the institute identified superoxide dismutase (SOD) to be associated with
imparting stress tolerance in plants. However, the mechanism imparting stress tolerance has not
been adequately deciphered. Our data on transgenic Arabidopsis showed that overexpression of
SOD along with ascorbate peroxidase (APX) enhanced stress tolerance through lignification of
vascular tissues (Fig. 1), a novel mechanism reported for the first time. In addition, transgenics
exhibited growth promotion, higher biomass production and increased yield under salt stress as
compared to the wild type.

Fig.1 Genes of lignin biosynthetic pathway were upregulated in transgenic Arabidopsis
overexpressing SOD and APX as compared to the wild type (adapted from our article published in
Plant Mol Biol, 87(6): 615-31, 2015).
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Amit Chawla, Scientist
amitchawla@ihbt.res.in
Research area: Ecology, plant adaptation strategies and biodiversity

conservation in high altitudes of western Himalaya

Study of plant diversity and their functional traits in the high altitude Himalaya: Five
transects were laid in the southern aspects in high altitude zone, representing elevation range from
3000m to 5000m and encompassing subalpine forests, treeline zone, alpine and nival zones. Plant
sampling was performed to understand the species range and variation in plant functional traits
(PFTs) such as plant height, specific leaf area (SLA), succulence, pubescence, spinescence,
root/shoot ratio, flower colour, growth form and life form. It was observed that plant diversity is
low along with dominance of annuals and higher upper growing limit of species occurrence in the
southern aspects than that in the northern aspects. Further, higher treelines of Juniperus
polycarpos were found in the region.

Assessment of habitat preference of Dactylorhiza hatagirea, a threatened medicinal
terrestrial orchid of Himalaya: Plant is commonly called as 'Hath Panja' or 'Salem Panja' or
'AngmoLakpa'. Tubers are known to have wound healing and aphrodisiac properties. It is facing
extinction risks due to habitat loss and illegal extraction from wild. A study was undertaken to
assess its habitat specificity, community structure and challenges in its conservation in HP. A total
of twenty five D. hatagirea dominated communities were sampled in the region (elevations
ranging from 2900-4250m). Among the different traits studied, plant height, root: shoot ratio,
basal area and above ground plant biomass are highly variable and these variations serve as proxy
for fitness and helps in plant survival (Fig. 1).

= 5 k

Fig. 1 (A) Study area, (B) Dactylorhiza hatagirea uprooted plant, and (C) in wild

L 77im
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Fig. 2 Dendrogram of studied sites based on soil physico-chemical characteristics.

The co-occurring species in D. hatagirea dominated communities were identified and it was found
that among a total of 171 species, Asteraceae (18 genera) was the most dominant family followed
by Poaceae (16 genera), Fabaceae (12 genera), Rosaceae (10 genera) and Apiaceae (10 genera).
Ordination analysis was performed to delineate the main environmental factors explaining
distribution of species in the region and variation in PFTs that helps in adaptation. The results
indicated that this species, occurs in isolated and small patches in marshy and wet meadows.

(Fig. 2).
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Manoj Kumar, Scientist
manojkumar@ihbt.res.in

Research area: Crop modelling and carbon dynamics

Physicochemical properties of forest soil in Dhauladhar wildlife sanctuary: Soils are one of
the largest sink of carbon and play a vital role in global carbon (C) cycle. The C stock/ density in
soils is affected by vegetation, soil types, climatic conditions, and topography particularly on
mountains. Therefore, present study was designed to analyze the physico-chemical properties and
C - density of temperate forest soil under canopy of different tree species in Dhauladhar wildlife
sanctuary (DWS), HP. The study area was dominated by Quercus semecarpifolia, Picea
smithiana and Taxus baccata. The soil was clay and acidic in nature under all tree canopies. The
variation in potassium content was non-significant, however, the total nitrogen was two times
higher under 7. baccata tree canopy as compared to Q. semecarpifolia. The soil organic C was 26
% higher under Q. semecarpifolia canopy as compared to P. smithiana with maximum mean soil
C — density (25.6 t0 32.0 t ha™) upto 10 cm depth . In this study, the temperate forest soil showed
enormous potential to sequester atmospheric carbon.

Herbaceous diversity of Dhauladhar wildlife sanctuary: The herbaceous vegetation plays a
significant role for terrestrial ecosystems, affect nutrient cycling, primary productivity and energy
flow in these ecosystems. The herbaceous diversity of temperate forest under open and different
dominant tree canopy at DWS, HP revealed about 50 different herbaceous species varying from
17 to 22 at the five locations of DWS. Spruce forest had least diversity indices of herbaceous
species, possibly due to allelopathic effect of its needle leaves that restricted the growth and
development of floral species. Species like Fragaria indica and Athyrium were found in shaded
region, whereas Trifolium repens occurred in open canopy area. It reveals that the herbaceous
biomass is significantly affected by various tree canopy, light condition and soil properties.

Simulation studies on Picrorhiza kurrooa : P. kurrooa is an endangered medicinal plant
species and has high demand in pharmaceutical industries. A simulation model is being developed
by collecting and estimating various model input data from published literature and actual
experiments. The plants kept under different environment conditions viz. Ambient, Free Air CO,
Enriched (FACE), Free Air Temperature Increased (FATI) and FACE xFATI conditions are being
monitored for various morphological and ecophysiological parameters e.g. plant height, no. of
leaves, root: shoot length, leaf area, stolon no./plant, biomass allocation, photosynthesis, stomatal
conductance, transpiration boundary layer conductance etc.
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Ashok Singh, Scientist
ashoksingh@ihbt.res.in
Research Area: High altitude biology (biodiversity conservation

and management)

In nature, rapid decline of high value medicinal plants has been reported. Surveys for the
collection of threatened plant species were carried out in the cold desert regions of HP. Thirty- four
threatened plant species that include Dactylorhiza hatagirea, Aconitum heterophyllum,
Podophyllum hexandrum, Rheum australe and Picrorhiza kurrooa were collected and their ex-situ
conservation in herbal garden has been initiated. The herbal garden is located in the premises of
CSIR-Centre of High Altitude Biology, Ribling, Lahaul and Spiti at an altitude of 3400 masl.

A germplasm resource centre for sea buckthorn (Hippophae spp.) has also been set up at CSIR-
Centre of High Altitude Biology. It presently has 300 plants of different genotypes from Leh-
Ladakh, Himachal Pradesh and as far as Russia.

Recognising the water limitations in the area, an indigenous snow water harvesting technology
has been developed. Further, underground green houses have also been developed at CSIR-Centre
of High Altitude Biology.

Page No. 104



oo 3 ¢ i
% )eoss0scos0c0sss
5 4 ) @ i
- ® 4 < e e
° b 54 $ RS ¥ g ) ¢ 4
iy ;
e f it poo s 00
L )
. $
44 4
- Ff @i -4 G-
L
° Adr 3
it B s Mgl S
33 3
s Lo - <
b & d
sesesess Natural Product Chemistry and Process pososcsses
Development
i g #
- .
Phytochemical investigation of Himalayan bioresources for novel molecules,
: } :E 3 semi-synthesis for value addition and up-scaling of lab scale developed process. ; 3‘ i"‘_ﬁ
Seeccsses posscscesse
<
Secssesss
‘ >
86 i 3 i o
3 3 3 3 33833 3
Sesess: 3 I £ ¢ $ ey a2
)@ ) € b © {
St it b bk oy
3 $







CSIR-IHBT Annual Report 2015-16

Bikram Singh, Chief Scientist
bikramsingh@ihbt.res.in
Research area: Natural products chemistry, synthetic modification &

methodology development

Prospecting Himalayan flora for potential novel molecules: The research interest includes
chemical prospection and profiling, development and scale up process for important molecules,
synthesis of natural as well as natural like molecules from medicinal and aromatic plants of
Himalayan region. We place a special emphasis on characterization of novel molecules from
traditionally important plants growing in Himalayan region. This year we have investigated many
medicinal and aromatic plants growing in western Himalayan region viz. Zephyranthes
grandiflora, Narcissus tazetta, Crinum latifolium, Tinospora cordifolia and few conifers species.

Zephyranthes grandiflora, Narcissus tazetta and Crinum latifolium are traditionally known for
ear and chest ailments, tumors. The ethanolic extract of bulbs and leaves of these plants were
prepared and subjected to fractionation. Eleven pure compounds from Zephyranthes grandiflora,
nine compounds from Narcissus tazetta and five compounds have been isolated from Crinum
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latifolium. The extracts, fractions and pure compounds from Zephyranthes grandiflora and

material

Narcissus tazetta were also evaluated for in-vitro anticancer activity.

Along with spectral analysis, the UPLC method development for quantification of seven standards
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has also been developed.
Structures of some isolated alkaloids from these plants are shown below.

Quantification of conifers from different region of Himalayas: Four conifers Abies pindrow,

p . Cedrus deodara, Picea smithiana
COOH OH and Pinus walichiana from four
HO O. « different locations of different

OH altitude in Himachal Pradesh were

HO" OH OH screened for presence of shikimic

OH OH acid. C. deodara (2000 m) shows
highest percentage of shikimic acid
“ (4.8%).

Hydrodistillated oil from conifers Abies pindrow, Picea smithiana, Cedrus deodara from three

Shikimic acid Catechin

different locations Chamba, Manali, Dharamshala was analysed. Further isolation from MeOH:
H,O (80: 20) extract of needles of P. smithiana led to isolation of a pure catechin.

Tinospora cordifolia (Menispermaceae) is widely used in the Indian system of medicine for the
treatment of various diseases. Plant material extracted with hot water. After removal of solvent
white powder was collected. A part of plant material was extracted with ethanol: water (70:30).
The extract was dried under vacuum and subjected to HP-20 resin column for purification.
Publications:

e Kumar D, Kumar R, Singh B and Ahuja PS (2015) Reproducible Reversed-Phase High-Performance
Thin-Layer Chromatography-Based Quality-Control Method for the Endangered Medicinal Plant
Picrorhiza kurroa Royle Ex Benth. Journal of Planar Chromatography,28(3),256-261.

» Kumar V, Reddy SGE, Chauhan U, Kumar N and Singh B (2015). Chemical composition and larvicidal
activity of Zanthoxylum armatum against diamondback moth, Plutella xylostella. Natural Product
Research, (DOI:10.1080/14786419.2015.1036270)

e Sharma R, Kumar R, Kumar I, Singh B and Sharma U (2015) Selective C-Si Bond Formation through
C-H Functionalization. Synthesis, 47(16): 2347-2366.

e Reddy SGE, Dolma SK, Koundal R and Singh. B (2015) Chemical composition and insecticidal
activities of essential oils against diamondback moth, Plutella xylostella (L.)
(Lepidoptera: Yponomeutidae). Natural Product Research, DO1:10.1080/14786419.2015.1068772.

» SharmaR, BalaM, Verma PK and Singh B (2015) Water mediated synthesis of Benzozole and Thiourea
motifs by reacting naturally occurring isothiocyanate with amides. Synthetic Communications, 45 (18)
2106-2114.
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Er. G.D. Kiran Babu, Principal Scientist
gdkiran@jihbt.res.in
Research area: Process design and development in the field of natural

products, supercritical CO, extraction

Volatile composition of Lavandula angustifolia produced by different extraction techniques:
The quantitative and qualitative characteristics of volatile fractions from lavender flowers
(Lavandula angustifolia) produced by different extraction techniques was studied. Water
distillation (WD) produced highest product yields (1.2%) followed by water-steam distillation
(WSD) (1.12%), solvent extraction (SE) (0.8%) and supercritical CO, extraction (SCE) (0.5%).
Linalyl acetate, the most important and major ester that determines the quality of lavender aroma,
was recorded to be in higher amount in the volatile fraction produced by SCE (51.8%) followed by
SE and WSD (31.4%, in each) and WD (26.8%) (Fig. 1-4). On contrary, linalool was found to be
highest in the volatile fraction produced by WD (30.9%) followed by SCE (23%), WSD (20.5%)
and SE (17.3%). Coumarin and 7-methoxycoumarin, the undesired chemical constituents in the
lavender aroma were present in substantial amounts in SE (20.5% and 11.2%, respectively), but
were absent in the hydro-distilled oils. Studies on sequential evolution of chemical constituents
during WSD and the comparative distillation kinetics (Fig. 5) revealed that the distillation process
should be continued up to 2 hours to obtain optimum oil yields with better quality. The foregoing
studies disclosed that the SCE produced better quality extracts compared to other conventional
techniques that may find potential applications in food and pharmaceutical products.
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Fig. 1 Gas chromatogram of essential oil isolated from Lavender (Lavandula angustifolia) by water
distillation (WD) technique.
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Fig. 2 Gas chromatogram of consolidated Lavender oil produced from Lavandula angustifolia by
water-steam distillation (WSD) technique.
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Fig. 3 Gas chromatogram of Lavender absolute produced from Lavandula angustifolia by solvent
extraction (SE) technique.
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Fig.4 Gas chromatogram of Lavender aroma produced from Lavandula angustifolia by supercritical
CO, extraction (SCE) technique.
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Fig.5 Comparison of kinetics of lavender oil produced by water distillation (WD) and water-steam
distillation (WSD)
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Chemical Composition and in vitro Cytotoxicity of Essential Qils from Leaves and Flowers
of Callistemon citrinus from Western Himalayas: Hydrodistillation of Callistemon citrinus
leaves produced higher oil yields (0.54%) than the flowering tops (0.12%) (Table 1). The GC and
GC-MS analysis of essential oils produced from the leaves and flowers of C. citrinus revealed that
the leaf oil contained high content of a-pinene (32.3%), limonene (13.1%) and a-terpineol
(14.6%); whereas the flower oil was dominated by 1,8-cineole (36.6%) followed by a-pinene
(29.7%). In general, the leaf oil possessed higher concentration of monoterpene hydrocarbons
(52.1%) and sesquiterpenoids (15.9%) than the flower oil (44.5% and 1.2%, respectively). On
contrary, the flower oil was predominate in oxygenated monoterpenes (43.5%). Although both
leaf and flower oils showed highest cytotoxicity on A549 cells (61.4%+5.0 and 66.7%+2.2,
respectively), only 100 pg/mL of flower oil was significantly active against C-6 cells (69.1%+3.1).
Interestingly, no toxicity was recorded on normal cells. Higher concentration of 1,8-cineole
and/or synergistic effect of the overall composition were probably responsible for the efficacy of
flower and leaf oils against the tested cells. These oils may form potential source of natural anti-
cancer compounds and play important role in human health.

Publications:

e Kumar D, Sukapaka M, Babu GDK and Padwad Y (2015) Chemical Composition and in
vitro cytotoxicity of essential oils from leaves and flowers of Callistemon citrinus from
western Himalayas. PLoS One, 10(8): e0133823. doi:10.1371/journal.pone.0133823.

e Babu GDK, Thakur V and Singh B (2016) Variability in the composition of Lavandula
angustifolia extracts due to extraction methods. Journal of Herbs Spices and Medicinal
Plants, 22(2): 173-182.

o Babu GDK, Sharma A and Singh B (2016) Volatile composition of Lavandula angustifolia
produced by different extraction techniques. Journal of Essential QOil Research
(http://dx.doi.org/10.1080/10412905.2016.1162210).

Patents:

e Shashi Bhushan, Sakshi Gupta, Garikapati Dyva Kiran Babu, Mohit Sharma, Paramvir
Singh Ahuja. Method and apparatus for the separation of seeds from fruit
pulp/slurry/pomace, US Patent No. 9,011,942 B2, dt. 21/04/2015.

e Agnihotri Vijai Kant, Bikram Singh, Garikapati Dyva Kiran Babu, Gopi Chand, Rakesh
Deosharan Singh, Paramvir Singh Ahuja. Process for the modification of Curcuma
aromatica essential oil. US Patent No. 9,068,141 B2 dt. 30/06/2015
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biology

The driving force for drug discovery is to find
molecules that will be effective and tolerated by
human body. To find such molecules; systematic
exploration of the biologically relevant chemical
space is required. Natural products (NPs) have
proven track record of being successful drugs
however, availability of natural products and other
factors make it limiting to develop them as drugs.
Furthermore, natural resource may not be available
for longer duration therefore; novel synthetic
methodologies for the efficient synthesis to
produce molecules with significant hit rate are
challenging yet essential.
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Sushil K. Maurya, Senior Scientist

Research Area: Synthetic organic & medicinal chemistry, chemical
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Natural product synthesis and medicinal chemistry: Tinospora cordifolia and Cissampelos

pareira are medicinal plants used as traditional medicine in India for the treatment of various

ailments. Extensive and systematic studies on these plants are attributed to tremendous therapeutic

potential of these plants in traditional medicine which have led to isolation of protoberberine and

several other aporphine alkaloids. For example, magnoflorine, magnocurarine and palmatine have

been isolated, have shown
tremendous activities of

therapeutic interest including

anti-cancer, immunomodulator
) ) HsCO
and inflammation. For the | °
Magnocurarine

H,CO

HO -
"

Hs;CO

HO g
HO O

Cissamine

Magnoflorine

generation of most potent

molecules; synthesis and

extensive SAR studies for these natural products and their analogues is required. Accordingly, we

are developing novel synthetic methodologies for the synthesis of these therapeutically important

bioactive molecules and their analogs.

Diversity Oriented Synthesis and Chemical Biology: In order to exploit the advantages of the
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small molecule probes to understand unique insights in cell biology small molecules need to be
diverse, selective in binding and economical. Nature makes an amazing display of structural
diversity in its secondary metabolites and often they are structurally complex. Complex
structures are likely to interact with macromolecules (proteins) more selectively than flat and
simple molecules. The approach can clarify the role(s) of specific proteins in disease, whilst, in
addition, providing a lead molecule for therapeutic intervention strategies.

Our group is involved in the development of synthetic approach for the preparation of polycycles,
macrocyles and natural-product like small molecules with multiple scaffolds and stereogenic
centres, and huge potential for substitutional variation. In our group we are synthesizing novel
macrocyclic small molecules using build/couple/pair approach.

N:N
/= ~N=N+:N \\
S ar > \\
ugar e Sugar —* (Sugar Sugar —*  sugar  Macrocycles Sugar

\= = N—_——

Various building blocks were synthesized utilizing carbohydrates which were assembled via
triazole using click reactions (coupled phase). Further various cycloadduct were paired via RCM
reaction to furnish macrocyclic compounds.

N=,

N

0 N3—V) o) _.,/O OJQ/
P SCINa N I C J&} g O piias
=N // ; _C)\:ﬁ/‘ /= "OS( o "‘o/‘f/ 0)5
12 Examples

Build/Couple/Pair (BCP) approach for the synthesis of macrocycles
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N

Z-Z
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Late Dr. Neeraj Kumar
neerajkumar@ihbt.res.in

a Research area: Natural products and Bio-organic chemistry

Bioprospection of Himalayan flora, new methodology development with focus on Lewis acids and
organocatalysis

Bioprospection of Western Himalayan flora:

¢ i 5

ey NP

LN T e
T New componnd -.‘\t‘\.h A

Himalayan region with varied topological _
characteristics provide richest reservoirs of Ny K

biological diversity that host variety of medicinal
plants and offer great opportunity to have novel

bioactive molecules. The bioprospection of | IR G50 ¢ PR & -R_‘_[j:,-\
different medicinal plants viz, P, veficellatum, H. |\l | , . 1LIL O iy ."r°;.. l:: d 1 ox
rhamnoides, Z. armatum and A. vasica from ...~ ~ |0 0:0::;:” P gy
Western Himalayan region was done. A new e & PO I 'Ur":**"": & " <

compound zanthonin along with thirteen L ” . - \ U XY 1.

known compounds including, flavonoids, =7+ FEEE| L ., L

X . . Method 11 AL TR e
furofuran lignan, amides, alkaloid and \ Tstatil et /
coumarin have been isolated and

characterized from Z. armatum. The chemical profiling and simultaneous quantification of
biologically important flavonoids, furofuran lignans, coumarin and amides in Z. armatum by
UPLC-DAD-ESI-QTOF-MS/MS was also done. Significant variation based on five chemotypes
representing f-phellandrene/2-undecanone; linalool/2-undecanone; linalool; 2-undecanone; 2-
undecanone/1,8-cineol in the different population of Himachal Pradesh.

Lewis acid catalyzed C-N bond formation:

1. Iron(IIT) chloride-catalyzed decarboxylative—-deaminative functionalization of phenylglycine: a
tandem synthesis of quinazolinones and benzimidazoles: The first iron(IIl) chloride-catalyzed
decarboxylative—deaminative functionalization of phenylglycine with o-substituted nitroarenes was
achieved for the synthesis of 4(3H)-quinazolinones
and benzimidazoles. The reaction of 2- D pt
nitrobenzonitrile/2-nitro-N, N-diphenylamine with

=
Nﬂ_{? .
henylglycine at 120 °C in th f : M0 F@%N o s
phenylglycine at in the presence of potassium @ . COOHY 00, @ emiv) [
R X N
=1

carbonate as a base in toluene generated the products F‘ﬂ; é;fm“:“"f") B i L
with 45-87% yields. In this tandem approach, R|/ = J>—®‘w
involvement of transfer hydrogenation of the nitro M XN
functionality with in situ generated ammonia, ;??Q&“?;a
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imination, nitrile hydration to amide and oxidative cyclization sequences have been established. The
process avoids the use of an external hydrogen source, costly catalysts as well as the isolation of amine and
amide intermediates.

2. Tin-catalyzed selective reductive hydroamination of alkynes for the synthesis of tertiary amines:
A unique preference of tin(Il) for aniline activation is disclosed. The mechanistic study revealed the
involvement of two steps in one pot wherein alkyne reduces to corresponding alkene in presence of PMHS

as reducing agent followed by f"’\r -
hydroamination of alkene. A broad range Rasy s 7
of alkynes transformed into tertiary 2 N Ry
amines with good to excellent yield. This N H‘R4 L

method is equally applicable in synthesis Rﬁ@ .

of'secondary amines %y %
3. Rapid and efficient cascade N NH; HN™ S
synthesis of 2-amino-4(3 H)- L~ X Rz
quinazolinones over an In Situ- -3
generated heterogeneous 42 examples (upto 95% Isolated yleld)

CuCO,-K,CO, Nanocomposite: A
green, recyclable, in situ generated, heterogeneous CuCO,—K,CO, nanocomposite-catalysed cascade
reaction between 2-halobenzoic acids and guanidines is described for the synthesis of 2-amino-4(3H)-
quinazolinones. The reaction is rapid and proceeds efficiently in air without the addition of a ligand or
additive. This protocol is equally applicable to
amidines for the synthesis of 2-alkyl- and 2-
phenyl-4(3 H)-quinazolinones.

Publications:

e Nayal OS, Thakur MS, Kumar M, Sharma S
and Kumar N (2016) Tin-catalyzed selective
reductive hydroamination of alkynes for the
synthesis of tertiary amines. Advanced
Synthesis & Catalysis, 358 (7): 1103—-1109.

» Thakur MS, Nayal OS, Bhatt V, Sharma S and Kumar N (2016) Rapid and efficient cascade synthesis of
2-amino-4(3 H)-quinazolinones over an in situ-generated heterogenecous CuCO,-K,CO,

nanocomposite. Asian Journal of Organic Chemistry.doi: 10.1002/ajoc.201600113.

e Kumar M, Richa, Sharma S, Bhatt V and Kumar N (2015) Iron(Ill) chloride-catalyzed
decarboxylative—deaminative functionalization of phenylglycine: A tandem synthesis of
quinazolinones and benzimidazoles. Advanced Synthesis & Catalysis, 357 (13): 2862—-2868.
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Pralay Das, Senior Scientist
pdas@ihbt.res.in

Research area: Supported nano-catalyst and organic synthesis

Research on supported nanoparticles as a catalyst and total synthesis of bioactive molecules

Carboxylation reaction using oxalic acid as C, source: Polystyrene-supported palladium(0)
(Pd@PS) nanoparticles as a heterogeneous catalyst have been developed for caboxylation of aryl
halides, alkenylsilanes, and organoboronic acids to produce the corresponding carboxylic acids
with minor quantities of corresponding aldehydes using bench-stable and inexpensive oxalic acid
as the C, source under focused microwave irradiation. The close vicinity of oxalic acid to Pd@PS
maintained through ionic bonding helped to produce CO, over the catalytic surface that
concurrently participated in the carboxylation reaction (Scheme 1 & Fig. 1).

s X 0-c-0 ._.COCH
REY REY
L«..‘_{/ e
Ry O OH N~ COOH
LS N T
R g,f HO, © ]

23 examples
MW, 130 °C, 100 psi Yield: 30-65%

30-45 min, solvent

Scheme 1 Carboxylation reaction using Fig.1 Characterization of Pd@PS by SEM, EDS,
oxalic acid as C, source TEM, HRTEM, FFT, particle size and XRD

Oxidative esterification reaction of alcohols: A very unusual role of polystyrene stabilized
rhodium (Rh@PS) nanoparticles as a supported catalyst is described for “reverse-esterification”
of ethanol with benzyl/alkyl alcohols or aldehydes. Faster and selective oxidation of ethanol to
acetaldehyde and H, under Rh@PS catalyzed conditions which restricted further oxidation of
benzyl/alkyl alcohols and their in situ reaction gave the corresponding acetate esters following the
dehydrogenative coupling approach. A hitherto redox dehydrogenative-coupling of ethanol and
aldehydes has also been explored for the same acetate ester synthesis under Rh@PS catalyzed
conditions (Scheme 2).
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Scheme 2 Oxidative esterification reaction of alcohols

Tetra- and dihydro-hydroquinolinone synthesis: Ethyl 3-(2,4-dioxocyclohexyl)propanoate
has been explored as a precursor for the synthesis of N-substituted 4,4a,5,6-tetrahydroquinoline-
2, 7(1H,3H)-diones following conventional protection, selective amidation, and deprotective-
cyclization approaches. Moreover, a facile process for the selective dehydrogenative
aromatization of these diones was developed to afford the corresponding N-substituted-3,4-
dihydro-7-hydroxyquinolin- 2(1H)-ones and N-substituted 7-hydroxyquinolin-2(1H)-ones under
mild conditions (Scheme 3).

R
69-73%

m = HO g o
o] N© O R
R 71-74%

55-86%

R=H,alkyL and aryl m
¢ Uttlization of Edpyl 3-(2, 4-dioxocyclohexyl)propanoate HO ~ \'0
R

as a new precursor
o New class of N-substituted tetralydroguinoline-2,7-dione 4454%
» Facile approach for selective aromarization b

Scheme 3 Total synthesis of tetra- and dihydro-hydroquinolinone
Publications:

« Shil AK, Kumar S, Reddy CB, Dadhwal S, Thakur V, Das P (2016) Supported Palladium
Nanoparticle-Catalyzed Carboxylation of Aryl Halides, Alkenylsilanes, and
Organoboronic Acids Employing Oxalic Acid as the C, Source. Synfacts 12(2): 0217.
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« Shil AK, Kumar S, Reddy CB, Dadhwal S, Thakur V, Das P (2015) Supported Palladium
Nanoparticle-Catalyzed Carboxylation of Aryl Halides, Alkenylsilanes, and
Organoboronic Acids Employing Oxalic Acid as the C, Source. Organic Letters, 17 (21):
5352-55.

* Thakur V, Sharma D and Das P (2016) Ethyl 3-(2,4-dioxocyclohexyl)propanoate as a
novel precursor for N-substituted 4,4a,5,6-tetrahydroquinoline-2,7(1H,3H)-diones and
their corresponding 3,4-dihydro-7-hydroxyquinolin-2(1H)-ones and 7-hydroxyquinolin-
2(1H)-ones synthesis. Molecular Diversity,20: 29—-40.

* Guha NR, Sharma S, Bhattacherjee D, Thakur V, Bharti R, Reddy CB and Das P (2015)
Oxidative “reverse-esterification” of ethanol with benzyl/alkyl alcohols or aldehydes
catalyzed by supported rhodium nanoparticles. Green Chemistry, 18: 1206-1211.
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Vijai K. Agnihotri, Scientist
vijai@ihbt.res.in

Research area: Natural products and essential oils bioprospection

Study of Himalayan bioresources for standardization and utilization: During the present year,
a new skeleton (14R, 178, 20R-lupan-3-one) from Commiphora wightii was isolated. In edition,
apple leaves were found as a promising source of an important secondary metabolite i.e.
phloridzin.

Eucalyptus citriodora: Essential oil was extracted from the fruits of E. citriodora by
hydrodistillation method in clevenger type apparatus (yield 0.23%). Essential oil was found to be a
complex mixture of mono- and sesqui-terpenoids. The major chemical constituents identified
were a-pinene (54.1 g/100 g), y-terpinene (8.6 g/100 g), E-caryophyllene (6.6 g/100 g), B-pinene
(6.3 g/100 g), limonene (5.5 g/100 g) and 1,8-cineole (4.3 g/100 g). In vitro cytotoxicity analysis
revealed IC,, value of the essential oil between 87.5 to 96.8 ug/mL against A549, HeLa and
CHOK1 cells. The toxicity of isolated essential oil was also assessed against human lymphocytes
by MTT assay.

Evaluation of western Himalayan Bioresources for New Products

»Genus of ever green trees contaming about 700 species

= ¥ Well known source of essential ol
g Sampl AS49  Hela "HOKI
§ ' | e E. citriodora leaves essential oil ) =3 = sl
3 i =Rt Antimicyobial Anticandidal Analgesc Essentialodl 875 ] ol
;- cwow  Antimflaamatory Herbicidal — Insecticidal IC¢q value agamst AS49, HeL a, and
. wwtcrpe  Antihelmintic Anticancer  Antioxidant CHOKI1 cancer cells m ngmL
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Crocus sativus Linn.: This is a perennial bulbous herb and valued for its yellow-orange coloured
tripartite stigmas that constitute the spice saffron. The reported life zone of Crocus in the world
extends through latitude 30-45° N and longitude 0° to 90° E at temperature ranging from 4 to 23°
Celsius at an annual precipitation of 0.1 to 1.1 meter and a soil pH of 5.8 to 7.8. The crop grows best
in well-drained soils of medium fertility. Principally saffron is grown in Spain, India, Turkey,
Greece, Austria, Belgium, France, Germany, Holland, Hungary, Italy, Japan, Norway, Russia,
Switzerland, Turkey, Persia and the People's Republic of China. Crocus sativus L. is famous for its
diversified pharmacological activities. Hence, species was extensively studied with the view of its
pharmacological importance.

Hedychium spicatum: The essential oil of Hedychium spicatum rhizome is used in perfumery and
medicines. For studying seasonal variation of its volatiles composition, the rhizomes of H.
spicatum were collected from CSIR-IHBT, Palampur, Himachal Pradesh, India. To study the

spatial diversity in essential

: L Hedychium spicatum: Perfumery, Medicines, Spasmolytic, Stomachic, Insect-repelling,
011 content and COInpOSlthH’ Carminative, Also used in Preparation of Abir, Malagivi dothes, Soaps and Powder
the rhizomes were collected PRODUCTION IN TONS VALUEIN THOUSAND 1SS
. . Hedschinm O Wfimackol | goizy | 201344 [ 201415 01243 | 201314 | 200415
from five different locations e : | s | 2 wo | e | e |
. Aon veld% | Major Compounds; §-
of Himachal Pradesh. |>— e Pineme 13 Consls . CGiin
. . November 201 0l - e b Livicn Oyl pend
Essential oils were |y o - T T
. . Qf'""" fTH n:”‘ | G | Crop in Biling inest 012 Aped 2012
it 0808 | et Coop in Nayagras fomest 06 Ao 002
evaluated for their chemical | &% w o e o I
.. Nt SEm, tandand comee of eaean; (0, critacal difiowesor of poile ¢ 7 o - s ['s"n_] "!T fi u_\: I II 1“':
composition by GC and |* i »

GC/MS analyses. Twenty-
two compounds were identified from the rhizome oil with major components as 1,8-cineole, /-
eudesmol, f-pinene and 10-epi-y-eudesmol. The essential

oil extracted from the rhizomes collected from Biling had !
highest antioxidant activity. f r f (a) Standards

Juniperus communis: Essential oil from Juniperus |
communis needles were examined in three different

seasons (spring, rainy and winter) throughout the year for l:
the analysis of yield and chemical composition. The | = () MD-GLD

essential oil yield in all the seasons was not significantly

T I ¢
- . S S .

changed and was found 0.29% (rainy), 0.3 (winter) and

0.33% (spring). The major class of compounds identified

in essential oil was monoterpene hydrocarbons (51.9-
. . . () MD-RYL
63.7%) with sabinene (30.1-37.1%) as the major ' r

i n
constituent. In present experiment, winter was found to be JJI
f N

most suitable time for the isolation of sabinene and e

limonene.
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Malus domestica: Apple leaves are less explored source of phenolic compounds. A simple, rapid
and sensitive UPLC-DAD quantification method was developed for quantification of phenolics.
Four compounds namely, rutin (1), 3-hydroxyphloridzin (2), phloridzin (3) and quercetin-3-O-
arabinoside (4) were identified by UPLC in golden (MD-GLD) and royal (MD-RYL) apple leaves
. The separation was achieved in less than 7 min. This study showed that apple leaves of both
varieties contain considerable amount of polyphenols, flavonoids and also phloridzin.

Publications:

o Agnihotri VK (2015) Crocus sativus Linn.: an informative eview. Aperito Journal of
Advanced Plant Biology, 1:1,29.

o Koundal R, Rawat K, Agnihotri VK, Meena RL, Gopichand, Singh RD and Padwad Y'S
(2015) Temporal and spatial variation in quality of essential oil of Hedychium spicatum and
evaluation of'its antioxidant activity. Journal of Essential Oil Research, 27(3): 217-224.

e Koundal R, Kumar A, Thakur S, Agnihotri VK, Gopichand, Singh RD (2015) Seasonal
variation in phytochemicals of essential oil from Juniperus communis needles in western
Himalaya. Journal of Essential Oil Research,27(5): 406-411.

e Abiodun OO, Sood S, Osiyemi OA, Agnihotri VK, Gulati A, Ajaiyeoba EO and Singh B
(2015) In vitro antimicrobial activity of crude ethanol extracts and fractions of Terminalia

catappa and Vitex doniana. African Journal of Medicine and Medical Sciences, 44(1): 21-
26.

e Koundal R, Kumar D, Walia M, Kumar A, Thakur S, Gopichand, Padwad YS and Agnihotri
VK (2016) Chemical and in vitro cytotoxicity evaluation of essential oil from Eucalyptus

citriodora fruits growing in Northwestern Himalaya (India). Flavour and Fragrance
Journal,31:158-162.

e Kumar R, Sharma S, Kaundal M, Sood S and Agnihotri VK (2016) Variation in essential oil
content and composition of damask rose (Rosa damascena Mill) flowers by salt application
under mid hills of western Himalayas. Journal of Essential Oil Bearing Plants, 19(2): 297-
306.

e Mayanka W, Shiv K, Agnihotri VK (2016) UPLC-PDA quantification of chemical
constituents of two different varieties (golden and royal) of apple leaves and their
antioxidant activity. Journal of the Science of Food and Agriculture, 96: 1440-1450.

o Kamal Kant, Vijai Kant Agnihotri, Manik Ghosh, 2015. Antioxidant Guided Chemical
Investigations of Picrorhiza kurroa.  LAP LAMBERT Academic Publishing
(OmniScriptum GmbH & Co. KG), Saarbriicken, Germany, pp. 68.
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Patent(s) Granted
US Patent No. 9068141 B2. Agnihotri, Vijai Kant, Singh, Bikram, Kiran Babu, Garikapati

Dyva, Chand, Gopi, Singh, Rakesh Deosharan, Ahuja, Paramvir Singh. Process for the
Modification of Curcuma aromatica Essential Oil. PCT application number
PCT/IB2012/050962, dated 01-03-12, U.S. National application number US14/000539,
Filing Date: August 20, 2013, Priority Publication date 12-12-2013, Publication No.

US2013/0331467 A1, Priority date: 29.3.2011, Date of Patent 30.6.15.
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Er. Mohit Sharma, Scientist
mohit@ihbt.res.in

Research area: Process equipments design and process scale up for natural

products.

Our group is involved in developing process know how and technology transfer of industrially
important bioactive natural products including process development and scale-up of laboratory
processes on pilot plant. Generally extraction processes are carried out on various medicinal and
aromatic plants such as Steviol glycosides from Stevia rebaudiana, tea catechins from green tea
shoots, rose oil from damask rose and other important aromatic crops. These extraction processes
are scaled-up from gram level laboratory-scale to kilogram on pilot plant and optimization of the
process to improve the yield. Major areas of research activities of the Division are: Process
Development and equipment and plant design; Process Monitoring, Optimization, Membrane
Technology; and evaluation of process techno economic feasibility. The pilot plant is also
equipped with a wide range of pilot plant equipment and lab scale facilities for carrying out
research and development for processing of medicinal and aromatic plants.

Processing of Damask rose flowers on pilot plant: About 4858.5 kg fresh Damask rose flowers
were processed on pilot plant and produced 1373.9 g rose oil with an average rose oil yield 0f0.028
% (w/w) during the season. Besides the production of rose oil, 1500 L rose water was also
produced for sale and as well as complimentary samples.

Optimization of coagulant dose for removing colour impurities from crude Stevia extract:

Studies were conducted on laboratory scale for

. . .. Optimization of coagulant dose w.r.t.
evaluating coagulation efficiency of coagulant temperature for removal of color

. . . . . “. impurties

calcium hydroxide for removing colouring impurities

~ @

from crude stevia extract at different doses viz. 4, 6 and

i

[

8% weight of dry stevia leaf with respect to different

—— 8% Caicium hydroxido
—=— 8% Calcium hydroxide
— 4% Calcium hydroxide

Precipates weight. g
[ o

a = N

coagulation temperatures 30, 50 and 70°C. Precipitates
formed were separated through filtration and

1) 20 & B

precipitates were weighted. Highest coagulation R e YOS CHAL S

efficiency in terms of precipitation of colour

Fig. 1 Variation of precipitate weight with
— coagulation temperature at different
and 8% coagulant dose as shown in Fig. 1. These same coagulant dose and temperature

impurities was observed at low temperature i.e. 30°C

parameters will be applied on pilot scale for further
validation.
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= Regencration water requived per liter

Production of steviol glycosides on | o it # Colour removal efficiency of ion exchange
. .. . resins (g Stevia leaves/ g TE resin)
pilot scale and optimization of ™ 12

7] 1
6l 1
water consumption: Dry leaves of s 08
, . bt 323 0.6 03
S. rebaudiana were extracted in s Rk
. 20 ’
seven batches on pilot scale at . 0.2 .
D' L il
ol O

20kg/batch capacity to produce Improved

Improved

steviol glycoside. The yield of the _

. . Fig. 2 Comparison of old and improved decolourization method in
final product was 8% having purity terms of a) Regeneration water requirement/L ion exchange resin; b)
. o ., Decolourization efficiency of ion exchange resin

ranging from 90-96% total steviol
glycosides and found devoid of
pesticides. Decolourization of stevia extract is achieved by using ion exchange resin, which is a
water consuming step as it requires high quantityof water for regeneration of exhausted resin to
bring them back to their corresponding ionic form. Process improvement studies resulted in
reduction of water requirement during regeneration of ion-exchange resins up to 54% and the

doubled the uptake of impurities.

Process improvement and scale up of tea catechin production from green tea shoots: Process
improvement and scale up studies were conducted on pilot scale and the process was scale up to 40
kg/batch green tea leaf processing. Demonstration of the entire process was shown to M/s Baijnath
Pharmaceuticals, Paprola and the BIRAC team of DBT (Govt. of India) for project funding on
technology transfer to industry (Fig. 3).

Fig. 3 Process up-scaled up to 40 kg per batch green tea leaves processing

State of the art facility at pilot plant: Pilot scale purification columns made up of stainless steel
and mild steel with food grade rubber lining for purification of natural products were designed,
fabricated and commissioned. These columns are useful for purification of bioactive molecules
by ion exchange or adsorption process in co-current and counter-current operations on pilot scale.
A Schott Duran Glass agitated reaction vessel having volumetric capacity of SOL for carrying out
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corrosive chemical synthesis reactions was
also designed, fabricated and installed at
pilotplant (Fig. 4)
Design, fabrication, installation &
commissioning of multipurpose essential
oil distillation unit at CeHAB, Keylong:
Multipurpose essential oil distillation unit |~
having biomass holding capacity of 200 kg ¢

per batch was successfully designed,
fabricated, installed and commissioned at
CeHAB, Keylong (Fig. 5). Design,
fabrication, installation & commissioning

Fig. 4 Process equipment design and installation
at pilot plant

trial was done on by distilling Artemisia
maritima plant material. This unit was installed in the DST sponsored project CODER and will be
used for standardizing distillation process for other important aromatic crops in the region.

Fig. 5 Multipurpose essential oil distillation unit
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Dinesh Kumar, Scientist
dineshkumar@ihbt.res.in; sharmadinesh82@gmail.com
Research area: Nuclear magnetic resonance spectroscopy, metabolomics

\ﬂ. i and natural product chemistry

Metabolomics and quality control of Himalayan bioresources and their derived products:

From the primitive age, plants and marines have been used to cure serious complications of human
health and are still very significant. Their derived products are used either as such or template in
the discovery of new drugs. Several biologically active secondary metabolites have been used for
their medicinal values. Hence, understanding the chemistry, metabolite composition and
alterations in plant, marines and biofluids, along with quality profile and quality control are the
need of hour. Our group is currently working on metabolite profiling, and quality control of some
medicinally important plants of western Himalayan region using NMR, UPLC-MS/MS and
HPTLC techniques. Moreover, we are also working on Crataegus oxyacantha to find out its
mechanistic role in toxicity/safety in cardiac disorders especially myocardial tissue through
lipidomics and metabolomic studies. Search for bioactive principles from bioresources is also one
ofthe objective.

Picrorhiza kurroa: Metabolite profiling of P. kurroa Royle ex Benth using 600 MHz NMR,
UPLC and HPTLC techniques was performed successfully. Whereas, primary and secondary
metabolites were identified along with a new report of monoterpenic glycoside (1-f-D-
glucopyranosyl)-8-hydroxy-3,7-dimethyl-oct-2(E), 6(E)—dienoate).

G-O-ferukoyl catalpol é;: d
derivatives,
Picroside-ill

PiciosideTV T

2-deoxyeucuibitacin

|

jucurbitacin’ Tetraevelic
fiterpenoids, Organic aci
L

Pleroside [ .

Caffeoyl cmwumd
Verminoside-.

Pomﬁlono]c.-‘]:‘lavun_nicb

\rmamoyl = VaniBoyl bl
T

s'_ ] 4 2 :_u_ntln]

Metabolic profiling of P. kurroa Royle ex Benth

Significant differences were noticed between the leaves and rhizomes tissues with respect to
secondary metabolites yield. Leaves contained more cucurbitacins and flavonoids, while iridoids
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were present more in rhizomes.

l Picroside-l I' |

A i A AR feate 1 LW

The metabolomic study in P [P
Mannitol

kurroa (leaves and rhizomes)
using NMR, HPTLC and UPLC |

00D Rl w00 oo 10000
&L

techniques under control, | . . .. .. A e it
e 1 ey e " g oy
elevated temperature and CO, |+ 5t Laddal e
FL
.y PR | L . Mo Mg
conditions was also conducted to o |
understand impact of changing | s msmsm—r - P
Iridoids, alﬁot,nphanuncs Sussmandsugacaicona) terpenes and cucurbitacing

climate. A significant difference

was noticed among the Metabolomic study of P.Kurroa under control elevated
temperature and CO, conditions using NMR, HPTLC and

qualitative as well as quantitative
UPLC.

profile of metabolites. Similar
alteration in P-I and P-II picrosides was observed irrespective of analytical technique used. Hence,
change in climatic conditions (CO, and temperature) found to alter metabolic profile of P. kurroa.

Camellia sinensis: 1t is used to make special tea and also getting recognized as a raw material for
dietary supplements, health foods, and cosmeceuticals. Theanine (amino acid) and catechins
(polyphenol) are most abundantly found in tea leaves and are responsible for taste and flavour of
tea products along with therapeutic and nutritional values. An economical, rapid, and highly
reproducible HPTLC method for quantification of theanine and catechin is developed and
validated from quality control perspectives. Moreover, NMR based metabolomic studies were
also used for the comprehensive metabolite profiling and quantitative estimation of theanine and
catechin along with other important metabolites in C. sinensis samples (Fig. 1)

L-Té; E;éducf ] i l ,

[ Quality control of Camellia sinensis l

Fig. 1 HPTLC based quality control method and metabolomics of C. sinensis using NMR
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Publications:

e Kumar D, Kumar R, Singh B and Ahuja PS (2016) Comprehensive chemical profiling of
Picrorhiza Kurroa Royl Ex Benth. using NMR, HPTLC and LC-MS/MS techniques.
Combinatorial Chemistry & High Throughput Screening, 19: 153-158.

e Kumar D, Gulati A and Sharma U (2016) Determination of theanine and catechin in
Camellia sinensis (Kangra Tea) leaves by HPTLC and NMR techniques. Food Analytical
Methods, 9:1666-1674.

e Kumar D (2015) Application of Nuclear magnetic resonance (NMR) spectroscopy:
Promising analytical technique. Critical review in analytical chemistry.

e Kumar D, Kumar R, Singh B and Ahuja PS (2015) Reproducible RP-HPTLC based quality
control method for endangered medicinal plant Picrorhiza kurrooa Royle Ex Benth.
Journal of Planar Chromatography,28(3): 256-261.
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Upendra Sharma, Scientist
upendra@ihbt.res.in
Research Area: C-H Activation and phytochemistry

C-H Activation and functionalization: efficient bioactive molecule synthesis: The research
work carried out by our group to give thrust on the basic science keeping close correlation with
future applications. Natural product based novel and bioactive molecules will impute the
therapeutic application in modern science. The scientific validation of Ayurveda plants provide
scientific basis for their use leading towards high social impact.

Rh(III)-catalyzed dehydrogenative coupling of quinoline N-oxides: A Rh(III)-catalyzed
oxidative dehydrogenative coupling of quinoline N-oxides with alkenes to provide 8-alkenylated
quinoline

R o
R derivatives through
— _— P
0 H+|) remote C-H
N . . .
R 'l‘\ H Rh(lll)-catalyst R X activation 1S
1 ™ .
= Z reported. Main
35 examples
yield upto 83% ! features of the
Vremote C-H activation VN-O as traceless DG vmechanistic study current catalytic
vV broad susbstrate scope VR = alkyl, aryl, EWG method include N-

oxide as traceless
directing group, high selectivity for C-8 position and broad substrate scope. Mechanistic studies
such as isolation and characterization of key five-membered rhodacycle intermediate has also
been performed. Thirty five new quinoline derivatives were synthesized via distant C-H
activation.Rhodacycle with quinoline N-oxide was synthesized that can help in establishing the
mechanistic pathway of current reaction

PO{UE[}; c:o LEt GUzEI co SEL COZEI COZEt COLE!
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Selected examples of first time synthasized molecules
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Mechanistic study and proposed reaction pathway

Catalyst and solvent-free alkylation of quinoline N-oxides with Olefins: A catalyst/solvent-
free, one-pot and operationally simple method have been reported for the synthesis of quinoline
substituted a-hydroxy carboxylic derivatives by hydroxyheteroarylation of olefins with
quinoline N-oxides.

5 90-110 °C The reaction features high atom-
5-36h
B Nt 7CoR, Rﬂ@\/\ economy, mild and reagent/solvent
W H . /\_/ COR» Y, g vent-
o “4 yield upto 78%; >25 entries  free conditions, broad substrate
gram scale reaction .. . .
mechanistic study ~ scope and good selectivity with high

yields. Preliminary mechanistic
study to shed light into the reaction pathway was also carried out.
Use of quinoline instead of quinoline N-oxide failed to provide any product confirming the later
requirement. To probe the O-atom transfer course, standard reaction was carried out in the
presence of 99% H,"0. HRMS and GC-MS analysis of the isolated product revealed no O
incorporation, thus suggesting that O-atom transfer is probably intramolecular. Competition
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N coEt \) "V ﬁ\r DHH OH | mua N
78% PN J\ﬂz”'rgu 2 i “‘cozsu / 0

B ok, 59% 5&% 0 56%
| i iR OH
= xNJ Me

CO,Bu
9% g
COBu Me
s%
CO,Bu L-/ co Bu GClgBu cozau Ma
r%

61% ?1% Me 48%

53%

Selected examples of synthasized molecules
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experiment between quinoline and the deuterated analogue d7- quinoline revealed a kinetic
isotope effect of k,/k, =~ 1.50, indicating that the cleavage of C-H bond of quinoline N-oxide may or
may not be involved in the rate-limiting step. On the basis of these preliminary mechanistic
experiments and literature, a probable mechanistic pathway is depicted. Reaction might involve
1,3-dipolar cycloaddition followed by cleavage of N-O bond to provide the final product.

|
= S o = '
Of | //A\“C[)?E[ e e OH i
N 100°C, 15h S F S o, i
not detected Proposed reaction pathway
i
> = Hy""0 (5 equiv.) = = | X,
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O incorporation as HRMS observed for 3a = 2461112 \ Z = N-O
i -.H
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Mechanistic study and proposed reaction pathway

Quinoline substituted o—hydroxy carboxylic acid derivatives (3a) can be converted into
corresponding C-2 olefinated quinoline by simply heating at 100 'C for 24h without using any
additive or solvent albeit in low yield.

Pd [OAc)s (5 mol%)
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Metal free direct olefination

Phytochemistry:

Clematis graveolens: A new hederagenin based triterpenoid saponin, clematograveolenoside A

o] o R
no]_. 20"' >
i oH L
OH
o Q

(1), along with three known
saponins, tomentoside A (2),
huzhangoside D (3) and
clematoside S (4), were isolated

HO |

from the roots of Clematis =0 dads ‘sow O
graveolens. The structure of new " S "0 aoy o
. Q
compound was elucidated as 3-O- @ Rt  Re  on J,
clematograveolenoside A  S-1 s-2
. O OH

B-D-ribopyranosyl-(1—3)-a-L- Q tomentosideA S-1  S3 HO ) g
huzhangoside D S-1 H Sa3= 245

rhamnopyranosyl-(1—2)-[B-D- x5, P S i ad

| 1-(1—-4)-B-D-
glucopyranosyl-(1—4)-p Structure of compounds isolated from clematis graveolens
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glucopyranosyl-(1—4)]-a-L-arabino pyranosyl hederagenin 28-O-a-L-rhamnopyranosyl-
(1—4)-B-D-glucopyranosyl-(1—6)-B-D-glucopyranoside (1), on the basis of detailed analysis of
chemical and spectroscopic data including 1D- and 2D NMR. This is the first report for the
isolation of tomentoside A (2) from this genus and huzhangoside D (3) and clematoside S (4) from
this species. Compound 2 was found more effective against aphid, Aphis craccivora withan LC,,
of 1.21 and 0.46 mg/L at 72 and 96 h after treatment respectively and was followed by compound 4
(LC,=2.33 and 1.88 mg/L) and 1 (LC,,=3.17 and 2.60 mg/L). In case of termite (Coptotermis
homii), compound 1 was found more toxic with an LC,, of 0.12 mg/L after 24 h of treatment
followed by compound 2, 3 and 4 (LC,,=0.13,0.15and 0.19 mg/Lrespectively).

Publications:

e KumarR, KumarI, SharmaR and Sharma, U (2016). Catalyst and Solvent-Free alkylation
of Quinoline N-oxides with Olefins: Direct Access to Quinoline Substituted a—Hydroxy
Carboxylic Derivatives. Organic & Biomolecular Chemistry, 14:2613-2617.

e Kumar D, Gulati A and Sharma U (2016) Determination of Theanine and Catechin in
Camellia sinesis (Kangra Tea) Leaves by HPTLC and NMR Technique. Food Analytical
Methods, 9(6): 1666-1674.

e Sharma R, Kumar R, Kumar I and Sharma U (2015) Rh(III)-Catalyzed Dehydrogenative
Coupling of Quinoline N-Oxides with Alkenes: N-Oxide as Traceless Directing Group for
Remote C-H Activation. European Journal of Organic Chemistry, 7519-7528.

e Sharma R, Thakur R, Kumar R, Kumar I and Sharma U (2015) Distant C-H
Activation/Functionalization: A New Horizon of Selectivity beyond Proximity. Catalysis
Reviews: Science and Engineering, 57(3): 345-405.

e Rattan R, Reddy SGE, Dolma SK, Fozdar BI, Gautam V, Sharma R and Sharma, U (2015)
Triterpenoid Saponins from Clematis graveolens and Evaluation of their Insecticidal
Activities. Natural Products Communications, 10(9): 1525-1528.
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Aparna Maitra Pati
aparna@ihbt.res.in

Research area: R & D Management

Planning Project Monitoring & Evaluation

» Coordinated meetings to align institutional activities in light of Dehradun declaration and
compiled MANTHAN document.

* Compiled information for CSIR-IHBT and CSIR annual report. Report on significant
achievements of the institute were sent to CSIR HQ on monthly basis.

* Developed a webpage through which students interested in pursuing research in
challenging areas of science may send their resume/biodata
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» Developed a webpage for displaying month wise data w.r.t. Indent's order and bills received
against orders (in lakhs)

/= Untitled Document - Windows Internel Explorer

P —

—
Cio M !_ghttp:ﬂl& 10.1. 11finderkfstareWorkjOrderysBill asp

File Edit View Favorites Tools  Help

Month & Year Total Order Bill Received Against Order Pending Bill
May 2015 2701 26.95 0.07
June 2015 59.40 57.73 167
July 2015 128.57 11561 1296
August 2015 75.18 68.72 6.47
September 2015 25040 28733 -6.93
October 2015 3808 31.23 7.74
November 2015 5524 5336 188
December 2015 7593 5763 18.30
Jammarv 2016 915 7.66 159
February 2016 14196 9942 4254
March 2016 275.98 176.88 99.10

Total Pending 185.39
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» Developed online system using C# and SQL Server 2008 R2 for input and compilation of
monthly report data
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MONTHLY REPORT PROFORMA (April 2016)

Report Month Al | Year 2015
ID Sct Name PFroject Month Year Submitied On
Scientist D Aparma Maitra Pari 100 Dx Aparna Maira Pati Select  October 2015 117720132 Sclect
Papers
|
Ty |
|Honors Awards
#
i1 |
S&T Services (limar 166
="
I
Important Workshops a1l |
Seminars’' Meetings
Conferences’ Symposia
organized =
M1l |
CSIR InteBecrual Propeny
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Moath February 8 Year 2016 ¥

1. Any Significant Event

2. Technology Development

3. Technology Commercialization o
4 CSIR lutellectual Property

5 SCHOLARSHIP

-Papers

= Ni(Dr Grrish Nadds)
= Domestication of Wild Gerbera (Gerbera gossypina (Rovle) Beamved) International Joumal of Plant Science and Ecology 2:10-14 (Dr Sanat Sujar Smah)
" Rajkesh Kowndal, Dharmesh Kumar, Mayanka Walia, Ashish Komar, Soni Thakor, Gopi Chand, Yogendra § Padwad, Vijai K. Agihoti® Chemical and in vitro cytotoxicity evaluation of essential o from

Eucalyptas citriodera fiuits groving i Nortivestern Himalava (Indin) “Flvour and Fragrance Joumal”, 2016, 31, 128-162 (doi: 10 1002  3296) (D Vijai kant agrihosi)

= M¥Dv. Amitabha Acharya)

o Ni¥Dr. Bhavyva Bhargava)

> 1. Kumar D*, Kumar B Sing B, Almja P5. Comprehensive metabolomic profiling of an endangered medicmad plant Picrorhiza karroa Rovie ex Benth cultvated in Indian Himalavas. Combinatonial Chemistry & High
Throughput Screening 2016,19:168, Impact Facter: 1.25. (PublshedDr. Dmesh Kumar)

o NiIx. Manoj Kumar)

Pal PK, Mahajan M Proning system and fobear application of MgSO4 alter growth and secondary metabolite profile of Rosa d: under reinfed acidic conditions, Industrial crops and products

(Comumumicated) (Dr. Probar Kumar Pal)

= Publications (Accepted) under BSC-0213 Vishal Kumar, §. G. Eswara Reddy®, Anuwja Bhardway, Stadh Keti Dolma and Neeras Kumear®. Larvicidal actvity and structire actvity relationship of cinnamons! amsdes
from Zanthercvhim armatum and ther svthetic nalognes against diamoadback moth, phatella xylostella EXCLI Joumal (TF 0 851 Publications (Commmmicated) 1 Rajkesh Koundal, Shodh Kirti Dobma, Gopi chand,
Vijai K Agnihotri®, and 5 G Eswara Reddy® Volatle components and msecticidal properties of vanons 2ssential oils against damondback moth, Phutella vdosteBa (L) Scientia Horticulneras (IF. 1 20) (BSC-
0110) 2 5.G. Eswara Reddy® & Alka Ko Seasonal incidsnce of black scals, Saissetia oleas (Olivier) on the fern, Thebypreris niodes (Kunze) from western Hmalaya Indian Journal of Expermentsl Biology
(IF-0 £5)-GAP-0126 3 Shalind Sahotra end 5.G_ Eswara Reddy Process for wilization of apple pomace as a substrate for muliphication of entomopathogenic fimgus, Lecaniciliom lecans Industrial Crops and

o

Done [ & Internet #, 100%
= start

» Thecell recorded initiation of 18 new projects funded by various agencies.

 Carried out monitoring of institutional performance w.r.t publications (119), ECF (Rs. 352
lakhs), patents (13), and technology transfers (3).
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As a part of routine activity, maintenance of database and regular updating of information
pertaining to project, staff, paper, patent, ECF, royalty, MoU, resource management etc
were carried out.

Conducted 52" and 53" Meeting of Research Council of IHBT, Palampur on 8" June 2015
atNew Delhi and 3-4" December, 2015 at Palampur respectively.

Handled queries for project training coordinated the training of 56 as winter and summer
trainees in different divisions of the institute.

To nurture scientific temper among young children, the cell organized visits of students
from various schools and colleges.

Furnished information on 14 cases under RTI Act and filed quarterly reports to RTI portal
WWW.rtl.gov.in

Organized National Technology Day, IHBT Foundation Day, CSIR Foundation Day and
National Science Day celebrations on behalf of the Institute.

Regularly updated information in CSIR-IHBT website and intranet.

As a part of social media activity, created official CSIR-IHBT account on Facebook
(CSIRIHBT) and Twitter (CSIR_IHBT).

Total no. of Facebook Posts (96) and Tweets (84) during 2015-16.
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Ajay Rana, Scientist Fellow
ajayrana@ihbt.res.in

Research area: Development of value added products and process
technologies for bioresource valorisation

Major achievements: Developed a green and

[ ‘
L]

efficient process for extraction of plant butter from

) : , : ) e
the fruits of Sapium sebiferum (Fig. 1) which o ¥ 1 \
otherwise finds no utilization. The butter obtained | _‘.,‘:?'4
from outer tallow layer of fruits is quite stable due to i 4585

high content of palmitate esters. It is equivalent to Fig. 1 Sapium butter obtained from S.
cocoa and shea butter (table 1) and has huge potential sebiferum fruits

for its utilization in cosmetic industry due to vegan

origin. Detailed chemical characterization is in progress.

Table 1. Comparative data of major fatty acids e

in plant butters =
Fatty acids Sapium | Cacoa | Shea o
Palmitic acid (C16:0)  |50-60% | 26.0%| 2:9% P
Oleic acid (C18:1) 25-30% | 345%| 40-60% R 2
Stearic acid (C18:0) 2-5% 34.5%| 20-50 % Fig. 2. GS-MS profile of major fatty
Linoleic (C18:2) 1% 3.2%|  3-11% acidsin S. Sebiferum butter

Aprocess has been developed for preparation of natural and refreshing instant tea soluble in hot as
well as in cold water. This instant tea is free from synthetic preservatives and additives. Each
powder serving of instant green tea contains health and quality attributes (Fig. 2) equivalent to cup
of green tea infusion. The shelflife and stability studies of the product are underway.

{ A X i
i — oo e —
00 1 400 600 A0 1090 1200 M1 MO0 HO0 A
Wiz

Greentea Instant tea Instant tea serving HPLC profile of major constituents in
instant tea serving

Fig. 3. Instant tea prepared from green tea and HPLC profile of major active constituents in

instant tea. Peaks are labelled Peak 1: GC, 2: EGC, 3: Cat, 4: Caff,5: EC, 6: EGCG, 7: ECG,
8:CG
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Table 2. Major constituents in infusions of different teas and instant tea

S. Catechins Caffeine Theanine
No Sample (mg/gm) (mg/gm) (mg/gm)
1 Green Tea 48.2 15.9 3.9
Orthodox Black
2 Tea 252 16.5 43
3 CTC Black Tea 0.4 20.8 4.1
4 Instant Tea 42.2 14.5 3.3

Work is under progress on process optimization for purification of catechins at 100 Kg fresh tea

leaves per batch along with the industrial partner (M/s Baijnath Pharmaceutical Pvt. Ltd.) under

BIRAC sponsored project. Seasonal batch extraction is underway at CSIR-IHBT premises up to

the maximum available limit and the same has to be initiated with 100 kg leaves in the industrial

partner site as soon as the installation of major instruments will be performed at their end.

Fig. 4. Extraction and purification of catechins from tea leaves

The yield and purity levels obtained with 20 Kg fresh leaves per batch were maintained while

using 40 Kg fresh tea leaves in the experimental trials.

Major activites:

« Working on quality augmentation of tea based diversified products (tea concentrates and
wines) and their preparation from CTC black tea waste (MLP - 0070)

» Working on characterization of phytochemicals from underutilized parts of tea plant (mature

leaves, flowers and fruits) for development of new products and formulations (DST SERB

Project)

»  Working on process optimization for extraction and purification of tea catechins at industrial

scale (100 kg tea leaf) under BIRAC sponsored project in collaboration with M/s Baijnath

Pharmaceutical Pvt. Ltd. (BIRAC Project)

Publications:

+ Rana A, Singh HP, Gulati A (2015) Concurrent analysis of theanine, caffeine and catechins

using hydrophobic selective C,, stationary phase. Journal of Liquid Chromatography and
Related Technologies, 38: 709-715.
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» Joshi R, Rana A, Gulati A (2015) Studies on quality of orthodox teas made from
anthocyanins rich tea clones growing in Kangra Valley, India. Food Chemistry, 176: 357-
366.

« Rana A, Singh HP, Gulati A (2015) Investigation of major phenolic antioxidants from
Camellia sinensis Fruits. Cogent Chemistry, Vol. 1, Issue 1.

* Rana A, Kumar D, Joshi R, Gulati A, Singh HP (2015) In vitro cytotoxicity of black tea
theaflavin digallates against Chinese hamster ovary cell lines (CHOKT1) and glioma cell
lines (C-6). Chemistry of Natural Compounds, 51: 835-839.

« Rana S, Gupta S, Rana A, Bhushan S (2015) Functional properties, phenolic constituents
and antioxidant potential of industrial apple pomace for utilization as active food
ingredient. Food Science and Human Wellness, 4: 180-187.

Patent:

* Ajay Rana, Harsh Pratap Singh and Ashu Gulati. A new energy efficient process for
manufacturing of high quality green tea with enhanced flavors. PCT/IN2015/000078.
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Ugir Hossain Sk, Scientist Fellow
ugir@ihbt.res.in

Research area: Medicinal chemistry and nanotechnology

Often cytotoxic chemotherapeutics have low therapeutic index and harmful toxic effects. These efforts were
focused towards development of drug delivery systems to enhance the therapeutic index of chemotherapeutic
drugs. Conjugation of drugs and/ ligand to macromolecular carriers offers a mechanism to enhance the
solubility of hydrophobic therapeutics, sustained drug release while minimizing nonspecific uptake,
improving intracellular penetration and allowing for site-specific targeting via both passive and active
targeting methods. As a result, drug-delivering devices confer a substantial reduction in toxicity but have
accompanied improved efficacy thereby increase the importance of clinical utility.

Mission and goals

» Development of targeted drug delivery dendrimer conjugated nanodevices of naturally occurring
therapeutic molecules as single or in combination with sustained release ability against different
diseases including cancer.

» Synthesis of macromolecular drug carrier from natural sources with potential sensitivity to drug
release upon external stimuli like pH, temperature, heat etc.

In our present work, we have developed dendrimer conjugated Estramustine (an anticancer drug) (DEM) with
its antitumor effect on a mouse skin carcinogenesis model
(DMBA-TPA-induced papilloma formation model). The
obtained results were compared with the well known
therapeutic drugs estramustine phosphate (EM). The
obtained result indicated a more pronounced anti-tumor
effect of the DEM as compared to EM. Proliferation and
inflammation was inhibited and induction of apoptotic cell

| —— DEM
—0— EM
»- CC

No. of papllloma
(-3 - »n (] - L] - - o« o

in tumor tissue played an important role in lowering > 50 %

no of papilloma per mouse as compared to carcinogen

control (CC) group (Fig. 1). Sth 7th Sth Sth 10th 11th 12th 13th 14th
Week

) _ . Fig. 1 DEM inhibit DMBA-TPA-induced skin
+ Kojima C, SK UH, Fukushima D, Irie K, Akazawa N, tumor promotion in Swiss albino mouse skin. The

Umeda M, Niidome T (2015) Effect main chain tumor data were recorded in terms of number of
? o ) o number of tumor per mice, starting from 6th week

conformation to thermosensitivity in elastin-like onwardsup to 12th week.

peptide-grafted polylysine. RSC Advanced,

5:104900-104906.

» Fukushima D, Sk UH, Sakamoto Y, Nakase I, Kojima C (2015) Dual stimuli-sensitive dendrimer:
photothermogenic gold nanoparticle-loaded thermo-responsive elastin-mimetic dendrimers. Colloids
and surfaces B: Biointerfaces, 132: 155-160.

Publications:
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Rakshak Kumar
rakshak(@ihbt.res.in; rakshakacharya@gmail.com
Research Area: High Altitude Microbiology

Study of bacterial community from alpine regions with reference to climate change and
bioprospection: The organisms inhabiting cold and radiation rich alpine regions are economically
viable. The poly-adaptational strategies endow the organisms with extremozymes which finds
applications in various industries. The psycrotrophic bacteria surviving at 10C were isolated and
identified from alpine regions. The 16S rRNA gene sequences have been submitted in NCBI GenBank
under accession numbers KT766011 to KT766058 and KU342587 to KU342612. The bacteria were
found to produce low temperature active enzymes with adaptive traits to withstand the extreme conditions
of high altitude. Whole genome sequencing of few bacteria were also undertaken for genomic insights of
cold active industrial enzymes and understanding its survival strategies in the cold environment.

Screening of rhizospheric bacteria of Picrorhiza kurroa from Lahaul valley to apply them for
biological hardening in low altitude regions: Picrorhiza kurroa is an important medicinal herb endemic
to Himalayan alpine areas. High mortality rate was observed during hardening of tissue culture raised
plants in low altitude regions. In order to overcome this problem, soil microbial flora from the
rhizosphere of this plant growing in situ in the Lahaul valley were identified. The bacteria surviving in
temperatures corresponding to low altitude regions and possessing efficient plant growth promoting
activities. These were used as formulations during the hardening process with positive results (>85%
survival).

Publications:

e Himanshu, Swarnkar MK, Singh D and Kumar R (2016) First complete genome sequence of a
species in the genus Microterricola, an extremophilic cold active enzyme producing bacterial
strain ERGS5:02 isolated from Sikkim Himalaya. Journal of Biotechnology, 222:17-18.

e KumarR, Singh D, Swarnkar MK, Singh AK and Kumar S (2016) Complete genome sequence of
Arthrobacter alpinus ERGS4:06, a yellow pigmented bacterium tolerant to cold and radiations
isolated from Sikkim Himalaya. Journal of Biotechnology, 220: 86-87.

e Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Genome assembly of
Chryseobacterium polytrichastri ERMR1:04, a psychrotolerant bacterium with cold active
proteases, isolated from East Rathong Glacier in India. Genome Announcement. 3(6):e01305-15.
doi:10.1128/genomeA.01305-15.

e KumarR, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Complete genome sequence of
Arthrobacter sp. ERGS1: 01, a putative novel bacterium with prospective cold active industrial
enzymes, isolated from East Rathong glacier in India. Journal of Biotechnology, 214: 139-140.
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Sandeep Rawat, Scientist Fellow
sandeeprawat@ihbt.res.in

Research Area - Population genetics, functional genetics and genomics

Himalayan region is one of the geographical areas on our planet known for its diverse flora
including many wild edible, medicinal and aromatic plants from a wide range of altitudes and
environmental conditions. Most of the plants are either consumed by local inhabitants or utilised
in drug industries. Often, there is a large variations in the morphological and biochemical
characters of wild edible fruits. Thus, identification of plants with higher quality/yield will be
helpful.

In view of the above, my current efforts were focused on Next generation sequencing technology
for genome wide marker development required for genotyping and elite selection.

Simultaneously, identification of male/female specific markers for dioecious plants in trees,
where females are economically preferred over males is also underway. Generally such plants take
along time to express their sexual characters. Hence, the sex of such trees is not recognizable until
they reach sexual maturity.

Efforts are also put forth to find out possible association of molecular markers that can be
correlated with biochemical and morphological traits. These will help in identification of
candidate genes responsible for higher nutritional potential and can further be utilized in breeding
programme of the target species for promoting commercial plantations. Preliminary results
showed a large variation (significant at p>0.05) in morphological and biochemical parameters of
wild genotypes of Myrica esculenta. Thus, more than 200 individuals of Myrica esculenta were
collected from 12 populations of Himachal Pradesh and Uttarakahand and genotyping based on
microsatellite markers was initiated. Markers associated with quality related traits are expected to
be helpful for selection of elites.
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« Rural development in the Western Himalayan region and adjoining plains through
transfer of CSIR-IHBT technologies: Institute has major goal of rural development in the north
western Himalayan region and northern plains. The following activities were pursued during the
year under CSIR rural development programme:

+ Promotion and value addition to the traditional/underutilized crops of high altitude region
« Advisory and extension services for improving productivity and quality of China hybrid tea

» Transfer of agro-techniques and post-harvest management technology of commercially
important cut flower crops

+ Production of characterized planting material of industrial and commercial plants for
facilitating crop diversification and processing of aromatics and herbals

« Demonstration of essential oil production technologies

« Improvement of apple production and quality through training growers, and dissemination
of virus tested planting material of apple rootstocks through tissue culture industry

Promotion and value addition to the traditional/underutilized crops of high altitude region:
Buckwheat, a traditional crop of the high altitude Himalayan region is a pseudo cereal having
multifarious utility. The grains possess healthier starch, fiber and fat profile. It is the richest food
source of rare carbohydrate compounds, called fagopyritols (especially D-chiro-inositol). In order
to use these nutritional properties as an alternate ready-to-use value added food products such as
puffed bar and noodles were developed from buckwheat.

Advisory and extension services for improving productivity and quality of China hybrid tea:
Strengthening of the tea industry in this region by improving crop quality and cost reduction
through mechanization of farm operations is prime need in the current scenario of scarcity of farm
labour and rising costs. As tea is source of livelihood to about 2000 farmers, mostly small growers,
development of this machine would benefit
them directly.

conducted and demonstrations on handling
of different tea machines and their use held.
Workshop for up-gradation of tea quality
and productivity were also organised. A 6-
page bilingual technical folder, in English
and Hindi, “Tea Farm Mechanization” was
released for the tea growers on National
Science Dayi.e.28.02.2016.

Advisory services were extended for
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improving productivity and quality of ™

Kangra tea and promotion of tea farm o A A0 T R
mechanisation. ; T e i 7 Wb

Advisory services and field
demonstrations were held at Champhai
district, Mizoram with DRDA staff.

Training on agro-techniques and post- § ' 75 .

|
harvest management technology of & 2l e~ A A :
commercially important cut flower Tips on tea plantation and nursery management
crops: Organized two days training cum
demonstration on “Cultivation and post harvest technologies of flower crops™ for 13 participants

from Kangra (HP) on March 3-4,2016.

Trainees attending training programme on floriculture

Two demonstration plots of marigold were set up in the farmers’ field in Amb tehsil, one at village
Dhandari and another at village Bhadrkali. Total 1700 plants of cv. Pusa Narangi were planted in
each location in an area of 200 sqm. In addition, a technical brochure on “Growing Agapanthus in
Foot Hills of Himalayas”, was released and distributed to flower growers.

Generation and distribution of quality planting material of floricultural crops to the farmers, as per
their requirement, is one of the main activities of the Institute. Quantity of planting material
supplied during the year at different places has been shown hereunder.

S. No. Crop Quantity supplied Place
1 Lilium 2435 nos. bulbs Kangra, Mandi
2 Marigold 5516 nos. seedlings Kangra, Una
3 Bird of Paradise 567 nos. seedlings Kulhu, Palampur
4 Alstroemeria 94 nos. plants Chamba, Kangra
5 Agapanthus 1558 nos. seedlings Solan, Kullu
6 Gerbera 368 nos. rooted plants Kangra
7 Carnations 100 nos. rooted cuttings Kangra
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Production of characterized planting material of
industrial and commercial importance for |
facilitating crop diversification and processing of
aromatics and herbals: Wild animal and stray cattle
menace has recently emerged as a serious intimidation
to the traditional farming, forcing many of the farmers
to abandon their fields. A strong need is being felt to
diversify agriculture and grow Himalayan friendly
plants with assured returns to the community.

Promotion of cultivation of aromatic crops, by
providing quality planting material, agrotechnology,
processing technology and value addition to the products, holds promise for entrepreneurship
development and creating import substitute in the flavour and fragrance sector. Potential of
Tagetes minuta as high value aromatic crop has already been tried and tested by the Institute.
Keeping it in view, surveys for introduction of Tagetes cultivation in Sainj and Banjar regions of
Kullu district, Tissa and Chauri area of Chamba, parts of Kangra, Mandi and Kinnaur districts
were conducted. Subsequently, the farmers of these areas as well as from Kinnaur were imparted
training on cultivation and distillation of the aromatic crops. In addition to this, the planting
material medicinal, aromatic and industrial crops was generated and supplied to the farmers. The
details have been shown below:

S.No. | Crop Quantity of planting | supplied to  the
material raised farmers/grower

1 Damask rose var. Jwala | 1,00,000 rooted plants | 4430 (rooted plants)
and Himroz 17350 (Stem cutting)

2 Stevia Seed 6 kg 5kg

3 Stevia rooted plant 2.0 lakh 7700

4 Rosemary 20,000 rooted plants 821

5 Scented geranium 10,000 rooted plants 197

7 Lavender 15,000 rooted plants 4426

8 Wild marigold 50.0 kg seed 50 kg

9 Misc. crops 20,000 rooted plants 350

For promotion of the cultivation of important medicinal and aromatic crops, seven demonstration
plots, two each on stevia and damask rose, and one each on rosemary, scented geranium and
lavender were set up at Chandpur farm of the Institute for the benefit of the farmers. Fifteen
enthusiastic entrepreneurs and farmers from different parts of the state and country visited the
experimental farm and demonstration units.
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Damask nursery Lavender nursery

TR T

Farmers from Sainj and Banjar valley of Kullu  Farmers from Kinnaur attending a lecture
getting training on aromatic crops on cultivation of aromatic crops

Training and demonstrations on processing of aromatics and herbals:

Training on valeriana oil distillation: A training program-cum-demonstration on essential oil
distillation of valeriana roots was imparted to the farmers of village Saikothi, Tehasil Churah,
Tissa Block, District Chamba, HP during December 28-31,2015.
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Two batches of 186 and 133 kg dry valeriana roots were processed for production of valeriana oil
with an average recovery of 0.58% in essential oil distillation in unit.

Training on lemongrass oil distillation: On the request of the farmers, a series of training
programs-cum-demonstrations were conducted in Kangra and Una (HP) on lemongrass oil
distillation, employing the existing mobile essential oil distillation unit. The detail of training

programs conducted is as below:

S. Date Place where demonstration Weight of | Yields of
No. imparted material | Essential
distilled | oil
1 9 March VPO Lagru, Teh. Jwalamukhi, Distt. 220 kg 0.44%
Kangra
2 9 March VPO Lagru, Teh. Jwalamukhi, Distt. 150 kg 0.53%
Kangra
3 11 March | VPO Anjoli, Teh. & Distt. Una 225 kg 0.62%
4 11 March | VPO Pinjore, Teh. & Distt. Una 185 kg 0.37%
5 13 March | VPO Basoli, Teh. & Distt. Una 180 kg 0.39%
6 13 March | VPO Nagal Slangri, Teh. & Distt. 230 kg 0.53%
Una
14 March | VPO Kalruhi, Teh. Amb, Distt. Una 219 kg 0.56%
8 15 March | VPO Kalruhi & Amlehar, Teh. & 215 kg 0.59%
Distt. Una

Commissioning of essential oil distillation unit: Technical services were extended for
commissioning of a 2 quintal capacity distillation unit at village Saikothi, Tehsil Churah, Tissa
Block, Distt. Chamba. Distillation of Tagetes oil was done during the season by the farmer, which
accounted for Rs. 18,00,000 by sale of the oil. In addition, 2 kg valeriana oil was also distilled by
the farmer in the same distillation unit, which fetched Rs. 40,000 return.

Improvement of apple production and quality through distribution of virus tested planting
material of apple rootstocks: Economic importance of the apple for the state of Himachal
Pradesh due to suitable climate conditions has overcome by the fact that plant viruses infecting
these trees sharply decrease their production. The major problem is at the level of selecting
disease free planting material for raising healthy orchards. The problem is compounded by the
fact that a thorough screening of these crops has not been done from the aspect of virus infections
in Indian scenario. Therefore activity on developing virus free budwood was taken up to benefit
the growers in getting true-to-type, good quality virus free planting material for obtaining
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enhanced production of quality fruits. Focus was kept on commercially important rootstocks of

-

Mo M111

A2\

Root stock M9, M111 and M7 maintained and prop

IR\

agated under tissue culture

M7

7

apple (MM111, MM106, M7, M9, EM9, M793). Like other plants, these rootstocks are
susceptible to infection by a number of pathogens including viruses. Major viruses that infect

apple are Apple chlorotic leaf spot virus, Apple mosaic virus, Apple stem grooving virus and Apple

stem pitting virus. An important viroid that is found with a high incidence is Apple scar skin viroid.

Therefore, there was a need to eliminate these viruses by meristem tip culture and thermotherapy

procedures in conjunction with antivirals like ribavirin, virazole etc. As these were in regular

demand by tissue culture industry, these rootstocks were regularly maintained in tissue culture

bottles and tested for freedom from viruses.

A total of 40 bottles @ Rs 1000 and 30 bottles @ Rs 1500 of
virus free tissue culture plants were provided to the industry
for further multiplication and suppling planting material to
the farmers.

Introduction of Apple in Mizoram: Apple growing was
never tried in Mizoram state in North East India. Therefore,
keeping in view the importance of apple cultivation for
boosting rural economy, the Institute made first attempt to
introduce this fruit plant in Champhai district as out of the 8
districts in Mizoram, this district is relatively cool and
monthly mean minimum temperature here ranges to 8.4-
9.3°C in the month of December and January months. The
work was initiated jointly with Project Director of DRDA of
Champhai district. Two sets of cultivars with low chilling
requirement, between 300-500 hours, were selected for
introduction. Set I comprising of cultivars Anna and Dorsett

BANGLADESH i E

MYANMAR
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Golden, with chilling requirement of below 300 hours, and another set of cultivars Fuji and Gala,
having chilling requirement of nearly 500 hours, were carried from Himachal Pradesh.
Demonstration plots were set up at 10 locations, accommodating a total of 210 apple sapling. On
the spot training was organized for capacity building of staff of DRDA and farmers. The plants
have been growing satisfactorily.

Promotion of bamboo propagation for skill development and livelihood benefits: Important
bamboo species such as Phyllostachys pubescens, Dendrocalamus hamiltonii, Bambusa bambos,

Demonstration on planting sapling and growth of the plant after 40 days

B.multiplex, Sasa auricoma etc. were raised in nurseries under field condition. The cutting were
raised and seedling plants of these species were transplanted in the poly house at the Institute's
nursery and supplied to different agencies for greening of degraded land in Kangra district. A total
of 178 people including villagers, entrepreneurs, growers of Himachal Pradesh and Punjab
foresters and forest officials were trained about the methods of raising nurseries and
establishment of plantations. They were also offered trainings on plant tissue culture for
micropropagation of maggar bamboo. The standardized methods of preparing and raising of
bamboo nurseries were also demonstrated. Over 18,000 bamboo plants of different species were
supplied to different agencies/farmers in different parts of the country (Table 3)

Besides the above, two agencies were contacted for preparation of bamboo boards, tiles and
floorings. These were CSIR-CBRI, Roorkee and a private company in Jalpaiguri. The activity is

Page No. 153



CSIR-IHBT Annual Report 2015-16

expected to boost entrepreneurship development.

Bamboo Charcoal, Bio-char and Activated Charcoal: Conventionally, charcoal is made in

dome shaped charcoal kiln which consists of bricks and clay mortar with molasses, making it

Training programme for forest officials at CSIR-IHBT, Palampur

strong to withstand high temperature. But, three major problems are generally encountered in
these types of kilns, (i) porous body (ii) production of higher proportion of semi cooked/uneven
feed material (wood/bamboo) (iii) generation of high volume of smoke, causing environment
pollution. Fire inside the dome is regulated by the air supply. After attaining a temperature of
above 550°C the wood gets converted into charcoal in next 8-10 hours. As the body of
conventional kiln is porous so fire inside the kiln even after complete sealing of whole unit brakes
out during opening of inlet port for unloading of the prepared charcoal. Watering of charcoal to
control fire results in soaking of water and deteriorate the quality of charcoal. If kiln is kept for
natural cooling, total charcoal shall be converted into ash. Other concern is that in conventional
kiln, a considerable volume of wood at the base and side of kiln remains as semi baked which
reduces the efficiency of kiln. Thirdly, a large volume of smoke generated during baking of wood,
causing environment pollution. In order to solve these problem, the design of conventional kiln
was modified after trying various alternatives. A simple portable charcoal kiln has finally been
designed to enhance temperature to convert the biomass into Biochar and Activated charcoal. It
will be fabricated with locally available material by the local fabricator.
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Table 3. Supply of quality planting material of bamboo
S.No. | Species Total planf Name of Parties
supplied

1. Moso bamboo 5,000 Add. DFO, Research Forest Division,
Srinagar, J&K

2. D . hamiltonii 1,000 The Manager, Woodland O verseas
School, Daduya road, Hoshiarpur
(Punjab)

3. D.hamiltonii 833 Mr. Jitender Singh, Dasuya, Hoshiarpur
(Punjab)

4, Moso Bamboo 550 Mr. Majan Bader, J&K

5. D.hamiltonii 500 Mr. Rajpal Singh, Hoshiarpur (Punjab)

6. D. hamiltonii 1,000 Mr. Balwan Singh, Woodland Overseas,
School, Dasuya Road, Hoshiarpur
(Punjab)

7. P.pubesence 550 Mr. Tejpal, AEO, A griculture Dept.,

(Moso bamboo) Lalmandi, Srinagar, J&K
8. Moso bamboo 1,250 DFO, Forest Division, Sundernagar (HP)
9. Moso bamboo 2,500 Project Director, DWDA, Shimla (HP)
Bambusa bambos | 2,500

10. P.pubesence 400 CSIR-IHBT for plantation purpose under
Rural Development Project, Rakh Nagri,
Distt. Kangra (HP)

11. Moso bamboo 500 IIRD, Shimla (HP)

12. Moso bamboo 850 DFO, Suket Forest Division, Sundernagar
(HP)

13. Different species 95 Viveka Foundation, Mansimbal, Distt
Kanrga (HP)

14. Different species 053 DFO, Palampur (HP)

15. Different species 125 National Director, CORD, Sidhbari,
Dharamshala (HP)

16. 100 R.O., Nurpur (HP)

17. D.hamiltonii 50 Mr. Pema Lama, Bir Colony, Baijnath,
Distt Kangra (HP)

18. P.pubesence 20 Karma Tasa Buddha Monastery, Baijnath,
Distt Kangra (HP)

19. Moso bamboo 20 Mr.Kapil Malik, Faridabad (UP)

20. D .hamiltonii 20 315 Field Regiment, Alhilal, Distt Kangra
(HP)

21. Mixed species 281 Others parties

Total 18,197
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AcSIR students activities on Rural Development Programme
Under CSIR-800 course, the AcSIR students conducted survey and awareness compaign of
important diseases, drinking water and soil health in 3 villages panchayats in Kandwari region.

Disease incidence survey and awareness about associated risk factors: imparting a better
life to rural population in Kandbari (Arindam Ghosh Mazumder, Ganesh Panzade, Rubbel
Singla, Shiv Kumar, Sourabh Soni)

A door-to-door survey on a population selected by stratified random sampling method was carried
from June to August 2015 in three gram panchayats viz. Nain (5 wards), Nanahar (7 wards) and
Saperu (5 wards) in Kandbari region of Baijnath Development Block. The primary objective was
to estimate the prevalence of the major health disorders and to analyze the impact of different
factors like lifestyle, food habits and socio-economic status on disease incidence. A total number
of 472 families (2,566 people with average household size 6) were surveyed randomly in this area
to collect demographic, socio-economic and disease specific data, and a questionnaire was
applied.

Survey revealed that Blood Pressure, Anemia, Diabetes, Eye/Ear infections and Stones (Kidney
and Gall Bladder) were the five major prevalent health problems affecting the natives. Of the total
population, 53.8 % females and 29 % males were suffering from health problems. Age group 41-
60 was the most prone for Diabetes as well as Blood Pressure, while the age group 19-40 was the
major risk group for Stones and Anemia. Out of the people suffering from health problems, 13.6 %
females and 11.6 % males were found to be co-morbid.

Lack of scientific knowledge regarding health hazards, ignorance and inadequate preventive
measures and practices, improper garbage disposal and lack of hygiene practices could lead to
future outbreak of diseases and epidemics in the region. Hence steps were undertaken to make the
targeted population aware about the possible preventive measures that can be undertaken by them
in order to evade the health related problems, thus imparting them a better standard of living.
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Surveillance and water quality monitoring in Kandbari region (Vandana Thakur, Tanvi
Sharma, Maheshwar Singh Thakur)

Survey of Kandbari region showed that all three gram panchayats viz., Nain, Nanahar and Saperu
had tap water as a primary source for drinking water and hand pump, bauri and kuhl were the
secondary sources. Kuhl water source was mainly used for animal drinking and irrigation
purposes. Very few households (< 15 %) used filtered water for drinking purpose. Water borne
diseases like stone, stomach discomfort, acidity etc. were also found among people, which was an
alarming condition.

The water samples from different sources were analyzed for physical, chemical and bacteriological
quality parameters viz., Appearance, Turbidity, pH, Alkalinity, Total hardness, Calcium hardness,
Chloride, Fluoride, Iron, Total residual Chlorine, Nitrite, Nitrate and Total dissolved solid content.
These parameters are governed by Bureau of Indian Standards and required to be carefully
monitored so as to determine water quality. Water analysis report showed that in summer season,
there were no major problems associated with water quality. Majority of the water samples were
found within the acceptable limits for physical and chemical parameters. Few samples were found
approaching the upper limit of respective acceptable limits. In bacteriological analysis, water
samples of bauri and kuhl showed the presence of coliforms, making them unsuitable for human as
well as animal drinking purpose. In addition, the survey revealed that during rainy season, people
usually face the problem of presence of particulate matter (dust, soil particles etc.) in drinking
water supply thereby necessitating the use of filters during that period.

Absence of regular water testing and monitoring system in the villages and lack of proper expertise
in operating water testing kits, absence of rain water harvesting systems in the village and
contamination of household water supply with particulate matter during rainy season were the
major findings in the study.

AcSIR students conducting survey of water sources and testing quality of water
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Soil analysis for higher crop productivity in Kandbari region (Nisha Dhiman, Aditya
Kulshreshtha and Himankshi Rana)

The soil in Kandbari region was found to be sandy loamy and clayey loamy, and was slightly
acidic in nature. Soil pH was found to be ranging between 6-6.5 which is suitable for optimal crop
growth of the crop plants. Soluble salts were also found to be within normal range in all soil
samples of the region. It was found that Nanahar gram panchayat has relatively higher available
phosphorous content. On an average, phosphorous concentration of soil of all wards ranged
between 3-10 ppm which means it was in deficient range (>10 ppm) coinciding with Himachal
Pradesh Soil Information System report. This deficiency can be overcome by supplementing soil
with phosphorus-based fertilizers such as superphosphate etc. Available potassium content was
observed to be in higher range (90-200 ppm) in most of the soil samples. Available nitrogen in the
soil samples varied between 103-646 Kg/ha and was highest in Ward 3 of Nain panchayat. Values
of calcium were found to be ranging from 164 ppm to 1360 ppm and highest amount of calcium
was observed in the soil samples of Nanahar (ward 1 and ward 6) while relatively equal level of
calcium in soil samples of Nain and Saperu. The level of Iron were less than normal (50-100 ppm)
in soil samples of Nanahar (ward 2, 5), Nain (ward 1) and Saperu (Ward 1, 5). People of all 3
panchayats have been using NPK mixture of 12-32-16.

Based on the results crop specific recommendations for better agriculture productivity were made
to farmers of the region. They were educated on modern techniques of fertilizer application. For
getting better returns from agriculture, the interested farmers and gram panchayat pradhans were
exposed to protected cultivation of high value crops at the Institute.

AcSIR students testing soil of Kandbari region and exposing the Panchayats Pradhans
and farmers on protected cultivation of high value crops

Participation in Exhibitions:

Ashok Kumar. International Exhibition “Agri-Tech India 2015” at Bangalore International
Exhibition Centre (BIEC), 21-23 August 2015 organized by Media Today Pvt. Ltd.

Kiran Saini, Sukhjinder Singh, Sanjay Kumar and J.P. Dwivdi. Exhibition of Institute's
technology in a Kisan Mela at Kangra Himachal Pradesh, 25-27 October, 2015, organised by
Divya Himachal.
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CSIR-IHBT participated in 'India
International Science Festival (IISF)' at IIT
Delhi, organized by the Ministry of Science &
Technology and Earth Science on December
04-08, 2015 and the CSIR has been awarded
for IInd price for CSIR technologies and
products. (Group Member- Arvind Kumar
Verma and Vivesh Sood). (Picture 1, |
2012207,20151204 and IISF).

~ CSIR-IHBT participated in 'CSIR-Foundation
day' at Science Center, organized by CSIR on
- September 26, 2015 and demonstrated CSIR
! -IHBT technologies and products. (Group
Member- Arvind Kumar Verma and Ajay
Parmar).

CSIR-IHBT participated in 'State Level Holi
Festival-2016' at Pragati Madan, Palampur

organized by Sub Divisional Officer(C)-cum-
Chairmain, State Level Holi Committee on March 21-24, 2016 and demonstrated CSIR -IHBT
technologies and products. CSIR-IHBT has been awarded Ist, IInd and three consolation price for
CSIR technologies and products. (Group Member- Arvind Kumar Verma and Vivesh Sood,
Sukhjinder Singh and Virat)

TRAINING PROGRAMMES

Sud RK and Dhadwal VS (2016) Demonstration and training on handling of plucking machines,
skiffing machines, weeder and power sprayer planters from Ajhu area of Distt. Mandi along with
Tea Board official, 14 planters, March 31.

Sud RK and Dhadwal VS (2016) Demonstration and training on handling of plucking machines,
skiffing machines, weeder and power sprayer. Planters from Nagri area along with Tea Board
official, 12 planters, March 31.

Page No. 159



CSIR-IHBT Annual Report 2015-16

Sud RK and Dhadwal VS (2016) Training cum demenstration of plucking, skiffing, pruning and
weeding machines and power spayer for mechanization of tea farms for tea growers from
Chauntra and Gopalpur area, 9 planters, March 28.

Sud RK, Kumar Rakesh and Pal Probir Kumar (2016) Training of farmers from Sainj and Banjar
region of Kullu district on cultivation of medicinal and aromatic crops, 16 farmers, March 16-17.
Sud RK, Gupta Mahesh and Verma Arvind (2016) Training of farmers from Kinnaur district on
cultivation of medicinal and aromatic crops, 16 farmers, March 16-17.

Kumar R (2016) Cultivation practices of Tagetes minuta. Batote , Distt Ramban, Jammu and
Kashmir, 10 Participant, March 15.

Sharma Mohit (2016) Demonstration on lemongrass oil distillation at VPO Kalruhi, Teh. Amb,
Distt. Una (HP), March 15.

Kumar R (2016) Cultivation practices of damask rose. Farmers of Reasi, Jammu, 10 Participant,
March 14.

Sharma Mohit (2016) Demonstration on lemongrass oil distillation at VPO Nagal Slangri, Teh. &
Distt. Una (HP), March 13.

Sharma Mohit (2016) Demonstration on lemongrass oil distillation at VPO Ajnoli, Teh. & Distt.
Una (HP), March 11.

Sharma Mohit (2016) Demonstration on lemongrass oil distillation at VPO Lagru, Teh.
Jwalamukhi, Distt. Kangra (HP), March 9.

Bhargava B (2016) Two days training cum demonstration on cultivation and post harvest
technologies of flower crops, Kangra (HP), March 3-4.

Sud RK and Dhadwal VS (2016) Structuring tea garden for using mechanical devices for tea
plucking for Manager and farm workers of Dharmshala area, 9 traineees, February 26.

Sud RK and Dhadwal VS (2016) Training programme on mechnized skiffing and pesticide
spraying, 10 growers, February 24.
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Sud RK and Dhadwal VS (2016) Young tea pruning for bush frame formation and pesticide spray
demonstration, Thandole Tea Estate , January 29.

Sud RK (2016) Training on tea plantation management for promoting tea productivity and quality
(with Tea Board), Chauntra, 40 planters, January 22.

Sud RK (2016) Training on tea plantation management for promoting tea farm mechanization
(with Tea Board), Baijnath, 40 planters, January 21.

Gupta M (2016) Training and awareness programme on “Bamboo and bamboo food products” in
association with Pradhan, Gram Panchayat Bharmat, Tehsil Palampur, District Kangra (HP), 15
women participants , CSIR-IHBT, Palampur, January12.

Sharma Mohit (2015) Training on Valeriana oil distillation: A training program-cum-
demonstration on essential oil distillation of Valeriana roots was imparted to the farmers of village
Saikothi, Tehasil Churah, Tissa Block, District Chamba (HP). Two batches of 186 and 133 kg dry
valeriana roots were processed on essential oil distillation unit and produced valeriana oil with an
average recovery of 0.58%. Technical assistance was rendered in setting up of a distillation unit
having 2 quintal/batch capacity at village Saikothi, Tehsil Churah, Tissa Block, Distt. Chamba
(HP), December28-31.

Gupta M (2015) Participated and demonstrated food product technologies in “National Level
Vendor Development Programme” organized by MSME development Institute, Solan (H.P),
December 2-3.

Sud RK (2015) Field management and processing technology of tea. Training programme with
Tea Board of India, Tanda, Palampur, 40 growers, November 6.

Gupta M (2015) Organized one day awareness workshop on “Value added Food Processing”, 32
Participants, Killar, Pangi (H.P.), October12.

Gupta M (2015) organized one day awareness workshop on “Value added Food Processing and
Preservation”, 65 Participants, CeHAB, Ribling, Keylong (Lahaul and Spiti), October10.

Kumar R (2015) Nursery raising practices, cultivation of important medicinal and aromatic plants
in trans Himalayan region. CeHAB, Tandi, Keylong, Distt. Lahaul and Spiti (HP), 43 Participant,
September 3.

Kumar R (2015) 3 trainings on “Cultivation of endangered MAPs at Lahaul”, held in June, August,
and September 2.

Kumar R (2015) Cultivation of important aromatic crop Clary sage in cold desert area. Village
Jagla, Keylong, Distt. Lahaul and Spiti (HP), 4 Participant, September 1.

Sud RK and Dhadwal VS (2015) Improved methods of tea plantations and management of blister
blight during monsoon season, Technical Officer (Tea) Office, 40 growers, August 21.
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Sud RK and Dhadwal VS (2015) Workshop on National Programme for Organic Production (NPOP), a
programme sponsored by APEDA, New Delhi, 75 participants, August 5.

Kumar R (2015) Production technology and multiplication techniques of important medicinal and
aromatic plants. Sumnam Village, Keylong, district Lahaul and Spiti (HP), 6 Participant, July 30.

T

ﬁn Maotional Pragramme for
uction (NPOP)

Kumar R (2015) Cultivation technology of important medicinal and aromatic plant. Sansha
village Keylong, district Lahaul and Spiti (HP), 6 Participants, July 29.

Singh V, Sud RK and Verma A (2015) Workshop on cultivation, value addition and marketing of
lemon grass & medicinal plants, Block Development, Amb, Una, H.P., 26 farmers, July 6-10.

Sud RK and Dhadwal VS (2015) Demonstration on young tea planting for new plantation
development. Mansimbal tea estate, 5 trainees, July 1.

Kumar R (2015) Nursery raising practices, cultivation and essential oil extraction of important
medicinal and aromatic plants. CeHAB, Ribling (Tandi), Keylong, district Lahaul and Spiti (HP),
12 Participant, June 24.

Sud RK and Dhadwal VS (2015) Training on cultivation of large cardamom, 25 trainees, June 12.
Sud RK and Dhadwal VS (2015) Management of tea flush during lull period of first flush,
Gopalpur, 12 participants May 18.

Sud RK and Nadda Gireesh (2015) Management of scale insect in tea plantations in Kangra valley,
the Kangra Valley Small Tea Growers Association Meeting, Chai Bhawan, Palampur, 25 growers
May 2.

Singh V, Sud RK and Verma A (2015) Workshop on cultivation, value addition and marketing of
aromatic and medicinal plants, Swan River Project, PIU Gagret, Una, H.P. 32 farmers, April 22-
24,
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Dhadwa VS and Sud RK (2015) Training of small tea growers of Thandole area on quality tea
plucking. Banuri Tea Expt. Farm, 15 trainees, April 12.

Dhadwa VS and Sud RK (2015) Training of small tea growers of Massairna area on quality tea
plucking. Banuri Tea Expt. Farm, 15 trainees, April 11.

Dhadwal VS and Sud RK (2015) Training of small tea growers of Bhawarna area on quality tea
plucking. Banuri Tea Expt. Farm, 15 trainees, April 10.

Sud RK (2015) Training on tea plantation management for promoting tea farm mechanization
(with Tea Board), Palampur, 40 planters, January 1.

LECTURE DELIVERED AT WORKSHOPS/TRAININGS

Bhavya Bhargav (2015) Cut flower production of Marigolds and Chrysanthemum crops,
Workshop on “Cultivation, value addition and marketing of lemongrass and medicinal plants of
subtropical Himachal Pradesh”, CSIR-IHBT, Palampur, July 9.

Bhavya Bhargav (2016) Protected cultivation of flowers, Department of Agriculture, Mata Gujri
College, Fatehgarh Sahib, Punjab, February 4.

Bhavya Bhargav (2016) Production technology of lilium, Demonstration-cum-Training

Programme on “Production and post harvest technology of commercially important flower
crops”, March 3-4.

Rakesh Kumar (2016) Cultivation of medicinal and aromatic plants of high altitude. Kisan Mela
cum entrepreneurs workshop at CSIR-1IIM Jammu, March 13.

Rakesh Kumar (2016) Conservation and cultivation of high altitude medicinal plants in cold
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desert region of the western Himalayas. Workshop on High altitude Medicinal Plants held at
ICFRE, Dehradun, March 21-22.

R.K. Sud and Kiran Saini (2016) Tagetus minuta, a suitable alternate crop to maize monkey in
menace area, Saikothi, Chamba, March, 29.

R.K. Sud and Kiran Saini (2016) Tagetus minuta, a suitable alternate crop to maize in monkey
menace area, Chowari, Chamba, March, 30.

R.K. Sud and Kiran Saini (2016) Importance of aromatic crops in monkey menace agriculture
field, lecture organized by an NGO Samarpan, Bhatiyat, Chamba, March 30.

TVTALKS (DOORDARSHAN KENDRASHIMALA)
e Probir Kumar Pal and R.K. Sud. Stevia cultivation in Himachal Pradesh, 11.06.2015,

» BhavyaBhargava and R.K. Sud. Gladiolus cultivation in Himachal Pradesh, 12.06.2015

» Gopichand and R.K. Sud. Economic importance, propagation and cultivation of Crataegus
oxycantha, 16.06.2015

« Bhavya Bhargava and R.K. Sud. Commercial cultivation of gerbera under protected
condition. 16.07.2015.

* R.K. Sud. Tea catechins, a potential source of antioxidant Zee TV and ETV channels,
30.06.2015.

* R.K. Sud. Tea plantation management for harvesting quality crop during monsoon period
in Kangra Valley. 24.07.2015

* Amit Chawla and R.K. Sud. Current status and conservation needs of medicinal plants in
Himachal Pradesh. 04.08.2015

* Rakesh Kumar and R.K. Sud. Economic importance, cultivation and post-harvest
management of the medicinal plant Vacha (Sweet Flag or Acorus calamus). 28.08.2015.

» Rakesh Kumar. Activities of medicinal and aromatic plants: nursery raising, cultivation
and post harvesting TV pogramme Kisanon ke teerth sthal, 19.10.2015.

* Bikram Singh and R.K. Sud. Quality estimation of medicinal and aromatic plants.
06.11.2015

» Om Prakash and R.K. Sud. Importance of bamboo and its propagation. 04.12.2015

+ AlkaKumari. Importance of Ferns, 15.12.2016

» Amit Kumar. Bioresource Mapping and Database Development, 15.12.2016

« S.K. Vats. Plant adaptation under climate change scenario, Programme under Swatchh
Bharat, 23.12.2015

» R.K. Sud. Adhunik Tirthsthal-CSIR-IHBT, Palampur, 08.01.2016

» Rakesh Kumar. Vacha (Acorus calamus) ki unnat kheti, DD Shimla, 23.12.2015 and
15.02.2016.
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PATENT(S) FILED

Ajay Rana, Harsh Pratap Singh and Ashu Gulati. Anew energy efficient process for manufacturing
ofhigh quality green tea with enhanced flavors. PCT/IN2015/000078.

Reddy SGE and Sahotra S (2015) A novel medium composition for culturing the
entomopathogenic fungus, Lecanicillium lecanii. Filed for Indian patent, Reference number
0285NF2015 dated 11/1/2016.

PATENT(S) GRANTED

Agnihotri Vijai Kant, Bikram Singh, Garikapati Dyva Kiran Babu, Gopi Chand, Rakesh
Deosharan Singh and Paramvir Singh Ahuja. Process for the modification of Curcuma aromatica
essential oil. date of Patent 30.06.2015. US Patent No. 9,068,141 B2.

Anish Kaachra, Surender Kumar Vats, Paramvir Singh Ahuja, Sanjay Kumar. An expression
construct and process for enhancing the carbon, nitrogen, biomass and yield of plants. peoples
republic of china (Application No. 201280027891.9; granted 05/11/2015);European patent (No:
269968; granted on 19/08/2015).

Shashi Bhushan, Sakshi Gupta, Garikapati Dyva Kiran Babu, Mohit Sharma,Paramvir Singh
Ahuja. Method and apparatus for the separation of seeds from fruit pulp/slurry/pomace, date of
Patent 21.04.2015. US Patent No. 9,011,942 B2.

Vijai Kant Agnihotri, Bikram Singh, GD Kiran Babu, Gopichand, Singh, Rakesh Deosharan, PS
Ahuja. Process for the modification of Curcuma aromatica Essential Oil. PCT application number
PCT/IB2012/050962, dated 01-03-12, US application No. US14/000539, Publication Date: Dec.
12, 2013, Filling date August 20, 2013, Publication No. US2013/0331467 A1, Priority date: 29-
03-2013, date of Patent 30.06.2015, US Patent No. 9068141 B2.

PUBLICATIONS

Abiodun OO, Sood S, Osiyemi OA, Agnihotri VK, Gulati A, Ajaiyeoba EO and Singh B (2015) In
vitro antimicrobial activity of crude ethanol extracts and fractions of Terminalia catappa and Vitex
doniana. African Journal of Medicine and Medical Sciences, 44(1): 21-26.

Acharya A, Rawat K, Bhat K A, Patial V and Padwad YS (2015) A Multifunctional magneto-
fluorescent nanocomposite for visual recognition of targeted cancer cells. Materials Research
Express,2(11).

Agnihotri VK (2015) Crocus sativus Linn. : An informative review. Aperito Journal of Advanced
Plant Biology, 1(1): doi:10.14437/AJAPB-1-103.

Agrawal H, Joshi R, Gupta M (2016) Isolation, purification and characterization of antioxidative
peptide of pearl millet (Pennisetum glaucum) protein hydrolyzate. Food Chemistry, 204:
365-372.

Ahmad M and Uniyal SK (2016) is Recurving an effective strategy of Trifolium repens L. to
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augment reproduction. Scientifica, Article ID 4741086, 4 pages dx.doi.org/
10.1155/2016/4741086.

Arya P and Acharya V (2016) Computational identification raises a riddle for distribution of
putative NACHT NTPases in the genome of early green plants. PLoS One, 11(3): €0150634.
doi:10.1371/journal.pone.0150634.

Awasthi P, Ram R, Zaidi AA, Prakash O, Sood A and Hallan V (2015) Molecular evidence for
bamboo as a new natural host of Cherry necrotic rusty mottle virus. Forest Pathology, 45(1): 42-
50.

Baba SA, Mohiuddin T, Basu S, Swarnkar MK, Malik AH, Wani ZA, Abbas N, Singh AK and
Ashraf N (2015) Comprehensive transcriptome analysis of Crocus sativus for discovery and
expression of genes involved in apocarotenoid biosynthesis. BMC Genomics, 16(1): 698.

Babu GDK, Sharma A and Singh B (2016) Volatile composition of Lavandula angustifolia
produced by different extraction techniques. Journal of Essential Oil Research, 1-12.

Babu GDK, Thakur V and Singh B (2016) Variability in the composition of Lavandula
angustifolia extracts due to extraction methods. Journal of Herbs, Spices and Medicinal Plants,
22(2):173-182.

Bandana, Sharma N, Joshi R, Gulati A and Sondhia S (2015) Dissipation kinetics of of glyphosate
in tea and tea-field under northwestern mid-hill conditions of India. Journal of Pesticide Science,
40: 1-5.

Bhandari P, Kumar N, Khan SM and Bhutani KK (2016) Online antioxidant activity and ultra-
performance LC-electrospray ionisation-quadrupole time-of-fight mass spectrometry for
chemical fingerprinting of Indian polyherbal formulations. Natural Product Research, 30(5):
530-535.

Bhandawat A, Singh G, Raina AS, Kaur J and Sharma RK (2015) Development of genic SSR
marker resource from RNA-Seq data in dendrocalamus latiflorus. Journal of Plant Biochemistry
and Biotechnology,25(2): 179-190.

Bhardwaj J, Gangwar I, Panzade G, Shankar R and Yadav Sudesh Kumar (2016) Global De Novo
Protein-Protein Interactome Elucidates Interactions of Drought-Responsive Proteins in Horse
Gram (Macrotyloma uniflorum). Journal of Proteome Research, 15(6):1794-809.

Bhardwaj P, Awasthi P, Prakash O, Sood A, Zaidi AA and Hallan V (2016) Molecular evidence of
natural occurrence of Apple stem grooving virus on bamboos. Trees - Structure and Function, 1-9,
DOI10.1007/s00468-016-1375-8.

Bhardwaj P, Ram R, Zaidi AA and Hallan V (2015) Natural occurrence of Apple stem grooving
virus on Bauhinia variegate. Trees - Structure and Function,29(5): 1415-1422.

Bhardwaj P, Ram R, Zaidi AA and Hallan V (2016) Apple stem grooving virus naturally infects
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himalayan wild cherry (Prunuscerasoides D. Don). Forest Pathology,46(2): 116-121.

Bharti P, Mahajan M, Vishwakarma AK, Bhardwaj J and Yadav SK (2015) AtROS1
overexpression provides evidence for epigenetic regulation of genes encoding enzymes of
flavonoid biosynthesis and antioxidant pathways during salt stress in transgenic tobacco. Journal
of Experimental Botany, 66(19): 5959-5969.

Bhattacharya A, Sharma M, Gulati A, Joshi R, Chanda SK and Ahuja PS (2015) Histochemical
evaluation of catechins in PEG stressed transgenic tea plants using catechin-specific-diazotized
sulfanilamide reagent. Biotechnic and Histochemistry,90(1): 45-54.

Bhattacharya A, Sharma M, Gulati A, Joshi R, Chanda SK and Ahuja PS (2015) Biotechnic and
histochemistry. The Biological Stain Commission, 90(1): 45-54.

Bhushan S (2016) Conceptual editorial-sustainable management and value addition of western
himalayan plant bioresources. International Journal of Food and Fermentation Technology, 5(2).

Brij L and Kumari A (2015) Report on national conference modern approaches to pteridophytes:
biology. Biodiversity and Bioresource, organized at CSIR-IHBT Palampur, during December 20-
21,2014. Indian Fern Journal,32: 1-10.

Bura GM, Talukdar S, Talukdar M, Yadav A, Gogoi BK, Bora TC, Kiran S and Gulati A (2015)
Effect of physicochemical parameters on nitrile-hydrolyzing potentials of newly isolated nitrilase
of Fusarium oxysporum f. sp. lycopercisi ED-3. Biotechnology and Applied Biochemistry, 62(2):
226-236.

Chand P and Pakade YB (2015) Synthesis and characterization of hydroxyapatite nanoparticles
impregnated on apple pomace to enhanced adsorption of Pb(Il), Cd(Il), and Ni(Il) ions from
aqueous solution. Environmental Science and Pollution Research International, 22(14): 10919-
10929.

Dhar H, Kasana RC and Gulati A (2015) Heterologous expression and characterization of
detergent stable endoglucanase EG5B from paenibacillus sp. IHB B 3084. Journal of Molecular
Catalysis B: Enzymatic, 120:9-15.

Dhar H, Kasana RC, Dutt S and Gulati A (2015) Cloning and expression of low temperature active
endoglucanase EG5C from Paenibacillus sp. IHB B 3084. International Journal of Biological
Macromolecules, 81:259-266.

Dogra V and Sreenivasulu Y (2015) Cloning and functional characterization of B-1, 3-glucanase
gene from podophyllum hexandrum - A high altitude Himalayan plant. Gene, 554(1): 25-31.

Dogra V, Bagler G and Sreenivasulu Y (2015) Re-analysis of protein data reveals the germination
pathway and up accumulation mechanism of cell wall hydrolases during the radicle protrusion
step of seed germination in Podophyllum hexandrum- a high altitude plant. Frontiers in Plant
Science, 6: 874.

Page No. 171



CSIR-IHBT Annual Report 2015-16

Dogra V, Sharma R and Yelam S (2016) Xyloglucan endo-transglycosylase/hydrolase (XET/H)
gene is expressed during the seed germination in Podophyllum hexandrum: a high altitude
Himalayan plant. Planta, 1-11.

Dongre PR, Bhujbal SS and Kumar D (2015) Bronchodilatory activity of Curcuma longa, zingiber
officinale and alpinia galanga based herbal formulation (AHF). Oriental Pharmacy and
Experimental Medicine, 15(4): 341-346.

Dutt S, Parkash J, Mehra R, Sharma N, Singh B, Raigond P, Joshi A, Chopra S and Singh BP
(2016) Translation initiation in plants: roles and implications beyond protein synthesis. Biologia
Plantarum, 59(3):401-412.

Fukushima D, Sk UH, Sakamoto Y, Nakase I and Kojima C (2015) Dual stimuli-sensitive
dendrimers: Photothermogenic gold nanoparticle-loaded thermo-responsive elastin-mimetic
dendrimers. Colloids and Surfaces B: Biointerfaces, 132:155-160.

Goel P and Singh AK (2015) Abiotic stresses downregulate key genes involved in nitrogen uptake
and assimilation in brassica juncea L. PLoS One, 10(11): e0143645.

Gopalakrishnan C, Jethi S, Kalsi N and Purohit R (2016) Biophysical Aspect of Huntingtin Protein
During polyQ: An in Silico Insight. Cell Biochemistry and Biophysics, 1-11.

Gopalakrishnan C, Kalsi N, Jethi S and Purohit R (2015) Computational investigation of
molecular mechanism and neuropathological implications in Huntington disease. Molecular and
Cellular Biochemistry,409(1-2): 1-11,doi: 10.1007/s11010-015-2462-7.

Gopichand and Meena RL (2015) Standardization of propagation and agro techniques in Ginkgo
biloba L.- Amedicinally important plant. Journal of Medicinal Plant Studies, 3(4): 6-15.

Guha NR, Sharma S, Bhattacherjee D, Thakur V, Bharti R, Reddy CB and Das P (2015) Oxidative
“reverse-esterification” of ethanol with benzyl/alkyl alcohols or aldehydes catalyzed by
supported rhodium nanoparticles. Green Chemistry, 18(5): 1206-1211.

Guleria P, Masand S and Yadav SK (2015) Diversion of carbon flux from gibberellin to steviol
biosynthesis by over-expressing STKA13H induced dwarfism and abnormality in pollen
germination and seed set behaviour of transgenic Arabidopsis. Journal of Experimental Botany,
66(13)3907-3916.

Guleria, SJ, Singh B and Shanker A (2015) Quinaphos and deltamethrin penetration in tea leaf.
Pestology, Aug2015.8,39,23-31.

Guliani Anika, Kumari Avnesh, Kumar Dharmesh and Yadav Sudesh Kumar (2016) Development

of nanoformulation of picroliv isolated from Picrorrhiza kurroa. IET Nanobiotechnology, 10: 114-
119.

Gupta M, Sharma P, Mazumder AG, Patial V and Singh D (2015) Dwindling of cardio damaging
effect of isoproterenol by Punica granatum L. peel extract involve activation of nitric oxide-
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mediated Nrf2/ARE signaling pathway and apoptosis inhibition. Nitric Oxide - Biology and
Chemistry, 50:105-113.

Gupta M, Sharma P, Mazumder AG, Patial V and Singh D (2015) Dwindling of cardio damaging
effect of isoproterenol by Punica granatum L. peel extract involve activation of nitric oxide-
mediated Nrf2/ARE signaling pathway and apoptosis inhibition. Nitric Oxide. 50:105-113.
Himanshu, Swarnkar MK, Singh D and Kumar R (2016) First complete genome sequence of a
species in the genus Microterricola, an extremophilic cold active enzyme producing bacterial
strain ERGS5:02 isolated from Sikkim Himalaya. Journal of Biotechnology,222: 17-18.

Jaryan 'V, Uniyal SK, Datta A and Gupta RC (2016) late fruiting in Sapium sebiferum: An effective
dispersal strategy. Tropical Ecology, 57(2):375-379.

Joshi R, Rana A and Gulati A (2015) Studies on quality of orthodox teas made from anthocyanin-
rich tea clones growing in Kangra valley, India. Food Chemistry, 176: 357-366.

Kalsi N, Gopalakrishnan C, Rajendran V and Purohit R (2016) Biophysical aspect of
phosphatidylinositol 3-kinase and role of oncogenic mutants (E542K & E545K). Journal of
Biomolecular Structure and Dynamics, 1-11.

Katoch, D, Singh B (2015) Phytochemistry and pharmacology of genus Zephyranthes. Medicinal
and Aromatic Plants, 2(4): doi:10.4172/2167-0412.1000212.

Kaur D, Dogra V, Thapa P, Bhattacharya A, Sood A and Sreenivasulu Y (2015) In vitro flowering
associated protein changes in Dendrocalamus hamiltonii. Proteomics, 15:1291-1306, DOI
10.1002/pmic.201400049.

Khattar JIS, Kaur S, Kaushal S, Singh Y, Singh DP, Rana S and Gulati A (2015) Hyperproduction
of phycobiliproteins by the cyanobacterium Anabaena fertilissima PUPCCC 410.5 under
optimized culture conditions. Algal Research, 12: 463-469.

Khattar JIS, Parveen S, Singh Y, Singh DP and Gulati A (2015) Intracellular uptake and reduction
of hexavalent chromium by the cyanobacterium Synechocystis sp. PUPCCC 62. Journal of
Applied Phycology,27(2): 827-837.

Kojima C, Sk UH, Fukushima D, Irie K, Akazawa N, Umeda M and Niidome T (2015) Effect of
main chain conformation on thermosensitivity in elastin-like peptide-grafted polylysine. RSC
Advances, 5(127): 104900-104906.

Koundal R, Kumar A, Thakur S, Agnihotri VK, Chand G and Singh RD (2015) Seasonal variation
in phytochemicals of essential oil from Juniperus communis needles in western Himalaya.
Journal of Essential Oil Research,27(5): 406-411.

Koundal R, Kumar D, Walia M, Kumar A, Thakur S, Gopichand, Padwad Y'S and Agnihotri VK
(2016) Chemical and in vitro cytotoxicity evaluation of essential oil from Eucalyptus citriodora
fruits growing in Northwestern Himalaya (India). Flavour and Fragrance Journal, 31: 158-162,
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doi: 10.1002/11].3296.

Koundal R, Rawat K, Agnihotri VK, Meena RL, Gopichand, Singh RD and Padwad YS (2015)
Temporal and spatial variation in quality of essential oil of Hedychium spicatum and evaluation of
its antioxidant activity. Journal of Essential Oil Research, 27(3): 217-224,
do0i:10.1080/10412905.2015.1006738.

Kumar A and Deshmukh B (2015) A review on 'Geo-ecological Studies' - An interdisciplinary
approach for evaluation and sustainable management of 'Geo-ecosystems'. Journal of the
Geological Society of India, 86(5): 605-612.

Kumar A, Chauhan VK, Kumar S and Singh RD (2015) Relevance of satellite derived net primary
productivity data in monitoring of protected areas in indian Western Himalaya. Asian Journal of
Geoinformatics, 15(4): 1-24.

Kumar A, Randhawa V, Acharya V, Singh K, and Kumar S (2015). Amino acids flanking the
central core of Cu, Zn superoxide dismutase are important in retaining enzyme activity after
autoclaving. Journal of Biomolecular Structure & Dynamics, 34(3):475-85.

Kumar Ajay, Vishwakarma, Aprajita Vihan, Sharma Nity and Yadav Sudesh Kumar (2016) DNA
methylation status in leaf, root and rhizome of Valeriana jatamansi. J Global Agri Eco 4(1): 36-44.

Kumar D, Gulati A and Sharma U (2016) Determination of theanine and catechin in Camellia
sinesis (Kangra Tea) Leaves by HPTLC and NMR Technique. Food Analytical Methods, 9(6):
1666-1674.

Kumar D, Kumar R, Singh B and Ahuja PS (2016) Comprehensive chemical profiling of
Picrorhiza kurroa Royle ex Benth using NMR, HPTLC and LC-MS/MS techniques.
Combinatorial Chemistry & High Throughput Screening, 19(3): 200-215.

Kumar D, Kumar R, Sing B and Ahuja PS (2015) Reproducible RP-HPTLC based quality control
method for endangered medicinal plant Picrorhiza kurrooa Royle Ex Benth. Journal of Planar
Chromatography, 28(3):256-261.

Kumar D, Kumar R, Singh B and Ahuja PS (2015) Reproducible reversed-phase high-
performance thin-layer chromatography-based quality-control method for the endangered

medicinal plant Picrorhiza kurroa Royle ex Benth. Journal of Planar Chromatography - Modern
TLC,28(3):256-261,DOL: http://dx.doi.org/10.1556/1006.2015.28.3.11.

Kumar D, Kumar R, Singh B and Ahuja PS (2016) Comprehensive chemical profiling of
Picrorhiza Kurroa Royl Ex Benth. using NMR, HPTLC and LC-MS/MS techniques.
Combinatorial Chemistry and High Throughput Screening, 19: 153-158.

Kumar D, Kumar R, Singh B and Ahuja PS (2016) Comprehensive chemical profiling of
Picrorhiza kurroa royle ex benth using NMR, HPTLC and LC-MS/MS techniques.
Combinatorial Chemistry and High Throughput Screening, 19(3): 200-215.
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Kumar D, Sukapaka M, Babu GDK and Padwad YS (2015) Chemical composition and in vitro
cytotoxicity of essential oils from leaves and flowers of Callistemon citrinus from western
Himalayas. PLoS One, 10(8): €0133823.doi:10.1371/journal.pone.0133823.

Kumar D, Gulati A and Sharma U (2016) Determination of theanine and catechin in Camellia
sinensis (Kangra Tea) leaves by HPTLC and NMR techniques. Food Analytical Methods, 9: 1666-
1674.

Kumar G and Singh AK (2015) Reference gene validation for qRT-PCR based gene expression
studies in different developmental stages and under biotic stress in apple. Scientia Horticulturae,
197:597-606.

Kumar G, Rattan UK and Singh AK (2016) Chilling-mediated DNA methylation changes during
dormancy and its release reveal the importance of epigenetic regulation during winter dormancy
in Apple (Malus x domestica Borkh.). PLoS One, 11(2): €0149934.

Kumar G, Arya P, Gupta K, Randhawa V, Acharya V, and Singh AK (2016) Comparative
phylogenetic analysis and transcriptional profiling of MADS-box gene family identified DAM
and FLC-like genes in apple (Malus x domestica). Scientific Reports, 6:20695, doi:
10.1038/srep20695.

Kumar M, Richa, Sharma S, Bhatt V and Kumar N (2015) Iron (III) chloride-catalyzed
decarboxylative-deaminative functionalization of phenylglycine: A tandem synthesis of
quinazolinones and benzimidazoles. Advanced Synthesis and Catalysis,357(13): 2862-2868.
Kumar R, Kuldip, Ahuja PS, Sharma RK (2015) Status and opportunities of molecular breeding
approaches for genetic improvement of tea. Springer International Publishing Switzerland, V.R.
Rajpal et al. (eds.) molecular breeding for sustainable. Crop Improvement, Sustainable
Development and Biodiversity,11: DOI10.1007/978-3-319-27090-6 5.

Kumar R, Kumar I, Sharma R and Sharma U (2016) Catalyst and solvent-Free alkylation of
quinoline N-oxides with olefins: direct access to quinoline substituted o—Hydroxy Carboxylic
derivatives. Organic and Bio-molecular Chemistry, 14:2613-2617.

Kumar R, Saima, Shard A, Andhare NH, Richa and Sinha AK (2015) Thiol-ene "click" reaction
triggered by neutral ionic liquid: The "ambiphilic" character of [hmim]br in the regioselective
nucleophilic hydrothiolation. Angewandte Chemie - International Edition, 54(3): 828-832.
Kumar R, Sharma S, Kaundal M, Sharma S and Thakur M (2016) Response of damask rose (Rosa
damascena Mill.) to foliar application of magnesium (Mg), copper (Cu) and zinc (Zn) sulphate
under Western Himalayas. Industrial Crops and Products, 83: 596-602, Doi:
10.2016/j.indcrop.2015.12.065.

Kumar R, Sharma S, Kaundal M, Sood S and Agnihotri VK (2016) Variation in essential oil
content and composition of damask rose (Rosa damascena Mill) flowers by salt application under
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mid hills of the western Himalayas. Journal of Essential Oil Bearing Plants, 19(2): 297-306, DOI:
10.1080/0972060X.2016.115385.

Kumar R, Sharma S, Prasad R and Dubey YP (2015) Bioorganic nutrient source effect on natural
sweetener plant stevia and soil fertility in the Western Himalayas. Communications in Soil Science
and Plant Analysis,46: 1170-1186, DOI: 10.1080/00103624.2015.1033545.

Kumar R, Sharma S, Sood S, Prasad R and Dubey YP (2015) Bioorganic nutrient source effect on
growth, biomass, and quality of natural sweetener plant stevia and soil fertility in the Western
Himalayas. Communications in Soil Science and Plant Analysis, 46(9): 1170-1186.

Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Complete genome sequence of
Arthrobacter sp. ERGS1:01, a putative novel bacterium with prospective cold active industrial
enzymes, isolated from East Rathong glacier in India. Journal of Biotechnology, 214: 139-140.
Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2015) Genome assembly of
Chryseobacterium polytrichastri ERMR1:04, a psychrotolerant bacterium with cold active
proteases, isolated from East Rathong glacier in India. Genome Announcements, 3(6): €01305-15.
Kumar R, Singh D, Swarnkar MK, Singh AK and Kumar S (2016) Complete genome sequence of
Arthrobacter alpinus ERGS4:06, a yellow pigmented bacterium tolerant to cold and radiations
isolated from Sikkim Himalaya. Journal of Biotechnology, 220: 86-87.

Kumar R, Sharma S, Kaundal M, Sood S and Agnihotri VK (2016) Variation in essential oil
content and composition of damask rose (Rosa damascena Mill) flowers by salt application under
mid hills of western Himalayas. Journal of Essential Oil Bearing Plants, 19(2): 297-306,
doi:10.1080/0972060X.2016.1153985.

Kumar S, Meenakshi, Bairagi GD, Vandana and Kumar A (2015) Identifying triggers for forest
fire and assessing fire susceptibility of forests in Indian Western Himalaya using geospatial
techniques. Natural Hazards, 78(1): A012,203-217.

Kumar V, Bhandawat A, Sharma H, Nag A and Sharma RK (2015) Novel microsatellite markers
identification and diversity characterization in Pteris cretica L. Journal of Plant Biochemistry and
Biotechnology,25(1): 104-110.

Kumar V, Reddy SGE, Chauhan U, Kumar N and Singh B (2015) Chemical composition and
larvicidal activity of Zanthoxylum armatum against diamondback moth, Plutella xylostella.
Natural Product Research,(DOI:10.1080/14786419.2015.1036270).

Kumar V, Reddy SGE, Bhardwaj A, Dolma SK and Kumar N (2016) Larvicidal activity and
structure activity relationship of cinnamoyl amides from Zanthoxylum armatum and their
synthetic analogues against diamondback moth, Plutella xylostella. EXCLI Journal, 15:229-237.
Kumar V, Sharma A, Chawla A, Bhardwaj R and Thukral AK (2016) Water quality assessment of
river Beas, India, using multivariate and remote sensing techniques. Environmental Monitoring
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and Assessment, 188(3): 137, 1-10.

Kumari A (2015) Involvement of bacterial strains in metal extractability from fly ash isolated from
rhizospheric zone of fern ampelopteris prolifera growing on fly ash dumping sites. Microbes in
Soil and Their Agricultural Prospects,377-390.

Kumari A, Guliani A, Singla R, Yadav R and Yadav SK (2015) Silver nanoparticles synthesised
using plant extracts show strong antibacterial activity. /[ET Nano-biotechnology,9(3): 142-152.

Kumari A, Lal B and Rai UN (2016) Assessment of native plant species for phytoremediation of
heavy metals growing in the vicinity of NTPC sites, Kahalgaon, India. International Journal of
Phytoremediation, 18(6): 592-597.

Kumari A and Brij L (2015) Management of metal loaded fly ash by pteridophytes: an overview.
Bharatiya Vaigyanik evam Audhyogik Anusandhan Patrika,23(2): 108-113.

Kumari M, Swarnkar MK , Kumar S, Singh AK and Gupta M (2015) Complete genome sequence
of potential probiotic lactobacillus sp. HFCS, isolated from human gut using PacBio SMRT
sequencing. Genome Announcements, 3(6): €01337-15.

Kumari S, Chauhan U, Kumari A and Nadda G (2015) Comparative toxicities of novel and
conventional acaricides against different stages of Tetranychus urticae Koch (Acarina:
Tetranychidae). Journal of the Saudi Society of Agricultural Sciences, DOI:
10.1016/j.jssas.2015.06.003.

Kumari S, Sharma N, Joshi R, Gulati A and Sharma PC (2015) Dissipation studies of metribuzin in
alfisol soils and its terminal residues in potato tubers. International Journal of Agriculture,
Environment and Biotechnology, 8: 449-455.

Mahajan H and Gupta M (2015) Nutritional, functional and rheological properties of processed
sorghum and ragi grains. Cogent Food and Agriculture, 1: 1109495.

Malik S, Bhushan S, Sharma M and Ahuja PS (2016) Biotechnological approaches to the
production of shikonins: A critical review with recent updates. Critical Reviews in Biotechnology,
36(20): 327-340.

Manjunatha BL, Singh HR, Ravikanth G, Nataraja KN, Shankar R, Kumar S and Shaanker RU
(2016) Transcriptome analysis of stem wood of Nothapodytes nimmoniana (Graham) Mabb.

identifies genes associated with biosynthesis of camptothecin, an anti-carcinogenic molecule.
Journal of Biosciences,41(1): 119-131.

Masand S and Yadav SK (2016) Overexpression of MuHSP70 gene from macrotyloma uniflorum
confers multiple abiotic stress tolerance in transgenic arabidopsis thaliana. Molecular Biology
Reports,43(2): 53-64.

Mehra M, Gangwar I and Shankar R (2015) A deluge of complex repeats: The solanum genome.
PL0S One, 10(8):€0133962.
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Nadda Gireesh (2015) Occurrence of root aphid, Forda orientalis George on a high altitude plant,
Arenaria festucoides Benth in Western Himalaya. MUNIS Entomology and Zoology, 10(2): 499-
501.

Nadda Gireesh and Joshi Sunil (2015) First report of aphid, Liosomaphis ornata Miyazaki, 1971
(Hemiptera: Aphididae) from India. Halteres, 6: 51-55.

Nag A, Ahuja PS and Sharma RK (2015) Genetic diversity of high-elevation populations of an
endangered medicinal plant. 4oB Plants,7(1): plu076.

Nayal OS, Bhatt V, Sharma S and Kumar N (2015) Chemoselective reductive amination of
carbonyl compounds for the synthesis of tertiary amines using
SnCl<inf>2</inf>-2H<inf>2</inf>0/PMHS/MeOH. Journal of Organic Chemistry, 80(11):
5912-5918.

Nayal OS, Thakur MS, Kumar M, Sharma S and Kumar N (2016) Tin-catalyzed selective
reductive hydroamination of alkynes for the synthesis of tertiary amines. Advanced Synthesis and
Catalysis,358(7): 1103-1109.

Pal PK, Mahajan M, Prasad R, Pathania V, Singh B and Ahuja PS (2015) Harvesting regimes to
optimize yield and quality in annual and perennial Stevia rebaudiana under sub-temperate
conditions. Industrial Crops and Products, 65: 556-564.

Pal PK, Prasad R and Singh RD (2015) Evaluating the non-destructive method for determining the
chlorophyll and nitrogen content in Stevia rebaudiana (Bertoni) leaf. Plant Biosystems, 149(1):
131-135.

Paul A and Kumar S. (2015). An 420/AN1-zinc-finger domain containing protein gene in tea is
differentially expressed during winter dormancy and in response to abiotic stress and plant growth
regulators. Plant Gene 1: 1-7.

Parimoo HA, Sharma R, Patil RD and Patial V (2015) Sub-acute toxicity of lantadenes isolated
from lantana camara leaves in guinea pig animal model. Comparative Clinical Pathology, 24(6):
1541-1552.

Pathania S and Acharya V (2016) Computational analysis of “-omics” data to identify

transcription factors regulating secondary metabolism in Rauvolfia serpentine. Plant Molecular
Biology Reporter,34(1):283-302.

Pathania S, Ramakrishnan SM and Bagler G (2015) Phytochemica: A platform to explore
phytochemicals of medicinal plants. Database (Oxford), pii: bav075. doi:
10.1093/database/bav075.

Pathania S, Ramakrishnan SM, Randhawa V and Bagler G (2015) SerpentinaDB: A database of
plant-derived molecules of Rauvolfia serpentine. BMC Complementary and Alternative
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Medicine, 15(1):262.

Patial V, Mahesh S, Sharma S, Pratap K, Singh D and Padwad YS (2015) Synergistic effect of
curcumin and piperine in suppression of DENA-induced hepatocellular carcinoma in rats.
Environmental Toxicology and Pharmacology,40(2): 445-452.

Patial V, Asrani RK, Patil RD, Kumar N and Sharma R (2015) Protective effect of sea buckthorn
(Hippophae rhamnoides L.) leaves on Ochratoxin-A induced hepatic injury in Japanese quail.
Veterinary Research International,3(4): 109-114.

Rana A, Kumar D, Joshi R, Gulati A and Singh HP (2015) Cytotoxic activity of black tea theaflavin
digallates against chinese hamster ovary cells (CHOK1) and rat glioma cells (C-6). Chemistry of
Natural Compounds, 51(5): 835-839.

Rana A, Singh HP and Gulati A (2015) Concurrent analysis of theanine, caffeine, and catechins
using hydrophobic selective .C 12 stationary phase. Journal of Liquid Chromatography and
Related Technologies, 38(6): 709-715.

Rana A, Singh HP, Gulati A (2015) Investigation of major phenolic antioxidants from Camellia
sinensis Fruits. Cogent Chemistry, 1(1), DOI:10.1080/23312009.2015.1080652.

Rana S and Bhushan S (2015) Apple phenolics as nutraceuticals: assessment, analysis and
application. Journal of Food Science and Technology, 1-12,DOI-10.1007/s13197-015-2093-8.

Rana S, Kumar S, Rathore N, Padwad Y'S and Bhushan S (2016) Nutrigenomics and its impact on
life style associated metabolic diseases. Current Genomics, 17(3): 261-278.

Rana S, Gupta S, Rana A and Bhushan S (2015) Functional properties, phenolic constituents and
antioxidant potential of industrial apple pomace for utilization asactive food ingredient. Food
Science and Human Wellness,4:180-187,DOI: 10.1016/j.fshw.2015.10.001.

Randhawa V Kumar, Singh A and Acharya V (2015) A systematic approach to prioritize drug
targets using machine learning, a molecular descriptor-based classification model, and high-
throughput screening of plant derived molecules: A case study in oral cancer. Molecular
BioSystems, 11(12):3362-3377.

Randhawa V and Acharya V (2015) Integrated network analysis and logistic regression modeling
identify stage-specific genes in Oral Squamous Cell Carcinoma. BMC Medical Genomics, 8:39,
DOI: 10.1186/512920-015-0114-0.

Rattan R, Reddy SGE, Dolma SK, Fozdar BI, Gautam V, Sharma R and Sharma U (2015) A new
triterpenoid saponins from Clematis graveolens and their insecticidal Activity. Natural Product
Communications, 10(9):1525-1528.

Rattan R, Reddy SGE, Dolma SK, Fozdar BI, Gautam V, Sharma R and Sharma, U (2015)
Triterpenoid saponins from Clematis graveolens and evaluation of their insecticidal activities.
Natural Products Communications, 10(9): 1525-1528.
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Reddy SGE, Dolma SK, Koundal R and Singh B (2015) Chemical composition and insecticidal
activity of essential oils against diamondback moth, Plutella xylostella. Natural Product
Research,DOI:10.1080/14786419.2015.1068772.

Shafi A, Chauhan R, Gill T, Swarnkar MK, SreenivasuluY, Kumar S, Kumar N, Shankar R, Ahuja
PS, and Singh AK (2015). Expression of SOD and APX genes positively regulates secondary cell
wall biosynthesis and promotes plant growth and yield in Arabidopsis under salt stress. Plant
Molecular Biology 87(6):615-31.

Saima, Lavekar AG, Kumar R and Sinha AK (2015) Bovine serum albumin triggered waste-free
aerobic oxidative coupling of thiols into disulphides on water: An extended synthesis of bioactive
dithiobis(phenylene)bis(benzylideneimine) via sequential oxidative coupling-condensation
reactions in one pot from aminothiophenol and benzaldehyde. Journal of Molecular Catalysis B:
Enzymatic,216:3128,113-123.

Sandal I, Koul R, Saini U, Mehta M, Dhiman N, Kumar N, Ahuja PS and Bhattacharya A (2015)
Development of transgenic tea plants from leaf explants by the biolistic gun method and their
evaluation. Plant Cell, Tissue and Organ Culture, 123(2): 245-255.

Shanmugam V, Chugh P and Sharma P (2015) Cold-tolerant trichoderma species for the
managementof Fusarium wilt of tomato plants. Annals of Microbiology, 65(1): 543-551.
Shanmugam V, Thakur H and Singh M (2015) First report of root rot caused by fusarium solani on
Calla Lily (Zantedeschia ellitiona) from india. Plant Disease, 99(9): 1283.

Sharma A, Mahajan H, Dwivedi JP and Gupta M (2015) Optimization of nutritionally enriched
mango bar using response surface methodology. Journal of Food Measurement and
Characterization,9: 152-159.

Sharma I, Srinivasan R, Ahuja PS, Bhat SR and Sreenivasulu Y (2015) Identification and
characterization of a T-DNA promoter trap line of Arabidopsis thaliana uncovers an embryo sac-
specific bi-directional promoter. Plant Molecular Biology Reporter,33(5): 1404-1412.

Sharma OP (2015) Ethics in science. Indian Journal of Microbiology, 55(3): 341-344.

Sharma OP (2015) Second swadeshi science novel prize - a mirage. Current Science, 109(2): 238-
239.

Sharma P, Gupta YC, Dhiman SR, Sharma P and Bhargava B (2015) Effect of planting time on
growth, flowering and seed yield in dianthus barbatus L. National Academy Science Letters, DOI
10.1007/s40009-014-0336-2.

Sharma P, Gupta YC, Dhiman SR, Sharma P and Bhargava B (2016) Variation in growth,
flowering and seed yield of satin flower (Godetia grandiflora) planted on different date. Indian
Journal of Agricultural Sciences, 86(2): 277-280.

Sharma P, Kumari A and Brij L(2015) Fern: a neglected plant group. Bharatiya Vaigyanik evam
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Audhyogik Anusandhan Patrika,23(2): 119-127.

Sharma R, Bala M, Verma PK and Singh B (2015) Water mediated synthesis of Benzozole and
Thiourea motifs by reacting naturally occurring isothiocyanate with amides. Synthetic
Communications, 45 (18)2106-2114.

Sharma R, Kumar R, Kumar I and Sharma U (2015) RhlII-catalyzed dehydrogenative coupling of
quinoline N-Oxides with alkenes: N-Oxide as traceless directing group for remote C-H activation.
European Journal of Organic Chemistry,34:7519-7528.

Sharma R, Kumar R, Kumar I, Singh B and Sharma U (2015) Selective C-Si bond formation
through C-H functionalization. Synthesis, 47(16): 2347-2366.

Sharma R, Thakur K, Kumar R, Kumar I and Sharma U (2015) Distant C-H
activation/functionalization: A new horizon of selectivity beyond proximity. Catalysis Reviews -
Science and Engineering, 57(3): 345-405.

Sharma RK, Chaudhary A, Sharma H, Bhardwaj P, Sharma V, Kumar R and Ahuja PS (2015)
Identification and cross-species amplification of microsatellite markers derived from expressed
sequence data of rose species. Journal of Plant Biochemistry and Biotechnology, 24(3):359-364.

Sharma S and Kumar R (2016) Effect of temperature and storage duration of flowers on essential
oil content and composition of damask rose (Rosa x damascena Mill.) under western Himalayas.
Journal of Applied Research on Medicinal and Aromatic Plants,3(1): 10-17.

Sharma S, Rana S, Patial V, Gupta M, Bhushan S and Padwad YS (2016) Antioxidant and
hepatoprotective effect of polyphenols from apple pomace extract via apoptosis inhibition and

Nrf2 activation in mice. Human and Experimental Toxicology, DOI:
10.1177/0960327115627689.

Sharma S, Singh B and Manchanda VK (2015) Phytoremediation: role of terrestrial plants and
aquatic macrophytes in the remediation of radionuclides and heavy metal contaminated soil and
water. Environmental Science and Pollution Research International,22(2): 946-962.

Sharma S, Singh B, Thulasidas SK, Kulkarni MJ, Natarajan V and Manchanda VK (2016)
Evaluation of terrestrial plants extracts for uranium sorption and characterization of potent
phytoconstituents. International Journal of Phytoremediation, 18(1): 10-15.

Sharma S, Walia S, Singh B and KumarR (2015) Comprehensive review on agro technologies of
low -calorie natural sweetener Stevia (Stevia rebaudiana Bertoni): a boon to diabetic patients.
Journal of the Science of Food and Agriculture,96(6): 1867-79, DOI: 10.1002/jsfa.7500.

Shil AK, Kumar S, Reddy CB, Dadhwal S, Thakur V and Das P (2015) Supported palladium
nanoparticle-catalyzed carboxylation of aryl halides, alkenylsilanes, and organoboronic acids
employing oxalic acid as the C1 source. Organic Letters, 17(21): 5352-5355.

Singh AK, Kumar R, Tripathi AK, Gupta BK, Pareek A and Singla-Pareek SL (2015) Genome-
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wide investigation and expression analysis of Sodium/Calcium exchanger gene family in rice and
Arabidopsis. Rice, 8(1): 21.

Singh DP, Khattar JIS, Kaur G, Gupta M, Singh Y and Gulati A (2015) Effect of pretilachlor on
nitrogen uptake and assimilation by the cyanobacterium desmonostoc muscorum PUPCCC
405.10. Acta Physiologiae Plantarum,37(9): 177.

Singh KN, Gopichand, Lal B, Todaria NP (2016) Ecological status and conservation of rare plants
in high altitude landscape of Indian Western Himalaya. Global Journal Research on Medicinal
Plants and Indigenous Medicine, 5(1): 01-18.

Singh MK, Kumar S, Ram R and Prasad R (2016) Effect of size of bulb, growing conditions and
depth of planting on flower and bulb production of Asiatic hybrid lily (Lilium spp) cv. Brunello.
Indian Journal of Agricultural Sciences, 86(3): 391-393.

Singh P, Nag A, Parmar R, Ghosh S, Bhau BS and Sharma RK (2015) Genetic diversity and
population structure of endangered Aquilaria malaccensis revealed potential for future
conservation. Journal of Genetics, 94(4): 697-704.

Singh P, Singh D and Goel RK (2015) Protective effect on phenytoin-induced cognition deficit in
pentylenetetrazol kindled mice: a repertoire of Glycyrrhiza glabra flavonoid antioxidants.
Pharmaceutical Biology, DOI: 10.3109/13880209.2015.1063673.

Singh S and Dhyani D (2016) Domestication of wild Gerbera (Gerbera gossypina (Royle)
Beauved). International Journal of Plant Science and Ecology,2: 10-14.

Singh S, Dhyani D, Nag A and Sharma RK (2016) Morphological and molecular characterization
revealed high species level diversity among cultivated, introduced and wild roses (Rosa sp.) of
western Himalayan region. Genetic Resources and Crop Evolution, 1-16, DOI-10.1007/s10722-
016-0377-0.

Singh S, Rajaram, Kaundal S, Sharma A, Kumar A and Dhyani D (2016) Field performance and
differential response of micro-propagated potential F, genotypes of Gerbera jamesonii. American
Journal of Experimental Agriculture, 10(1): 1-11.

Singh S and Dhillon SS (2015) Socio- economic analysis of celery crop in Punjab. Agricultural
Situation in India, June, 16-23.

Singh S and Dhillon SS (2015) Socio- economic analysis of ginger crop in Himachal Pradesh.
Indian Journal of Hill Farming, 28(1): 35-42.

Singh S and Dhillon SS (2015) Socio- economics of herbal processing units in Himachal Pradesh.
Russian Journal of Agricultural and Socio-Economic Sciences, 3(39): 3-8.

Sirhindi G, Sharma P, Arya P, Goel P, Kumar G, Acharya V and Singh AK (2015) Genome-wide
characterization and expression profiling of TIFY gene family in pigeonpea (Cajanus cajan (L.)
Millsp.) under copper stress. Journal of Plant Biochemistry and Biotechnology, doi:
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10.1007/s13562-015-0342-6.

Sood A and Gupta M (2015) Extraction process optimization for bioactive compounds in
pomegranate peel. Food Bioscience, 12: 100-106.

Stappen I, Ali A, Tabanca N, Khan IA, Wanner J, Gochev VK, Singh V, Lal B, Jaitak V, Kaulh VK,
Schmidt E and Jirovetz L (2015) Antimicrobial and repellent activity of the essential oils of two
lamiaceae cultivated in Western Himalaya. Current Bioactive Compounds, 11(1): 23-30.

Stappen I, Tabanca N, Ali A, Wedge DE, Wanner J, Kaul VK, Brij Lal, Jaitak V, Gochev VK,
Jirovetz Schmidt E and Leopold (2015) Chemical composition and biological activity of essential
oils from wild growing aromatic plant species of Skimmia laureola and Juniperus macropoda from
Western Himalaya. Natural Product Communications, 10(6): 1071-1074.

Thakur H, Kumar S and Shanmugam V (2016) First report of Penicillium griseofulvum causing
leaf'blight on rheum Australe. Journal of Plant Pathology, 198(1): 180.

Thakur S and Agnihotri VK (2016) 14R, 17S, 20R-lupan-3-one, assignment of a new triterpene
structure from Commiphora wightii. Magnetic Resonance in Chemistry, 54(5): 400-402.

Thakur V, Sharma D and Das P (2016) Ethyl 3-(2,4-dioxocyclohexyl)propanoate as a novel
precursor for N-substituted 4,4a,5,6-tetrahydroquinoline-2,7(1H,3H)-diones and their
corresponding 3,4-dihydro-7-hydroxyquinolin-2(1H)-ones and 7-hydroxyquinolin-2(1H)-ones
synthesis. Molecular Diversity,20(1): 29-40.

Unamba CIN, Nag A and Sharma RK (2015) Next generation sequencing technologies: The
doorway to the unexplored genomics of non-model plants. Frontiers in Plant Science, 6: 1074.
Verma A, Kumar S, Ahmed M, Kumar A and Uniyal SK (2015) HIMADRI site in Himachal
Pradesh (Chansal). ENVIS Newsletter on Himalayan Ecology, 12(2): 5.

Walia M, Kumar S and Agnihotri VK (2016) UPLC-PDA quantification of chemical constituents
of two different varieties (golden and royal) of apple leaves and their antioxidant activity. Journal
of the Science of Food and Agriculture, 96(5): 1440-1450.

Walia S, Kumar R and Singh B (2015) Unique aromas from Himalayas. Indian Perfumer, 59(3):
32-46.

Walia S, Sharma S, Kulurkar P M, Patial V and Acharya A (2016) A bimodal molecular imaging
probe based on chitosan encapsulated magneto-fluorescent nanocomposite offers
biocompatibility, visualization of specific cancer cells in vifro and lung tissues in vivo.
International Journal of Pharmaceutics, 498:110-118.

Walia Y, Dhir S, Zaidi AA and Hallan V (2015) Apple scar skin viroid naked RNA is actively
transmitted by the whitefly trialeurodes vaporariorum. RNA Biology, 12(10): 1131-1138.

FHART 3TehT Td ol ATl (2015) YUTHIT §RT &7 AR ISIRRI BT Jde: Y AdAIhal,
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AR d=if~ieh Ud Sf[eifires e uf3er 23(20): 108-113.

ST TURIT, 3TeehT BANT UG g1 T, YUTIT Yeh SUTRTd UTey -9RATI d=1+1dh Ud AR SIHem
Uit 23(20): 119-127 (Fern: a neglected plant group. Bharatiya Vaigyanik evam Audhyogik
Anusandhan Patrika23(2): 119-127).

Popular Articles/ Abstracts
8 ARSI, FAR GOl TG 4 AT (2015) ToRg MRAT DI FRIETT Tl el Bl SJells TR

Gupta YC, Thakur P, Dhiman SR, Sharma P, Bhargava B (2015) Potential wild ornamentals for
commercial use. National Conference on Indian Botanic Gardens, CSIR-NBRI, Lucknow, pp 13-
14.

Bhargava B, Kumar S, Verma AK and Singh MK (2016) Performance evaluation of calla lily
under naturally ventilated polyhouse conditions in mid hills of Western Himalayas. National
Conference on Floriculture and Landscaping for Urban and Rural Prosperity, [ARI, New Delhi.
Book(s)/Book chapter

Ahmad N and Anis M (2015) In Vitro approaches for conservation and sustainable utilization of
Podophyllum hexandrum and Picrorhiza kurroa - an overview on these endangered medicinal
herbs of Western Himalaya. In: Plant Tissue Culture: Propagation, Conservation and Crop
Improvement, Springer, Singapore.

Dhyani D and Singh S (2015) Wild roses of Western Himalayas and A catalogue of Rosa species.
Kant K, Agnihotri VK and Ghosh M (2015) Antioxidant guided chemical investigations of
picrorhiza kurroa. 13: 978-3-659-70625-7; ISBN-10: 3659706256, pp 68, LAP LAMBERT
Academic Publishing, Saarbriicken, Germany.

Reddy SGE, Dolma SK and Bhardwaj A (2016) Plants of Himalayan region as potential source of
biopesticides for lepidopteron insect pests. IN: Herbal insecticides, repellents and biomedicines:
effectiveness and commercialization (Eds. Vijay Veer and Reji Gopalakrishnan), Springer India.
RK Asrani, Vikram Patial and Meenakshi Thakur (2015) Ochratoxin A: Possible mechanisms of
toxicity. IN: Ochratoxins: Biosynthesis, Detection and Toxicity. (Eds. Daniel Porter), 1st Edn, pp.
57-89, Nova Science Publishers, NY.

Sood A, Alpy and Uniyal SK (2016) Biodiversity characteristics of the Western Himalaya. /n Das
and Bera (Eds). Plant Diversity in the Himalaya Hotspot Region.

Yadav AK, Kaundal S, Sharma Aand Singh S (2015) Chilling stress tolerance in plants:
Physiology and mechanisms. IN: Recent advances in plant stress physiology (Eds. Praduman
Yadav and Sunil umar). ISBN 978-93-5124-730-2, pp.-185-199, Astral International (P.) Ltd.
India.

Book(s) published
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Kumar Sanjay (2015) Technologies for livelihood enhancement. (Eds V.L. Chopra and Sanjay
Kumar), ISBN: 978-93-83305-81-0, New India Publishing Agency, New Delhi, India.

SEQUENCE DATASUBMITTED

Guleria S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Paecilomyces
sp (IHBF-1) isolated from Spodoptera litura (Palampur) (Accession No: Ln886694).

Guleria S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Beauveria
brongniartii (IHBF-2) isolated from soil (Mango, Kangra) (Accession No: Ln886695).

Guleria S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Cordyceps
brongniartii (IHBF-3) isolated from grasshopper (Stevia) (Accession No: L.n886696).

Guleria S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Paecilomyces
sp (IHBF-4) isolated from soil (Tea, Palampur) (Accession No: Ln886697).

Guleria S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Beauveria
brongniartii (IHBF-5) isolated from soil (Mango, Kangra) (Accession No: Ln886698).

Guleia S, Thakur R, Gulati A and Reddy SGE (2016) Entomopathogenic fungus, Beauveria
brongniartii (IHBF-6) Beauveria brongniartii isolated from soil (Berseem, Kangra) (Accession
No: Ln886699).

ENTREPRENEURIALPROGRAMMES

Gupta M (2016) Organized one day awareness programme on “Entrepreneurial support in
functional food and NG

nutraceuticals through o - Y
Uﬂiﬂﬂjnmmm-ﬁnmammns Rl e = -
o &M oo Sy

Incubator” in association
with Ministry of MSME,
Govt. of India, February
27.

Gupta M (2015) One day Industry meet organized on “Food and Nutraceuticals” in association
with DSIR, New Delhi for industry linkage development and assessment of their needs, Where 29
industry representative

and progressive

ON

participated, CSIR-
IHBT, Palampur,
August10.

entrepreneurs g LG , : 4 5 gﬂlﬁﬂﬂ'mﬂmﬂ
» , | o T8 D NTRAGEUTICALS”
&
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TRAININGS IMPARTED
Vishal Kondal. GNDU, Amritsar (Punjab), 26 May 2015 to 26 June 2015.

Samita Kumari Gene Transformation (Transgenics). Department of Vegetable Sciences and
Floriculture, CSK HPKYV, Palampur, 14-28 March 2015, Supervised by Dr. Amita Bhattacharya.

Madhu from I.S.F. College Moga, Punjab, 4 January to 5 February 2016.
Rajat Bhardwaj. I.S.F. College Moga, Punjab, 4 January to 29 January 2016.

Pierre Nobosse. TWAS-CSIR fellow under project entitled “Application of Nanotechnology in
development of Nutraceuticals intended to the management of oxidative stress, 8 September
2015.

Umar Ahmad Sheikh. School of Biosciences and Biotechnology Baba Ghulam Shah Badshah
University, Rajouri, six months M.Sc. Biotechnology dissertation entitled “Exploring the
involvement of PI3K/AKT/mTOR pathway in pentylenetetrazol kindled mice model December
2014 to May 2015.

Abu Bakar. 'Basic techniques in Plant Tissue Culture' of Department of Biological Sciences,
Usmanu Danfodiyo University, Nigeria, 18-21 May, 2015 under supervision of Dr. Amita
Bhattacharya.

Paramjit Singh. Project officer, Potato Centre of Excellence, Jalandhar and Dr. Damandeep Singh,
Horticulture Development Officer, Jalandhar on 'Basic techniques in Plant Tissue Culture' to
during 13- 17 July 2015, supervised by Dr. Amita Bhattacharya.

25 students of Department of Genetics, CSK HP KV, Palampur on genetic transformation methods
18 December, 2015, supervisced by Dr. Amita Bhattacharya.

CONFERENCE/TRAINING/WORKSHOP/SYMPOSIUM PRESENTATIONS

Thakur M, Asrani RK, Sahrma PK, Patil RD, Brij Lal and Omparkash (2016) Traditional usage of
ethno-medicinal plants of Kangra and Chamba districts of Himachal Pradesh, India. 3"
International Congress of the Society for Ethnopharmacology: Ethnopharmacology & Evaluation
of Medicinal Plants— Global Perspectives, Ravishankar University Raipur, Chhattisgarh,
February 19-21.

Mahesh G (2015) Traditional and nutraceutical rich fermented foods of western Himalayan region
in 3“ ANNAM National Food and Agro Biodiversity Conference at Kochi, Kerala, December 10-
14.

Singh S, Kumar R, Sharma RK, Kumar N and Ahuja PS (2015) Comprehensive agro-
biotechnological efforts for genetic improvement and conservation of seabuckthorn (Hippophae
L.). Abstract published in the 7" Conference of the International Seabuckthorn Association (ISA
2015) Seabuckthorn Emerging Technologies for Health Protection and Environmental
Conservation, NASC Complex New Delhi, India, pp26, November 24-26.
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Lal B (2015) Herbal based value added tea for health attributes. seminar on 'Scope and
Development of Tea Based Value Added Products and Essential oil / Aromatic and Medicinal
Plants' at Ooty, Nilgiris, organized by MSME Department, Government of Tamil Nadu,
November 20-21.

CONFERENCES/TRAINING/WORKSHOP/MEETING ATTENDED

Kumar R (2016) “Workshop on High altitude medicinal plants” ICFRE, Dehradun, Uttrakhand,
March21-22.

Singh D (2016) 8th NIPER (RBL)-CSIR-CDRI Symposium on “Current trends in medicinal
chemistry and pharmaceutical sciences in drug discovery” NIPER, Raebareli March 18-19.

Patial V (2016) 6th International Symposium on “Current Trends in Drug Discovery Research
(CTDDR)”, CSIR-CDRI, Lucknow, February 25 -28.

Singh D (2016) 6th International Symposium on “Current trends in drug discovery research”
CSIR-CDRI, Lucknow, February 25-28.

Kumar R, Uniyal S and Sreenivasulu Y (2016) “Leadership development programme 4th
module” CSIR, HRDC, Ghaziabad, February 22-25.

Kumar A (2016) Attended “31st Induction Training Programme for Scientists” CSIR-HRDC,
Ghaziabad, February 1-10.

Singh D (2016) Served as an external examiner for thesis evaluation and conducted dissertation
viva-voce of one M. Tech. [Food Technology (Nutragenomics)] student at department of life
sciences and technology, Punjab Institute of Technology (PTU main campus), Kapurthala,
January 18.

Kumar R, Uniyal S, Sreenivasulu Y and Chawla A (2015) “Leadership development programme
2nd module” CSIR, HRDC, Ghaziabad, December 7-17.

Kumar A (2015) Attended workshop on “The art of public speaking and technical writing”. CSIR-
HRDC, Ghaziabad, November 18-20.

Lal B (2015) Botanical garden of CSIR-IHBT Palampur — An Introduction national conference
Indian Botanic Garden, CSIR-NBRI, Lucknow, November 18-20.

Singh D (2015) 3rd Biennial national conference of indian academy of veterinary nutrition and
animal welfare on “Livestock Production-cum-Health and Crop Mixed Farming for Nutritional
Security” organized by CSK HPKYV, ICAR-IVRI and ICAR-IGFRI stations at Palampur,
November4-5.

Brij L (2015) attended Workshop-cum-Brain storming Session on Current status and future
prospects of animal production system in North-West Himalayan region. [ICAR-IVRI, Regional
Station Palampur during October13-14.

Kumari A (2015) attended National conference on “Cryptogam research in India: Progress and
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prospects”. CSIR-NBRI, Lucknow, delivered Special Lecture during Pteridophyta session,
September 28-29.

Sigh D (2015) Attended board of studies meeting at Chandigarh University and formulate/modify
syllabus M.Sc. Toxicology, April 28.

Shivling VD, Sharma SK, Goap A, Ghanshyam C, Arora D, Kumar S and Kumar R (2015) Areal
time computational and statistical model (with high availability) of early warning for plant
protection and pest control for crops (exp.Kutki). IEEE International Conference on Computer
Graphics, Vision and Information Security (CGVIS). KIIT University, Bhubaneswar, Orissa,
India, November 2-3.

Gireesh Nadda (2015) attended workshop on “Multi-institutional synergy spproach for pesticide
related issues in India" at AIIMS, New Delhi, jointly organized by IPFT, Gurgaon and AIIMS,
New Delhi, 23 November.

INVITED LECTURES FROM CSIR-IHBT

Dr. Sanjay Kumar (2015) Integrating transcriptomic and metabolomic approaches to understand
plant performance under stressful environment: case studies of plants in western Himalayas in
DST sponsored “South Africa-India Bilateral Agricultural Biotechnology Workshop” be held
during February 23-27,2015 at NIPGR, New Delhi, February 24.

Dr. Sanjay Kumar (2015) Biotechnological approaches to bioprospecting genes, proteins and
plant processes in western Himalaya special lecture on the eve of superannuation of Dr.T. C. Bora,
Chief Scientist and Head, Biotechnology Division at CSIR-NEIST, Jorhat, Assam, March 30.

Dr. Sanjay Kumar (2015) Molecular approaches to modulate biosynthesis of natural products of
medicinal importance during National Conference on Therapeutic Potential of Natural Products:
Current Innovations and Future Trends organized by Department of Genetics, Maharshi
Dayanand University, Rohtak-124001, Haryana, March 19.

Dr. Sanjay Kumar (2015) Plant adaptations at high altitude in International Conference on 'Low
temperature ccience and biotechnological advances' during 27-30 April, 2015 being organised by
Indian Council of Agricultural Research (ICAR), NBPGR in collaboration with Society for Low
Temperature Biology (SLTB), UK, Royal Botanic Gardens (RBG), Kew, UK and National
Academy of Agricultural Sciences (NAAS), India, April 30.

Dr. Sanjay Kumar (2015) invited in DST Sponsored INSPIRE- 2015 Science Camp to be held at
I.S.F. College of Pharmacy, Moga from 26 -30 September, September 28.

Dr. Sanjay Kumar (2015) invited to deliver lecture in “Dr. G.V. Joshi memorial Lecture Award of
the Society for the year 2015 during 3" International plant physiology congress on “Challenges
and strategies in plant biology research” to be organized at Jawahar Lal Nehru University, New
Delhi, December 11-14.

Page No. 188



CSIR-IHBT Annual Report 2015-16

Dr. Sanjay Kumar (2015) Invited to deliver lecture in INSPIRE INTERNSHIP CAMP organized
by CSK HPKYV, Palampur, September 15-19

Damanpreet Singh (2015) Alternative to experimental animals: Zebrafish as an ideal model in a
Faculty Development Program at Chandigarh University, Mohali, July 13.

Damanpreet Singh (2016) “Natural products as potential therapeutic agents for comprehensive
management of epilepsy” in 8" NIPER (RBL)-CSIR-CDRI Symposium on Current Trends in
Medicinal Chemistry and Pharmaceutical Sciences in Drug Discovery at NIPER, Raebareli,
March 19.

VISITSABROAD

Dr. Sanjay Kumar: Attended First Egyptian — Indian Workshop on Biotechnology. Academy of
Scientific Research and Technology, National Research, Tahrir Str., Dokki, 12311 Cairo, Egypt,
October25-26,2015.

Dr. Sanjay Kumar: Attended to explore S&T cooperation between CSIR and Taiwan's research
institutions and industry. Ministry of Science Technology, Taipei, Taiwan, January 25-29,2016.
Dr. Sanjay Kumar: Attended CSIR delegation to visit the National Institute of Medicinal Materials
(NIMM), Hanoi, Vietnam. April 11-14,2016.

POSTER PRESENTED

Sharma Supriya, Kulurkar Pankaj, Singh Bikram, Patial Vikram (2016) Nephroprotective effect
of Picrorhiza kurroa on cyclophosphamide-induced renal damage in mice. 6th International
Symposium on Current Trends in Drug Discovery Research (CTDDR), CSIR-CDRI, Lucknow,
February 25-28, p. 347.

PARTICIPATION IN EXHIBITION

Dr. Ashok Kumar: “Agri-Tech India 2015 Bangalore International Exhibition Centre (BIEC),
Media Today Pvt. Ltd, August 21-23.

Dr. Sukhjinder Singh and Sh. Vikrant Awasthi. Indian Science Congress- 2016.University of
Mysore, Mysore, Karnataka.

PRIZES/AWARDS/RECOGNITIONS

Bhavya Bhargava received Best Flower Show, 1* and 2™ prize for CSIR-IHBT in State level Holi
Mahotsav Palampur 2016 organized by Department of Horticulture, Himachal Pradesh, 16"
March 2016.

Brij Lal has been recognized as a Member of the Editorial Board of the quarterly journal, Indian
Journal of Natural Products and Resources (formerly known as Natural Products Radiance) for
the period of two years i.e. from 1* January 2015 to 31" December 2017.

Brij Lal, Sr. Principal Scientist has been elected as a member of the Executive Council (EC) by the
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Society of Ethnobotanists (SEB), Lucknow for the year 2014-2017.

Brij Lal, has been elected as one of the members of the Executive Council of Indian Fern Society
(IFS), Chandigarh for the year 2015-16.

Kamal Kant, Mayanka Walia, Vijai K Agnihotri, Vijaylata Pathania, Bikram Singh received the
Indian Pharmaceutical Association (IPA) awarded Prof. M. L. Khorana Memorial best paper
award (Rs. 10000/- cash and memento) in the field of “Pharmacognosy, Phytochemistry &
Alternative Medicine and Pharmaceutical Biotechnology” for the year 2013 to the paper entitled
"Evaluation of antioxidant activity of Picrorhiza kurroa (leaves) extracts. Paper published in
Indian J Pharm Sci, 2013, 75(3):324-9 and the award was given on June 6", 2015.

Meetu Verma, Aarti Wali, Sumit Dhadwal, Brij Lal, Alka Kumari, Arun K Sinha, Vijai K
Agnihotri. “Comparative Estimation of Natural Colors and Dyes from some Selected
Pteridophytes Growing in the Western Himalayas.” Best Poster award 3rd prize in National
Conference on “Modern Approaches to Pteridophytes: Biology, Biodiversity and Bioresource”,
2014,72-73,20-21 December 2015 at CSIR-IHBT, Palampur, HP, India.

Sanjay Kumar. Professor G.V. Joshi Memorial Lecture Award-2015 awarded by the Indian
Society for Plant Physiology for outstanding contributions in the field of Plant Physiology and
Cognate Sciences on 12" December, 2015 during 3" International Plant Physiology Congress,
New Delhi

RK Sud. Guestof Honour award by Sri Sai University, Palampur, 18.06.2015.
Shashi Bhushan. Raman Research Fellowship-2015-16.
MEMBERSHIP OF PROFESSIONAL BODIES/ORGANIZATIONS

Damanpreet Sigh nominated as a Life member of Indian Science Congress Association (ISCA,
Membership No.: L27062).

THESIS/DISSERTATION/REPORT/SUPERVISED
Ph.D.

Ashwani Jha (2015) Computational analysis of sSRNAs and their regulatory system. AcSIR,
Supervised by Dr. Ravi Shankar.

Mrigaya Mehra (2016) Computational analysis of complex repeats, miRNAs and
their associations. AcSIR, Supervised by Dr. Ravi Shankar.

Sukhjinder Singh (2015) Economics of Herbal Processing Industrial Units of Punjab and
Himachal Pradesh. Supervised by Dr. Sharanjit Singh Dhillon, Guru Nanak Dev University,
Amritsar.

M. Sc./M. Tech.

Aakriti Verma. Studies on genome wide markers identification in Stevia rebaudiana Bert.
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University Institute of Engineering and Technology, Kurukshetra University, Kurukshetra,
Supervised by Dr. RK Sharma,.

Akash Chaturvedi. Amplification validation studies of Intron length polymorphism (ILP) markers
intea. Jiwaji University, Gwalior, Supervised by Dr. RK Sharma.

Anjali Mishra. Studies on development of polymorphic transcriptome derived microsatellite
markers in tea. Jiwaji University, Gwalior, Supervised by Dr. RK Sharma.

Manish Kumar. Validation of SSR markers in Stevia rebaudiana Bert. Beant College of Engg and
Technoology, Gurdaspur, Supervised by Dr. RK Sharma.

Shikha Kalotra. Studies on basic DNA fingerprinting techniques for plant diversity
characterization. Guru Nanak Dev University, Amritsar, Supervised by Dr. RK Sharma.

Suman (2015) Phytoremedian potential of Phragmites karka for chromium contaminated soil.
Central University of Himachal Pradesh, Shahpur, Kangra, Supervised by Dr. Brij Lal.

Teenu Bhadiar (2015) Arsenic tolerance and accumulation by gametophytes of the fern Pteris

cretica L. Central University of Himachal Pradesh, Shahpur, Kangra, Supervised by Dr. Alka
Kumari.

B.Sc./B. Tech.
Anupam Khanoria (2015) In vitro production of corms and cormlets of saffron. School of

Bioengineering and Food Technology, Shoolini University, 15th June —28th August, Supervised
by Dr. Amita Bhattacharya.

Tania (2015) Studies on three important ferns for their promotion as potential bioresource(s) of
commercial value. SUS College of Engineering Technology, Tangori, Mohali, 2nd February —
28th May, Supervised by Dr. Amita Bhattacharya.
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EVENTS

Member of Parliament visits CSIR-IHBT

Shri Ronald Sapa Tlau, Hon'ble Member of Parliament of Rajya Sabha from Mizoram and
member of Committee on Science & Technology and Environment & Forest, GOI visited CSIR-
Institute of Himalayan Bioresource Technology, Palampur on 14 August 2015. The Hon'ble MP
was apprised about the various technologies developed by the Institute. He visited different fields
and laboratories of the Institutes and interacted with the scientists. He expressed hope that
technologies developed by the Institute would also benefit the north-eastern states of the country.

Shri Ronald Sapa Tlau hoisted the national flag at the Institute along with the Dr. Sanjay Kumar,

Director of the institute.
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First Himalayan Conclave - 2015

The institute co-organized the “First Himalayan Conclave - 2015” on September 9 at University of
Delhi in association with Institute of Bioresources and Sustainable Development (IBSD),
Department of Botany, University of Delhi and HESCO, Dehradun. More than 300 people from

different parts of the country participated r

in the conclave. Deliberations were held
on saving the Himalayan ecosystem and
safeguarding the interests of the local
people. A group of scientists along with |
Dr. Sanjay Kumar, Director, CSIR-IHBT |
participated in the Conclave.

CSIR-IHBT scientists Dr. Amit Chawla, Dr. Sanjay
Uniyal, Dr. Sanjay Kumar, Director, Dr. SK Vats and

National Technology Day Er. Amit Kumarin Conclave

The Institute celebrated the National ’ AN WY
Technology Day on May 11, 2015. Dr. i At

|
DLDGY DAY
Javed N. Agrewala, PhD, FNASc, FASc, . T g - TP St AR e 9T gy

CSIR-INST! F HIMA AINRESOURCE TECHNOLOGY. PALAMpY;
FNA, Bhatnagar Awardee CSIR- A el
i ol S

&Y
Institute of Microbial Technology, - : A,
Chandigarh delivered the National :

Technology Day lecture on “Challenges

and Solutions for a Rational Vaccine

Design for TB-endemic Regions”. Dr. Bikram Singh, Dr. Javed N. Agrewala and Dr.
Arvind Gulati (from left to right)
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CSIR Foundation Day

CSIR Foundation Day celebrated on 26th September, 2015. Prof. Dinabandhu Sahoo, Director,
Institute of Bioresources and Sustainable Development (IBSD), Imphal delivered Foundation
Day lecture on the topic entitled “Role of algae in the changing world”. Dr. P.S. Ahuja, Former
Director General, CSIR and Former Director, CSIR-IHBT, Palampur was the Guest of Honour and
Dr. Rajendra Dobhal, Director General, Uttarakhand State Council for Science & Technology,
Dehradun was the Chief Guest of the function.

Dr. Bikram Singh, Dr. Rajendra Dobhal, Dr. Deenbandu Sahoo, Dr. PS Ahuja and Dr.
Sanjay Kumar(from left to right)

Releasing of Annual Report- 2014-15 and technical folders
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National Science Day

National Science Day celebrated on 28th February 2016. Dr. Satish Kumar Sr. Scientist,
JNTBGRI delivered Science Day lecture on “Orchid cultivation, trade and income generation”.

Dr. Bikram Singh, Dr. Satish Kumar and Dr.
Sanjay Kumar (from left to right) Baijnath visited the labs of the Institute

Students from Navoday Vidyalaya, Paprola, Baijnath with Director of the institute
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RESEARCH COUNCIL

Prof. Samir Bhattacharya

Former Director, CSIR-IICB, Kolkata

Emeritus Professor NASI and

Sr. Scientist School of Life Sciences, Visva Bharati
(A Central University), Santiniketan- 731 235

Chairman

Members

Prof. Bharat B. Chattoo

Professor & Coordinator

Biotechnology Programme, Genome Research Centre
Dept. of Microbiology and Biotechnology Centre
MS University of Baroda, Baroda- 390002

Prof. Alok Bhattacharya

Professor

School of Life Sciences & Computational
and Integrative Sciences

Jawaharlal Nehru University,

New Delhi- 110067

Dr. N. Sathyamurthy

Director

Indian Institute of Science Education & Research
Mohali, Knowledge City, Sector 81,

SAS Nagar Manauli PC- 140306

Prof. S. K. Sharma

Former Vice Chancellor

CSK -H.P. Krishi Vishwavidyalaya
Shanti Kunj, Ghuggar Tanda, Palampur-
176061

Prof. Narpinder Singh

Professor

Department of Food Science & Technology
Guru Nanak Dev University,

Amritsar- 143005

Prof. Sandeep Verma

Department of Chemistry

Centre for Environmental Sciences and
Engineering

Indian Institute of Technology, Kanpur-
208016

Dr. Renu Swarup

Adviser,

Ministry of Science & Technology,

Department of Biotechnology, Government of India
Block-2, 7th Floor, CGO Complex,

Lodhi Road, New Delhi-110003

Dr. Imran Siddiqi

Chief Scientist

CSIR-Centre for Cellular and Molecular
Biology

Uppal Road, Hyderabad— 500007

Dr. Ram A. Vishwakarma

Director

CSIR-Indian Institute of Integrative Medicine,
Canal Road, Jammu — 180001

Prof. Siddhartha Roy

Director

CSIR-Indian Institute of Chemical
Biology 4,

Raja SC Mullick Road, Jadavpur Kolkata
- 700032

Dr. Jai Rup Singh

Founder Vice Chancellor, Central University of
Punjab, Bathinda

Former Vice Chancellor, GNDU, Amritsar

Former President, Indian Society of Human Genetics
# 52, Sector 63, Mohali 160 062, India

Head or his Nominee (Permanent
Invitee)

Planning & Performance Division (PPD)
Council of Scientific & Industrial
Research

Anusandhan Bhawan, 2, Rafi Marg
New Delhi-110 001

Dr. Sanjay Kumar

Director

CSIR-Institute of Himalayan Bioresource Technology
Post Bag No.6

Palampur-176 061 (H.P.)

Dr. Aparna Maitra Pati (Member
Secretary)

Scientist & Head

Planning Project Monitoring &
Evaluation

CSIR-Institute of Himalayan Bioresource
Technology

Post Bag No.6, Palampur-176 061 (H.P.)
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MANAGEMENT COUNCIL

Chairman

Dr. Sanjay Kumar
Director

CSIR- Institute of Himalayan Bioresource Technology
Palampur- 176061, Himachal Pradesh.

Members

Dr. Ram A. Vishvakarma

Director

CSIR-Indian Institute of Integrative Medicine
Jammu, Jammu & Kashmir.

Dr. Aparna Maitra Pati
Senior Principal Scientist
CSIR- Institute of Himalayan
Bioresource Technology

Palampur- 176061, Himachal Pradesh.

Er. GD Kiranbabu

Principal Scientist

CSIR- Institute of Himalayan Bioresource Technology
Palampur- 176061, Himachal Pradesh.

Dr. Yogendra S. Padwad
Scientist

CSIR- Institute of Himalayan
Bioresource Technology

Palampur- 176061, Himachal Pradesh.

Dr. Sudesh Kumar

Principal Scientist

CSIR- Institute of Himalayan Bioresource Technology
Palampur- 176061, Himachal Pradesh.

Sh. Mukhtiar Singh

Principal Technical Officer
CSIR- Institute of Himalayan
Bioresource Technology

Palampur- 176061, Himachal Pradesh.

Sh. Parag Patar

Finance & Accounts Officer

CSIR- Institute of Himalayan Bioresource Technology
Palampur- 176061, Himachal Pradesh.

Member Secretary

Sh. Alok Sharma
Administrative Officer
CSIR- Institute of Himalayan
Bioresource Technology

Palampur- 176061, Himachal Pradesh.
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ADMINISTRATION

Administration unit provides support services to R&D activities. Administrative staff has to keep
pace with the timely implementation of the R&D activities with an overall goal to realize mandate
of CSIR.

Main administrative functions are:
e Recruitments of staff in the institute
e Service matters related to staff
e Security activities
e Housingto employees
¢ Maintain safe & healthy working environment at the institute
e Liaising withthe local and state administration and/or authorities
¢ Implementation of CSIR directives
e Frame policies as per institutional requirement

Administration has been strongly working towards (i) a cohesive work culture, (ii) timely
completion of task time lines so that staff feels motivated in a positive work environment.

FINANCE & ACCOUNTS

Finance & Account section is playing a vital role in the management of finances and providing
support to scientific, technical as well as other administrative officials. The division manages the
activities of budgetary control and adopts remedial measures for optimum utilization of allocation
according to the guidelines of CSIR. In addition to this, it maintains accounts of the institute as per
CSIR guidelines and also provides services for effective planning, utilization and post utilization
of grants received for, grant-in-aid, sponsored consultancy, collaborative projects and technical
services aid.

Broad activities of Finance and Account section are:
e Assistand advise Director on financial, auditing and accounting related matters
e Preparation and compilation of revised estimate and budget estimate of the institute

e Management of financial resources received from CSIR, GAP, Sponsored, CNP & CLP
projects

e Ensuring scrupulously implementation of financial directives of the Government of India
e Offering financial concurrence to the proposals developed in the institute
o Keeping liaison with CSIR HQ on financial, accounting and audit related matters

e Co-ordinating the duties related to CAG and CSIR internal audit and providing their
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replies
e Authorization of the payment to all suppliers, contractors and service providers
e Authorization of the payment to all employees for their official and personal claims
e Maintenance of various accounting records as per CSIR guideline
e Maintenance of various records of bank debits, credits, DD, NEFT, RTGS, etc

¢ Finalization of pension, family pension, timely issuance of PPOs and timely payment of
pensionary benefits.

¢ Investmentofresources from laboratory reserve funds.

STORES & PURCHASE

The Stores & Purchase section is mainly responsible for procurement of capital equipments from
India and abroad, purchase of spares and consumable items, AMCs of equipments, ARC for
chemicals, etc. Stores maintain a minimum inventory of routine consumable items. Different
teams like Technical & Purchase Committee, Equipment Prioritization Committee and Standing
Disposal Committee helps the division in arriving at suitable decisions as per the CSIR Purchase
Rules of Goods & Services 2008. The division also co-ordinates activities between indenting,
planning, accounts, administration, vendors & various agencies like bank, customs, insurance,
transportation, clearing & forwarding agents etc.

The major procurements made during 2015-16
e UFLC/UPLC/UHPLC-MSMS IMS System.
e Hyperspectral Imaging System
e Automated Liquid Handling System
e UPLC/UHPLC/Ultrafast HPLC System
e Pulse Field Gel Electrophoresis
e AKTAFlux 6, Cross Flow system.
e Capillary Electrophoresis
e Cluster for High performance computing and Hadoop.
e Portable Photosynthesis System.
e Hydroponics & Aeroponics system in existing green house.
e Portable Thermal Imaging Camera.

e Apart from above, orders for many other equipments, accessories and spares, office
equipments, Chemicals, ARC for supply of specials gases etc. were placed.
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BUSINESS DEVELOPMENT AND MARKETING UNIT (BDMU)

Activities of BDMU:Evaluated techno-economic feasibilities of technologies developed by
the Institute. Drafted agreements for transfer of technologies. Responded to the queries of
farmers/ entrepreneurs regarding different technologies (floriculture, tissue culture, stevia,
damask rose, catechins etc.). Evaluated the price for services. Raised expression of interest
(EOI) for different technologies (e.g. food products; 1,3 cyclohexane). Facilitated for timely
payment of service tax and VAT related to the Institute. Participated in exhibitions for
promotion of Institute's technologies. Facilitated more than 500 students for their visit at
CSIR-IHBT. Impact assessment studies were undertaken.

Services provided:

A. Agreements: Drafting of Agreements with different Entrepreneurs and evaluation of
cost of technology transfer. Agreement signed with the entrepreneurs/ institutions are:

M/s Agri Natural India, Ludhiana on 18 February 2016

M/s Root and Flowers, Palampur on 4 February 2016.

M/s Minocha Industries, Shimla on 4 February 2016.

M/s Pushp Biotech and Farms, Thana- Bharol, Solan on 10 December 2015.

M/s Model Floriculture Centre/PCDO, Palampur at Holta, Kangra on 9 October 2015.

The Institute of Bioresources and Sustainable Development (IBSD), Imphal (Manipur)

on 26 September 2015.

M/s FEEDS, Manipur on 21 August 2015.

o Signed agreement with IAVI on 7" August, 2015

B. Responded the queries of more than 50 farmers/ entrepreneurs for CSIR-IHBT
technologies.
C. Participation in Exhibitions for the Promotion of CSIR-IHBT's Technologies

e International Agritech-2015, Bangalore International Exhibition Centre, Bangalore,

21-23 August 2015.

¢ Divya Himachal- Kisan Mela- 2015, MC Ground, Kangra (HP), 25-27 October
2015.

e Indian Science Congress-2016, University of Mysore, 3-7 January 2016.

e Holi Festival-2016, Palampur (HP), 22-25 March 2016.

COMPUTER CELL

IHBT has campus wide network facilities over the fiber backbone with a fleet of servers from HP,
IBM and Supermicra. Under National Knowledge Network dedicated 1 Gbps leased line has been
provided for internet facility throughout the campus including hostel and faculty residences.

Implemented centralized wireless solution in the Institute enabling users an easy access to internet
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irrespective of location within the campus.

Network security hardware like Unified Threat Management Solutions, IDS, IPS, centralized
wireless controller, anti-virus on client server based model and SMTP spam/virus protection
software etc, and its policies have been deployed to protect IHBT resources centrally.

Constant support was lent for in-house management of IHBT DNS (Domain Name Server), WEB,
Email and Proxy servers on Linux. Also facilitated Virtual Classroom and Video-Conferencing
facilities for the Institute.

As a routine job this cell constantly extended services related to network, computers and
peripherals over Local Area Network in the campus.

LIBRARY: IHBT-KNOWLEDGE RESOURCE CENTRE (IHBT-KRC)

A range of knowledge resources in library of the institute includes research journals in online &
print mode, books, subject encyclopedias, research reports, online & CDs databases, theses in the
field of science and technology. Library is support research and academic activities of the institute
with a range of services including reference and consultation, circulation, document delivery,
resource sharing, information alert, user awareness using ICTs for web based library management
and its services, which resulted in new knowledge generation by researchers in this institute.
Information was on impact factor of journals, publishers' guidelines to authors, publishing policy
of journals for selecting quality journals to publish their research articles. Assistance was also
provided to S&T staff for online submission of research articles.

Library also has a good collection of books in Hindi language containing books on general reading
such as social science, science, biographies, literature, etc. Records of the whole collection of the
library have bibliographic information in KOHA software of library management with hyper links
if that record is available on internet and can be accessed over internet through-
http://library.ihbt.res.in.

Library OPAC: The Online Public Access Catalogue (OPAC) is accessible on IHBT Website to
search all the bibliographic records available in the Library database through Koha software. It
allows on-line reservation, renewal and recommendation for new resources, besides indicating
status of a particular document. It is searchable by keywords, author, title, accession number,
subjectetc. athttp://10.10.1.31/in addition to link in library website.

National Knowledge Resource Centre (NKRC): NKRC is a national consortium of CSIR and
DST libraries with the aim to provide a wide range of quality knowledge resources. The library has
been the founder member of this consortium. Scientists and scholars of the institute are being
facilitated access to 2500+ e-journals of all major publishers, patents, standards, citation and
bibliographic databases through this consortium. Apart from licensed resources, NKRC is also a
single point entity that provides its users with access to a multitude of open access resources. The
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consortium envisions emerging as a leader to serve the R&D sector with much needed information
to strengthen the research and development system in the country (http://nkrc.niscair.res.in/
indexpage.php).

Citations: Citations reports were prepared for research articles and made available to scientists of
the institute aiming to assess the impact of research done and published by them. This work was
done by using the international resource like Web of Science, SciFinder and google scholar.

User orientation: Orientation to new users on access of online journals and databases was
provided enabling them to use resources more widely and effectively.

Reference Service: Queries related to journal articles, specific topics are being attended to with
print and online resources. Bibliographic as well as full text of reference are also provided from
the library.

Photocopy and printing service: Printing requirements for relevant documents such as official
documents, project proposals, project reports by scientists, scholars and staff of the institute.
Binding documents is also being facilitating from the KRC.

Newspapers clipping service: Library is subscribing 16 daily newspapers in Hindi and English.
All the newspapers subscribed are scanned and marked important news items for further
dissemination to scientists for information. Library is managing Newspaper Clippings Blog at-
http://ihbtinnews.blogspot.in/

During the year, Library was visited by 4865 visitors including scientists, students, research
scholars, faculty members from several academic and R&D institutions to consult library
resources in addition to about 1 lakh accesses from online resources. Photocopying/ laser printing
service were one of important services offered by the library and provided more than 5.25 lakhs of
pages of photocopies/ printing to the scientists, research scholars and staff of the institute.

PHOTOGRAPHY UNIT

This unit provides a comprehensive photographic and videography services in the Institute, which
includes recording research activities both in the labs as well as in the demonstration plots for all
the scientists and scholars. It strives to achieve the highest standards using traditional skills and

modern technologies with high production values
and commitment to quality to ensure best
reproduction in theses and publications.

The collection and preservation of photographic
images includes photographs of field trials at
different intervals as well as special videography of
the field experiments. In addition to providing direct

—

‘E\

support to research and development activities, the =—=
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unit covers activities of all the official functions, trainings, workshops, conferences and symposia
organized in the Institute.

It also caters to the requirement for television programmes by scientists depicting their field & lab
activities, demonstration/experimental plots and field surveys along with interviews with farmers
and entrepreneurs those are provided with the technologies from the Institute. Regular assistance
rendered to design cover page of annual reports, brochures of prosessing technologies, in-house
manthan magazine, book tissue culture, banners & certificates to the participants in trainings,
workshops, conferences, symposia, invitation & greeting cards, posters of research activities and
labels for lab products. Technical support provided in making short film related to CSIR-IHBT
technologies, activities and products such as:

i. T W DfB (Catechin) I Bl THID
(https://www.youtube.com/watch?v=mpD7TzBWC70)

il. Herbal sweetener from stevia(https://www.youtube.com/watch?v=_Wm13 xst9s)

iii. Virus free apple rootstocks (https://www.youtube.com/watch?v=mc282jh XFCg)

iv. Bamboo the green gold (https://www.youtube.com/watch?v=Qruu7nrOHVQ)

v. Auniquenovel enzyme super oxide dismutase(https://www.youtube.com/watch?
v=M93ucaTtHZw)
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SCIENTIFIC

Director

Dr. Sanjay Kumar

Dr. Gireesh Sahni
(18.05.2015 to 10.06.2015)
Dr. Anil Sood, Acting Director
(01.01.2015 to 30.04.2015)
Chief Scientist

Dr. Bikram Singh

Dr. Virendra Singh

Dr. Anil Sood

Dr. Arvind Gulati

Sr. Principal Scientist

Dr. Devendra Dhayani

Dr. Ashu Gulati

Dr. Brijlal

Dr. RK Sud

Er. KK Singh

Dr. (Ms.) Aparna M. Pati
Dr. (Ms.) Amita Bhattacharya
Principal Scientist

Er. GD Kiran Babu

Dr. Gopi Chand

Dr. S.K. Vats

Dr.Vipin Hallan

Dr. Sanjay K. Uniyal

Dr. R.K. Sharma

Er. Amit Kumar

Dr. Y Sreenivasulu

Dr. Sudesh Kumar

CSIR-IHBT Annual Report 2015-16

STAFF

Senior Scientist

Dr. Sanat Sujat Singh
Dr. Rakesh Kumar

Dr. Shashi Bhushan

Dr. Pralay Das

Dr. Rituraj Purohit

Dr. Sushil Kr. Maurya
Dr. Dharam Singh
Scientist

Dr. Gireesh Nadda

Dr. Vijai Kant Agnihotri
Dr. Ravi Shankar

Dr. Probir Kumar Pal
Er. Mohit Sharma

Dr. Amit Chawla

Dr. Ashok Kumar

Dr. SGE Reddy

Dr. Mahesh Gupta

Dr. Yogendra S Padwad
Dr. Amitabha Acharya
Dr. Dinesh Kumar

Dr. Vikram Patial

Dr. Manoj Kumar

Dr. Damanpreet Singh
Dr. Vishal Acharya

Dr. Ashok Singh

Dr. Upendra Sharma
Dr. Bhavya Bhargava
Dr. Kunal Singh

Dr. Ashish Rambhau Warghat (10.12.2015)
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Dr. Rajiv Kumar (16.12.2015)
Dr. Narendra Vijay Tirpude (02.02.2016)
Junior Scientist

Dr. Partha Ghosh
TECHNICAL
Principal Tech. Officer
Dr. Raja Ram

Sh. Mukhtiar Singh

Sr. Technical Officer (3)
Sh. Om Prakash

Sh. RS Shekhawat

Dr. Sukhjinder Singh

Sr. Technical Officer (2)
Dr. Robin Joshi

Dr. (Ms.) Kiran Devi (12.06.2015)
Sr. Technical Officer (1)
Dr. Avnesh Kumari

Sh. Vikrant Gautam

Sh. Jai Prakash Dwivedi
Dr. Kiran Singh Saini
Sh. Ramdeen Prasad

Sh. JS Bisht

Dr. Rajneesh

Dr. Pankaj K Markand
Sh. Shiv Kumar

Sh. Bijan Bihari Garnaik
Technical Officer

Sh. Vivesh Sood

Sh. Mahesh S

Sh. Ramjeelal Meena

Sh. Mohit K Swarnkar
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Sh. Jasbeer Singh

Sh. Om Parkash

Ms. Vijay Lata Pathania
Sh. Pabitra Gain
Technical Assistant
Ms. Meenakshi

Sh. Arvind Kumar Verma
Sh. Anil K Choudhary
Sh. Dharmesh Kumar
Sh. Pawan Kumar

Sh. Virat Abhishek
Mrs. Rimpy Diman
Sh. Saurabh Sharma
Sr. Technician(2)
Sh. Khushal Chand
Sh. Dhruv Kumar
Sh. Om Prakash

Sh. Bhushan Kumar
Sh.VS Dhadwal

Sh. Dhruv Kumar
Sh. Ajay Parmar

Sh. Karandeep

Sh. Ramesh Kumar
Sh. Parveen Kumar
Sh. Kuldip Singh
Technician(2)

Sh. Harmesh Chand
Sh. Sanjay Kumar

Sh. Avinash C. Rana
Sh. Sandeep Sood

Sh. Ranjeet Singh
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Sh. Ajay Kumar
Technician (1)

Sh. Surjeet Singh

Sh. Arvind Kant

Sh. Vikas Kumar

Ms. Jasveer Kaur

Lab Assistant

Sh. Naresh Kumar

Sh. Amar Singh

Lab Attendant Gr. I(2)
Sh. Baldev Singh

Ms. Rajni Devi Chettri
Sh. Rakesh Chand

Ms. Anupama Saini
Sh. Shamsher Singh
Sh. Uttam Chand

Sh. Balak Ram

Lab Attendant Gr. I(1)
Sh. Girja Nand

Sh. Deepak Sood

Sh. Kuldip Singh

Sh. Balwant Raj

Engineering service

Assistant Executive Engineer

Sh. Sandeep Tripathi
Sh. Rakesh Kumar
Sh. Anil Kumar
Assistant Engineer
Sh. Mukesh Gautam
ADMINISTRATION

Administrative Officer
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Sh. JK Prashar (upto 15-10-2015)
Sh. Alok Sharma (from 23-11-2015)
Section Officer (G)

Sh. SD Rishi

Sh. Amarjeet

Assistant (GEN) Gr. 1
Sh. Raj Kumar

Sh. Parveen Singh

Sh. Devraj Nagina

Sh. Ved Prakash

Sh. Keerti Raj

Ms. Santosh Kumari
Assistant (GEN) Gr. 11
Sh. Baldev

Sh Kiran Kumar

Ms. Pooja Awasthi
Private Secretary
(Vacant)

Senior Stenographer
Sh. Didar Singh Patial
Senior Hindi Translator
Sh. Sanjay Kumar
Security Assistant

Sh. Trilok Nath
Coupon Clerk

Sh. Anand Sharma
Staff Car Driver

Sh. Pratap Chand

Sh. Braham Dass

Sh. Lakhvinder Singh
Sh. Nitesh Kumar
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Cook

Sh. Oman Singh

Sh. Karan Singh

Chowkidar

Sh. Ramesh Kumar

Sh. Baleshwar Prasad

Sh. Kuldip Singh

Sh. Bhawani Ram

Sh. Devinder Singh
Tea/Coffee Maker

Sh. Bipan Gurang

Others

Sh.Thaman Bahadur

Ms. Rujala Devi

Sh. Shankar

Sh. Bipan Kumar

FINANCE & ACCOUNTS
Finance & Accounts Officer
Sh. Ishwar Das (upto 30-10-2015)
Sh. Parag Patar (from 15-11-2015)
Section Officer (F&A)

Sh. Darshan Singh

Assistant (F&A) Gr. 1

Sh. Manoj Kumar

Sh. Vipan Kumar

Sh. Vikash Patiaya

Assistant (F&A) Gr. 11

Ms. Aruna Kumari

STORE & PURCHASE
Store & Purchase Officer

Sh. SD Rishi, Incharge (S&P) on
11.11.2015-31.03.2016
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Sh. SP Prabhakar (upto 10.11.2015)
Section Officer (S&P)

(Vacant)

Assistant (S&P) Gr.1

Smt. Vimla Devi

Sh. Rajeev Sood

Assistant (S&P) Gr. 11

Vacant

Assistant (S&P) Gr. 111

Sh. Bhadur Ram

Transferred to CSIR Laboratories
and Other Establishment :

Dr. Yogesh Balkrishen Pakade transferred to
CSIR-NEERI, Nagpur on 30.06.2015

Sh. Vikas Patiaya, Assistant Gr.I (F&A)
transferred to CSIR-IIIM, Jammu on
05.01.2016

Sh. J.K. Prashar, A.O. transferred to CSIR-
CSIO, Chandigarhon 16.11.2015

Sh. S.P. Prabhakar, S.P.O. transferred to CSIR-
CDRI, Lucknowon 10.11.2015

Sh. Ishwar Dass, F&AO transferred to CSIR-
IMTECH, Chandigarhon30.10.2015

Sh. Nand Lal, Group 'C' Non Tech. transferred
to CSIR-IMTECH, Chandigarh on 04.03.2016

Superannuation

Dr. Anil Sood, Chief Scientist on 30.04.2015
Sh. Ramesh Kumar, Group 'C' Non Tech. on
30.04.2015

Smt. Vimla Devi, Asstt. Gr.I (S&P) on
1.05.2015

Dr. Virendra Singh, Chief Scientist on
1.08.2015
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Sh. Om Prakash, Sr. Tech. (2) on
31.08.2015

Sh. D. Dhyani, Sr. Pr. Sct. on 30.09.2015
Dr. Raja Ram, P.T.O. on 30.09.2015

Sh. Harmesh Chand, Tech. (2) on
30.09.2015

Sh. Bhushan Kumar, Sr. Tech. (2) on
30.09.2015

Sh. Bahadur Ram, Asstt. Gr.III (S&P) on
30.09.2015

Sh. Naresh Kumar, Lab. Assistant on
30.09.2015

Dr. Arvind Gulati, Chief Scientist on
31.01.2016

Sh. Khushal Chand, Sr. Tech. (2) on
31.01.2016

Sh. Dharub Kumar, Sr. Tech. (2) on
31.01.2016

Resigned

Dr. Anil Kumar Singh, Scientist

Sad demise

Dr. Neeraj Kumar, Senior Scientist
expired on 28.03.2016

Scientist Emeritus

Dr. S.K. Sharma

Dr. O.P. Sharma

Scientist Fellow

Dr. Alka Kumari

Dr Ajay Rana

Dr. Ugir Hossain SK

Dr. Tanuja Rana

DST INSPIRE Faculty
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Dr. Rakshak Kumar
DST Young Scientist
Dr. Sandeep Rawat
Dr. Rohit Sharma

Dr. Rakesh Kumar
Research Fellow

Mr. Himanshu Sharma
Ms. Ruchi Sharma
Mr. Sunny Dhir

Mr. Rahul Mohan Singh
Mr. Saurabh Sharma
Mr. Gulshan Kumar
Ms. Amita Kumari
Mr. Surinder Kumar
Mr. Nitul Ranjan Guha
Ms. Prithu Pratibha
Ms. Shashi Kiran

Ms. Mrigaya Mehra
Ms. Sushila Sharma
Mr. Aditya Kulshresta
Ms. Vandna Chawala
Mr. Jai Parkash

Mr. Sandeep Kumar
Ms. Shikha

Ms. Parul Goel

Mr. C.Bal Reddy

Mr. Manoranjan Kumar
Mr. Vishal Sharma
Ms. Preeti

Ms. Monika Bhuria
Mr. Ajay Kumar
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Ms. Poonam Roshan

Ms. Indu Gangwar

Ms. Shivalika Pathania

Ms. Kiranman Singh Rawat
Ms. Madhu Kumari

Ms. Vandna Thakur

Ms. Bharti Lalhal

Mr. Vinod Bhatt

Mr. Saurabh Sharma

Mr. Ashish Kumar

Ms. Shruti Bhardwaj

Mr. Bhuvnesh Sareen

Mr. Ashish Kumar

Mr. Gagandeep Singh

Mr. Maheshwar Singh Thakur
Ms. Nisha Dhiman

Mr. Ganesh P Panzade

Mr. Dinesh Thakur

Mr. Sourabh Soni

Ms. Rubbel Singla

Mr. Roushan Kumar

Mr. Maheshwar Singh Thakur
Ms. Tanvi Sharma

Mr. Aridam Ghosh Majumdar
Mr. Manpreet Sharma

Mr. Inder Singh

Mr. Pradeep Singh

Ms. Poonam Bharti

Mr. Dhanjay Bhattacharjee
Ms. Shobha Mehra

Ms. Shivali Rana
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Mr. Maneet Rana

Ms. Shivani Sharma
Mr. Rakesh K Singh
Ms. Meenakshi Thakur
Mr. Rakesh Kumar
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Staff Superannuated

Dr. Anil Sood Sh. Ramesh Kumar Smt. Vimla Devi
Chief Scientist Gr'C'Non-Tech. Assistt Gr.I (S&P),
on 30.04.2015 30.04.2015 31.05.2015

Dr. Virendra Singh Sh. Om Prakash Sh. Bhushan Kumar
Chief Scientist Senior Technician (2) Sr. Technician (2),
on 31.08.2015 on 31.08.2015 30.09.2015

Sh. D. Dhyani Sh. Harmesh Chand Sh. Naresh Kumar
Sr. Principal Scientist, Technician (2), Lab. Assistant,
30.09.2015 30.09.2015 30.09.2015
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Staff Superannuated

N

Sh. Bahadur Ram
Assitt Gr.III (S&P),
30.09.2015

Dr. Arvind Gulati
Chief Scientist,
31.01.2016

Sh. Khushal Chand
Sr. Technician (2),
31.01.2016

Dr. Raja Ram
Pr. Technical Officer,
30.09.2015

Sh. Dharub Kumar
Sr. Tech. (2),
31.01.2016
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& T, IMHR AR UBR & MR WX 16 Th—1 HABL Uel &1 Fd fhar 17| 71 Faf1a dief &T 3T IO 31
oAb ¥l fhgT ST |
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AT g

IS @ ARG IR & forg HadHxor iR 79+ Ay gRT 99 ISt ofsi &1 far o w2 | 571 Fafd wor=
TSl BT 2014—15 3R 2015—16 B QIRTT &I T & oY WUTHD DY A& & org Feaie fbar 73T |

Pic ydeq @ fory S Sleea! o1 faer

TR IMET A G WU A DIC] Haed & RIcT® ATSHIGAT DIcARIDI & A & forg uft=Hl f2arer &= 9 3,
AT 3R = aTRRIEST o3 W e wrdi AR ) & =i 9 22 el & JeAmeife Bas (S0w) die &
3TN 3R A& 9o IR P1H PR ET 8 | BH [ZHI IRl Pl e §91 PR I DleRN 0l Bl HHL:

fETHigam Het, ool egaNCea; qd1d; HHc, TSI foreeT; Ufths, aNfthd HIRERT SIcl & Raars S+

3ETTT Y X & | TART I g Mg UIelf BT e g1 aTel diet & Sid fIgn iR Sia @ IR S q19Ae
IR BT SISIATRITSS b UYTd TR Y1 BT PR IBT 2 |

BT & I8 | Ul WAl # HfY & fafafewer & forg 95 9o fean wr 7 | v & # fafte wefae Seary
RRIAT Tl BT Tl & forg foly J8aR 3FaR Ua HRd © ol [ IR H AT (@11 HIoT) Hell & w0 H
IEEIEE

3iffdhed @1 Y Wrenfrat &1 e g & hell & a7 $iffdhs go U Feayel Rt 99 147 2 | 3iffdhew &1
ST g 9 Ufc ieH & WU ¥, 919 Ui &1 g6el qarsii & forg Y ST i1 & | Sicid iR dfe wicy siffdhey,
fafier s, <1, S, fawam # fafqwan oiR &fd T7a 9% Aol 8 & BRI IR | Saad Hed UT 811 & | 39
A H ufen! feArerd H S=a Jou Wi 3iffhsd &1 Wil &1 [Ta-T Pl <xdd gY, B9 3iffhsd &1 Y Uiy,
TG, O H IR MR ATTARIBROT Bl f[ABRIT B H B TR B & | 2015 B AR, REAISIH & 313
T I i ERIENK I CI“HH', "fiex I <1 = ', "BEushi Kam', 'Sleeping Nymph', ' 'Soul Hunt 6', CM12 , CM03
, CMO02 , 3k CM06 fg\’ﬁ @ <127 3fffdhs UoTfadl Arundina graminfolia , Zygopatalum lutermilium , Cattleya 37R
Dendrobium aphyllum 37T D aﬂ%m U fhaT |

ferforam

el @ AT H gfg B & HRO, 9¥ WR G ITeA, TG & forg Feeaqet Tfafafdy 8w ¥ | HE wal #
fer g g & =07 @ forg faRiy arome iR =l & |1 SUER a)d 8 | 39 Ay H, g forferm @ |
PR UTfaT SR QeI B gieg AR el STUTE BT JeATH Uleiiersd uRRer # 3T |

Staytefira)

fEATeTT &3 @1 Jedt Siig SiR dier fafderr 3 iR §RT URiRTe 9l Bl Ugd a1 39 Sieid UM
& forg ares TR e & | 89R WHE 71 IR §RT Si, TSIl iR Herdifeld urerd uR Y fdhar ik
feATerg # a1 a8 a3 H Ulgl & o jde & FHsH H YA fhar| g1 f3em H w | e oF[s YoieA
superoxide dismutase (SOD) @I Potentilla atrosangunia Gl &\ T&TH B fABIAT 7T | T€ 0 H 50°C H BT HRAT R |
TP SAN U H RAE & v Uil S U RIgST Gwmsll § Adhe] Aedldiged & a9 H picroside &
ST | YA & A8 BT Udl Fell | IgA e G5 ) I I miRNA &1 a8l R @ iR
fUPRISST AT B Tl 3R B Sddl § (dgeryor fbar qon sqa! A=t amose 4 ufafbar & e |
phenylpropanoid, stibelinoid, cysteine 31X methionine metabolism T Jjj}icm % HET DI TN | §9 AT B eTIA
W U Hhewl Herdlfersd iR Rigfed Sia fasm & dAem@iferd SolfaR § guraaR) ST 2 |
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Stagtenfre T aregy @ fR9re™ 9 ueT &1 9xevr vd 9Hifad ddd sigarffal & foy suahr

af¥el fRHTery & # v el Gt & ARerT & fore aa a1 Tl ve ¥ | fRerad udw & fafie i |
U BB Sdd g8 Ufhar & faf= d¥id! & Arerdust & 15 e uRugvr &1 s9—fagr s9-fagr Raroies
T BT | FAPRIGST HHT (Ged!) & Idd Haed dhb-Id A TR drdi ®f dieiersy uRRefadr § g fear
AT AT 85 TR ¥ 31fees I UTY 1Y | IRERCIHH STSMIT @1 URRIT T TaIlic & AR IR SUANT R
TS ATHT H DHol<d TN AT TAT IAH D I ARIST 4T |

JATFAIRID wY I G =7 & UIell BT (AT TAT Yo U= FaiHd Jedidh [haT 1T | S ATaiRis v
A T ST drei # gpdl FHECT U1S TS | I Uikl & e & Aues T §HIE UTY 1Y, IR JATIAIRIE
S A WG Al @1 =g B G Bo—thall & SIS Bl & d Wil diol T Bl &R AT W e °TS TS |
HNRIT Uil & Uoi 28R | Jadre eI <& |

SHIH Hae H 99 gU 91 & 1 BT GBI [T 7 | §5F Hehavl & fAfi=1 el & S=a g 1 fafeme qen
3= fgual T U= Hise Ul & BN SIIShe| BRP Gof (b I TAT I HHHT & HY HAIDR Bl IgdT
BITE |

PIRTHISN H Bl BT RAHIIDBROT BT JETIT B & {7 Ugell IR defb Wb Rysie (CSR) &1 9T fhar
AT | $99 37ed # CSR ¥ ¥ Y U<l AT A1 & ATSHICH a1 # G Ulel T & Dbl Tagel Bl IR
IAIHROT BT T T | RATARES T U ¥ CIRAI~d el BT i, Ao Bl IR Iy dh oA (b
T |

& arg H PraTSIgATRIGS G AT YA ¥ gy : STefarg URace & qaeid IR # gawufai gaefd
aRReIfR TR 6 YR ufifhar o=l 8, 39 8 "Jad a1y BlaTSS3IaaIgs Faei qoT d19dM o gig & ded
T 1 G DI AIH I=Id AT ST © | $9 UBR DI FARN BT S~ o 2 fafae &= dorr faeg @t
uiRRerfaasr yomreliat # ffza uRadweierdr qen amwafadl & fafi= \e! &1 ieaa= aeda® & |

- I & AT el BT ST aaHE a¥ H BIATSISIaISS & d96d 8 oli— BIIUR®GH URBINTH,
fUSPRIS oI 3N, FGHET TUTCI NI, eXRIHH JAMBRITS (S=a ToT 7141 I=a GIIaT & UTey Hgard) ae
IR STe™id) IR 7eud= fhar 7| 39 W 990 aT dsie &l @ § IRR fhar fagme, ar
JMBTRGT, AT b TITI=N HESDH] TAT Sid SUT B [AUTTT BT e fohar 737 |

- I BTSRRI E B T (FACE) AW UahTeT HIIT (Asat) =T T IRE e & ASHl & SR
|1 goTIferal 7 31fere T 7T |

- CXARIDH MBI & Asat H UIRIT TaclTd UdsTS g Bl 3TUell 9= g H 31fed Uram 137 |
AP BRI B BF Hdls & TR BT Iod Il & T $I ISl F el $R IR Udsis bl
STUET T H Asat H 3 T[T 3P TRac YTAT 1T |
el @Ue @ Asat TelRATAT STCHIT TAT IHTT T~ & UIEl T F2a Il & (U RISSI GResll & Usrs
@ el | g D 7T 1w gfg TS MY |
SFI gl & AT S IR I8 YT AT b <41 gl § FACE &1 91 UIUSTIicRl &1 37 aretdd] dad $H
EISISIE
7 HaTS @1 USTIiRl H S6a BT 3TUeT UasTS $I g H SIS YRac <l T | Udsrs H axaddbd b RITa
AT FABRISTT o1 BT oa AT DR TSIl 7 TR Afd B UafId g8 |
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e Ao B TRRIAT 3 SRAY TR 2vai S SR 1 ISl 3§ ST & Uiy og, fafi=Tar <l 737 |
Asat # q9q g H ggd oafe uase § e <@ T4 |
T g H S BT YBR T8 W Asat I Gl H T B Tell JolTcrd] SXaidd BRI oI evaidd

BRI H 98 STafd fFreret WUs BT TelRATT SCHI™T TT AT TuTel~ad &1 Usifadl 3 a1 Fgall &
SR &1 <7 74T |

FATI @1 uRReIfE! & ot § ard &< dTell fUBRISST 53T @l S7a i fawdR arell Iofcr & Asat § 9670 g
H BT QT AT | ) IoTIerdl @ gs H a4+ g 1 STUETT UisiS &l Seq H ST & UGk o Aferehar urdy 1T |

o aTg H Bl TSRATRITSS Hae (FACE) TAT Jad arg & d19a H gig  (FATI) & d8d Jol Ulellihrd dee
# fRfr=rar_dieliftia wice # (P<0.05)@! ggd <l 11 | I ammE # i -t~ @l afral #
Gietlfhelel B Ieaad (P>0.05) & 8 oIl & | Fefy Frifya aRRefoal # Sl =i ufcaat @1 smer
el # gt Ufelifthilel Seeld=d (P<0.05) 9 AT & |

$AIs ® A1—41eT Urelfb=itd dce o faf=arn:

Gl H I aTell IGHA ATl a9 @ 31eA B 59 g & dioll &l =R fafW= SHargal 800, 130041, 22004,
AT 400041, I HUBY HR UTCiBIHd B e ST AT | JARATT H 31eqa B 39 TSI & T4 DI I ARI
SATS Al I TPR $% U AT T HUTEd [T 1T |

ST USTIfT &Y U | 9189 99T 3 qﬁﬁaﬁﬁw%@aqﬁﬁﬁmé@qﬁrﬂélsmlﬂ T I AT 2200 A1,
DI HATE B 3 IRRAAHIT FATSAT BT T HA R Bl U ATl dice ¥ oot (P<0.05) &1 Ifg I8
T |

Whitefly RT Apple scar skin viroid ®T Hfsha HAR0T

El'c!g"f%f H Uil & = %LLIrZMCb URIS TR &S AT H 819 & FHIGHT ® | Whitefly Trialeurodes vaporariorum gRT
Apple scar skin viroid (ASSVd) @ ssRNA genome T Afehd FaR0T Ugell 9% IR d febarm T | g B A8 ﬁqTETT
BT SIYAY BT Wl Bl | TgaTT T | FATGH YIS 2 (CsPP2) S Aedd A fAWTO T RRITIIROT &4 § GeR <@l
AT | PP2/ASSVd BT P IFeiaRT Hshiae Uil H stably SURIT o | ST &1 RE & B® RNAs FellgH ¥ UIT Sl &
, ST whitefly §RT O1Ef & e SXATAROT ST & B9 H9T 2 |

JIRATT STeMil 3R |WraTdH, fHERRE iR GawR Aoid aR—-RA Cucumber Mosalc virus (HTTHAT) @&
WP WU & wI H ggar Y |

JARITT STEriR 3R A & Wi virome Bl U8@TE HR & [ofQ 3edTT & SR g <xdl 1T fb Aol
ST # HoAdT iR Arrd # faHanRa SuRerd 7 | 599 I8 o T @ & Sieri sl @ Agcaqu! aRRy
& o U TRy & w9 H 1 IR G 2 |

TR Ha @ HHAd U § TolReH S99 dRRY 3R Ud IAhRICATSE & [T HAlCss HH |
AR (TSR Haw) & diel 3§ Rierac, Wieliud iR gfs d Sarac fearad uaw & §o &3 o 17 | fileiR
UR STETRE T §RT U begomovirus ®I SURLATT BT T ST AT | IR S DT AJehid b T,
S99 I8 U =l f& I% Enation 9RRH, ST fh ToRed SIS &I |hiHd Hxal & | TUd wed T fawmg
FHIAR AR 919 & el BT U ad © J HhfHd HRa1 @ |

JTERIY T 3R Uleilftheiel ST Iedral & oy 9 @ell (YaRiy) BT Jegaed= drad dad efiie gl &
AII—ATY IE HETYUl FRYeieh HYRD AT T&TH BRI | JATERIA N2 BT YR o[ PRab (A~ YHR B IedTq
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TR B &Y e # Hd g iR 2| A9 Well G U | Al BIRIGT UleliaRIged & gad 8T 2 e g+
Belld, STl STaRTE SR a7 TNYUT &THAT Sivdl faeIyarg utg 1S € | 2Ne & I8 ) A ST § b s 98aR
SIS 0T 814 & Sl H dels] B BRI X3 dTel STRT Bl g1 BT HHEAY J&T7 B © |

IE & IRATETROT T[0T U1 bR b forg e SRR & &g ugeail o) b fobar o1 g1 & (SR amoe sk

divg @ FriReT IR @rdER AR 3 Rerar & g2 afta) slenfiie qgd & ME /Iorgal B XamT gy gud!
THAIAT IR Y AR UG BN | U 3R M AoIqd U, i1 AR Aferel iR acar dHT 9 3fferes rfafafer
PR D, P fABRIT B & v v oIy € |

fEHTery &5 & s Sial & Siellfe fddrd & Ty a8 Td srder W P ad 8T & | ged Siidl &l fafderar va
T BT I SUIITRTAT B o1 sz ) fhar S Er g |

A 31T HFIICA qrlaltoll U8 SIS hedcad YT - 59 a9 o Ayl feemeii § &1 fHar g | 39 o9
T miRNA I B Few@yol $13 B 2, o= g2 3 90731 © & o1d I& 579 T A miRNAs & Tl &
AT T, a8 HI! YRIT 3R FebIo Il Felid BIT & | $9 PRU A miRNAs AR I eres] Mafafert o
AEIH UaT T AT ST T &7 AT | BolRawy, 89 3ot 41 Ofdd Rived & Srdgormedl &1 &7 | w787 9wl uT %8 &
STEl miRNAs &3 T®! A Sfdd RiveH BT =07 axd 8T IR, 71, 971 & B9 7 819 vd 3 (440 & 98
&1 HaaTelier fohamail  AI5[E © | 39 U 7 Ugell IR U 41 3R Bl 81 wRwe Ay & gRT gt 11,234 FRiEa®
sRNAs fafT ST 41 &R & S &1 &g #ecayqet fafdat # dgg € iR &8 9fds fhaneii & o) 9ad 8| 3 9R
RNAs Ugdl 3R IRURTT I1=A2T0T & UfhaT § T8 IR o 9 o | 25 faffs HRi & SUR 25TB ST BT SHIT HRad
UE 3G fhaT AT 2 | 79 W sRNAs DGR &l dl o4 & ) Feq o | I8 & srcaw & GHIg ool
T gRIed Red # TbIRId 837 © | 39 AR 59 o1d 7 Solanum & SIFM TR $H B g IGH AI9[G
fucfea gferic @t ¥ @9 & 2 IR 3 W1 e & & aron & fAuRid &8 wrera’t Yaras siHiie Rived §
Afhd € olR TRAMPRM IR W8 € | $9 W1 €1 39 W8 A arabidopsis & gidoie R forfif+r 3k gurifrred
BRIE T T DI IR B g SINSPelAad & 1 o |

AT a7 Wi & & H HFgex B SYANT A HifadRy YRads 37aT 8 | 39 ARl & YA STANT | ygel dl
RIS Rerfdr § <R & AT &1 faweiyor foham 73T | §9S 3Teftar, CXCR4-dfsd goiandr smemRd aiffevor dfsa
UECll IR B fIawRid fBar oiR I8 1 uTeu e BIC JURI &1 HSR WhiF &+ & forq fedTera dieli a1 gorrer
A T 3TaRIETDI BT U B B oI ST foham T 2 |

MY T H AT AIEC & LA [9aR0T & AQIH AT AR b e &1 ordd 78 © | I8 RS
RO # IMTATZE BT UAT T & o7 AT HRAT 8 3R 9 UHR Fafdhear (e # v faaeqor Jfie fFmar 2 |
39 Gy , A9H0N Bl s9-AST # IR sA-faar § fafdre pigfRew uoie & %u # 3= emmar & forv afsaa safomT
@ &3 H ST ST © | AR H AR, St faRie SR pifdrael & ded a9 & fory SuAnT fahar S |,
fSSIET BRA & BRI I T § | Bifeld YRTS B Fdx "-HICRINT IR A6 faerar a8 gt § {6 Rex
HEIRIT USIAT IR UfhaT A1 vl & § SR RAFIISROT & ot TSR & | $9 Tamar gl UR {6y 77 2ne
A 9T AT o I8 ST gRI IRE W QIR AlS SHIGTT YT & B H STRINT - & ol R © |

9ISy Sfiare] gevaR, Hifdaager uey IRrfag =

A9 ¥ w9 T GRERG e v 3§ IR T BT UiEdl G99 g€ IAEH © (THTS, 2013) iR Ig ufde
AT 8151 B U W B B | R AT dHadh T & BIROT fHari bl IR Thwr gl € | S99 3 Tuel ¥hd ol
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JgRAT STTFAIfer @ auie | BIdT & Ha¥ "1 AR # | U 8 | |l TWd W & SR gRa7 iR 99 &
d9 81 %8 gedlrdl ®1 GHSM & oY BRI R I8 © | IR eIfd iedIoT &7 JAIT S SiiF &l U d & & fory
foram ram, S & Ja-dgRar svaafor W a & SR iR Twifd ©U A Afier 81 38 o, 39 | 94 & 9407
S @t 1Y | 39—Riferat fafer &1 vt giiafres & Swifad fisem 89 & forg fasar | g9 fafr &1 517
T ehed] NS &I Ugd &I T 7 | 37 givIfshe & Fquer 9 Ag@ayof fINemos dR®! & Fefo7 auie &iR
THTAIITG 6 B UgdTe dhR- H #aq fHel |

THICR & we fdec T G e 397 Usd THER WIS & BB 9af-d NIKH & fgsanfadia fageryor &
HEH W UgA Bl T8, Sl RIXRIH Bad A WhAd & | 8 I SiIF SHICI— BHadh IRER {51 § 39 Jedid
@ fory oy faRr iR s W@ E |

TR D A S AMBRI Siare] ST ARAERT AR S 2g 21 a1 o <87 & | {9 Seea & Sidl SRmon
B SSNGFIRAT & 5 e SiF g0 & 999 §RT f[ASRIT ST & | 394 ISSacIRAT & 39 Jod &I gA1d
T f571 & U 3ot WIfET WeAnil & A1 feax ey gl 3R ScaTadl Bl [aRIR &= arell e off | 39
ST B I & AR e 3R SIFRIC I0T S+ & Tf faR1er 3R 39 & 121 3101 a1a Afewar & awa+ # +ff
famR o ST 8T € | <9 e JIESacIRAT BT 79 el @1 9fg iR Sroifad aa AW & SR & MR
TR AT ST RET € | $ER & Uil 7 gig @1 9grar < arel LS. YLAR. & Jedid & R I8 ura T & FRifaa
aRRerferll # arr=a &1 gt # Urell 3 31 giE g8 | IR & BT BT 981aT o # ASSIGTCIRAT BT Y[HbT 3R
THTT B 3MbeAd BRe B foTg aaA # Ule iR Bies URIET TR, HIHR & fhd SIE € |

a1 Ffd S gonferdl § wadl @1 IcaeHdr 3 IR & farg diofidisms: aama aRRefoa wadl @ afs
IR IS B AT PRl © | UGy BT QRIS a+ra IRReIRT S Jaordn, a1, @, auHE, Wy eTgat,
PICATD] 3R UTEY INTO-d T SuRfy # el &F IRIRS gfaforarett &1 SURTa dxar € | diofidierR wriil-
LI BT SATfed BT 8 ST b THRAT 1 faufed oxar © | 357 IRATSTHT BT S, THRIT-SIR1A-T GIoidiaiR

& Ao & e & forg €, S wafarer & srad, gl ok a9 |few] uiell & faer @ §a3 yomelt & forg
HIISHS R 31 fhmrad 81 waar € | faffe wael SN 31T, a1, g 3R AeR & fadr &l 9emar1 o+ @ forg

AT ISSIFENRGT B H4Td BT Gedih DR B for0 ada § goilv, dee] (va.dl.) & wieror &1 b wrfey
WRE|

AR fedrer & B e el | ofa: ured) Jewofia 3R 71 wiafas STkl &1 sia e wes
STal B T B ATUET 1184 ISSIGICINAT SR ATaRel fAfe & gRT wiferd fobl 7g, 7 I qeT 85 Saroeii H U
T M IRIET0T Sirdl @& Raeh @y faaRor fafer & IRMoRIET Irfafafer o1 famar | JRmoRIeT rfafafer & forg g Ty
25 3id: UTeUT 3iR 4 T Yeoial Afed U= et uRoid], WITAATSAR—GeAsId] Weiiia] FI & ORI
AT B AT e & forg fafed fear mar g |

Eifqar RaffSamT 3R TS sIRET I b~ ACEIAEe Bl S9—(del ST & [T UGy BIf3TdhT FaeH
3IR 3T Hael yoTel! & faer &1 &1 faar <11 3T 7 | I # Aige Tifidarass ik Raifeamrss uagfa fer
& WY H U SYINT & foTU ST 91T 8, rhodiola # salidrosides 810 & 19 TSTEINI<d 3R Ad—<clf<idh & ®U H
AT 3T 7T & | 397 DT @ <7 Ud facer & qroTR # 9N 70 B | 39 e #§ Aferd Aerdrese & 93 IH
R IATEH & ol Dol TIRIGHT UIeTdicl iR DITIDRT Hael Bl A(dhd fhar T g |
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df¥aep STerary uRad= & Herer H Sed GITdT Siafdsi gqe A 81 ehdi & oy [42y 29 J afidve 818 | a4
gfaRor af Rerfd ST & argwsed garg [Sed g.d1. fafdror oiR o1Rer & d1aT | srcdd Sifed 31k S8 +fid urey
T3 BT JATFIT R 2 | UTEY WIS 7 Shafasie & o8 fafis Agcaqe ugqell ok Sife e ufshamsil o wwem & aoft
A AN &A1 2 | S0 STTaTy A SaEHIg] TR WICaifies Jmra Wi &1 o AR AETHS SIHaRT &
[T BN R T GRUATH I8 M AfSfhaer uvgd axaT s |

Qrel Ud Yor]fede
R =1 BT GIE TTh| S &T0T g TR BAR PIH B AT deId Y, BH <I1d SIS &5 dTell a1d IR &1
Siad fHaT | 9 &1 G gcd TH AT AT FpyvT 3R U A g7 fFaptel 71y, foRs &9 9 &1 @ g
UIBISS U1 A | A9 & 37 &I G WhIsa # T gcdh—RMeid, oFred, -1, 2aamgs gRie o, Safh
Hg=R AT # 36— —2H — TR —2—3fH, 031k B M, Riga 3R RRTe enfie o | feray
2, 39 919 H Merge AfeiRieie iR IRRISI=T Sl e sifefeiad =@ # yg@ Afdl & 9 3§ aaqH AR T
wW@Me & fory foeR € Rafe 781 fy 71y |
TR § 399 Ugel U SI3TSiicIgve AhHI TS JAhY a9y $9 & = &) ulRial § defehd & Waeriffed
qid & oy f[aeRea far 7 o | SEereiicrsse Ubariss A4 & A1 AffdHd Udh GAsl el Sifed
SN & oY SAIag ™ QR TSl I §RT etd —3— 31Tt &1 b ST & A1 Ufifshar axdt & | o1d gAw deford
% feaciafad qeiea & fol 39 AffeHE & STANT ST @1 | I & ASHISH Heldl ail § fidHHd R
IFETRHIRS 31X ARHAIE Fad givaifias g ufral ik W # daifdh grer diel Teligers & v fRwr g | 3
TR el TAges ®I givTaif~a = & uiel # IR giaste diel o1 IRl & &1fde arar 121 | §7 Tellgers &
A9 AT BT Tl H e ARANCT H 318 AT 3R 20% PM LTS ¥ TP T H GRDBRR DIRABT3T H FAeX
UTel A BT gy 8s | Beldb IeTad Bl AT Bl WaeHigd e R gite &1 18 | a1 H 2+ 3R
S DI ggar iR ATHT B A9 & o1y HPTLC AMaId 3R Ao iR fawaw-rar @ forg A= favar |
II 3R DHefh HPTLC gRT A= A & 31d H A7 3R Yerdiueril & |1 A1 a1 7147 | Uab 310 YT H,
TIUHITR JMTTRT HTATAHS Fead=l & I8 WY eI Herdiege SUNET iR a1 & T # DHIF & A1ef Sfe
3R hefb & HHTHSD 3ol & T ST fobar 7T |

g I ufeqdt | deford @l Yig IR TR 9 S A1 Fad, Hefh & Icred gAR UriRe W5 H arar amg @t
gfeal (40 fhell) TR Y& BT TR Y IG H 3fdqierd (b AT AT | BIRAC &1 ITRNT U4 fR1eT $evhd
RIS & dEd 8 elfie Agarl S5 vHiR]fehed urgde fofics & A1 &9 | 100 favell drarm @m ufa
T9 ¥ Defpd Yhg @ ol Ao Ml 2| Rarbelfds FEiv geMi| & JRIgRawHIE R 3T 9 &
RETHTHIR A THT 220 I AP ATGITTTSA MSHAIICH Bl T IRITGIIHIHTN eI I T AT &
USIHfIh ATl & foTU ST &1 7 | AT HIgshiadd 3galeiesd & 40—55% frRITFifas & foHfor o= & forg
Ja wUTARYT 3@ | 399 |Gl 3Mgdreiesd &I faff=1 Arueus (Qrow™, diva Asige USRI & ST &R 3R
STdeT @ STea @ foTy of SR S XET © |

FART PR Ie3I FATST & WRY Td HeAT0T & [olQ YIRerd! AT &3 & URURS, JAURIE IUE Ud  HH SUIRT
A Y U @rer gerif ol fan i BrAr € | SART SUhH e [RATed &85 & W |IST Bl GREd Bl & | 37
9 w@qell d Uce "Technology for Commercial Production of ready-to- eat food based on ethnic recipes of H.P.
especially Kangri Dham” SRR {31 8, ST f&5 &5 @M1 Ua™ @t ¥l vd Al & sifgdia ware vd $fd &r ueeiA
R & | B GUIYOT DI b & folq UT90T Yo WTel UGT I, A UeToll AT & fofQ Te[e RM3d | Bl ATHROT U
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TR Sfiae & oI HSIei WIo & SdTe" IR 9l BRIRG § | 89 Y SAEl &I fadRid &= & fory, Sevd W
JTTRE JFHYT, HIS[ET STe | G AR FAMA Yo & WE YHWEBROT S &1 FaT FaRoT fhgrafl #
AT € | T IcTG B 98Il & R, UGl SURIT B BT HH B B fofg 8 U907 Jad Y AToll Bl
S I, W, =, AR HabT gedIe Bl BRI U argaferd fbar &, il & Ao uryor 3R w@Red & JuR &
fog difed ¥a & IR W 0 ST far S Fadl © | 98 ScTe < 3 Y ST 3R TR BT S~ d H
HRIR AT & AT B |

firel, emyde wfea fafve aRuRe i gonferll # Fev @mud wU ¥ sWA Uiell 3 9 U% © | $9 ey &I
Giferar, i3, FAMBR, TARN, AYHE AR THIHAT & FATS & ol URURS HU H SKATS (63T I 8T 8 | 39
g # Afde avf & A O Uewdige, ReiRISsy, dacN, Tasa RS, WRine, e, Rewy fafa= aifre
ST AR © | 39 IO & 12T aod e H [Ier & 3feTE, W1, RA, A3 $I S8vld AR DA
AT SYAHTSGerey] &HdT BT Jedidh fhaT 1T 2 |

1 IR gres TRl @ eI Tfafaffdl @ fog, IR SR SifReT osHl, KB, CHOK 1, HT-29 3R SiHa T
AT fHT T | TG SRS I &HdT T eI Rl & UIAfHd Toried R fhar 1 o | |
ZRUT HPTLC fafr & e OF Irafdea Aiffrel srerfd N-formylannonain (1), 11-hydroxymustakone (5) AR
yangambin # 7131 fAEiRa @ 718 oft ST &) frelia & dgg fAfde diell - off 1=y o |

fafeer afel & PRCHT™! G A 16 Y& 37031 I AT far 11| N-formylannonain (1), magnoflorine (2),
jatrorrhizine (3) palmatine (4), 11-hydroxymustakone (6), tinocordiside (5), cordifolioside (7) 37X yangambin (8) |
|1 3feT KB 3R HT-29 SIR1®1R1 & Raards dfsha o 5ia & g il # palmatine (4) KB 3R HT—29 BIfRraraif
% fa%g A U 7147 o7 ; tinocordiside (7) KB 3R CHOK 1 @& fd%g T yangambin (8) KB SITERI & fdog
B Al o | 8Tefifd N-formylannonain(1), 11-hydroxymustakone (5), 3R yangambin sﬂfﬂjﬁ?ﬂlﬁﬁ Tfafafer &
o €1 aftha el o | e & 39 g5 el & el goic 9 dex faR1e) 3R sREAmisgerey Tfafafeal &
AT URURE eI Feli o7 |l gl Il 2 |

BART Ie UTPIad VI, YT U =1 AT S BT GReE AR [IURHAT BT HedTdh BRAT © | T
ST SRS WR & 2 (N &7 STANT v B O & | 59 a9 g4+ AT T guRaiiads s [y
UR GRET 3R [A9TRHAT HedTeh (3T | $9a STeTal 89 S99 UaTeil &l JHrarcdradhdl Bl il udl =el, foTaH dapfi aeim
GURT B R & 9T 7 T A1 IUANT B & T BT Idl o T1aT | $96 AR g+ eref 819 arell 99 @l
el # dietftharer @ SURIY T S9! SR & 9T # 819 aTel i &7 1 aar o T |

TRANTRITET % ¥e] X8 2T BRI BTS2 TANTCHS UYAT &b STl A Ui¥edl ATl avedfa & Afsha deal ol
UEAT HRAT AT IABT AT =y vd gfe w1 | @re uerRll &1 ffefas SwnT wd SH@)
STETHTREAT T URETT ¥ TR WY BT BT ¥ 2 | SHT T § 3R (T TTISH Punica granatum)d! BT
B FEIREAD AP W BRI fHAT 7T € | AR DI BT BT 91I: F & A1 ST 8 IR SGH Ied AT A
fopforenT phenolics, qqﬁ"ﬂ?*lﬁ? punigalacin, AT RIS gallic acid BRI ST 8| 3FR & BTl &l
NI el B MR URT &3 T isoproterenol induced myocardial infarction HiSel IR fawam m a1
ITH BEIRETD &HaT DI Yfte &l T |

afweflr drelf # fIfeldd Phenolics S fshd dcdl &1 w19 31 8l = | fheg g9 9fthy Il & Sfaa
BHIhIBTS T pharmacokinetics T ST B9 & BROT SIhI IUINT WG 8 SaT1 8 | W?Fqﬁ_*f Curcumin T
& Ud fhIfetaT phenolic T & ST SIRVIGRT TG oxidative stress BT BH HR § BRI &, AT SHDBI TINOT
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&l HH B & BRI 3HG SYANT TR UHTG ISl 2 | SHd AT DI §gM & oy HRAEHT curcumin B
qrguRH piperine @ A1I DENA induced hepatocellular carcinoma @ fofQ S%<rHTet faham 17 | curcumin 3R piperine
& YD SR W RSTR @ SR A hepatocellular carcinoma TRId i # W= ) 71 | uf¥est feArera & urg
ST aTel 31 JNT9ef gl O fob R7=pT arsarar Gingko biloba, PP TCI5dd Crocus sativus SIS BT LTI
ff Frafas feR W e S RET 2 |

BTl 81 H T W # HIRATASY (CPCSEA) ¥ TARTRITT U] UsT @ ot STl Ut ot & | ST 89 JaTITett
agpel & A Wiferd SUWET B SUTel BRI H Herd q1QT | FrAies Ugpali & S7eaa i JRANTeIar ugai &l
Tl ART BT &9 H @ g, TAUIYS (fARTe YITSTT 1) Ug] Uoi=+ SiR S1Tary &1 G &I wITaeT &1 faftee
A & | TAUIUS BT BF RATYAT & 39 SUATRT Bl BRI HR & foT0 8H I 3IR JfaRerss 1y feem fd
% AR AR geRI & foy uggeil @ FATRie WRed IR SRIH B RATUAT BT BART 247 © | 9ias H
EHRT CIASI® STFaRT &1 BIRIAT WATUT BR 3IR BT YINT & {7 SUANT BRA BT I 718 8 | 39 TBR 89
SFAR] & oy SHTCTS T wfhanail @l wemu=r +ff saRT &5 811 | 7981 3iR Uxell & Aasi 0T 9914 &, 3R 39
TRE TRANTRITET UL3i &1 A19d SR & 31edd9 & ol I3 Afed & WU § BRI &) Favd & | 3T I ST HIEw
TAT FHIFAT SelToT Wi & forg ug] Aisel &7 fad, AIa waRed &) dgadl & fory #eayel 8 NMU 3T DMBA
ERT W PR & ARG IR0T ST B TAT BhS| & DA & 3eddd NTCU BT ITANT IR arel & | T8
TaTgall /AR & BIIGHE TAT BIIDHRD FTa] BT ATDHeT PR H FANTITAT TR TR URIETT PHRAT AITLIP ¢ |

Sod gIar sfiafasm

JarTeufered S &I Yol

fRATae Ueer & =T Rl & WRAR SR AT & §XReT a9 el # Y& aTel WHerEl o TiRal iR oot o
ATHATRYIS ST BT NI AT TAT| 39 &3 & P SIHBR AN A HUh HRd Ud ARIHR B JAIH F 50
qTed JSATCRI & e SUIRT & IR H SIMaRI T &I T8 | RTH ¥ 97 SHeR] frfaRad gt ganfat
EERRACIER N

EaRIgH, NI RITaw, Wik Ugerer e U Y € Sil b =T UeR & 9T & e & fog SuanT §
AU IR & | TafRim ufergerer, g9 SIS 3R Uaifed geriftheld & Ue & 5 ¥ Ao o & foy SuanT #
ST ST & | USIfoThT 7Tl Bl TSl Dl Siiel &l gg & folU TUT SaeRISOll BSfOIRAT & &g Bl Jd & bl IR
SUANT H SR ST & | 9galt Jeferd, qoiRarr Seris, JAiRA R iR IR Srelifiar Si urel &1
SUANT fAR= TbR & ATOT H [T ST & | g DI STS| DI 98 81 ad &1 A YU § GWTHR AT [T STl
gl

qIguTerd GU 8T

A & UIRUTerd Bl iR 1% T a1 & foY $9 a9 500 UIey Tl &1 faf= =i & Uahd axa
TSI H AR BT | §9 3§ | ST 100 BT AT PR & YA A9 BT AT 9 H Uoh A & R R
& 3@r 1 2 | RE 8 wifdeiitad, Smamr Riewsl, Siferas waiferd, yaarterrn, Harferd, vferas dH-mT,
Tt Ash 1T, URTAR[ATSTAT Heh el , UTSaIetR STS¥ anfe ygRa & |

eRsIwIge W Iegy+

qrE < T, UTAAYR & Fde TR S USed YOI &I o & oy Sgfa @l 718 | I ST=iem |verm=l |
TS 155 UIeT AT T T 9 32 SRIIBISE € BT YA fdam 1T |
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afRgH! fRHTET &3 BT STaHUGT BT FA&ToT, Tel, EIDHRUT, AL AR AFDHIBROT B ILIY I JelRITT SISHIT
@ Sedhe UHHl Bl AT STUTIR=0T gIRT AJAIET0T AT 3Ae: B B 70 SUGer gaT YSITierdl Hl Ugdr bR b
oy af¥ert fearera era o1 |deror favar T | JeRamT Sierid & fog figl @ T oiik Sindigw fawgell @ forg
fewrae yewr, fafdem  oiv uf¥ae 9emel @ 20 fAf= Yerdt o1 wderor foam 72T | 3@ FaT wieror fhy T qerm g
IO AT ST RET 2 | e Jifadider Ua Rl qrgalidr & Sii—dd-ie bl Aaihd B & ol Hers
aleroT fhy Ty |

fewrae Uaw & ool el @& 1, witaof iR e anfeal # gawadiedl @t 10 AcTama erell # go: sRarel o
BT BRI IY 2010 W 2012 T [HAT AT AT | AR SATT Yo TS Il 1403 ¥ 2221 AR BT HaTs UR Rerd 8 | 3890
11 USTIfCRI & OIS @7 7T o) | §a A1 B 7 SfSdl  3iR et Ustiferal st ¥ 17 @ik ufer oy g+ dielf @
gig & AP DI Reprs fhar e 2 | A= el | AR gl S amars, Saar iR Bfafr & el =
areedl gfg &l @ ¢ | STfRreTer weralt # smfeat # Y areedt gfg urh TE 7 |

9 a9 & SR UTSY 3MfTHHIT UR 37U BRI B 31X 3T FTaT TAT UrdT o Af0TH AAHBRA & TR H SHD Bl Bl
Tehe BT FH IR Tferd @ wecayof et 2 | |1 €1 g SIRWIferer XU H el @l “Ra_f T Hl g Agcaqet
TS UG & U § U | e 3 H ERe—siitige” Adel WX Srgde H SN I1ed HIAT § Uy AT B |
Sl <9 F IS felucH TAged R TRINAT TGl (SUhrge ) WX e fhar aen ur b U &l
HICTE, BT Ud b1 B I g H Heayvl ANE PR © | 39D AfARad, ddl 3@fe & qriRRefe srgaam
YRS 3R UTEY STTERT TR HTH SIRY I@T & |

9ReH fRuTera & SladareEl &1 —wIa 9Efaav ¢d STed &1 faam:

fRHTee QST & 7ot BT # a1 § S a1ell 3T @ oy fRTR1GR BRI 3R T & fory Aag=Teiier er3T &7 uar
S BT B BT | fBATed & aii 1 faea 3 el gU a1 ¥ I AT & Ui 31fersh Fdaiiel A1 S & | I8
JI—UT 3R Siaffderdr & Jaar, TRRUfde! ok Taiarer & folt WavT 5 771 8 | US4 AFqaiis UHR &
99, =1 SaTe, STd dI9AH, ST eld, SRIv—uf¥ad P d% ATHAT BRE dTdll Wy, Hs HIE 3R Adui=d
faerear & & gf § T arell T & oy RTaR T R&I & w9 § &l T8 | HiTeT tel @ 10.7 ufaerd a=
JITERTT A H T T &Y ATAHT dTel &5 # ‘g 31fra’ gd Sz’ &1l # aeffapa foram 1ar | 39 &3 & 14.2 uforera
TG BT g1 H AT ST & Wk ¥ 37ere’ 2107 H qefiepd b 7T | U f$fTee y—Hafia Sl H 31T &1 A=
AT YS9 & T8 99 YN & forg ff QR foham & | uf¥ae fRerera § eRemwge & e faaver &l gom
qret A WY R By € | fRAed uewr & e Rarerad I See (GHNP), SUl—TT a=ioiia 3ReT (RB)
Td O 91t ISR S (PVNP) @l g Wifid ScTedhdT (NPP) & TR UfaA a8 2000—2014 & SRTH
SUUE & 3Mdbel & ITAN ¥ R by ¢ | f2areet uaer & a1 fTel & J—31eaRv1 /I & AMH ofsie
IE & gfafe | IR &y € 1 39 &3 & AT —1maRvT /S uanT @it @1 Fdead uRRefaat @1 gertar
2 | MR fRHTera &5 & 45 fafeadia diel &) g1l Gial | HAaferd sfihel ¥ Udb s—g~d—e) ¥ g TS 2 |

- Ja I & H urey fafderdr 3R uTey Ui d ofeToT (Functional Traits ) T ST

- T2 & S5 I &1 (3000 ¥ 5000 HIER) # 05 transects SIRITY MY | $HH sub alpine, treeline alpine iR nival
&3 ¥ fafdy geR @ gawafadt el I8! Usifcrl @ &3 species range T UTGY YHRIHED AT BT LTI
foma w31 | 8T Juniperus polycarpos I8 SiiTet fET0T &7 H U 911 & |

. W B dTe] JAMfdbS, STCRTSSI SCTSINAT orchid, Dactvlorhiza hatagirea % Tafid 3mardl o1 aRReIrAT &1
AT
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T ST AT Feld UST AT IATHI AHUT & AH I ST dTel $9 UT8Y USITd &I 98 | I O™ ©91d 9= TAT ST s
& foTU B9 & U # SHATE (haT ST & | Ied UTehiad JATaTdl 3R 3ffereh AT & BRYT I8 YTl fRHTerd # Jod
B B PR TR & AR 30 1 A1 SiTell &3 A 81 Fa1er S e & Hifds sHa] Wl 3pf) Y6 81 a5 Fabl © |
S eI H 59 AT ORIV, AR AT, 3R 9 GREV & oY 31 gl 1 T T 2 | Iaer H
2900 H1 & 4250 W @ HATS ATl G 25 &AT H gAD! [T B S al A7 3R $HD UTGY Functional Traits T D!
THR—AILTTT BT egT= 3 g U1 1T b I USTfl I iR BIC 9HN H Plas—aR T7 T4 9149 & Harei d &
Il Bt 2 | 39 IoIf &1 g 8 | 9 2, 9! WAl TOTel! fIdmRad e aF Sraedadt © 3R yapfar #
SHD GREUT D1 WAfHhd S =R |

TQT BT B AT/ T Teldel BT dsh bl Aferd Y- H Fecaqol YT T 2 | suafre ga 3 ot #

IR gl SHIRYT f3arael uael & SareT a1 # Ui S atet faf¥e ge7 goinferdl @& Sardt & Sfasid o1 arel
H&T & BIAT—Gcd Pl bl [BATD AT H I8 Udl gl b fafisr ger gomnfaai & dArdl & i< 9r S drel

H&T BT BIE T A=A &, [OTH FIDH LT FHABRBICTIT TSI & DAY B +1d IR ST aTel JaT BT bra=
T T 3T & | ST 31T B QIRTH I8 AT ur1 17 fob fafiier get goiferai & Sl & =i Uil S ared fafder
T JoITierll H T © T S9a ara H 31yl 3R © | $9d JTeTdT U Heedqul ATl dreT fUhRIsS 9
Fafrd Ared [ABRIT BT B T e T-37el T aTdTaRoT | $HS UIEl IGHR SHD AThiaToil 3R fhSTardiol & srer
Rere forg 19 |
WU 3R ATIATYS Gite I AgcdYuT ST UG e Ulg YSIad] & STcATEd QIg U 3R Ui Aardl &
&RV B & HIROT RATST &5 H 390 GRelv & oy &7 o ermawganan 2 | nfl O oeldd & b Aoverd & H
TE BTH T8I GAT © | WA b Soa Gl SHarae dex H UIeriell § 59 Juiurd YSllicrdl & AREl 6T B Yo
frar T g | wHifead drafal g1 fAfi= gargal & a9 & foy emaR Jgdt AT 3iR SiTdll 9 erdsfid
e AT D QI8 B DRI 9 a1 BT AJHT [HAT AT b g77eh TRETT R Yawa 1 MagDhcll © | 3T Pl
£ H Y gy A o e de feiRa fg &

o IYIRIT UIGY SIGRUST BT TEIHRYT AR IH T AT SAD] B Thi1eh DT (BRI BRAT

o 7Y gfte | we@yUl Soa g Siardry dTel Uil & SIS Uebf3d Rl

o TRHMIA U & Yh HOAS &l H Wax H AR 3l gite | Ae@yul siweily vd | uier yorfadl &

fIROT T 37eaTT BReAl

o HEAYUl TSIl

o fRHIY SIS WA s

o WY, W8 —dqr, f2HTEeT USel Ud B | 1 Y 300 ¥ A& Ul & SIUTeyl Pl ST 7 & |

o fIofia drenfirat

o I gTeR BRATH HrEnfirat

o AT YiErSH Wenfat

o UIpfE ey AN UG YshH fdeT

FHE Siiad & GER & oy Uafa menRd Jar=iy
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YThfde ey IcUrq Ud 9hd fawrd

ATATIS BY H Agcdqul UiE] S dl fUhRISTT 3R BHICRIT iR I IUTRT oI a1 & ol TIUARIR, UPLC-
MS/MS 3R HPTLC Ta@iids &1 SUART Bl gY S HedIese wudl, AR fhwrad Joraar o fafdsi o

IR T 711 & | 39 A1 89+ S JUradT aTel R IdATe TS hiRss (95% W 3Terd Ygal) & Iarad @ fog

R afear faefia o | |11 & &0 @1 & Uil | 91 STeH @ fory ST &HdT (40 fhel 3w /=) @ ufshar &t
AT 3R 919 ¥ BUST B €T B I B FTg TRATeITetr 3A WR ufshar o7 fAdrg N R 2 |

T <aT 7 T SI¥7 3TUP3AT & AToHT ReRAT H Bl & 3R I8 TR ¥ 984 STeal d1es fAidhet 31 8 | U I0HIf &
TEd &9 AR—diforR Wy a1 w2 & aifds a1 ofufey aropell & vt & fRAR SIRY <Ra # Werd B | 39 g @
3R & I @ forg, 89 9gfehar Agfth T HIeIyoT, Fefor goid qoIT IaT Sid # 3R Siig & aTe e Tfafafer
@ forg iy S1ugaif & vaTe B FIRAR SIRY A+ B &A1 BT Jed1dh B 8 & | dhiodd <dT fadRor ared vl &
QST 2q, B UIdHfad TARHIAgs SMETRA ga1 /SiF fdarer 985 mvifads argd fAsRid &) W8 & | 8ART 3T
af¥edl feATera &3 § Url ST drel el 9 S7erT by U bR HHISRY SR or & {1y wifies urgpfae Seral
3R I STIHUD] B HIYT & Y ARIP] & [JHTRT & oIy HTH PRIT & |

TAATT H BH G&H 3TN 3R qRINIded TATATTH & AT ¥ Ao TRAmsll ®1 &6 HRA & ol I SSRIDII
FIER Ud SYIRTT & NI Il & T faus 491 SRS & fAprd § s dr B & | fORaRydd SRS BT a¥eqor
PR R I MG BT & b =11 SORS BT STINT (AT A1 forle, 31fshd ararervl Ud URShd SUHRT Bl SUATT
53 o7 & TR @ YAt ifafisarett # IR faar ST AahdT € | SORE BT URIETT B IR T8 GR—IFHH,
SATRIBROT UG e Tfufhare # aifd ufdfbareiia urm ar| 991 SSR® &1 sifaasdd weifthd e
yffehaTall 3§ SRITHATI RIIER B & BRI, I8 AU IR 9 H I el TRI&T01 & olg &7 JMH T Bl © |
JEAR TARIT B oy U 37Ufeil BT Wisl $I ST I8! 8, Sl b Il 81 3R A1 TRR RT 9&1%d fhY S 9 | 59 S
@ 37Ut Bl WioH & forg Sifasds wu 3 wRifiTes IrfTe &5 & afRerd STVl & JTawIdhdT & | UTdhiadh Icaral
H1 AN & WY 7 AHAd! Y STAT fHAT ST 8T 8 A Tpidd IcTal BI SUAIT AR 3 BRSPS ITD
NI & wY A ABRAT B H = THAT € | TPiId STa] DI Sodl AB eIl &% Pl &1 H @ gU AT IH 3

ST B AT B FHRT & [ARIBROT & WD IedTal AR SAd FHRUT B feifbed] A= 3 drordg ade 4

SUANT BT ST Favd 2 | 39S ITlTdT, Wdhidd G ddl 3fafy & forg Suerer T8t 81 Fand; gafely Agdyul
3Ll T AT BR & oy T fee ax SUTET 81 Bl AYATOl qbl & fderd iR Hgwayol arvsii &
LI § BP SUANT &1 {2 # 89 JIRdT © |

9 AT 8 ?Jﬁfi%lw RIEISRT (Eucalyptus citriodora) @& %el, 99 (Malus domestica) & UxI, BH SHdTs UR S
ST Tl SURH P14 (Juniperus communis) & SUNT (217 TT HYR eI (Hedychium spicatum) & TgSi|
\(Rhizome) TR 31eTefg IR AH IelTd BT 3RR & A del Bl UG UR QT AT | 39 ATl &H SivTell goal
(Curcumaaromatica)EF}WT%TﬁF{ﬁﬂ?ﬁﬂ?ﬂ@i&ﬁﬁﬁﬁéﬁwgﬁﬂWWE@W%%W?U@[
T AUl FETIEH HelaraTse FARRES (Phloridzin) &1 430 A1 2 |

femTerd S1g wweT iR Sud fHd Sarel & Aerentiay, frfisiiad ud Toraxdn fF=or o faem 7 @y o
anfed o | 21 el 3R AR a1 I wree @ TR SIfeeansii &7 Saoftol d3 & folg AT fasar Sird 3&1 © 8iR
3T A1 A |9 980 He@ayUl € | SP FeUe SUIRI Bl 7S qars] Bl Wiel B & oy SHIeie & WY # W SRA
o SIram 2 | diel, 79 Al 9 Ikl @ AR A9, AEidrge 9 3R aRad ®1 FHSHT Td oradT AR
ORI FFA0T {5 fem # 1 sToiehel & 9HY &I AT & |
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$9feY 89 acAE § NMR, UPLC-MS/MS 3R HPTLC d&Ib| &I IUANT IaR-Uf¥ed fRdrerd & 8 eyl

3wl Ui} ot AeTdiese SuRWET Ud JaHT 3R I@ JUra fFH30T IR 6 &R I8 & | S0 37elTdl, & lipidomics
3R metabolomic 3&T3 & A A Cratageous oxycantha @1 ﬂ;ﬁ—c}ﬂ BT g TR GRETHAD Ud ICERGR IRl
TdT T &1 fa=mm # &9 R 32 ® | 600 MHz NMR dd+1d & Helvd®sy &A1 Picrorhiza kurroa Royle ex Benth T
HTEIATST Yo &1 fid @ & | 899 aRkral 3R udhar § SuRerd wrfie iR Arafis deeiagesd o ugdr &l
3R 7 AAMAD HeTaIelTse H Hed Ul UMD TR Pl AT |

E'Hﬁaﬁ'ﬁf%ﬁ'qK’T:f@'lﬁtﬁ?}lP.kurroa&ﬁ'\’C.sinensisEﬁwmmiﬁmww?*I"'Iﬁﬂ'l?ﬁ&??ﬂ'fﬁ'cﬁ
Hecqqul, e gd fafetlt SR &R+ arell fAfe f[aeRId @1 & | 89 Wi drey |1, Jora< ==, urey
ST Td IDh] AFHIHRYT BT {320 H 2eg BRI g TITARA & |

TR e §RT FATfeTd B ol ®U A 9 & AT & BRIa] Aaeell bl &7 H IEd gU AR fa=i IR SR
<1 8 | e SeuTe TR T4 3R Sigd(shd 379] 3~ A== & &3 ¥ fafbcaaia SudnT § U I
TG | JMRd< Uieli 1 I A=IaT | S9d SUANT & A1+ SR H&H SN a1 Rt 3o AHiford 94T
H o) If Il | 39 Rt ¥ IREE A9 @ e & forg AU sadR gl S | adH | SRl § gRa
ArEnffdal ofR - wa Afhavr & fofg HfoRTRT & & 3§ 89R B B AU & oY 39 &5 H g1 J9Ta U,
9 ol gard IR 2 (AR g & ¢ faaiferd smenfRa srpeil < va wftavr / srafcrddr & Heeror o faem
H B FRETE |

EART GHE U [AT4 3IR TANTRITAT UTshatsli bl URiele W3 H dTdd WR IR 98 & ArI—HT Ushd 94 Bl
famfia o<1 U Sl U ¥ Aeayul Sawfha Urqfad Saral &1 Urenfia] gxaiaRor § o g7l & | 31 R
R I8l WR AR il vd |eer diel oI o a3 Shfadid, 9 &l 89 ukil | Sefdd 3R T Tard
A JATd I T 3T A GEEAT DBl hHOT AT S & | S 37d AT A H G 11 ST R8T © | $9a d1g i
UehH UfhaT ATYGS] Bl SCdq I91T Sff I8T & dlfh 3 [Tshyvil | SIdhdd BHe U &I Sl T | 39 T8 Bl
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OBITUARY

(18.09.1978 — 28.03.2016)

Dr. Neeraj Kumar, Senior Scientists in the institute lost his life in car accident near
Nangal, Punjab while traveling from Chandigarh to Palampur (HP) on March 28,2016.
He joined the institute on 11 April 2008. He was a specialist scientist in the area of
natural product chemistry and organic synthesis. He published more than 90 research
papers in quality journals and have secured his research with patents. He is survived by
his wife Dr. Pamita and daughter Varanya. He will always be remembered for his
devotion, dedication and diligence.

CSIR-IHBT family prays for eternal peace to the departed soul and extends heartfelt
condolences to the bereaved family.
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