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TECHNOLOGIES AVAILABLE WITH CSIR-IHBT
Agrotechnology
S.No.

Technology/ Products Name

1

Stevia: agro- and processing technology

2

Monk fruit (Siraitia grosvenorii): low calorie natural sweetner

3

Heeng (ferula assa-foetida): agrotechnology

4

China hybrid tea (Camellia sinensis): agrotechnologypacakage

5

Damask rose (Rosa damascene): agro-and processing technology

6

Wild marigold (Tagetus minuta): agro-and processing technology

7

Lavender (Lavandula officinalis): agro- and processing technology

8

Rosemary (Rosmarinus officinalis L.): agro and processing technology

9

Agro-technology for mass production of saffron (Crocus sativus L.)

10

German chamomile (Matricaria chamomilla L.): agro and process technology

11

Improved bee hive for quality and hygienic extraction of honey

12

Lilium: agrotechnology

13

Calla lily: agrotechnology

14

Gerbera: agrotechnology

15

Agro-technology of carnations

16

Alstroemeria: agrotechnology

17

Cut-roses: agrotechnology

18

Chrysanthemum: agrotechnology

19

Vertical gardening

20

Indoor air pollution abatement plants

21

Micropropagation protocols: industrially important crop plants

22

Micropropagation protocols for Picrorhiza kurrooa

23

Production technology for quality rootstock for apple

24

Biofertilizers

25

Superoxide dismutase: an enzyme for diversified industrial applications

26

L-Asparaginase (HimAsnaseTM): an enzyme with application in food processing

27

DNA barcode technology for plant authentication

28

(GEPROTED)™: gel processing and transfer device

29

iRISTM: a solution for easy isolation of RNA

30

Steriflow™: mini laminar flow unit

31

Culture vessel for rooting of microshoots

32

In vitro production system for naphthoquinones (red colour) from Arnebiaeuchroma

33

Simultaneous production of biodegradable bioplastic polyhydroxyalkanoates (PHA) and violacein
pigment from Himalayan bacteria

34

Tissue culture protocol for mass production of quality corms of saffron

35

Mass production of Nardostachys jatamansi– a critically endangered high value medicinal plant of
Himalaya

36

Technology with short cultivation cycle for production of adventitious roots as a source of valepotriates

37

Compost booster for cold regions

Biotechnology
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Fig. 6 Distribution of quality planting material of
wild marigold to farmers of Distt Mandi, H.P.

Fig. 7 Distribution of quality planting material of
lemongrass to farmers of Tehsil Dehra, Distt Kangra,
H.P.
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Fig. 10 Director General CSIR & Director, CSIRIHBT interacting with farmers at Talla, Chamba,
H.P.

Fig. 11 Training program on extraction of wild
marigold essential oil at aspirational district
Chamba, H.P.

Fig. 8 Awareness cum training program on cultivation
of aromatic plants at Talla, Sihunta, Chamba, H.P.

Fig. 9 An awareness cum training program on
aromatic plants cultivation at village Gumna, Tehsil
Chirgaon, Distt Shimla, H.P.

Fig. 12 Dr. Sanjay Kumar, Director, CSIR-IHBT,
Palampur monitoring the cultivated aromatic crops
at Bharmour & Chawari, Chamba, H.P., India
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CSIR FLORICULTURE MISSION
Nodal: Dr. Bhavya Bhargava
Co-Nodal: Dr. Poonam Kumari
Research group: Dr. Sanatsujat Singh, Dr. Ashok Kumar, Dr. Pamita Bhandari, Dr. Mahesh Gupta,
Dr. Vidyashankar, Er. Amit Kumari, Dr. Robin Joshi, Dr. Dinesh Kumar, Dr. SGE Reddy, Dr. Girish
Nadda and Dr. Sukhjinder Singh
CSIR-Floriculture Mission was launched on 4th
March 2021 by the Hon’ble Vice President, CSIR,
Dr. Harsh Vardhan to enhance farmers’ income
and promote entrepreneurship through high value
floriculture utilizing CSIR technologies.

Generation of quality planting material

The mission has seven verticals viz., (A)
Development of new floral varieties; (B) Expansion
of area under floriculture crops; (C) Urban
floriculture; (D) Development of post-harvest
and value addition technologies; (E) Integration
of Apiculture and Floriculture; (F) National level
registration and release of existing and new floral
varieties; and (G) Establishing effective domestic
and international market linkage.

Table 1. Planting material generated

Under the mission, four wild ornamental species
i.e., Paphiopedilum fairrieanum (Lindl.) Stein,
Paphiopedilum insigne (Wall. ex Lindl.) Pfitzer,
Incarvillea emodi (Wallich ex Royle) Chatterjee
and Jasminum parkeri Dunn were domesticated
and multiplied. Further, a total of ~16 ha of land
was brought under floriculture crops in Himachal
Pradesh, Uttarakhand, Punjab, and Jammu &
Kashmir. Of this, 2.50 ha is under Gladiolus, 9.50
under Marigold, and 3.00 ha under Tuberose.
In addition, Lilium was introduced in seven
villages of Ladakh UT (Villages Kargil, Sankoo,
and Kurbathang in Kargil and four villages i.e.,
Ranbirpur, Stakna, Sankar, and Tukcha of Leh).

Bringing a large area under floriculture requires
propagules, hence the Institute generated planting
material for the same (Table 1).

Crops

Planting material generated

Gladiolus

3.50 lakh corms

Marigold

6.65 lakh seedlings

Tuberose

2.50 lakh bulbs

Lilium

45,000 bulbs

Chrysanthemum

20,000 cuttings

Alstroemeria

25,000 plants

Carnation

23,000 cuttings

Calla lily

50,000 plants

Bird of Paradise

3,500 plants

Rose (Loose)

10,000 cuttings

Rose (Cut)

25,000 cuttings

Training and awareness programmes for skill
development
Four awareness cum training programmes on
cultivation and value addition technologies
of floricultural crops were conducted from
February 2021 to March 2021 and more than
148 unemployed youth, rural women and farmers
were trained (Table 2).

Table 2. Training programs conducted under the CSIR-Floriculture Mission
Program

Duration

Location

District

State

No. of
participants

Training program on
Crop Diversification in
HP through cultivation of
aromatic and floriculture
crops

March 1
2021

CSIR-IHBT

Kangra

H.P.

43

Workshop on Suitable
Agro-technologies in
Chamba, HP

February 23 The DC cum
Chamba
2021
Chief Executive
Officer, Distt. Rural
Development Agency

H.P.

75

Training program on
Commercial Floriculture

March 9
2021

H.P.

30

24

Department of
Horticulture

Chamba

Sanatsujat Singh
Senior Principal Scientist & Head, Agrotechnology
sanatsujat@ihbt.res.in
Plant Breeding

recording was done on five plants per replication
for flower diameter (cm), stalk length (cm) and
number of flowers per plant at four locations
in 2020-21. Data obtained from four locations
were used to work out the analysis of variance
for the field performance of selected genotypes.
CSIR-IHBT-Gr-WSD-13 (white; semi-double),
CSIR-IHBT-Gr-RSD-08 (red; semi-double), CSIRIHBT-YS-20 (yellow; single) and CSIR-IHBTMS-12 (maroon, single) exhibited variations for
stalk length (cm) with maximum length in YS-20
followed by RSD-08. The flower size of RSD-8 was
mini, while other lines had standard flower size
(> 10 cm flower diameter). YS-20 was superior
for the number of flowers per plant in a year in
comparison to parental lines (Table 2).

The focus of my research work is on breeding of
floriculture, aromatic and medicinal plants for
developing varieties for superior yield, quality and
field performance.
Gerbera jamesonii
Four hybrid F1 selections of gerbera developed
through a controlled crossing program and
multiplied through in vitro micro-propagation were
morphologically characterized under protected
cultivation with respect to floral traits (Table 1 &
Fig. 1) and evaluated for field performance over a
period of two years at four locations. Plantation
was done in Randomized Block Design with fifteen
plants per genotype replicated three times. Data

Fig. 1 Potential gerbera genotypes with high in vitro proliferation (left to right: CSIR-IHBT-Gr-WSD-13,
CSIR-IHBT-Gr-RSD-8, CSIR-IHBT-YS-20 and CSIR-IHBT-MS-12)
Table 1. Details of floral features of new gerbera F selections
1

S.
No.

Plant No.

Flower colour

Flower shape

Disc colour

Flower type

1.

CSIR-IHBT-Gr-WSD-13

White

Semi-double

Green

Standard

2.

CSIR-IHBT-Gr-RSD-08

Red

Semi-double

Green

Mini

3.

CSIR-IHBT-YS-20

Yellow

Single

Green

Standard

4.

CSIR-IHBT-MS-12

Maroon

Semi-double

Green

Standard

Table 2. Mean performance of gerbera F selections at different locations for flower diameter, stalk length
and number of flowers per plant
1

Selections

Flower diameter (cm)
Palampur

Bajaura

Jaisinghpur

Jwalamukhi

CSIR-IHBT-Gr-WSD-13

10.24

10.09

10.26

10.21

CSIR-IHBT-Gr-RSD-08

8.91

8.90

8.75

8.91

CSIR-IHBT-YS-20

10.51

10.61

10.46

10.54

CSIR-IHBT-MS-12

10.64*

10.65*

10.57*

10.61*

S. E. (d)

0.260

0.296

0.322

0.131

C. D.

0.610

0.696

0.756

0.308
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Rakesh Kumar
Senior Principal Scientist
rakeshkumar@ihbt.res.in

Development of Agrotechnologies

Our group is developing agro technologies for
Rosa damascena, Tagetes minuta, Crocus sativus,
Matricaria chamomilla, Ocimum basilicum, and
Hypericum perforatum. We are also involved in
providing technical and hand holding support to
farmers for saffron production and promotion of
low chilling apple plantation in the North Eastern
Region of India.
DEVELOPMENT OF AGROTECHNO-LOGIES
German chamomile (Matricaria chamomilla
L.) Effect of growth regulators on German
chamomile
German chamomile (Matricaria chamomilla L.) is a
flowering herb commonly grown commercially for
blue colour essential oil obtained from its flower
heads. The essential oil yield and composition
of chamomile were greatly affected by various
factors. A field experiment was conducted to study
the effect of two growth regulators viz., kinetin (0,
50 100, and 150 ppm) and 1,3- diphenyl urea
(DU) (0, 20, and 40 ppm) on yield and essential
oil composition of German chamomile during
2019-2020. The essential oil content was 22.2%
and 12.5% higher in 150 ppm kinetin and 40
ppm DU, respectively. The results revealed that
chamazulene was significantly higher in control.
α-Bisabolol oxide A was 8.76 % and 6.58 % higher
in 100 ppm kinetin and 20 ppm DU application
compared to control, respectively (Fig. 1).

Sweet basil (Ocimum basilicum L.)
Effect of biostimulants on yield, and secondary
metabolite of sweet basil
Sweet basil (Ocimum basilicum: Lamiaceae) is a
medicinal aromatic herb, commercially grown
for its methyl chavicol-rich essential oil obtained
from its leaves and flowers. A field experiment was
conducted to elicit the growth, yield, and secondary
metabolite of sweet basil by using biostimulants
viz., vermicompost, plant growth promoting
rhizobacteria (PGPR), and seaweed extract (SWE)
during 2020-2021. The analyzed results revealed
that the application of vermicompost (8 t/ha)
recorded 70.9%, and 67.3% higher fresh biomass
and essential oil yield, respectively, compared to
control. Similarly, the PGPR inoculation showed
59.7% and 73.3% increased biomass and essential
oil yield compared to control. In addition, the
foliar application of SWE @ 7mL/L significantly
ameliorated the fresh biomass and essential oil
yield by 55.7% and 69.6% respectively compared
to control. In terms of essential oil constituents,
the application of organic manure, PGPR, and
seaweed extract significantly increased the
amount of key constituents i.e. methyl chavicol
by 2.2%, 2.9%, and 2.3% whilst an increase of
3.9%, 6.0%, and 3.6% were recorded in linalool,
respectively (Fig. 2).

		(a)					(b)

Fig. 1 Effect of growth regulators on essential oil content and
composition of German chamomile

Fig. 2. Effect of biostimulants on
yield, and secondary metabolite of
sweet basil

Research group: Kiran Singh Saini, Arvind K. Verma, Kuldip Singh, Swati Walia, Shalika Rathore, Yog Raj and
Deepak Kothari
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Probir Kumar Pal
Principal Scientist
palpk@ihbt.res.in
Agronomy

The domestic, as well as global market size of
medicinal and aromatic plants (MAPs) is increasing
day by day. However, the main bottlenecks in
the MAPs sector are underdeveloped agronomic
practices, scarcity of characterized plant
materials, and sustainable supply of authentic
quality raw materials. Therefore, our research
group is essentially focusing on the development
of region-specific agrotechnology of medicinal,
aromatic, and commercially important plants
for increasing productivity and quality under
the western Himalayan conditions as well as for
plain regions in India. Emphases are also placed
to generation quality planting materials on large
scale, and consequently to increase the area
under MAPs.
Nitrogen (N) and water are essential components
for plant growth and development, and ultimately
for agricultural productivity. However, the excess
application of these resources in agriculture
maximizes the risks of N losses to the environment
due to poor synchronization between the soil N
supply and the plant demand. The worldwide
demand for stevia (Stevia rebaudiana), a low
caloric natural sweetener, is steadily increasing.

However, the yield and quality of stevia are largely
governed by the availability of soil water and
nitrogen. Thus, one field experiment was conducted
to understand how the individual and interaction
effects of N soil-moisture influence the soil
physico-chemical properties, total SGs yield, and
nitrogen use efficiency (NUE) of stevia. Analyzed
data revealed that the total steviol glycosides
(SGs) yield of stevia was found maximum with the
irrigation at 50 kPa (Fig 1). On the other hand,
the higher dose of N (140 kg ha−1) did not enhance
the total SGs yield compared with N at 105 kg
ha−1. The apparent Low N-recovery and agronomic
N-efficiency at higher doses of N indicate higher
accumulations of N into the environment. The soil
N-balance sheet shows that the maximum N has
been harvested with the higher dose of N under
water stress conditions.
In another experiment, the study was conducted to
evaluate the chemical profiling of Valeriana jatamansi
essential oil of four wild populations (Rupena,
Kugti, Garola, Khani) and two cultivated sources
(CSIR-IHBT and Saloonie), and to understand the
effects of repetitive distillation on recovery and
quality of essential. The oil concentration in root/
rhizome was found significant (P ≤ 0.05), and the
maximum value (0.35%) was observed with the
population collected from Kugti and Khani. (Fig.
2). In essential oil, irrespective of population and
distillation day, patchouli alcohol was the major
compound, which ranged from 19 -63.1%.

Fig. 2 Concentration of essential in root/rhizome
from different population of Valeriana jatamansi
Fig. 1 Effect of irrigation schedule and nitrogen
level on total steviol glycosides (SGs) yield of stevia

The dynamic of patchouli alcohol and seychellene
in the essential oil of V. jatamansi populations
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Gireesh Nadda
Principal Scientist
girish@ihbt.res.in
Entomology and Pest Management

Bioprospecting fungi for biopesticides and
nutraceutical potential
In the direction of developing biopesticides, some
entomopathogenic fungi (Beauveria, Tolypocladium,
Simplicillium) isolated from lepidopteron larval
cadavers showed insecticidal activities against
different insect and mite pests under laboratory
conditions. Submitted three gene sequences of
entomopathogenic fungi to NCBI.
Standardized methods for estimation of free amino
acids, total flavonoids, total polyphenols, protein,
fatty acids and polysaccharides from Ophiocordyceps
samples collected from Uttarakhand, India.
Further, these Ophiocordyceps samples showed
promising antioxidant activity, suggesting their
huge nutraceutical potential.
JIGYASA Program
Jigyasa is a student-scientist connect programme
inspired by Prime Minister Narendra Modi’s vision of
a new India and Scientific Social Responsibility (SSR)
of Scientific Community and Institutions. Keeping
in view the Covid-19 pandemic situation, different
online activities were conducted under the Jigyasa
programme to motivate students towards science.
Worked as Coordinator of IISF 2020 and JIGYASA
Program for HP, we successfully organized “Student
Science Village” (Khurana House) for school students.
Invited and motivated students and teachers from all
JNVs, KVs, Government and Public schools of HP to
participate actively in IISF-2020.
This year, a total of 9238 participants participated
in JIGYASA programme in different activities:
• Webinar on “Bioprospecting biodiversity of
Himalayas”
• 6th India International Science Festival (IISF 2020)
 Curtain Raiser Ceremony
 Vigyan Yatra
• National Science Day Celebrations
• Details of these activities are uploaded on JIGYASA
website: http://csirjigyasa.niscair.res.in/
Jigyasa-Virtual Laboratory
In a new initiative, this year attempts were made to
disseminate R&D activities of CSIR-IHBT to school
students and their teachers through online mode.
Coordinated this programme for the preparation
of five short films (2.0-3.5 minutes) with the
concerned scientists at CSIR-IHBT and outsourced
party in script writing and production of following
short films:

Conservation and mass propagation of rare
endangered and threatened (RETs), and
other economically important plants
Enzymes from microbial world
Mapping and exploring rich Himalayan
biodiversity using remote sensing and other
techniques
Soil-less cultivation to boost farmer’s income
All about natural products: Isolation,
identification, characterizations and bio
prospection
Skill development programmes
Coordinated CSIR-Integrated Skill Initiative and
Skill Vigyan programme of DBT-HIMCOSTE.
Keeping in view the Covid-19 pandemic situation,
the first batch of Quality Control Biologist (15 No.)
and Lab Technician/ Assistant (10 No.). was selected
for three months’ online courses under Skill Vigyan
programme sponsored by DBT-HIMCOSTE. Some
training activities were conducted under the CSIRIntegrated Skill Initiative programme.
Training/ Internship of students
Institute is providing trainings/ internship to
Graduate/ Post Graduate/ Ph.D. students from
different Institutes, Universities and affiliated
colleges. this year 38 students were selected for
training at CSIR-IHBT. Out of these, 19 students
have completed the training and 19 are ongoing.
Restructured National Bamboo Mission (R-NBM)
Coordinated this programme at CSIR-IHBT in which
we have established a Hi-Tech and a small bamboo
nursery for generating and providing quality bamboo
planting material to the Department of Agriculture,
H.P. and other stakeholders. Under this program,
CSIR-IHBT has supplied 12000 bamboo plants,
and about 25000 plants have been generated.
Adoption of Atal Tinkering Lab (ATL) to by CSIRIHBT, Palampur
In another new initiative, 10 different KVs and Govt.
schools of HP having ATLs were shortlisted and
selected for their adoption by CSIR-IHBT. In this
programme, Institute has finalized scientists and
research scholars to mentor each ATL. Based on the
inputs received from all CSIR-Labs, on April 9, 2021,
CSIR has adopted 295 ATLs across India with the
aim of inculcating scientific research and innovation
culture among students. A series of webinars for
students on scientific and technological concepts,
ideas and societal issues are also proposed under
this programme.
Research group: Aakriti Sharma
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Plant Breeding

Our Plant Breeders’ team is working on genetic
improvement of aromatic, medicinal, floricultural
and other commercially important plants/crops
for the development of new germplasm and
varieties/hybrid.
Introduction of Heeng (Ferula assa-foetida L.)
in the country
F. assa-foetida is one of the top condiments and
medicinal plant traded in India. Recognizing
its importance, six accessions of Heeng were
introduced through ICAR-National Bureau of Plant
Genetic Resources (ICAR-NBPGR), New Delhi,
with Import Permit No. 318/2018 and 409/2018.
Seed germination was standardized by overcoming
seed dormancy. The seedlings were raised in the
controlled conditions at CSIR-IHBT, Palampur,
and conducted trials at Centre for High Altitude
Biology (CeHAB), Ribling, (Lahaul and Spiti),
and CSIR-IHBT, Palampur (Fig.1) under the vigil
of ICAR-NBPGR. MoU between CSIR-IHBT and
the State Department of Agriculture, Himachal
Pradesh was signed on June 6, 2020 for a joint
collaboration for the cultivation of asafoetida in the
State. The target under this collaborative project
is to set up seed production centres and bring
about 300 ha of land under Heeng cultivation in
the next five years. A capacity-building program
was organized for officers of the State Department
of Agriculture from July 20 to 22, 2020.

The first seedling of asafoetida was planted by
Dr. Sanjay Kumar, Director, CSIR-IHBT on 15th
October, 2020 at farmer’s field in village Kwaring
of Lahaul valley to mark the initiation of cultivation
of asafoetida in India (Fig. 2). Further, training
programs were organized on asafoetida cultivation
and demonstration plots were laid out at villages
Kwaring, Madgran, Beeling and Keylong in Lahaul
& Spiti; Janhehali, Majakhal, Kataru and Ghayan
in Mandi; Mebar, Kothi, Dunni, Reckong Peo and
Powari, Rali, Graming and Kafnoo in Kinnour
districts of Himachal Pradesh in collaboration
with officers of State Agriculture Department
for establishment of seed production chain and
cultivation of asafoetida at commercial scale.
Director General, CSIR, Dr. Shekhar C. Mande
planted the first plant of Heeng in Janjehali on
8th Nov 2020 to mark the cultivation of Heeng for
the first time in Distt Mandi.

Fig. 2 Plantation of F. assa-foetida in village
Kwaring of Lahaul valley on 15th October 2020

Palmarosa
[Cymbopogon
W. Watson] Breeding :

Fig.1 Heeng plant in field
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martini

(Roxb.)

Two hundred sixty diverse germplasm lines
selected from the open-pollinated palmarosa
plant population were screened for morphological
traits and essential oil content. These lines were
grown and evaluated at Experimental Farm of
Agrotechnology Division, CSIR-IHBT, Palampur.

SG Eswara Reddy
Principal Scientist
ereddy@ihbt.res.in
Entomology and Pest Management

Biopesticides and Pest Management
Insect pests play a major role in reducing the
economic yield if control measures are not
initiated timely. Indiscriminate and non-judicious
application of chemical pesticides for pest control
led to insecticide resistance, harmful to beneficial
insects (predators and parasitoids), human beings,
environment etc. Use of bio-insecticides for the
control of pests increased globally. Therefore, my
research group carried out the screening of plantbased extracts, fractions, essential oils, and pure
compounds for insecticidal properties against
crop and stored grain pests for the development
of botanical formulation. My group also developed
an improved bee hive in collaboration with
CSIR-CSIO, Chandigarh for quality and hygienic
extraction of honey.
Insecticidal activities of plant extracts,
fractions, and pure molecules Trillium
govanianumagainst diamondback moth
(Plutellaxylostella) and aphid (Aphis
craccivora)
Insecticidal activity of plant extract, fractions,
and pure steroidal saponins from T. govanianum
was evaluated for their bio-efficacy against P.
xylostellaand A. craccivora. Results showed
that parent extract was found more effective
(LC50=1541.2 mg/L) against larvae of P. xylostella
after 96 h than n-butanol, n-hexane, and ethyl
acetate fractions (LC50=3030, 3578, and 3878.1
mg/L, respectively). For A. craccivora, ethyl acetate
fraction (LC50=2186.3 mg/L) was most effective
after 96 h than n-hexane fraction (LC50=2234.6
mg/L), n-butanol fraction (LC50=2696.3 mg/L) and
parent extract (LC50 =3709.1 mg/L). Among pure
molecules, govanoside B was found more effective
(LC50=3279.5 mg/L) followed by borassoside E
(LC50=3467.1 mg/L) against A. craccivora after 96 h.

fumosoroseus by adding water, ammonium nitrate,
as well as using different temperatures and pH.
Results have shown that the addition of 40 mL of
water, 4 g of ammonium nitrate, and maintaining
the temperature at 30oC and pH alkaline (pH 8
& 10) in AP recorded significantly higher spore
production of L. lecanii (50.53, 52.81, 151.2 and
50.26 to 52.2 lakh spores/mL, respectively), B.
bassiana (50.44, 51.87, 152.2 and 50.14 to 51.66
spores/mL, respectively) and P. fumosoroseus
(50.56, 52.18, 149.3 and 50.14 to 52.31 lakh
spores/mL, respectively) as compared to positive
control, potato dextrose agar (41.76 to 43.8 lakh
spores/mL).
Effect of Tagetes minuta oil on the morphology
of Aphis craccivora by Scanning Electron
Microscopy (SEM)
The effect of T.minuta oil on the morphology of
A.craccivora is reported in the scanning electron
microscopy (SEM). Results showed that, flagellar
segments of antenna treated with T. minuta showed
filamentous and knotted without losing the setae
after 96 h of treatment. The sensilla (Type I and II)
showed remarkable deformation, reduction in the
length and width. Morphometric measurements
also helped to identify the deformed sensilla on
cuticle andantenna. Type I and antennal sensilla
reduced its length by 30% and type II sensilla by
42%. The breadth of type I and II sensilla was also
reduced by 35% (Fig. 1).

Untreated aphid

Treated aphid Well-developed antenna
(Crumbling of body) (Untreated aphid)

Utilization of apple pomace as a substrate
for
growth
and
spore
production
of
entomopathogenic fungi (EPF)
Apple pomace (AP), the leftover waste after
extraction of juice is often dumped in the open
field and that adds to environmental pollution. In
this context and a rich source of carbohydrates, we
tried to standardize the AP as a substrate for growth
and spore production of EPF viz., Lecanicillium
lecanii, Beauveria bassiana, and Paecilomyces
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Knot formation in the
antenna (Treated aphid)

Sensilla
(Untreated)

Deformed sensilla
(Treated)

Fig. 1 Effect of Tagetes minuta oil on the
morphology of Aphis craccivora by SEM

Research group: Shudh K. Dolma, Ankita, Urvashi,
Nandita Chauhan, Mallikarjun C.P., Shagun and Deeksha
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Floriculture

Area of work: Protected cultivation of flower crops,
indoor pollution abatement plants, hydroponics,
soilless cultivation, vertical gardening, urban
floriculture.
Propagation of Jasminum parkeri: A critically
endangered wild ornamental woody shrub from
Western Himalaya
Jasminum parkeri Dunn is a narrowly endemic,
critically endangered woody ornamental shrub
confined to sub-temperate zone of the Western
Himalayas. In the present study, a propagation
technique of J. parkeri, using stem cuttings,
was established for the first time through the
application of auxins, namely, indole-3-acetic acid
(IAA), 1-naphthaleneacetic acid (NAA), and indole3-butyric acid (IBA), at varying concentrations
ranging from 1000 to 4000 ppm. The highest
rooting percentage (98.33% (85.68% ± 4.32)),
number of primary roots (36), root length (29.68
cm) and survival percentage (96.67% (83.85%
± 6.16)) were recorded for cuttings treated with
3000 ppm NAA (Fig. 1).
The phenological comparison between pot plants
propagated through seeds and stem cuttings
in a naturally ventilated polyhouse revealed a
reduction in vegetative and flowering phases in
cutting raised plants. Additionally, a noteworthy
adaptive behaviour of two weeks of early flowering
and four weeks of extended flowering (February

to October) was observed in plants raised under
polyhouse conditions (Fig. 2). This method will
help in protecting the species from population
decline, thereby significantly increasing its
potential to be harnessed as an ornamental plant
in India. Furthermore, plants grown ex-situ will be
reintroduced in natural populations.

Control

NAA (3000 ppm)

IBA (2000 ppm)

IAA (4000 ppm)

Fig. 1 Root formation in Jasminum parkeri
cuttings as affected by different auxin treatments

Fig. 2 Vegetative and flowering stages during propagation of Jasminum parkeri:
(A)-through seed; (B)-through stem cuttings
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Agrotechnology and Biotechnology of
Himalayan Plants

Research in my lab currently focuses on four
aspects. The first one involves the Himalayan
medicinal plants Nardostachys jatamansi and
Valeriana jatamansi (Fig. 1). The therapeutic
properties of N. jatamansi and V. jatamansi are
attributed to the secondary or specialized metabolites
present in the rhizomes and roots, many of which
belong to a diverse group of natural compounds
called sesquiterpenoids. Sesquiterpenoids are
produced through chemical reactions catalyzed
by one or several sesquiterpene synthases (STS).
Our goal is to identify STS in N. jatamansi and
V. jatamansi using RNA-seq. These can then be
heterologously expressed in E. coli or yeast.

Fig. 2 Callus induction in the critically endangered
medicinal plant Nardostachys jatamansi

Fig. 1 a, Nardostachys jatamansi; b, Valeriana
jatamansi. c, sesquiterpenoids of V. jatamansi
from the roots

At the same time, callus induction from the
leaves of the critically endangered medicinal plant
Nardostachys jatamansi has been achieved (Fig.
2).
The second aspect revolves around the pitcher
plant Nepenthes khasiana (Fig. 3). SERB has
awarded a project under the SRG scheme
entitled ‘Does it take two key regulatory genes
ASYMMETRIC LEAVES1 and REVOLUTA to make
a pitcher in Nepenthes khasiana?’ As the title
suggest, the two genes from N. khasiana will
be cloned in Arabidopsis as1 and rev loss-offunction mutants, to specify their role in pitcher
development.

Fig. 3 Leaf development in Nepenthes khasiana
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Plant Breeding

Work is being done on genetic improvement
and varietal development of aromatic crops like
German chamomile (Matricaria recutita L.) and
Lavender (Lavandula angustifolia). Work is also
commenced on germplasm collection and genetic
improvement of Quinoa (Chenopodium quinoa).
We are also involved in the varietal development
of Heeng, genetic improvement of Kala zeera, and
breeding of high altitude medicinal plants.
Studies on reproductive biology of German
chamomile
Several experiments of controlled pollination
included self-pollination, emasculation via disc
floret removal, manual cross pollination, and open
pollination were conducted to study reproductive
biology in German chamomile. Controlled
pollination experiments showed the highest (91%)
viable seed setting in open pollination conditions.
However, seed setting was successfully achieved
in selfed conditions (73%) as well as on manually
hand-pollinated experiments (78%). While seed
was not developed in covered emasculated flower
head,which showed absence of apomixes. It is
hence proved that ray florets are fertile pistilate
florets. The experiments showed that the practice of
removal of disc florets could be successfully used as
the emasculation principle in German chamomile.

Fig. 1 Reproductive biology of German chamomile

Generation advancement in German chamomile
About 58 diverse German chamomile plant
progenies from the previously selfed 70 plants were
advanced to the next generation through controlled
pollination under progeny selection based on
appearance and desired trait behavior.

Fig. 2 Generation advancement in German
Chamomile

Also, 14 superior selections are being evaluated at
multi-locations for varietal development.
Hybridization in lavender
Genetic variation is the key requirement for
improvement and varietal development in
any breeding program. Lavender is asexually
propagated through cuttings, and hence lacking
in genetic variability. Hence, a total of 28 crosses
were made between eight selected plants from two
populations Akashi and Sher-e-Kashmir. Also, the
reproductive biology and breeding behavior are
being studied to decide the appropriate breeding
strategy in lavender.

Fig. 3 Hybridization to generation new variation in
Lavender

Germplasm collection and breeding in Quinoa
Quinoa (Chenopodium quinoa) is a pseudo cereal
annual crop, rich in nutritional values. This plant
has wide adaptabilities over the environments
and soil type, and it could be an alternate future
food grain crop. A systematic breeding program is
needed to improve its nutritional qualities as lower
saponins and higher grain yield. Hence, a total of
15 germplasm accessions were collected and being
evaluated for their yield and nutritional qualities
for further development of diverse breeding lines
in quinoa. Breeding behavior is also being studied
to decide future breeding programs in this crop.

Fig. 4 Development of diverse breeding lines in
quinoa
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My group is focused on the breeding and
agrotechnology of floricultural crops. We are also
exploring the nutraceutical potential of edible
flowers.
Edible flowers: A new direction towards healthy
lifestyle
The increasing interest in functional foods and
nutraceuticals has exaggerated exploration into
new foods that have positive effects on human
wellbeing. Even more, we see edible flowers as a new
way of nutritional health. Various phytochemicals
such as flavonoids, anthocyanins, carotenoids,
and phenolics are responsible for the healthpromoting effects of edible flowers. Keeping these
in mind, the present investigation was conducted
to study the nutritional profiling of some edible
flowers (Rose, Marigold and Elderberry). Fresh
flowers of these selected plants were harvested in
full bloom stage and subsequently freeze-dried. In
the edible flowers studied, the total protein content
ranged from 1.22 to 18.03 percent. The highest
total protein content was found in Elderberry
flowers. Marigold line MD2 was found superior
for crude lipids (174.8 mg/g) followed by Rosa
hybrida cv. First Red (125.6 mg/g). Rosa hybrida
cv. Himalayan Wonder recorded maximum total
carbohydrates (207.34 mg/g) followed by marigold
line MD1 (183.33 mg/g). Total carotenoid content
ranged from 0.19 to 2.05 mg/g. The highest
carotenoid content was recorded in marigold line
MD1 (2.05 mg/g), whereas the lowest carotenoid
content was recorded in elderberry flowers (0.19
mg/g). Total phenolic content ranged from 74.47
to 282.88 µg/g. Flowers of Rosa hybrida cv. First

Fig. 1 Nutritional and phytochemical composition
of edible flowers
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Red were rated as best for total phenolic content
(282.88 µg/g). The obtained results will contribute
to the popularization of edible flowers as a new
and prospective source for the food industry,
gastronomy as well as a promising object of
human nutrition. Seeing the potential of these
flowers in terms of nutritional and phytochemical
profiles, functional food products can be developed
utilizing edible flowers (Fig. 1 & 2).

Fig. 2 Total caot enoid content of edible flowers

Fig. 2 Total caotenoid content of edible flowers

Seed setting behaviour among lilium genotypes
A total of eight intervarietal cross combinations of
lilium genotypes were made and tested at CSIRIHBT with an objective to find out the potentiality
of seed setting in different cross combinations.
Among all the crosses made only four cross
combinations recorded seed set, whereas in the
remaining four cross combinations no seed set was
recorded. The cross combination ‘Party Diamond
× Treasure’ recorded maximum number of seeds
per cross (427) followed by cross ‘Party Diamond x
Prato’ (404), Nashville x Prato (395) and Nashville
x Amiga (354) (Fig. 3 & 4).

Fig. 3 Seed setting among different cross
combinations of lilium
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Agronomy

Involved in developing agrotechnology of Ferula
assa-foetida, Bunium persicum, Inula racemose,
Saussurea
costus,
and
Sinopodophyllum
hexandrum. We are also involved in extension
of Heeng (Ferula assa-foetida) in the cold desert
region of Himachal Pradesh.
Influence of phytohormones on adaptation of
Bunium persicum under mid hill conditions of
Himachal Pradesh
Kala zeera [Bunium persicum (Boiss.) Fedtsch.] is
a high-value herbaceous spice, growing wild in
forests and grasslands of high hills dry temperate
region ranging from 1800 to 3500 m.a.s.l. The
Phytochemical profile of essential oil and extracts
of this plant showed flavonoids, phenolic acids,
aldehydes, mono-terpenes, and sesquiterpenes.
Commercial cultivation of this plant in the cold
desert region is very limited because the seed
exhibits poor germination as a result of very
deep dormancy. An attempt has been made to
grow this crop using bulbs/tubers under mid hill
conditions of Himachal Pradesh by substituting
chilling requirements through application of
phytohormones. The results revealed that the
application of GA3 (100 ppm) + TDZ (20 ppm) on
bulbs/tubers of B. persicum (avg. wt. 8-10 g) for
24 hours recorded the least mean germination
time and maximum sprouting percentage over
other treatments (Fig. 1).

Extension of Heeng in Himachal Pradesh
Heeng (Ferula assa-foetida L.) is a perennial herb
indigenous to Iran, Afghanistan and Uzbekistan.
To promote its cultivation in India, our group
generated quality planting material of the same
for extension in the suitable areas. Consequently,
Heeng cultivation has been initiated in Distt.
Mandi, Kinnaur, and Lahaul & Spiti of Himachal
Pradesh. Training on Heeng cultivation to the
Officers of State Agriculture Department and
farmers have been conducted in different places
of targeted Districts in which 236 farmers
including Agriculture Officers has been trained.
Further, about 3300 seedlings of Heeng were also
distributed to the farmers which covered an area
of 0.50 ha.

Germinated Bulbs/tubers

Vegetative Growth

Sprouting

Formation of
Flowering
Umbels
Fig. 2 Different growth stages in B. persicum

Fig. 1 Effect of phytohormones on mean germination time and sprouting percentage in B. persicum

Fig. 1 Effect of phytohormones on mean germination
time and sprouting percentage in B. persicum
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Plant Adaptation and Secondary Metabolism

Our research group has been working on
understanding the mechanism(s) of adaptation
in plants of Himalayas, and gene prospection for
societal and industrial uses.
Thermostable Fe/Mn superoxide dismutase
(GsSOD) of Geobacillus isolated from glacial
soils of Himalaya
We have been working on superoxide dismutase
(SOD) since long. Moving ahead, a gene encoding
Fe/Mn SOD was cloned from Geobacillus sp.
strain PCH100 isolated from Pangi region of
Himachal Pradesh. Upon heterologous expression
in E. coli, GsSOD was purified and its kinetic
parameters were studied. Maximum enzyme
velocity (Vmax) and Michaelis constant (Km) of the
GsSOD were 1098.90 units/mg and 0.62 μM,
respectively. GsSOD was found to be a dimeric
protein, exhibiting activity across wide range of
temperature and pH (Fig. 1). The enzyme retains
52.80% residual activity after heating at 80 °C
for 180 min. Interestingly, GsSOD tolerated a
temperature of 100 °C and 130 °C up to 15 min
and 5 min, respectively. Higher thermostability
of GsSOD was further established using circular
dichroism and differential scanning calorimetry.
In the presence of Fe2+ and Mn2+, apoenzyme of
GsSOD regained its activity confirming GsSOD
to be a Fe/Mn superoxide dismutase. Further,

GsSOD showed stability in the presence of wide
range of denaturants, inhibitors, and metal ions
(Int. J. Biol. Macromol., 179: 576-585, 2021).
Higher thermostability and resistance to wide range
of chemical inhibitors makes GsSOD a potential
enzyme for various industrial applications.
Expression of a gene encoding thaumatin like
protein from tea (CsTLP) enhanced drought
tolerance in transgenic Arabidopsis
In our previous work, we reported upregulation of
thaumatin-like protein (TLP) of Camellia sinensis
(CsTLP) in a drought-tolerant cultivar (UPASI-9) of
tea as compared to a drought-susceptible cultivar
(TV2) in response to drought. Also, the gene was
induced by other stresses that interacted with
drought stress namely heat, salinity and osmotic
stresses (Funct. Integr. Genomics, 12(3): 565571, 2012). TLPs are pathogenesis-related (PR5)
proteins, which are induced in response to various
biotic and abiotic stresses. We cloned CsTLP
and evaluated the response of transgenic lines
of Arabidopsis constitutively expressing CsTLP
under drought conditions. Expression of CsTLP
resulted in higher drought tolerance as revealed
by lower relative electrolyte leakage and higher
water retention capacity in transgenic lines as
compared to the wild-type (WT) plants under
drought stress. Confocal microscopy showed

Fig. 1 Cloning, heterologous expression, and characterization of thermostable Fe/Mn SOD of
Geobacillus sp. PCH100 (GsSOD) isolated from glacial soil of western Himalayas
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Plant Growth Promoting Rhizobacteria

The rhizobacteria earlier isolated from the saffron
rhizosphere was found to be highly tolerant to
stress. It could grow in temperature spanning
across 4ºC-52ºC, pH ranging from 4-8,
could
grow under high salinity and osmotic conditions.
Experiments were laid to assess various plant
growth promoting attributes like phosphate
solubilization, siderophore production, ACCdeaminase production and IAA production under
varied temperature regime. Interestingly, it was
observed that though temperature impacted the
growth promoting potential to a varying extent but
the bacteria retained its plant growth promoting
property under low and high temperature regime
making it a good candidate for biofertilizer.
The identification was carried out by extracting
DNA from the pure colonies raised on TSA adopting
standard 16s rRNA sequencing technique, using
27F and 1492R primers. The sequence thus
obtained was analyzed through BLAST (NCBI
website) and was found to exhibit 99.8% similarity
with Bacillus altitudinis. The bacteria was
deposited to MTCC, IMTECH Chandigarh and ID
MTCC 25416 has been assigned to it.
The impact of Bacillus altitudinis in ameliorating
salinity stress in Valeriana jatamansi was studied
in pots under the controlled condition at CSIRIHBT. The salinity of soil was increased gradually
by adding 500mM NaCl solution in targeted
pots (T3 and T4) till Electrical conductivity(EC)
reached 8ds/m. Thereafter, the salinity level
was maintained throughout the experiment. The
following experiment was set up in triplicate
(Table 1). About 30 days old uniform plants of
V. jatamansi procured from CSIR-IHBT Chandpur
farm were used for the investigation.
Table 1. Treatments of Valeriana jatamansi
T1

Plants without salinity stress and without
PGPR

T2

Plants without salinity stress with PGPR

T3

Plants with salinity stress without PGPR

T4

Plants with salinity stress with PGPR

Various growth parameters were recorded and
biochemical analyses conducted 45 days after

planting in pots. Maximum root length, shoot
length, aerial biomass and root biomass was
recorded in T2 treatment (Plants without salinity
stress with PGPR) clearly indicating that PGPR
promotes the overall growth of plants. When the
plants were subjected to salinity stress, it was
observed that PGPR treated plants (T4) were
more green and healthy than the non-treated
plants (T3). The shoot length was 1.45 times and
the aerial biomass was 5.33 times more than
T3 plants. However, there was no significant
difference between T3 and T4 root length and root
biomass. The biochemical analysis of the plants
revealed that biofertilizer treated non stressed
plants (T2) had maximum total chlorophyll (a
and b) and carotenoids followed by biofertilizer
treated stressed plants (T3). Lipid peroxidation
associated with salt stress was found to be
highest in T3 plants while it was 2.18 times less
in PGPR treated counterpart (T4), indicating that
PGPR imparts salt tolerance to plants. This was
further strengthened by the trends of antioxidants
produced in PGPR treated plants. Further studies
are being carried out in this area to understand
the salt tolerance mechanism.
FTC PROJECT: Up-scaled production of disease
free corms of saffron (Crocus sativus)
Experiments were initiated to cut down the cost
of tissue culture protocol already developed by
the Institute (M1). The challenge was to use lowcost media components without compromising
the rate of propagation. In this regard following
four media alternatives were tried by substituting
carbon source and gelling agent (Table 2).
Saffron corms (upto 3 cm) were placed in an
Induction medium after thorough cleaning and
surface sterilization and by 22 days sprouting
of several shoot buds were observed. After 22
days the shoot buds were carefully split and
transferred to proliferation medium and kept for
another 21 days at 15ºC under 38µmolm-2S-1. No
significant difference was noticed with respect to
plant response in different medium (Table 3 and
Fig. 1) though there was 6.23 times cost reduction
compared to standard M1 medium.
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Any living system is an outcome of the interactions
between its various regulatory components
and their networks. These components may be
classified into two major levels: transcriptional
regulators and post-transcriptional regulators.
Transcriptional regulators like transcription
factors and enhancers have been studies
a lot. Lately, attention has been paid to
post-transcriptional regulators like miRNAs.
However, there exist another post-transcriptional
regulator, the RNA Binding Proteins, which are
supposed to be the biggest regulators. For any
given condition, a cell expressed only 2-3% of
transcription factors, but almost 10 times more
RNA binding proteins, suggesting clearly that how
bigger stake these regulators have in the genome.
Machine learning on predicting RBP-miRNA
interactions
Interestingly,
another
post-transcriptional
regulator, miRNAs which controls regulation
of majority of the genes of any system, is itself
enormously dependent upon post-transcriptional
regulation by RNA binding proteins (RBPs). miRNA
turnover is highly spatio-temporal in nature and
for that these RBPs are responsible.
For past couple of years we dedicated our efforts
to unravel the communication system of these
post-transcriptional regulators and how RBPs
affect and control miRNAs formation. In doing
so, we analyzed more than 25 TB of HTS data
from different platforms and derived the Bayesian
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causal nets for 1,204 human miRNAs which
could explain their biogenesis levels for any given
conditions with >90% accuracy when modelled
through a machine learning approach. These
models have been tested across wide range of
experimental conditions, profiles, and cell lines
and stood firmly robust and accurate in predicting
the miRNAs profile. The developed algorithm has
been translated into a freely available software
system, miRbiom, availability at our lab website. A
user just needs to provide the RNA-seq data for any
experimental condition, and in turn the software
gives miRNA profile for that given condition
without need of doing miRNA-seq experiments or
any sort of dedicated miRNA profiling experiment.
Besides predicting the miRNAs profile, the
software also provides provisions for in depth
target and system analysis supported by highly
visually rich and interactive user interface, going
as deep as targets discovery, enrichment analysis
and pathways mapping.
The software is available at: https://scbb.ihbt.
res.in/miRbiom-webserver/
Other notable research contributions
Further to this front, transcriptome analysis of
Rheum australe was also done to study them for
the difference between the naturally grown plants
and those grown in a controlled manner.
On nSARS-CoV2 research front, screening and
molecular structural analysis of natural componds
against the virus done.

Dharam Singh
Principal Scientist
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Molecular and Microbial Genetics

The major focus of my lab is to bioprospect
microbes of high altitude Himalayan niches
for industrial applications. Also, we are trying
to
understand the adaptation of microbes to
extreme niches in the Himalayas. In the past,
we have found novel and unique bacteria with
distinct
features from extreme niches of high
altitude (FEMS Microbiol. Lett. 365(14), fny144,
2018; Can. J. Microbiol., 64(11): 798-808, 2018;
3 Biotech, 9(7):275, 2019; Bioresour. Technol.,
319:124235, 2021). Further, we performed whole
genome sequencing of novel bacterial isolates and
dissected their survival and adaptation in the
glacial and high altitude environment. Microbes
from extreme niches have the capability to produce
unique biomolecules and can accomplish the
desired goal of the co-production of biomolecules
to make commercially viable bioprocess.
Biodegradable bioplastic and violacein pigment
from Himalayan bacterial source: Through
isolation, screening, and characterization of
bacterial isolates from high altitude niches,
we reported for the first time few genera which
are good producers of Polyhydroxyalkanoates
(PHA). Furthermore, towards the co-synthesis of
biomolecules, a unique bacterium, Iodobacter sp.
PCH194 with innate ability to synthesize PHB and
violacein pigment was isolated from the sediments
of a kettle lake at high altitude in western Indian
Himalaya. A patent on the developed bioprocess
entitled “Bioprocess for simultaneous production
and extraction of polyhydroxybutyrate and violacein
pigment from Himalayan bacterium Iodobacter
sp. PCH 194” has been filed and received patent
application No. 202011039834, dated 12 Sept
2020.
A research finding from the patent work and
additional work done on bioplastic and violacein
pigment using Iodobacter has been published in a
prestigious journal Bioresource Technology. In this
paper, we discussed about a developed bioprocess
for the co-production of biodegradable-bioplastic
polyhydroxyalkanoates (PHA) and violacein
pigment from Himalayan bacteria (Fig. 1). PHA
has been evaluated for bioplastic and violacein for
anticancerous and antimicrobial activities.

Key points:
• More than 400 Himalayan bacterial culture
were isolated and screened for PHA synthesis.
• 181 bacterial isolates were found positive for
PHA.
• Developed bioprocess co-produces PHB (11.0 ±
1.0 g/L) and violacein pigment (1.5 ± 0.08 g/L).

Fig. 1 Simultaneous production of polyhydroxybutyrate and violacein pigment using Iodobacter sp.

Discovery of a bacterial Laccase enzyme with a
role in lignin depolymerization: In this research
finding, we developed a bioprocess for valorization
of lignin by using bacterial enzyme identified from
high altitude niches of western Himalaya. The
extracellular enzyme is produced by bacterial
fermentation using lignocellulose as a carbon
source. Bacterial Laccase capable of lignin
depolymerization is characterized and optimized
for in vitro expression in the host bacterium E. coli.
The process comprises of optimized conditions for
Laccase production using wild and recombinant
strain, and thereupon lignin depolymerization
using wild type strain and purified recombinant
enzyme (Fig. 2). The developed process has been
filed as a patent with Ref. No. 0214NF2020, dated
01 Dec, 2020.

Fig. 2 Identification of bacterial Laccase enzyme and
its process development for lignin depolymerrization
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The Chemical Nanotechnology and Nanobiology
group at CSIR-IHBT takes bioresources as
inspiration to design and synthesize different
functional nanomaterials. The group with
interdisciplinary people are focussed towards;
(a) the development of anti-amyloidogenic and
fibril destabilization nanomaterials and their
mechanism studies to combat neurodegeneration,
(b) anti-bacterial/anti-biofilm nanomaterials and
their mechanism studies to combat antibiotic
resistance, (c) exploring nanozymes as Point of
Care (PoC) diagnostics responsive biomedical
applications, biosensing and immunoassay,
(d) nanomaterial-protein/cell interactions and
their implications in determining the efficacy
of nanomedicine, and (e) nanotechnological
interventions to enhance the bioavailability of
bioactive.
Carbon nanozyme with dual catalytic activity
to counter cellular oxidative stress
Engineered carbon nanozyme (LC-CNS@NTA) was
prepared from the nitrogen rich weed Lantana
camara (LC). TEM studies revealed size of ∼160
± 20 nm for LC-CNS@NTA whereas, the same
showed fluorescence emission at ∼520 nm with
∼63% quantum yield. The developed nanozyme
showed bifunctional catalase and peroxidase
activity to defy intracellular H2O2 stress.
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Plant based hydrophilic cellulose nanoonions
as cleanser for amyloidal protein to combat
neurodegeneration
Chemical template mediated gold nanoparticle
conjugated hydrophilic cellulose nanoonions were
synthesized from cellulose nanocrystals. These
photothermally active cellulose nanoonions showed
inhibition against both Hen Egg White Lysozyme
(HEWL) and amyloid β (Aβ42) fibrillation. The
developed cellulose nanoonions reduced protein
aggregation induced cytotoxicity via regulation of
oxidative stress and ion homeostatis.
Nanoemulsion of citral to enhance its
bacterial activity

anti-

Process for the synthesis of citral nanoemulsion
(NE) was developed. The developed NEs showed
minimal decrease in oil content with retention
of antioxidant activity.
Further, these also
showed enhanced anti-bacterial activity towards
Pseudomonas aeruginosa compared to pure citral.
Green synthesized gold nanoparticle as novel
anti-bacterial agent
Green synthesis of gold nanoparticles was
achieved using plant extract. The role of plant
polyphenols as stabilizers and as reducing agents
were established through different spectroscopic
techniques.
Developed nanoparticles showed
strong anti-bacterial activity against P. aeruginosa.

Vishal Acharya
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Our research includes developing software as well
as applying integration of system biology with
machine learning to analyze and mine all kind
of biological data available from Himalayan bio
resources. Details of the research can be found at
the link: fgcsl.ihbt.res.in.
Our latest work deal with the pipeline available
for the interested researchers for calculation
of molecular adaptation analysis of Himalayan
microbes associated with cold conditions with
the
link:https://github.com/fgcsl/Moleculardaptational- analysis-cold.
Molecular adaptation analysis of Arthrobacter
revealed insights into its survivability under
multiple high-altitude stress in Himalayan
region
We have carried out comparative genomic studies
of two strains of Arthrobacter, ERGS1:01 and
ERGS4:06, and their mesophilic counterparts with
efficient survivability under high altitude stress
conditions. Physiological analysis and genome
insights supported the survival of these strains
under multiple high-altitude stress conditions.
Molecular cold-adaptation and substitution
analysis of the studied strains supported the
incidence of more cold-adapted proteins for
functionality at low temperatures. Studied strains
preferred amino acids like serine, asparagine,
lysine, tryptophan for favoring increased flexibility
supporting their broad temperature survival.
By means of the cold-adaptor indicators [acidic
residues, proline residues, aromaticity, aliphacity,
hydrophobicity, and the ratio of arginine (R) and
lysine (K)], we observed more of significantly ‘cold
adapted’ proteins than ’hot adapted’ proteins in
the two Arthrobacter species. As expected, four
indicators viz., lower amount of acidic, aromatic,
and proline residues and lower ratio of R/K
supported the presence of more cold-adapted
proteins as compared to mesophilic relatives
(Bonferroni corrected P < 0.001) in ERGS1:01.
In ERGS4:06, three indicators viz. lower amount

of acidic and proline residues; and lower R/K
ratio supported the presence of more cold
adapted proteins as compared to their mesophilic
relatives. Our findings supported the incidence of
more cold-adapted proteins promoting increased
flexibility and functionality at low temperatures.
To the best of our knowledge, this is the first
molecular cold adaptation analysis performed
for the genus Arthrobacter and has revealed that
‘aromaticity’, one of the cold-adaptor indicators,
should be carefully considered while evaluating
cold adaptation strategies in psychrotrophic/
psychrophilic bacteria. One major finding in the
current study was the preference of tryptophan
over tyrosine residues to maintain the thermal
stability in cold-adaptive enzymes of both the
strains with growth range 4–28°C (Table 1). A
significant molecular strategy acquired by bacteria
to adapt to the extreme, cold environment is the
genetic redundancy, whereby two or more copies
of the gene encode proteins that perform the same
function, enhancing their survival. The CDSs
in multiple copies were examined for their cold
adaptation scores in both the Arthrobacter strains.
Numerous CDSs in a predicted were observed to
be cold adapted, hot adapted as well as in the
neutral category. It was found that the majority
of the CDSs in both the Arthrobacter strains
were neither cold nor hot adapted, supporting
their growth over a broad temperature range of
4–28◦C. The current study provides the first kind
of an in-depth report on the molecular adaptation
of psychrotrophic Arthrobacter sp. at the amino
acid level. Such a study can potentially augment
the knowledge on the prevalence and survival
strategies of this species at high altitude stressful
environments. Furthermore, the study opens up
opportunities for an intensive investigation into the
cold-adapted proteins that enable their survival in
extreme niches. For interested researchers, inhouse script is available at https://github.com/
fgcsl/Molecular-adaptational-analysis-cold, the
molecular adaptation analyses of any other coldadapted microbes can be carried out.
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Our lab has focussed on two themes in the
outgoing year. First, a few beneficial plant
growth promoting rhizobacteria (PGPR) has been
assessed for their efficacy and then novel fungal
endophytes has been isolated from Crocus sativus
corm. In future, their characterisation may help
understanding the saffron biology.
Efficacy of two efficient PGPR on garlic plants
at farmers field
PGPR are a group of bacteria that increase
plant growth and yield via various plant growthpromoting activities. Two efficient rhizobacteria
Arthrobacter psychrochitiniphilus IHBB 13602 and
Pseudomonas trivalis IHBB 745 were previously
isolated from Lahaul region based on the beneficial
plant growth-promoting attributes like phosphate
(P) solubilization, indole acetic acid (IAA)
production and ACC deaminase activity. These
beneficial plant growth promoting attributes are
involved in the stress response of plants during
water scarcity. A field experiment was conducted
to study the effect of these two rhizobacteria
on garlic growth and yield. Garlic bulb yield
increased significantly with the inoculation of
microbial inoculants which was comparable
to the NPK treated plant in the experimental
field trial. Among the two, Pseudomonas trivalis
IHBB 745 showed the maximum leaves number,
plant height (cm), garlic yield (qu/ha), and garlic
diameter, closely following that of the NPK 100%
treated leaves number, and FYM treated plant
height (cm) and garlic yield. In contrast to previous
results, 2nd year data showed no difference in the
yield outcome in Garlic crop after treatment with
bacterial inoculum relative to control as both
showed yield of nearly 16-18 quintal/hectare.
The efficacy is low in comparison of previous year
results may be due to differential environmental
factor (Fig. 1&2).

was given for 10-12 minutes followed by rinsing
with autoclaved distilled water 5-6 times and
kept under standard tissue culture condition at
22°C with murashige skoog medium or water
agar. After 20-40 days they were checked for any
microbial growth arising out of corms. Fungal
growth were observed in tissue culture flasks after
a minimum of 20 days of initial planting of corm in
flask under asceptic conditions. Different fungal
morphotypes were identified and further subcultured on Potao Dextrose Agar plates. Different
morphotypes were characterized at molecular
level based on their ITS region sequence analysis
using ITS1 (TCCGTAGGTGAACCTGCGG) and
ITS4 (TCCTCCGCTTATTGATATGC) primer set.
Identified sequences were searched against nR
database at NCBI.
Our sequencing analysis confirmed the presence
of four different genera with a total of six species
of fungal endophytes in Crocus sativus bulb
from 15 different morphotypes. The major fungal
endophytes identified are Rhexocercosporidium
sp., Phialophora mustea, Cadophora sp., from
our present study (Fig. 3). They are at present
being assessed for any perceived beneficial
attributes such as phosphate solubilization, IAA
production, siderophore production etc. The
different plant growth promoting activities will
be assessed both qualitatively and quantitatively
under in-vitro conditions such as plate growth
assay for phosphate solubilisation activity under
pikovskaya agar medium.

Isolation of endophytic fungi from saffron
corms for beneficial attributes
Saffron corms were procured and given harsh
surface sterilisation with Tween-20 followed
by 0.1% bavistin solution for 15 minutes along
with 70% ethanol for 30 seconds. After ethanolic
treatment, 0.1% mercuric chloride treatment
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Fig. 1 Effect of PGPR on garlic growth and yield
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Commercial scale propagation of economically
and medicinally important plants
Our group mainly focuses on the development
of high efficiency in vitro protocols for mass
propagation of economically and medicinally
important plants. India imports 111.13 million
USD per annum of Asafoetida (commonly
known as Heeng and a popular kitchen
spice) from middle-east countries. We have
standardized the mass scale callus proliferation of
Ferula assa-foetida using different combinations
of plant growth regulators (PGRs). Further, there
is a gap of ~93.5 tonnes between the demand and
supply of Crocus sativus in India. We are trying to
fill this gap by commercially producing diseasefree corms through in vitro propagation using
previously developed protocol from our lab (Fig. 1).
An MoU has already been signed between CSIRIHBT and Agriculture Department, Himachal
Pradesh for the propagation and cultivation of
Heeng and saffron.
The fruits of Siraitia grosvenorii (monk fruit) are
commercially exploited for mogrosides that are
250-300 times sweeter than sucrose. Micropropagation of this plant was done by inoculating
the nodal segments on Murashige and Skoog
(1962) medium without any PGR with 0.8% agar
and 3% sucrose at 23°±2°C under 16/8h photoperiod (Fig. 2). For multiple shoot induction,
the axillary buds were cultured in a medium
supplemented with different concentrations of
6-Benzylaminopurine (BAP) and Kinetin (1.0 to
7.5 µM). Further, rooting was observed in 1.0 µM
of BAP (Annual Meeting of Plant Tissue Culture

Association, 2021). Using this protocol, we were
able to mass propagate monk fruit at commercial
scale.
Bamboos are evergreen, inexpensive and renewable
material, which can be used as a substitute for
expensive timber or wood, and hence is termed
as “the green gold of India”. We are commercially
propagating different bamboo species i.e.,
Dendrocalamus hamiltonii, Dendrocalamus asper
and Bambusa balcooa under National Bamboo
Mission. In addition, we are standardizing
protocols for commercial propagation of Bambusa
tulda, Dendrocalamus giganteus and Phyllostachys
edulis. For commercial scale micro-propagation,
nodal segments were inoculated in MSO medium
to produce 2-3 shoots per bud. These shoots
were then transferred to the shoot multiplication
medium supplemented with different combinations
of BAP, 1-Naphthaleneacetic acid (NAA) and
Adenine sulphate with 15 days subculturing for
3-4 months. After multiple shoot development
they were transferred to the rooting media
supplemented with NAA, sucrose and phytagel.
Rooted plantlets were then hardened in the mixture
consisting of sand: soil: FYM:: 1:1:1 for 2 months
under greenhouse conditions. More than 85%
survival rate was observed under field conditions.
We also hypothesized that the differential
response during in vitro micropropagation among
these genotypes may be due to their differential
physio-chemical, histological and transcriptional
regulations (PTCAI, 2021). In addition, we also
commercially propagate bamboo plants through
cuttings, layering and seeds (Fig. 3).

Fig. 1 Commercial scale propagation of Ferula assa-foetida (A-D) and Crocus sativus (E-G) through tissue
culture
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My research group explores endophytes of
Himalayan medicinal plants for improvement of
plant productivity, production of therapeutically
important secondary metabolites, and studying
adaptation
mechanisms
of
plants
under
environmental stress.
Endophytes of Valeriana
Podophyllum hexandrum

jatamansi

and

V. jatamansi and P. hexandrum are important
Himalayan medicinal plants that are extensively
used for therapeutic purposes. Due to
overexploitation, these plants are on the verge of
extinction. Therefore efforts need to be made for
their conservation and the development of new
approaches for their cultivation. We are identifying
potential endophytes enhancing plant productivity
and production of therapeutic compounds. We
have a collection of >250 endophytes isolated from
different parts of plants collected from different
natural habitats (multiple locations) (Fig.1). These
isolated microbes are being tested to enhance plant
productivity and the biosynthesis of therapeutic
metabolites.

Development of probiotics for plant tissue
culture
The use of plant cell and tissue culture technology
has increased extensively over the past decade.
Successful propagation of tissue culture-generated
plants depends upon their field survival. Therefore,
the hardening of tissue culture generated plants
in the greenhouse and their acclimatization to the
field conditions limit their use and acceptability.
It also restricts the successful micropropagation
of most of the plants, especially rare, endangered,
and threatened (RET) plant species. In addition
to this, after repetitive subculturing, the tissue
culture plants (tissues) continuously reduce their
potential to synthesize secondary metabolites. We
believe that the plant materials generated through
in-vitro systems lack the plant-associated microbes
(especially endophytes) due to their continuous
cultivation in aseptic conditions, causing reduced
hardening efficiency and secondary metabolite
content. We are making our efforts to supplement
endophytes to the tissue culture generated
Fritillaria roylii, Rhodiola, Picrorhiza kurrooa,
and Trillium govanianum plants at the time of
hardening to improve hardening efficiency and
performance in the field.
Evaluation of the role of endophytes in
mogroside production
Cultivation of the monk fruit, Siraitia grosvenorii
is very limited (predominantly produced in
Guangdong, Guangxi, and Hunan provinces
of China only) and specific to environmental
conditions; this exclusively limits its use at a large
scale and makes its use expensive. Therefore,
we are exploring endophyte technology for its
sustainable cultivation. We have found the
associated endophytes with S. grosvenorii (Fig. 2).
Genome-editing of Camellia sinensis

Fig. 1 Collection of samples of selected Himalayan
medicinal plants from their natural habitats (a).
Podophyllum hexandrum (b,c), Valeriana jatamansi
(d,e) and Picrorhiza kurrooa (f) at natural locations.
Representative picture showing the endophytes
isolated from selected Himalayan medicinal plants (g)
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Tea [Camellia sinensis (L.) O. Kuntze] is used as
the most popular beverage worldwide second only
to water. Its demand is tremendously rising due to
increased awareness of its medicinal importance.
Several efforts have been made to improve the
quality of tea. In general, the conventional breeding
approach is used for tea improvement, but this
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Research interests and long-term goals of our lab
are (i) understanding the adaptive mechanisms
in high-altitude plants for sustaining adverse
conditions to extrapolate the findings for
engineering stress reliance in other plants,
(ii) deciphering the epidermal cell differentiation
mechanisms promoting the formation of outgrowth
and secondary metabolite accumulation, which
could be used to manipulate outgrowths and
secondary metabolites accumulation. In line
with these goals, we are currently working on
the following projects and made initial progress
during last year.
Understanding the excess energy dissipation
and ROS scavenging mechanisms in highaltitude
plants
for
sustaining
adverse
conditions
The plants growing in environmental extremes
have the ability to sustain adverse conditions
via their evolved excess energy dissipation and
ROS scavenging systems (Fig. 1). To understand
adaptive mechanisms in Himalayan plants, we
are focusing on Himalayan plants,
including
Picrorhiza kurrooa and Rhododendron anthopogon,
to decipher their excess energy dissipation and ROS
scavenging mechanisms activated by retrograde
signaling in these plants. Extremophytes of various
environmental extremes undergo morphological,
physiological, and physiological modifications,
complemented with their genetic make-up to
avoid and endure adverse conditions.

Fig. 1 Strategies implemented by extremophytes to
manage excess ROS generation

Deciphering
engineering
machinery

chloroplast oxi-proteome and
ROS-resilient
photosynthetic

Using model plant Arabidopsis thaliana, we are also
studying photosynthetic processes emphasizing
light-dependent reactions. We are focusing on
stress-induced ROS-triggered perturbations in
chloroplast homeostasis and cognate retrograde
signaling cascades activating stress responses.
The fundamental information gained can be used
to engineer stress/ROS-resilient photosynthetic
apparatus. In a collaborative work between
Prof. Chanhong Kim, PSC Shanghai, and Prof.
Wataru Sakamoto, Okayama University, Japan;
ROS-resilient D1 protein in photosystem II was
engineered in unicellular alga C. reinhardtii
(mainly done at Okayama Univ). Accordingly, at
CSIR-IHBT, we are working on engineering ROSinsensitivity in photosynthetic proteins, including
D1 and CP43 (light-dependent), and RCA and RbCL
(light-independent) in Arabidopsis and trying to
identify natural ROS-insensitive variants of these
proteins in the Himalayan plants. Various sitedirected mutagenesis-based synthetic constructs
are prepared and being transformed in wild type
and cognate mutants in Arabidopsis thaliana.
Decoding the link between stress-induced
chloroplast division defects leading to cell
cycle arrest and programmed cell death
Besides, we are trying to unveil the role of
chloroplasts as stress sensors. Recently we
have carried out a chemical-based mutagenesis
screening of an Arabidopsis mutant having
dysfunctional chloroplasts and exhibiting ROSinduced cell cycle arrest and programmed cell
death. We have identified specific second site
mutants showing attenuation of chloroplasttriggered cell death and growth defects. These
suppressor mutants are now being characterized
to delineate chloroplast-triggered stress responses.
Deciphering the epidermal cell differentiation
mechanisms
promoting
the
formation
of outgrowth and secondary metabolite
accumulation
On developmental signaling, we have initiated
a project on understanding epidermal cell
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Our lab research focus lies in plant developmental
biology and metabolic engineering. Several
important plants undergo activity-dormancy
cycles in the Himalayan region, which is required
to survive under unfavourable conditions. Also,
critical developmental processes such as flowering,
metabolite synthesis, tuber/corm/bulb formation
etc., are regulated by photoperiod and temperature.
Thus, we aim to decipher the molecular regulation
of seasonal growth, development and dormancy in
economically important underground vegetative
tissues.
Secondly, secondary metabolites produced in
plants have therapeutic and culinary uses.
These specialized metabolites are synthesized via
different pathways in planta. We aim to elucidate
these pathways and engineer them for enhanced
metabolite production. Below are a few projects
going presently in the lab.

their growth and development with the daily and
seasonal cycles of the environment. Changes in
light, day length and temperature are perceived
via dedicated receptors and cause resetting of the
circadian clock to local time and regulate plant
growth and developmental processes. Thus, clock
genes and downstream pathways are important
regulators of plant growth, and we aim to study
these components in saffron plant with respect to
annual growth and corm development.
In order to identify signals and signalling factors
regulating corm development, we have performed
experiments to de-couple the role of photoperiod and
temperature in corm development. Corms of similar
size 8-10gms were grown at 220C under 24/0 hour
and 16/8-hour light-dark cycle and monitored for
growth and corm development (Fig. 1).

Saffron Developmental Biology
Saffron (Crocus sativus), the world’s most valued
spice, is mainly propagated vegetatively by corms.
Flower formation, ultimately saffron production,
is directly proportional to the development of
quality corm, and corm number is paramount
in determining the saffron crop yield. Not much
is studied when it comes to saffron flowering
transition and corm development. Thus, we
have started to work on ‘Deciphering molecular
mechanism regulating corm development and
flowering transition in Saffron corms (Crocus
sativus) and understanding its developmental
biology’.
Corm development
In saffron, once flowers, leaves, and roots are
developed from a mother corm, the development
of daughter/replacement corms starts. A mother
corm leads to the development of 2-3 daughter
corms during the growing season, and the size of
the daughter corm is also influenced by mother
corm size. This low multiplication rate for the
development of daughter corm is rate-limiting for
seed production. Various internal and external
factors such as photoperiod, temperature,
nutrients, and source to sink strength are
suggested in regulating corm size. The circadian
clock helps plants to anticipate and synchronize

Fig. 1 Effect of photoperiod on plant growth and
corm development

Plants grown at 24h/0h light/dark cycle produced
bigger corms but fewer daughter corms than
plants grown at 16h/8h light/dark cycle and
showed early leaf senescence and smaller root size
and biomass.
We have also isolated and cloned a few circadian
clock genes such as Flowering Locus T (FT),
Constans (CO), GIGANTEA (GI), Early Flowering 3
(ELF3), Late Elongated Hypocotyl (LHY), etc. and
are in the process of their characterization during
annual growth and corm development.
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Thermoresponsive pathway underlying the
regulation of flowering

Synthetic biology approach to engineer
Asafoetida’s specialized terpenoid production

Like corm development, little is known and studied
about flowering transitions and differentiation in
saffron corms. Saffron corms remain dormant
during warmer climatic conditions, and when
there is a decrease in temperature, it starts
sprouting, followed by the production of flowers
and leaves. Flowering in saffron can be majorly
divided into two phases 1. Flower differentiation,
and 2. Flowering transition. The temperature has
been shown to have an important role in regulating
both phases (Fig. 2).

The primary aroma, flavour and bioactive
compounds of asafoetida constitute terpenoids
and their derivatives. The production of these
compounds in the desired amount takes years
in planta. Therefore, efficient methods for
producing terpenoid compounds are an unmet
need, considering the demand and supply. Plant
cell cultures such as hairy root, callus cultures,
adventitious roots etc., are a faster and more
controlled way of producing plant metabolites.
Combining these methods with biotechnological
approaches such as gene editing and metabolic
engineering, the production of terpenoids can be
significantly improved. Thus, we aim to decipher
and engineer the terpenoid pathway in Ferula
assa-foetida using synthetic biology approach.
Understanding the role of terpene synthases
in specialized terpenoid biosynthesis of Ferula
assa-foetida
Terpene synthases (TPS) are very substratespecific enzymes and catalyze the final step
involved in synthesizing specialized terpenoids.
They are also responsible for generating the vast
structural diversity found in terpenoid natural
products’ superfamily. Thus, identifying Terpene
synthases involved in the process and characterize
their role in Asafoetida terpenoid metabolism will
break ground and pave the way for the efficient
engineering of terpenoids.

Fig. 2 Schematic representation of temperature
regulated flowering in saffron

Flower initiation or differentiation takes during
the dormancy/storage stage in summer when the
average temperature is around 25-300C, while
the flowering transition takes place around at an
average temperature of 15-200C. Inappropriate
temperatures at any time point, i.e. at storage
or flowering, resulted in flower atrophy and
reduced or no flowering. We hypothesize that a
thermosensory pathway is involved in regulating
flowering (differentiation and transition) in saffron
and trying to elucidate it using the transcriptomics
approach, coupled with morphological and
anatomical studies. For this, we are using
meristem-enriched tissue collected from corms
stored and grown at two different temperatures
(low and high) and performing the studies. We have
successfully cloned a few genes which are believed
to have a conserved role in other plant species and
characterizing their role in temperature-regulated
control of flowering in saffron.
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In the above context, we have identified and
cloned 6 Terpene synthase genes (TPS1-6),
highly expressing in the roots/rhizome of Ferula
assa-foetida (Fig. 3). We will generate knockout,
knockdown and overexpression transgenic lines in
hairy root cultures developed from F. assa-foetida
for functional evaluations of terpene synthases in
planta, which can be further utilized for metabolic
engineering.

Fig. 3 Relative expression value for Terpene synthase
genes (TPSs) named 1-6, from F. asafetida
Research group: Diksha, Joel Jose and Kulvinder
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Our research group focuses on exploring the
microbial community from extreme environments
of the Himalaya for its application in society
and industry. Our major research achievement
targeted solid waste management in high
Himalayan regions by scientifically intervening
and facilitating faster degradation of the night
soil and other agro-kitchen waste. This year we
have distributed two tonnes of “Compost Boostera microbial formulation for rapid degradation of
night soil to manage human waste in cold desert
areas” in Lahaul region and 1 tonne to the Army for
its use in Ladakh. Our publications have provided
the scientific basis on the exploration of bacteria
for plant growth promotion and bioprospection
for industrial applications. Our research efforts
on Shiitake mushroom processing and enriched
composting have led to the establishment of five
Scheme of Fund for Regeneration of Traditional
Industries (SFURTI) clusters under the Ministry
of Micro, Small & Medium Enterprises (MoMSME)
providing livelihood opportunities to 1150 people.
The research work of our lab can be discussed
under following categories.

10-phenanthroline, enhanced by Ca2+ Mn2+ and
hexane, and retained its activity with surfactants
and detergents. ERMR1:04 protease-mediated
hydrolysis of soy protein generated antioxidant
peptides of <6 kDa, showing radical scavenging
activities of 77% for DPPH (2, 2-diphenyl-1-picrylhydrazyl-hydrate), 96% for ABTS (2,2’-azino-bis(3ethylben zothiazoline-6-sulfonic acid), 93% for
ferrous ion chelation and Abs700 0.159 for reducing
power assay. Such promising properties qualify
the ERMR1:04 proteases as a potent catalyst for
high-value functional food production (Fig. 1).

Bacterial bioprospection of alpine region for
industrial enzymes
Unexplored cold and extreme niches provide
bioprospection
opportunities
for
potential
microorganisms with the ability to produce coldactive enzymes with wide temperature activity.
Enzyme functioning under variable processing
conditions is particularly useful in food industry.
Hence, such a cold-active enzyme with activity
spanning over a broad temperature range may
act as an attractive and efficient biotechnological
tool for the development of functional food
ingredients, impacting human health. In this
regard, protease is an important biocatalyst
for releasing antioxidant peptides with health
benefits from protein sources. A cold-adapted
bacterium
Chryseobacterium
polytrichastri
ERMR1:04 produced an extracellular protease
enzyme optimally at 20°C, pH 8 with 1.25 g/100
mL skim milk inducer. The purified 22.24 kDa
protease was active over a broad temperature
5-65° optimum at 37° and pH 6-10 (optimum
at pH8) range, inhibited by EDTA and 1,

Fig. 1 SDS-PAGE analysis of purified (a) protease and
(b) lipase, from Chryseobacterium polytrichastri
ERMR1:04 and its molecular weight determination

The same bacterium, C. polytrichastri ERMR1:04,
was explored for the bioprospection of cold active
lipase. Optimum lipase production was carried
out by the bacterium in 1% (v/v) rice bran oil,
pH 7 at 20°C. Extracellularly produced enzyme
was purified by size exclusion and hydrophobic
interaction chromatography by up to 21.3fold. The purified enzyme was predicted to be a
hexameric protein of 250 kDa, with ~39.8 kDa
monomeric unit (Fig. 1b) MALDI-TOF-MS analysis
of the purified lipase showed maximum similarity
with alpha/beta hydrolase (lipase superfamily).
Biochemical characterization of the purified
enzyme revealed optimum pH (8.0), temperature
(37o C) and activity over a temperature range
of 5.65o C. The enzyme showed remarkable
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Iron enrichment in microalgae biomass for
combating anaemia
A process for enrichment of iron content in the
microalgae biomass was developed. Spirulina
platensis and Chlorella pyrenoidosa were selected
as model microalgae for enrichment studies.
Incremental addition of iron salt to cultivation
medium resulted in multi-fold increase in iron
content in the microalgae biomass. For example,
Spirulina platensis biomass cultivated under
control medium containing 4 PPM iron (Fe), the
total iron content was 202.63 ± 10.13 mg kg
(202 PPM) while the biomass obtained under
incrementally dosed iron (Fe) medium containing
16 PPM iron (Fe), the total accumulated iron
content in biomass was 1697.45 ± 84.87 mg kg
(1697 PPM). Additionally supplementation of zinc
sulphate (ZnSO ) in the medium enhanced the
zinc by 1.2 fold (Fig. 1).
-1

-1

4

The bio-efficacy of iron enriched Spirulina
biomass in reversing the anaemia symptoms was
studied using in vivo iron repletion experiments
in animal models (Sprague-Dawley rats). Ferrous
ascorbate was considered as reference iron
source. Supplementation of Spirulina biomass
in iron deficient rats resulted in 1 to 1.5-fold
increase in haemoglobin levels,serum total protein
and albumin levels. Further supplementation
of Spirulina biomass resulted in 2- fold
increase in total serum iron content. Spirulina
supplementation ameliorated oxidative stress
in liver, spleen and kidney by reducing the lipid
peroxidation induced due to anaemia. The tissues
showed enhanced super oxide dismutase levels
compared to reference material. Histopathological
analysis revealed that sutpplementation of Spirulina
biomass reversed the fatty accumulation in liver,
thinning of myocardial fibres and degeneration of
intestinal villi induced due to iron deficiency (Fig. 2).

(a)

(b)

Fig. 2 Bio-efficacy of iron enriched Spirulina biomass
in amelioration of iron deficiency induced anaemia

Development of microalgae based protein and
micronutrient rich animal feed
Indian livestock sector faces huge deficit in feed
supply accounting to about 39% in dry fodder, 36%
in green fodder and a 57% in feed concentrate and
proteins. India ranks 5 in global production and
consumption of animal feed at 29.4 million MT
utilizing mainly cereals, pulses and oilseeds (India
Feed Industry, 2018-19). This huge demand for
animal feed exerts tremendous pressure to divert
the food crops towards animal feed, a scenario
which is not sustainable for a country like India
facing huge challenge of feeding its population.
th

Fig. 1 a) Iron content of Spirulina biomass and
b) Zinc content of Spirulina biomass
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Our major research focus is on the development
of molecular markers, genetic dissection, and
molecular breeding for important traits in highaltitude plants.
Development of Hypo-methylated
Population
(HySP)
to
Explore
Epigenomics

DNA level, the hypomethylated population was also
genotyped using methylation-sensitive amplification
polymorphism (MSAP) markers (Fig. 1).

Saffron
Saffron

Saffron (Crocus sativus L.), belonging to the family
Iridaceae, is the highest value spice globally and
also known as “red gold”. It is majorly grown in
the Mediterranean basin, North Africa, Iran, and
Kashmir. India is the second-largest producer of
saffron after Iran. Saffron is a triploid crop having
three sets of eight chromosomes (2n=3x=24) with
a large genome (>10 GB; 1C = 3.45 Gbp). Due
to the triploid nature, it became sterile (no seed
setting reported), and thus exclusively propagated
through corms. To explore the involvement
of epigenetics in the growth and development
of saffron, we developed a hypomethylated
saffron population (HySP) using 5-azacytidine
(hypomethylation agent). Two doses i.e., 250
µM and 500 µM of 5-azacytidine were given to
uniform size (6-8g) corms, and corms were dipped
in the solution for 18h. Total 250 plants in M0
generation were raised during crop season 202021. The treated corms along with untreated corms
(control) were phenotypically evaluated in the
open field (research farm, CSIR-IHBT, Palampur)
and controlled conditions. We observed significant
differences for days to germination, number
of sprouts, leaf length, flowering in chemically
treated plants than control plants. For instance,
untreated corms germinated minimum after 8
days of sowing, however, some treated corms
germinated within three days only. Similarly, the
maximum length of leaf in control plants was 25.5
cm, whereas, it was increased up to 31.4 cm in
the HySP.
Hypomethylation led to a reduction in flowering
(50%) as compared to control plants. The difference
in above mentioned morphological traits in HySP
than control plants suggested the vital role of DNA
methylation in saffron growth and development.
Further, significant differences were also observed
for above mentioned morphological traits in the
open field and controlled environmental conditions.
To determine the change in methylation pattern at the

Fig. 1 Methylation status of each individual in the
HySP population was detected using MSAP analysis
with the primer combinations EcoRI47 and H/M31

MSAP profiling revealed that the population varies
for methylation patterns. HySP developed during
the present study may prove an important asset
to explore and understand the role of epigenetics
in essential traits of saffron. Important epigenetic
marks associated with these key traits may be
identified using developed HySP through the epiGWAS approach, and further, be utilized in saffron
improvement programs through epi-breeding.
GRAS Gene Family in Rosa chinensis and Their
Potential Role in Growth and Development
GRAS is a family of plant-specific transcription
factors (TFs) that play a pivotal role in regulating
several biological processes of plant growth and
development. Despite its great importance, it
is unexplored in rose. Rose, belonging to the
Rosaceae family, is one of the most important
ornamental crops, that has huge demand in
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My group’s main focus is on the exploration
of probiotic microorganisms obtained from
Himalayan (Western) indigenous cow, yak, and
goat milk and microbial enzymes, aiming to
produce essential metabolites and their industrial
applications.
Production of dairy-based functional food using
indigenous cow’s and goat’s milk of Himalaya
The samples of various milk and milk-based
fermented products were selectively obtained
from indigenous cows, yaks, and goats and some
from traditional non-dairy fermented products
collected from different high-altitude regions of
Western Himalaya (Lahaul and Spiti of Himachal
Pradesh and Ladakh) (Fig. 1&2). The samples were
evaluated for their nutritional and micronutrient
profiling i.e. carbohydrates, minerals, vitamins,
proteins, and fat contents (AOAC international
methods for proximate analysis and FSSAI,
2015. Manual of Methods of Analysis of Foods:
Oils and Fats) (Table 1.) and compared with the
milk and milk-based products obtained from
non-indigenous cow’s milk. Potential probiotics
from these foods were screened using standard
protocols (Fig. 3). Further, we will also explore
different transitional probiotic resources of foods
from Lahaul Spiti and Kinnaur (Himachal Pradesh)
and Ladakh of Western Himalaya for the potential
probiotic cultures with various health benefits for
commercial production of fermented functional
foods (Fig. 4).

(a)

(b)

(c)

Fig. 1 Indigenous (a) cow, (b) yak and (c) goat from
different high altitude of Western Himalaya

Fig. 2 Milk and milk based products from indigenous
cow, yak and goat respectively from different high
altitude of Western Himalaya

Fig. 3 Plates showing the microbial growth after
enrichment of the collected milk samples on the
MRS media

Table 1. Nutritional profiling of various milk samples obtained from indigenous cow, yak and goat from
different high altitude of Western Himalaya
S.No.

Sample Location
of Milk

moisture (%)

Ash (%)

Protein (%)

Carbohydrate
(mg/ml)

1.

Yak

Zanskar (Ladakh)

84

6.13

20.393

0.168

2.  

Yak

Losar (Lahaul Spiti, H.P.)

72

4.78

34.324

0.01

3.

Cow

Losar (Lahaul Spiti, H.P.)

84

5.55

29.735

0.137

4.

Cow

Kaza (Lahaul Spiti, H.P.)

84.6

4.66

18.446

0.082

5.

Goat

Chamba (H.P.)

76

2.92

18.531

0.082
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Research methodology: Our research group
has been dedicated to developing different new
and challenging synthetic methodologies through
reagent and catalyst chemistry. Among these, the
development of nano-particles as a heterogeneous
catalyst and their applications in carbon
monoxide fixation reaction for arylquinazolinones,
aminocarbonylation
and
methylthioesters
synthesis have been achieved in this year.
Lignocellulosic bio-waste utilization
Lab-scale process has been developed for
commercially important 5-hydroxymethyl furfural
(HMF), furfuraldehyde, 5-methylfurfuraldehyde
(MFA), 2-methyl furfural (MF), and alkyl-furans
synthesis from rice-straw, sugarcane bagasse,
corn-cob and other carbohydrates. The process
was patented and further scale-up is in progress
for future technology development.
Lignocellulosic biomass and carbohydrates
as feed-stock for scalable production of
5-hydroxymethylfurfural (HMF)
A one-pot process to convert lingo-cellulosic biomass and carbohydrates to 5-hydroxymethyl
furfural (HMF), following a highly specific
approach. First, raw sugarcane bagasse and
corn-cob biomasses were mechanically grinded
to fine powder and further applied as feedstock
for HMF and furfural production in a one-pot and
scalable synthesis. A synergistic role of mixed
acids such as oxalic acid, AlCl3 and HCl, charcoal,
and solvent system was critically investigated for
HMF production.

successfully. The scope of the process further
extended for conversion of waste raw potato, corn
powder, starch, glucose and
fructose to HMF
production with high specificity and conversion.
After solvent extraction, avoiding tedious column
chromatography, the UPLC purity of HMF was 87–
95% (Fig. 1).
Metal-catalyst and hydrogen gas-free reduction
of biomass-derived furfuraldehydes to alkyl
furans as a biofuel additive
A metal catalyst and a hydrogen gas-free approach
has been developed to reduce aldehyde to an alkyl
group of different substituted furan compounds.
In this process, hydrazine hydrate under basic
conditions at reflux temperature selectively
participated in reducing the aldehyde moiety to the
corresponding alkyl group of highly reactive furan
compounds in a selective manner. The developed
protocol was applied for selective and scalable
reduction of 5-hydroxymethylfurfural (5-HMF) up
to 250 g to 5-methylfurfuryl alcohol (MFA) in a 70%
yield. Under the same process, furfuraldehyde was
also tested in a 250 g reaction for 2-methylfuran
(MF) synthesis in a highly selective manner and
the product was distilled out from a single-pot
reaction with gas chromatography (GC) purity
≥90%. The scope of the process was further
extended for different substituted furfuraldehydes
successfully. In addition, the protocol is found
to be efficient for scalable production and easy
separation of the product (Fig. 2).

Fig. 1 Ligno-cellulosic biomass conversion to HMF

The optimized process further tested up to 0.5
kg scale biomass conversion to HMF production

Fig. 2 Alkyl furans synthesis as a biofuel additive
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Group is involved in the synthesis of bioactive
natural products, their analogues and small
molecule compound library. We are also working
on the development of novel catalytic methods for
chemical transformation for synthesis of bioactive
molecules.
Synthesis and antibacterial activity evaluation
of bioactive complex small moleculesciprofloxacin conjugates
Conjugates between pharmaceuticals and small
molecules enable access to a vast chemical
space required to discover new lead molecules
with modified therapeutic potential. However,
the dearth of specific chemical reactions capable
of functionalizing drugs and bioactive natural
products presents a formidable challenge for
preparing their conjugates.
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Amides are among the most frequently used
pharmacophore modifications, and 1,2,3-Triazoles
is among the most commonly used isosteres for
amide bond due to their structural features that
permit a good overlap with amide, better H-bond
donor and accepter capacities, and favorable
physicochemical properties. 1,2,3-Triazoles group
serves as rigid linking units, possesses strong
dipole moment. 1,2,3-Triazoles is a prominent
class of heterocycles due to associated biological

Az

Ciprofloxacin is a broad-spectrum bactericidal
antibiotic available in more than 100 countries to
treat about 14 types of infections, especially UTIs
such as uncomplicated cystitis, chronic bacterial
prostatitis, and lower respiratory infections. The
solubility of ciprofloxacin hydrochloride is very
high at acidic pH, whereas solubility remains a
challenge for it and its free base at intestinal pH
like 6.8 and 7.0. The absorption, permeability,
and solubility issue put ciprofloxacin to be a
Biopharmaceutics classification system (BCS)
class IV compound. These compounds exhibit
the least oral bioavailability, low solubility, and
intestinal permeability among all pharmaceutical
classes of drugs. Because of these issues,
ciprofloxacin needs more favorable pharmacophore
modifications to retains therapeutic activity along
with enhanced oral bioavailability, solubility, and
permeability.

properties such as antibacterial, anticancer,
antimalarial, and anti-HIV. These compounds find
versatile application in research a building block
for more complex chemical compounds, including
β-lactamase inhibitors such as tazobactam. We
have developed a support-free CuI NPs catalyzed
strategy for conjugating electron-deficient and
electron-rich terminal alkynes with a ciprofloxacin
methyl ester. Our conjugation technique exploits
late-stage functionalization of bioactive natural
products such as tocopherol, vasicinone, amino
acids, and pharmaceuticals such as aspirin and
paracetamol to provide conjugates in excellent
yields under mild and green conditions.
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Fig. 1 A overview of the developed protocol

The developed method also enabled the
synthesis
of
(hetero)arene-ciprofloxacin
1,4-disubstituted 1,2,3-triazoles in good yield
and high regioselectivity
These synthesized conjugates were evaluated
for their antibacterial activity against a panel
of relevant bacteria. The result suggests that
a significant number of conjugates showed
comparable activity against Gram-positive and
Gram-negative bacteria. Interestingly, some
conjugates exhibited less toxicity than ciprofloxacin
against two mammalian cell lines suggesting the
future investigation of these compounds for in
vivo efficacy and pharmacokinetic studies.
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Area of expertise: Development, design and upscaling of improved technologies for processing of
bioactive materials from medicinal and aromatic
plants, Studies on supercritical fluid extraction,
Cellulose value addition. Preparation of Technoeconomic feasibility and project reports for
prospective entrepreneurs.
Development of eco-friendly
extraction of fibre from plants

process

for

Natural cellulose fibres have successfully proven
their qualities when considering an ecological
view of fibre materials for textile and technical
applications, e.g., bast or stem fibres. Retting
which separates fibres from non-fibre tissues in
plants, involves bacteria and fungi treatments
and mechanical and chemical processes for
fibres extraction. Dew/ water retting takes long
processing time, weather dependent, creates foul
smell, huge water consumption, and leads to
environmental pollution. Therefore, a process has
been developed to find alternative fiber sources
based on inexpensive, underutilized, abundantly
available and renewable lignocellulosic biomass
which is less time consuming, efficient and
environment friendly than conventional methods.
A low cost and eco-friendly process has been
developed to extract and prepare phloem fibres
of high quality and high counts. The process is
suitable for plants having a stalk diameter of
range 8-13mm. In this process, industrial waste
is utilized for the separation of fibers during
downstream processing.

In addition to this, green protocols for bleaching
of fibers are also optimized. The extracted fibers
have been further used for making pure yarns
and blended yarns. The physical properties of the
extracted fibers are also analyzed by standard
methods for physico chemical properties (Fig.1).
Design, fabrication and setting up of distillation
units and catalyzing setting up of farmer’s
cooperatives for marketing of the produce:
Mission Aroma
Essential oils are the main economic ingredient
of the aromatic crops, which are extracted using
distillation. To enable farmers to distill the oil
from their crop twelve multipurpose essential
oil distillation units were designed, fabricated,
installed commissioned to various registered
societies (Fig. 2)

Fig. 2 Installation and commissioning of different
capacities distillation units at farmers’ sites under
CSIR Aroma Mission

Processing of Damask rose flowers on the pilot
plant
Fresh Damask rose flowers were processed on the
pilot plant during April-May 2020 and produced
1800 liters of rose water during the season for sale
and complimentary samples.
Commercial scale production of tea catechin
from green tea leaves, development of
formulations as nutraceuticals and their
human intervention studies DBT- BIRAC

Fig. 1 Process flow for fiber extraction
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Tea leaves contain 15-20 % of total polyphenols, of
which catechins constitute up to 80%. The major
catechins in green tea are EGCG, (-)-epicatechin-

CSIR-IHBT

3-gallate, (-)-epigallocatechin, and (-)-epicatechin.
EGCG has also demonstrated other beneficial
effects in studies of diabetes, possesses antioxidant
activity, Parkinson’s disease, Alzheimer’s disease,
stroke, and obesity. These catechins are highvalue antioxidants with nutraceutical properties.
Under the second phase of the project, the process
equipment was designed and technical consultancy
was given to M/s Baijnath Pharmaceutical P Ltd.
Paprola. The process was further up scaled up to
500 kg per batch. In addition to this, the seasonal
variation in quality and yield was also collected at
this scale and data was collected. The tea catechins
obtained at this scale were analysed for quality and
further used for making formulation and safety
studies. Development of an efficient improved
process for value-added products from green tea
shoots. Optimization and validation of 500 kg per
batch green tea leaf processing capacity plant at
M/s Baijnath Pharmaceutical Pvt. Ltd., Paprola.
This technology is beneficial for the upliftment of
the tea industry through the value addition of tea
leaves.
Upscaling of the process for extraction of
coloring compounds from red cabbage on the
pilot scale
Optimization of process parameters for better yield
and quality of anthocyanins on pilot scale were done.
In addition to this, the complete process covering
step by step for production of natural color from red

Annual Report 2020–21

cabbage was demonstrated to a representative of
industry M/s Nanotech chemical, Ludhiana, Punjab
under technology transfer MoU. All the process steps
like crushing, squeezing of juice, extraction of dejuiced cabbage, filtration, column chromatography,
drying etc. had been demonstrated for the same. A
batch of 35 kg fresh red cabbage had been processed
for the same (Fig. 3).

• Process design, optimization from lab to 40 kg scale of
green process of colour extraction
• Natural colours with high temperature and light stability
• Non toxic
• Free from heavy metals and preservatives

Fig. 3 Process upscaling for extraction coloring
compound at pilot scale

Formulation of stevia liquid drops
A green process developed for direct processing
of dry stevia leaves into formulated liquid drops
was further improved and produced following
parties for production of the Stevia liquid against
processing charges as per MoU terms & conditions.
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Exploration
plants

of

anthocyanins

in

medicinal

The western Himalaya is portrayed by a rich
legacy of wild eatable fruits and is a valuable
gift from nature to the communities. Wild edible
fruits have been recognized to have preferable
dietary benefits over-developed organic fruits.
However, these wild edible utilized by tribal
communities are very little familiar to the urban
networks. Wild edible fruits are rich in nutrients
and phytochemicals, particularly antioxidants,
and accordingly can have a significant function
in delivering a healthfully balanced regimen. The
polyphenols are the natural antioxidants known to
be endowed with many claimed health-promoting
effects and shielded the human system from
various diseases. The wildly grown edible fruits
have been shown a rich source of polyphenolics
and antioxidants. Myrica esculenta (Myricaceae),
commonly known as Himalayan bayberry, kaphal
and distributed in the sub-tropical forest of
Himalaya at the altitude of 900-2000 m. The fruits
are considered one of the best wild fruits known
for its taste in the sub-Himalayan region and are
popular among local people. Fruits are processed
into squash, jams and syrups and traditionally,
have been known for their therapeutic properties
for curing ulcers. The fruit also finds an effect
in retaining of the placenta and bone fracture.
The analysis of the fruits revealed the presence
of essential nutrients (Carbohydrates, protein.
Fibres), minerals (potassium, calcium, sodium,
manganese, copper, iron and zinc), vitamins
and also specialized metabolites (polyphenolics
compounds, saponins, alkaloids and phytic acid).
Additionally, the fruits are also known to be
exhibited anticancer, antifungal and antimicrobial
properties. M. esculenta gained much attention
because of earnings from selling fruits (Rs. 14.00
lakh/season) by the local community from the
Himalayan region.
Duchesnea indica (Rosaceae), commonly known
as Indian mock strawberry. In traditional Indian
medicines, fruits are well known for treating
weeping eczema, swellings, abscesses, insect
bites, snake bites, and traumatic injury. Prunus
cerasoides (Rosaceae) a wild Himalayan cherry

found in forests of western Himalaya from India to
China. The fruits are visually red and reportedly
known to alleviate inflammatory stress. However,
only one study exists on the quantitative phenolic
composition including phenolic acids and
flavonoids. Berberis lycium (Berberidaceae) is an
evergreen shrub found in East Asia of Himalaya
at an altitude of 2000–2700 m. The plant parts
have been well explored, roots used to treat piles,
eye complaints, and bacterial infections. It has
been reported that the fruits are used as cooling
laxative effects and for the treatment against
intestinal and stomach aches. Additionally, the
fruits are reported to contain phenolics and have
antioxidants and anti-inflammatory effects.
Total anthocyanin content (TAC)
After purification of extract from wild berries, the
amount of anthocyanin content determined by
the pH differential method ranged from 3.83 to
20.58 mg cyanidin-3-O-glucoside equivalent per
100 g d.w. The total anthocyanin content were
found to be highest in B. lycium (20.58 mg/100
g cyanidin-3-O-glucoside equivalent d.w) followed
by M. esculenta (7.17 mg/100 g cyanidin-3-Oglucoside equivalent d.w), D. indica (7.06 mg/ 100
g cyanidin-3-O-glucoside equivalent d.w) and P.
cerosides (3.83 mg/100 g cyanidin-3-O-glucoside
equivalent d.w).
Total phenolics content (TPC)
A Folin-ciocalteu’s method was used to determine
total phenolics in purified fractions of selected
edible berries. The total phenolic content in
methanolic fractions of selected fruits was ranged
from 49.69±1.74 and 176.54±9.14 mg Gallic acid
equivalent (GAE)/g, respectively.
TPC (mg GAE/g)
TAC (mg/100g CY-3-Glu equivalent)
200
150
100
50
0

M. esculenta
M.
esculenta

B.
indica
B. lycium
lycium P. cerasoides
P.
D.D.indica
cerasoides
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Bioresources have been used to mitigate severe
life complications from historical times and are
still very substantial. The products derived from
them have used a template or to harness value
added products. Several secondary metabolites
have been used for therapeutic uses. Therefore,
understanding chemical nature, composition
and alterations in biological matrices is the
need of hours. Group is currently focusing on
metabolomics, isolation and characterization of
molecules, and the development of quality control
strategies for medicinally valuable resources
of Himalaya using NMR, LC-MS/MS, GC-MS,
and HPTLC techniques. Moreover, the group is
working to find out the possible mechanistic role
of bioresource-derived products. Further, process
and product development is also one of the focused
strategic area.
Phenylethanoids,
phenylpropanoids,
and
phenolic acids quantification vis-à-vis gene
expression profiling in leaf and root derived
callus lines of Rhodiola imbricata (Edgew.)
Medicinal plants cultivation under advanced
conditions offers quality biomass production on
a commercial scale as per consumer demand.
Rhodiola imbricata is a medicinal herb of the
trans-Himalayan Ladakh region of India. Since
this herb’s natural supply is rapidly decreasing
due to its over-exploitation, high altitude region,
and traditional usage in the Amchi system of
medicine. Salidroside and rosavins are the most
potent ingredients used in Rhodiola based herbal
formulations. Group has developed friable callus
culture from R. imbricata leaf and root explants.
Further, phenylethanoids, phenylpropanoids, and
phenolic acids were identified and quantified using
UPLC. The maximum salidroside was 3.59 mg/g
DW, in leaf-derived friable green calli followed
by 2.31 mg/g DW, in leaf-derived friable white
calli. While rosavin and rosarin were detected
maximum in root-derived compact green calli
and root-derived friable green calli (0.15 and 0.07
mg/g DW, rspectively). Genes encoding enzymes
involved in salidroside and rosavins biosynthesis
were also explored.
Growth kinetics, metabolite yield, and
expression analysis of biosynthetic pathway

genes in friable callus cell lines of Rhodiola
imbricata (Edgew).
The plant cell culture provides an efficient
technique for growth and production kinetics
studies of plants’ bioactive compounds. Therefore,
specifc culture days were optimized and explored
for higher metabolite yield in R. imbricata.
De novo transcriptome analysis of the
critically
endangered
alpine
Himalayan
herb Nardostachys jatamansi reveals the
biosynthesis pathway genes of tissue-specific
secondary metabolites
Nardostachys jatamansi, a critically endangered
medicinal plant of alpine Himalayas. This plant
was explored for the de novo transcriptome
analysis during the end of vegetative growth
(August) yielded 48,411 unigenes. 74.45% of
these were annotated using UNIPROT. UPLC-PDA
analysis of in vitro plants revealed the temperaturedependent, tissue-specific differential distribution
of various phenolics. Thus, compared to phenolic
contents of leaves (gallic acid and rutin) and roots
(p-coumaric acid and cinnamic acid) were found
higher at 15 °C. In qRT-PCR of in vitro plants,
secondary metabolite biosynthesis pathway genes
showed higher expression at 15 °C and 14 h/10
h photoperiod (conditions representing the end of
vegetative growth period). This provided the idea
for in vitro modulation of identified metabolites.
Such modulation of metabolites in vitro systems
can eliminate the need for uprooting N. jatamansi
from the wild. Hence, the study will help in
effective plant conservation.
Exploration of plants for the chemical
fingerprints and its important metabolies.
Camellia sinensis, Picrorhiza kurrooa, Siraitia
grosvenorii,
Valeriana
jatamansi,
Stevia
rebaudiana, Rhodiola etc are explored for the
chemical fingerprints and important chemical
markers present under different conditions.
Reseach group: Shruti Sharma, Ranjana Sharma,
Bindu Rawat, Vandana Kumari, Anil Kumar, Manish
Kumar, Rishabh Kaundal, Rajinder Kumar, Shiv
Kumar, Vijaylata Pathania, Ramesh Kumar and Pawan
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Our group has been working mainly on the design
and development of processes for pharmaceutical
or herbal formulations, using engineering tools.
Our main aim is to develop and optimise the
process at a lab scale and then scale it up to the
pilot level for industrial demonstration or to do the
feasibility studies at a large scale.
Process Optimisation at lab scale for HighIntensity natural sweetener
The study aims to design a sustainable costeffective process to get mogroside enriched
extract for the diabetic or health-conscious
group of our nation. Several studies state that
overconsumption of sugar leads to the following
adverse events: insulin resistance, metabolic
syndrome, diabetes, fatty liver and high levels
of free fatty acids. Therefore to limit the use of
sugar, artificial sweeteners are finding widening
applications in the past few years. Monk Fruit is
native to China has been entirely exploited in the
country for its potential in various forms. Many
companies in China started working on Monk
fruit like Hunan Nutramax, Inc., GLG Life Tech
Corporation, Guilin GFS Monk Fruit Corp. etc.
and started exporting the extracts to the rest of
the world. Few companies eg. Biovittoria etc, from
UK and USA, started a joint venture with Chinese
companies too. But Monk Fruit is new for India,
and with the successful cultivation of its fruits
in CSIR-IHBT, there is a lot of scope of work in
making India self-reliant in this area. So our work
is aligned in that direction. Internationally a lot
of work has been done on Monk Fruit. Through
successful integration of agricultural sciences
with engineering, farmers, entrepreneurs and
small scale industries can be benefited. Initially,
Chi-Hang Lee of General Foods Corporation,

White Plains, 1974, reported the sweet component
of Monk Fruit to be glycoside of triterpenoid. After
that, several studies reported a number of major
and minor glycosides, confirmed their structures
using the NMR technique (Ryoji Kasai et al., 1989,
Kazuhiro Matsumoto et al., 1990 Indra Prakash
and VSP Chaturvedula, 2014 etc). Simultaneously
different groups studied the isolation and
purification methods for mogroside enriched extract
(Yan Xia et al., 2008, Can Liu et al., 2011, VSP
Chaturvedula and Indra Prakash, 2011, Jing Jiu
et al., 2011, Bin Wang et al., 2019).
It is the first time that CSIR Scientists have
successfully cultivated Monk fruit in India. But
the fruit in its raw form contains a lot of soluble
and insoluble impurities that limit its direct use.
Therefore, I have submitted one Project on Monk
Fruit in CSIR-FIRST. The project aims to design
an extractor for the initial processing to get juice
concentrate and then further purify it according
to the needs of target consumers.
Wastewater treatment using natural plant
material
The wastewater generated during the process at
lab scale or pilot scale must be treated before its
discharge into the environment. To be sustainable
and have zero discharge policy, the wastewater
generated was treated with a natural coagulant
such that the secondary wastewater generated
is not harmful to the environment. Currently,
the synthetic coagulants used to treat water or
wastewater are an alum, ferric chloride, chlorine
etc., which has a huge challenge to humans on
consumption as it remains in the treated water
in residual form. Hence the use of natural
coagulants becomes very important for safe
human consumption.

Fig. 1 Dried Monk Fruit, Purification step and purified monk fruit extract at lab scale
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Yogendra Shantaram Padwad
Principal Scientist
yogendra@ihbt.res.in
Biochemistry and Molecular Pharmacology

The laboratory worked in the area of safety/toxicity
and efficacy evaluation of phyto-formulations and
active principles by addressing their underlying
molecular mechanism with special emphasis on
inflammation, aging, diabetes and cancer.
Cell-free culture supernatant of probiotic
lactobacillus fermentum prevents stressinduced premature senescence
Evidence on cellular anti-senescence potentials of
probiotic bacteria vis-à-vis inflection of senescenceallied secretory phenotype (SASP) and mTOR
signalling is very scanty. The study investigated
anti-senescence attributes of secretory metabolites
from probiotic Lactobacillus fermentum (Lact.
fermentum) using H2O2-stimulated model of
senescence in 3T3-L1 preadipocytes. Results
revealed that treatment of H2O2 induced cellular
senescence as indicated by enhanced cell size and
SA-β-gal activity, instigation of SASP and reactive
oxygen species (ROS), DNA damage response and
induction of cell cycle inhibitors namely p53,
p21WAF1, p16INK4a. Additionally, a strong and
remarkable induction of the PI3K/Akt/mTOR
cascade and AMPK signalling was also noticed in
H2O2-induced cells (Fig. 1).

Fig. 1 Anti-senescence
conditioned media in
preadipocytes

effects of probiotic
H2O2-induced murine

On the contrary, exposure of cells to cell-free
supernatant recovered from Lact. fermentum
efficiently diminished activation of PI3K/
Akt/mTOR signalling cascade and assuaged
senescence markers such as p53, p21WAF1, SA-

β-gal, p38MAPK, iNOS, cox-2, ROS, NF-κB, and
DNA damage response. These findings signify
that secretory metabolite of Lact. fermentum can
alleviate the progress as well as severity of stressinduced senescence and suggests its utility as
anti-aging or aging-delaying agent.
Berberine induces quiescence and apoptosis in
lung cancer cells
Recent evidences revealed that administration of
low concentration of plant-based phytomolecules
can confer anti-proliferative attributes on tumour
cells by activating senescence signalling. The
alkaloid berberine is well-known for its anticancer
potential but its efficacy to induce senescence
in tumour cells is still uncovered. The present
study investigated the governing mechanisms
pertaining to dose-dependent antiproliferative
potential of berberine in context of senescence
and inflammation in human non-small cell lung
cancer cell line (A549). Results demonstrated
that, amongst the different tested bioactive
phytomolecules such as rutin, magnoflorine,
tetrahydropalmatine, phloretin, phloridzin, only
berberine treatment suppressed the proliferation of
A549 cells in a concentration independent manner.
Application of low doses of berberine stimulated a
weak SA-β-gal activity and p21WAF1expression
but did not indicate evidence of SASP activation
due to absence of NF-κB activation and expression
of proinflammatory genes. However, treatment
with higher dose of berberine showed no evidence
of SA-β-gal activity or p21WAF1 expression, but
instead induced apoptosis and suppressed the
expression of cell cyclins. The proliferative capacity
of berberine treated cells was at par with control
cells and no SA-β-gal activity could be observed
in first generation of berberine treated cells.
mTOR pathway showed no distinct activation on
account of berberine treatment thereby further
emphasizing that low dose of berberine induced
quiescence and not senescence in A549 cells.
Altogether, our findings suggest that despite its
robust antiproliferative effects, low dose berberine
treatment could only stimulate transient changes
akin to quiescence that needs to be considered
before implying pro-senescence attributes of
berberine in cancer therapeutics (Fig. 2).
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Vikram Patial
Senior Scientist
vikrampatial@ihbt.res.in
Animal Pathology and Toxicology, Dietetics &
Nutrition Technology

Our group works on the safety assessment and
validation of natural products, nutraceuticals,
and synthetic molecules for their therapeutic
effects in animal models.
Tinospora cordifolia mitigates glomerular and
tubular injury in diabetic kidney disease
Diabetic Kidney Disease (DKD) is a common
complication in patients (30-40%) with prolonged
hyperglycemia leading to end-stage renal disease
(ESRD) worldwide. Prolonged diabetes activates
many pathogenic pathways leading to declining
glomerular filtration rate, albuminuria, glomerular
hypertrophy and sclerosis, renal inflammation,
and fibrosis. Tinospora cordifolia is an important
medicinal plant, also mentioned in Ayurvedic P
harmacopoeia as an antidiabetic herb. It mainly
contains cordifolioside A, berberine, palmatine,
syringin, tinocordiside, tembetarine, jatrorrhizine,
choline, isocolumbin, and β-sitosterol. In our
study, Tinospora cordifolia extract (TCE) improved
the cell viability of high glucose treated renal
mesangial and tubular cell lines. TC also restored

In diabetic rats, TCE reduced the blood glucose,
urea, and creatinine levels. In addition, the
urine analysis indicated reduced levels of
urine microalbumin in TCE-treated rats.
Histopathological examination revealed that TCE
prevented the glomerular hypertrophy mesangial
matrix proliferation and degenerative changes in
the renal tubules. Further studies indicated the
anti-inflammatory and anti-fibrotic effects of TCE
in DKD. The mRNA levels of various inflammatory
and fibrotic genes confirmed the positive impact
of TCE. Overall, TCE prevented the progression
of DKD by anti-inflammatory and anti-fibrotic
effects.
In a collaborative work, the potential of
anthocyanins from Ipomea nil was explored as a
potential food colorant. The well characterized
anthocyanins from Ipomea nil was stabilized
with different copigments and evaluated for its
preclinical safety.

Diseased

TCE treated

PAS

TGFβ

Control

the altered expressions of TGFβ and αSMA renal
cell lines (Fig. 1).

Fig. 1 Showing TGFβ expression in the renal cell line and mesangial proliferation by PAS
(periodic acid Schiff) staining in kidney tissues of different groups

Research group: Swati Katoch, Vinesh Sharma, and Garima Dadhich
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Damanpreet Singh
Senior Scientist
damanpreet@ihbt.res.in
Neuropharmacology

Development of a novel Zebrafish model of
chronic epilepsy
Zebrafish has emerged as a potential animal
model of acute convulsion for early screening
of antiepileptic agents. There was a need for an
alternative chronic zebrafish model of epilepsy
with more correlation to the clinical condition.
Hence to develop a chronic model, adult zebrafish
were repeatedly exposed to a subeffective
concentrations of PTZ, until appearance to tonicclonic seizures, considered as kindled. Valproic
acid (VPA) exposure was given during kindling
and in kindled fish in 2 different groups. The
neurotransmitters level and expression of the
genes associated with kindling were studied in
the fish brain. There was an increase in seizure
severity score at 1.25 mM concentration of PTZ,
and 66.66 % of fish achieved kindling after 22
days’ exposure. A marked increase in c-fos,
crebbpa, and crebbpb expression, and glutamate/
GABA level was observed in the brain of kindled
fish. VPA inhibited the induction of PTZ-mediated
kindling, and reduced seizure severity in kindled
fish. Hence it was concluded that repeated
exposure of 1.25 mM PTZ induced kindling in
zebrafish, altering the brain neurotransmitter
levels and gene expression. Inhibition of kindling
induction and decrease in seizures in normal
and kindled fish, respectively, by VPA validated
application of the model for preclinical testing of
agents against epilepsy.
Identification of key molecular regulators
involved in epilepsy-associated cardiac damage
Sudden unexpected death in epilepsy (SUDEP)
is the fatal outcome of the disease in epileptic
patients. In our earlier experiment, we studied
the alteration in cardiovascular functions in a
chronic rat model of epilepsy. Continuing our
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work, we identified the key regulators involved
in cardiac damage associated with epilepsy in
a lithium-pilocarpine rat model. We used an
integrated transcriptome and proteome approach
to identify the genes and proteins involved. The
tissue of epileptic animals was subjected to RNASeq, proteomics, and system biology analysis to
study expression arrangements and network
connections of genes and proteins. Overall,
1264 differentially expressed proteins, and
1157 genes were identified in the heart tissue
through liquid chromatography with tandem
mass spectrometry-based proteomic analysis
and RNA-Seq, respectively. The observations
were further validated using qRT-PCR analysis
and Western blotting. The network analysis
showed Myc, STAT3, Erbb2, Fos, Erbb3, Mapk8,
and Notch1 to be critical genes that played an
essential role in seizure-mediated heart changes.
Further, activation of the transforming growth
factor β pathway was observed to be the primary
pathogenic process. The study concluded that
Mapk8, Erbb, and STAT3 are the key regulators
involved in epilepsy-linked heart changes that
lead to SUDEP.
Research group: Arindam G. Mazumder, Supriya
Sharma, Anil Kumar, Shubham N. Rahmatkar, Savita
Kumari, Avantika Bhardwaj, Aditi Sharma, Amit
Kumar, Ankush Chauhan and Pooja Sharma

Amit Chawla
Principal Scientist
amitchawla@ihbt.res.in
Ecology

Studying impact of climate change on treeline
and alpine plants
(a) Monitoring of timberline forests
The nutrient cycling study was conducted in
our previously established Long Term Ecological
Research (LTER) sites. We found that the leaf litter
decomposition process in timberlines species
(Betula utilis) is slow with an average decay rate
estimated as 0.22 year-1 (data from 03 sites that
are under observation since 2015). Further, it was
deduced that increase in N & decrease in C:N and
lignin: N ratios with incubation time are the main
processes governing litter decomposition. The
observed changes indicated nutrient conservation
and availability of essential nutrients in harsh
conditions. The experiment is continued at these
sites.
(b) Monitoring of alpine vegetation
Field studies and ecological monitoring were
undertaken in LTER plots which were established
along an elevation gradient at Rohtang (32°22' N
77°16' E). Replicate plots were also established
at 4350 m elevation making a total of 4
elevations (3550m, 3850m, 4150m and 4350m)
under study. The data on the phenology of
dominant alpine
species were collected along
with population assessment and recording of
vegetative and reproductive traits. In addition, we
also investigated the role of alpine dwarf shrubs
in habitat modification which influences the
functional response of herbaceous communities.
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Conservation of threatened medicinal plants
The ecological factors determining the distribution
and abundance of Dactylorhiza hatagirea (D.Don)
Soo, an endangered terrestrial orchid, were
assessed using Ecological Niche Modelling (ENM)
and field sampling. It was found that among the
climatic and topographic factors, the precipitation
of the coldest quarter (i.e. snowfall during JanMar) is the most important factor governing its
distribution across Himalaya. On the other hand,
the edaphic factors especially the soil Ca content
is more responsible for its population density.
The ENM also revealed ‘Western Himalaya’ as
the most suitable region with more probability of
occurrence of its populations.
Further, the field genebank, established at CSIRCentre for High Altitude Biology was strengthened
with more accessions of targeted threatened
medicinal plant species viz., Dactylorhiza
hatagirea, Aconitum heterophyllum and Arnebia
euchroma.
Research group:
Nikita Rathore, Lakhbeer Singh, Nandita Mehta, Elennie
Hopak, Anupam Bhatt, Manish Sharma and Bittu Ram
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Technical Brochures/Manual
Ashok Kumar, Sanatsujat Singh and Ramesh
Kumar (2020) ns'k esa ghax dh [ksrh% ,d ubZ igy ¼ghax
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by Hon’ble CM Shri Jai Ram Thakur on 3rd
July, 2020 on the occasion of CSIR-IHBT 38th
Foundation week Celebrations.
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Sanatsujat Singh, Ashok Kumar, Probir Kumar
Pal, Rakesh Kumar, Ram Kumar Sharma and
Dinesh Kumar (2020) Damask rose (Rosa
damascena) cultivar: Him Basant (CSIR-IHBTRD-04). CSIR-IHBT Publication.
Sanatsujat Singh, Ashok Kumar, Probir Kumar
Pal, Ram Kumar Sharm and Dinesh Kumar (2020)
Indian valerian (Valeriana jatamansi) variety
Him Surbhit (CSIR-IHBT-VJ-05). CSIR-IHBT
Palampur.
Ashok Kumar, Sanatsujat Singh, Rakesh Kumar,
Ram Kumar Sharma and Dinesh Kumar (2020)
Sea wormwood (Artemisia maritima) variety Him
Devsugandh (CSIR-IHBT-AM-02). CSIR-IHBT
Palampur.
Ashok Kumar, Sanatsujat Singh, Probir Kumar
Pal, Ram Kumar Sharma and Dinesh Kumar (2020)
White dragonhead (Dracocephalum heterophyllum)
variety Him Sugandh (CSIR-IHBT-DH-04). CSIRIHBT Palampur.
Ashok Kumar, Sanatsujat Singh, Bhavya Bhargav
and Ram Kumar Sharma (2020) Chrysanthemum
cultivars: Him Aditya, Him Ujjwala, Him Shringar,
Him Pushkar and Him Shikhar. CSIR-IHBT
Palampur.
Ashok Kumar, Sanatsujat Singh, Probir Kumar
Pal, Rakesh Kumar, Ram Kumar Sharma and
Dinesh Kumar (2020) taxyh xsank (Tagetes minuta)
dh fdLe% fge Lof.kZek (CSIR-IHBT-TM-09). CSIRIHBT Palampur.
Sanatsujat Singh, Ashok Kumar, Probir Kumar
Pal, Rakesh Kumar, Ram Kumar Sharma and
Dinesh Kumar (2020) neLd xqykc (Rosa damascena)
dh fdLe% fge clar (CSIR-IHBT-RD-04). CSIR-IHBT
Palampur.
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Sanatsujat Singh, Ashok Kumar, Probir Kumar
Pal, Ram Kumar Sharma and Dinesh Kumar
(2020) Hkkjrh; osysfj;u (Valeriana jatamansi) dh
fdLe% fge lqjfHkr (CSIR-IHBT-VJ-05). CSIR-IHBT
Palampur.
Ashok Kumar, Sanatsujat Singh, Rakesh Kumar,
Ram Kumar Sharma and Dinesh Kumar (2020)
lh oeZ owM (Artemisia maritima) dh fdLe% fge nsolqxa/k
(CSIR-IHBT-AM-02). CSIR-IHBT Palampur.
Ashok Kumar, Sanatsujat Singh, Probir Kumar
Pal, Ram Kumar Sharma and Dinesh Kumar
(2020) lQsn MªSxugSM (Dracocephalum heterophyllum)
dh fdLe fge nsolqxa/k (CSIR-IHBT-DH-04). CSIR-IHBT
Palampur.
Ashok Kumar, Sanatsujat Singh, Bhavya Bhargav
and Ram Kumar Sharma (2020) xqynkÅnh dh fdLes%a

fge vkfnR;] fge iq"dj] fge f'k[kj] fge mTtoyk] fge J`x
a kj-

CSIR-IHBT Palampur.

Probir Kumar Pal (2020) Agrotechnology of Monk
Fruit (Siraitia grosvenorii): A Natural Zero-Calorie
Sweetener. CSIR-IHBT Palampur.
Rakesh Kumar, Ashok Kumar, Sanatsujat Singh
and Ramesh (2020) Training manual for Capacity
Building programme of Agriculture Officers,
Department of Agriculture, H.P. on “Production
Technology of Saffron and Heeng, July 20-22.
Registration of Germplasm
Ashok
Kumar
(2020)
Registered
four
chrysanthemum
germplasm
“CSIR-IHBTCH-14-1” of IC0635436, INGR20106, “CSIRIHBT-CH-14-2” of IC0635437, INGR20107,
“CSIR-IHBT-CH-14-4” of IC0635438, INGR20108
and
“CSIR-IHBT-CH-14-8”
of
IC0635439,
INGR20109, at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm
Registration Committee (PGRC) of Indian Council
of Agricultural Research, December 21.
Ashok Kumar (2020) Registered two Tagetes
minuta germplasm “CSIR-IHBT-TM-09” (wild
marigold) of IC0630603, INGR20103 and “CSIRIHBT-TM-031” (wild marigold) of IC0630602,
INGR20104at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm
Registration Committee (PGRC) of Indian Council
of Agricultural Research, December 21.
Ashok Kumar (2020) Registered two Gerbera
germplasm “CSIR-IHBT-Gr-11-6” of IC0630601,
INGR20100
and
“CSIR-IHBT-Gr-Y-1”
of
256

IC0630600, INGR20101 at National Bureau
of Plant Genetic Resources (NBPGR) by Plant
Germplasm Registration Committee (PGRC) of
Indian Council of Agricultural Research, December
21.
Ashok Kumar (2020) Registered one Stevia
rebaudiana
germplasm
“CSIR-IHBT-ST-03”
(tetraploid) of IC0635703, INGR20095 at National
Bureau of Plant Genetic Resources (NBPGR) by
Plant Germplasm Registration Committee (PGRC)
of Indian Council of Agricultural Research,
December 21.
Ashok Kumar (2020) Registered one Valeriana
jatamansi germplasm “CSIR-IHBT-VJ-05” (Indian
valerian / Tagar) of IC0630604, INGR20096
at National Bureau of Plant Genetic Resources
(NBPGR) by Plant Germplasm Registration
Committee (PGRC) of Indian Council of Agricultural
Research, December 21.
Ashok Kumar (2020) Registered one Damask rose
germplasm “CSIR-IHBT-RD-04” of IC0635435,
INGR20105 at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm
Registration Committee (PGRC) of Indian Council
of Agricultural Research, December 21.
Ashok Kumar (2020) Registered one Gerbera
germplasm “CSIR-IHBTGr-29-1” of IC0630599,
INGR20064at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm
Registration Committee (PGRC) of Indian Council
of Agricultural Research, September 29.
Ashok Kumar (2020) Registered one Valeriana
jatamansi germplasm “CSIR-IHBT-VJ-08” (Indian
valerian) of IC0630605, INGR20057at National
Bureau of Plant Genetic Resources (NBPGR) by
Plant Germplasm Registration Committee (PGRC)
of Indian Council of Agricultural Research on,
September 29.
Ashok Kumar (2020) Registered one Artemisia
maritima
germplasm
“CSIR-IHBT-AM-02”
(Seaworm wood) ofIC0635705, INGR20060 at
National Bureau of Plant Genetic Resources
(NBPGR) by Plant Germplasm Registration
Committee (PGRC) of Indian Council of Agricultural
Research, September 29.
Ashok
Kumar
(2020)
Registered
one
Dracocephalum heterophyllum germplasm “CSIRIHBT-DH-04” (white dragon head) of IC0635704,
INGR20059 at National Bureau of Plant Genetic
Resources (NBPGR) by Plant Germplasm
Registration Committee (PGRC) of Indian Council
of Agricultural Research , September 29.
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Dr. Vijai Kant Agnihotri Member of Bureau of
Indian Standard Committee (PCD 18).

Ph.D
Tanvi Sharma (2021) Development and analysis of
draft genome sequence of Piccrorhiza kurrooa royal
exbenth. Academy of Scientific and Innovative
Research. Supervised by Dr. Sanjay Kumar.
Meenakshi Thakur (2020) Studies of microclimate
modification and pruning time on growth, yield
and quality of damask rose (Rosa damascena
Mill.). Supervised by Dr Rakesh Kumar.
Ms. Ruchi Sharma (2021) “Biology, seasonal
incidence and management of cottony camellia
scale, Pulvinaria floccifera (Westwood) (Hemiptera:
Coccidae) in tea”. Supervised by Dr Gireesh Nadda.
M.Sc./M.Pharma/B.Sc./B.Pharma/B.Tech.
Simran Katle (2020) Optimization of axillary shoot
proliferation and biochemical characterization of
giant bamboo, Dendrocalamus giganteus Wall. Ex
Munro”. D.Y. Patil University, Mumbai, (11-11-2019
to 10-07-2020). Supervised by Dr. Rohit Joshi.
Dipaknashi Patel (2020) Comparative analysis
of micropropagation, physiochemical properties,
anatomical structure and transcript abundance
of five bamboo species. Biotechnology, School
of Engineering and Technology, Jaipur National
University, Jaipur, (11-08-2020 to 23-02-2021).
Supervised by Dr. Rohit Joshi.
Des Raj (2020) An experimental & phytopharmacognostical study on chirayata (Swertia
purpurascens wall) to evaluate its hepatoprotective
activity, MD (Ayu.), R.G. Govt. P.G. Ayurvedic
College & Hospital, Paprola, Dist. Kangra (H.P.),
Co-supervised by Dr. Vikram Patial.
Ashwani Kumar (2020) Clinical and experimental
study of hepatoprotective properties of apamarg
yog with management of kamla w.s.r. to deha
prakriti nidan, MD (Ayu.) thesis, R.G. Govt. P.G.
Ayurvedic College & Hospital, Paprola, Dist.
Kangra (H.P.), Co-supervised by Dr. Vikram Patial.
Navneet Sharma (2020) To study the effect of IHBTVP against non-alcoholic fatty liver disease in the
zebrafish model, M Pharm thesis, Chandigarh
College of Pharmacy, Landran, Supervised by Dr.
Vikram Patial.

Conference/ Training/ Workshop/ Symposium
presentations
Kumar R and Kumar A (2020) Organized Capacity
Building of Agriculture Officers, Department of
Agriculture, HP on Production Technology of
Saffron and Heeng at CSIR-IHBT Palampur, July
20-22.
Dogra V (2020) Plant-environment interactions:
The emerging role of chloroplast. In international
virtual seminar on technologies for environmental
sustainability and smart agriculture-2020,
organized by Jaypee University of Information
Technology, Waknaghat, India, September 18.
Hallan V (2020) Delivered the Invited talk under the
Theme: Virus vector relationship on Role of whitefly
and plant proteins in the transmission of apple
scar skin viroid in the International E-Conference
on Multidisciplinary approaches for plant disease
management in achieving sustainability in
agriculture organized by Department of Plant
Pathology, College of Horticulture, Bengaluru,
University of Horticultural Sciences, Bagalkot,
October 6-9.
Kumar R and Sharma M (2020) Organized
training program on agro and process technology
of wild marigold at Village Parwai, Chowari block,
Chamba HP, October 28.
Kumar R, Singh S and Sharma M (2020) Organized
training program on agro and process technology
of wild marigold at Village Talla, Shiunta, Chamba,
HP, November 07.
Kumar R (2020) Organized training on cultivation
of saffron at Janjehli, Mandi, HP, November 08.
Dogra V, Gosh D, Sharma T, Kim C (2020) Plantenvironment interactions: Altered chloroplast
homeostasis induces stress responses via
retrograde signaling in Arabidopsis thaliana. In
Prospects of Plant Physiology for Climate Proofing
Agriculture, International Plant Physiology Virtual
Conference-2020, organized by Indian Society of
Plant Physiology, New Delhi, India, December 07.

Bodies/

Kumar R and Pal PK (2020) Organized one day
training programme on agrotechnologies of
aromatic plants to the farmers of Dharampur and
Ladhbhadol of Mandi, HP, December 23.

Dr. Vijai Kant Agnihotri Member of Course
Coordination Committee AcSIR-IHBT Chemical
Sciences.

Pal PK (2020) India International Science Festival
(IISF) 2020: Speaker on natural sweetener,
December 22-25.

Membership
Organizations

of

Professional
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Kumar R, Singh S, Reddy SGE, Sharma M and
Bhargav B (2021) Organized One day workshop
on Agriculture Diversification Through CSIR-IHBT
Technologies, at Chamba, HP February 23.
Kumar R and Bhargav B (2021) Organized one day
workshop on Crop diversification in HP through
cultivation of aromatic and floriculture crops at
CSIR-IHBT Palampur, March 01.
Kumar R (2021) Organized training training
cum awareness program on agro and process
technology of aromatic plants at Namhol, Bilaspur,
HP, March 23.
Kumar R (2021) Organized training cum awareness
program on agro and process technology of aromatic
plants at Chirgaon, Shimla, HP, March 24.
Conference/ Training/ Workshop/ Meeting
attended
Kumar A (2020) Attended training programme on
Flow-cytometry in flow-cytometry solutions Pvt.
Ltd. Jaipur from May 6-9.
Kumari P (2020) Participated in the National
Webinar on Harnessing the Potential of Indigenous
Ornamentals: Post COVID19 Pandemic. Organized
jointly by Horticultural Science Division, ICARNew Delhi and ICAR-Directorate of Floricultural
Research, Pune, Maharashtra, June 18.
Kumari P (2020) Attended the International
Webinar on ‘Achieving Land Degradation
Neutrality”. Organized by Indian Association
of Soil and Water Conservation, Dehradun in
collaboration with ICAR- Indian Institute of Soil
and water Conservation, Indian Council of Forestry
Research and Education, Dehradun, July 22-24.
Patial, V (2020) International e-Conference on
“Paradigm shift in Animal Disease Diagnostics:
Veracious path in Disease prevention and Control”
organized by VCRI, Tirunelveli, October 07-09.
Patial, V (2020) National Webinar on Advancements
in Veterinary Diagnostics-A Journey in Veterinary
Pathology conducted by RJUVAS, Bikaner and
IAVP, October 14.
Kumar R (2020) Attended third Inter Ministerial
Committee meeting for medicinal and aromatic
plants (MAPs) for NER, October 23.
Agnihotri VK (2020) Delivered a lecture in webinar
series stage-2 entitled An important treasure
of North-Western Himalayas Organized by
258

Department of chemistry, University of Kashmir,
Hazratbal, Srinagar-190006, India, November
2020.
Devi J and Bhushan S (2020) Arnebia euchroma
leaf induced in vitro adventitious roots: an
alternate source of naphthoquinones. In: The
1st International Electronic Conference on Plant
Science, Switzerland. December 01-15.
Agnihotri VK (2020) Attended the meeting of key
stakeholders on Aatmanirbhar India with Indian
Standards and Regulations for Fragrances &
Flavours, at virtual platform. The meeting was
addressed by Hn’ble minister Nitin Gadkari ji
and was chaired by Dr. Ram A Vishwakarma ji.
December 26.
Patial, V (2020) Online International Veterinary
Pathology
Congress
2020International
Symposium on Role on Veterinary Pathology in
Controlling Emerging & Re-Emerging Diseases
of Livestock & Poultry: One Health Approach
organized by Dept. of Veterinary Pathology,
Nagpur Veterinary College, MAFSU, Nagpur,
December 26-29.
Joshi R (2021) Represented CSIR-IHBT in
the meeting with Sri Pradeep Thakur (Chief
Conservator of Forests, Dharmshala), Smt. Basu
Kaushal (Deputy Conservtor of Forest, H.P.),
Sri Sanjeev Kumar (Divisional Forest Officer,
Dharmshala), Sri Praveen Kumar (Divisional Forest
Officer, Nurpur) and Sri Nitin Patil (Divisional
Forest Officer, Palampur), at Forest Department,
Dharmshala, for development of project entitled
“Establishment of tissue culture facility at Forest
Training School Kuther, Distt. Kangra (H.P.) for
training and propagation of sandalwood and other
medicinal and aromatic plants”. January 07.
Patial, V (2021) Training Programme for Nominees
of CPCSEA organized by CPCSEA, MFAH&D, New
Delhi, January 21-22.
Kumari P (2021) Participated in 37th induction
training program for newly recruited scientists
conducted by CSIR HRDG at Ghaziabad, February
15-24.
Singh A (2021) Attended a 1-day virtual workshop
program on the topic “Forestry Research,
Sustainable Forest Management, and Livelihood”
organized by ICFRE-HFRI Shimla and sponsored
by NABARD Shimla, March 17.
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Kumar R (2021) Attended virtual workshop
forestry research, sustainable forest management
& livelihood and delivered a lecture entitled
“Cultivation and conservation of medicinal and
aromatic plants”. organized by HFRI, Shimla,
March 17.
Sud RK (2020-21) Attended monthly meetings of
Kangra Valley Tea Planters Association.
Sud RK (2020-21) Attended Annual Review
Meeting of Tea Board of India.
Conference/ Training/ Workshop/ Meeting
organized
Singh A (2020) Organized traning programme
on Production Technology of Saffron and Hing
by Capacity building of Agriculture Officers,
Department of Agriculture, H.P, July 20-22.
Joshi R (2020) Capacity building program of
Agriculture Officers on Heeng and Saffron held at
CSIR-IHBT, Plamapur, July 20-22.
Singh S (2020) On farm training organized on
Heeng Cultivation was imparted to 79 farmers
of Janjehali, Majakhal, Kataru, Ghayan (Mandi),
September 07.
Joshi R (2020) One-month tissue culture training
to Mr. Ankit Shandil, Vill. Jahri, P.O. Naswal, The.
Ghumarwin, Distt, Bilaspur, H.P., September
1-30.
Singh A and Ramesh (2020) On farm training
organized on Heeng cultivation was imparted to 89
farmers of Kwaring, Keylong, Madgran, Beeling,
Lahual & Spiti, October 12-15.
Singh A and Ramesh (2020) On farm training
organized on Heeng cultivation was imparted to 79
farmers of Janjehali, Majakhal, Kataru, Ghayan,
Mandi, November 07-09.
Singh S (2020) On farm training organized on
Heeng Cultivation was imparted to 34 farmers of
Ralli, Moorang (Kinnaur), November 21-22.
Singh A and Ramesh (2020) On farm training
organized on Heeng cultivation was imparted to
34 farmers of Ralli, Moorang, Kinnaur, November
21-22.
Singh S (2021) On farm training organized on
Heeng cultivation was imparted to 34 farmers
of Kwaring, Jagla, Gondhla, Keylong, Madgran
(Lahaul & Spiti), January 22.
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Singh A and Ramesh (2021) On farm training
organized on Heeng cultivation was imparted to 34
farmers of Kwaring, Keylong, Madgran, Beeling,
Lahual & Spiti, January 22.
Singh S (2021) On farm training organized on
cultivation of aromatic crops was imparted to 17
farmers of Talha, Sinhuta (Chamba), February 08.
Lectures invited/delivered
Dr. Sanjay Kumar (2020) Tech day lecture on
Roles of CSIR-CSIO and CSIR-IHBT for combating
COVID-19, May 11.
Dr. Sanjay Kumar (2020) Traditional Medicinal
Knowledge in Himachal Pradesh: Research
Challenges and Opportunities in egf"kZ d.kkn
O;k[;kuekyk, Central University of Himachal Pradesh,
June 02.
Dr.
Sanjay
Kumar
(2020)
Bio-economy:
Challenges and Opportunities for Nations with
Rich Biodiversity in World Environment Day,
International Student chapter of American
Chemical Society at CSIR-CSIO, Chandigarh,
June 04-05.
Dr. Sanjay Kumar (2020) “Bioprospecting
Biodiversity of Himalayas” JIGYASA, June 8.
Dr. Sanjay Kumar (2020) Chief Guest of BIIS-9
(Biotech Innovation Ignition School-9) Valedictory
program organised by Society for Research and
Initiatives for Sustainable Technologies and
Institutions (SRISTI), Ahmedabad, Gujarat, June
09.
Dr. Sanjay Kumar (2020) Chief Guest of Foundation
Day of Clean and Green Environmental Society,
Green Villa, Gomti Nagar, Lucknow, July 08.
Dr.
Sanjay
Kumar
(2020)
Himalayan
Opportunities: What and Where- A role of Science
and Technology in Delivery as a Chief Guest in
Valedictory Function in On line national workshop
on Relevance of Indigenous and Translational
Approach in Scientific Research organised by
students for holistic development of humanity
(shodh), Himachal Pradesh and Himachal Pradesh
University, Shimla, July 19.
Dr. Sanjay Kumar (2020) Chief Guest in
Valedictory Function in On line national workshop
on Relevance of Indigenous and Translational
Approach in Scientific Research, organised by
students for holistic development of humanity
(shodh), Himachal Pradesh and Himachal Pradesh
University, Shimla, 19 July.
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Dr. Sanjay Kumar (2020) Integrative View on
Plant Responses to Global Climate Change:
Learnings from Plant Functioning in Himalayas.
International Conference (online) on Climate
Change Adaptations in Dryland Agriculture in
Semi-Arid Areas, July 23.

Dr Sukhjinder Singh (2020) Delivered a talk
on Aatamnirbhar Bharat through Scientific
Interventions in a Webinar organized by Press
Information Bureau and Regional Outreach
Bureau, Chandigarh on IISF 2020: Science and
Atmanirbhar Bharat” on December 11.

Dr. Sanjay Kumar (2020) Chemistry and Biology
of Medicinal Plants of Himalayas Plenary Lecture
in Webinar on Chemistry and Biology of Natural
Products organised by CSIR-North East Institute
of Science & Technology (CSIR-NEIST), Jorhat
(India), July 24.

Dr. Upendra Sharma (2020) Utilizing plant
traditional knowledge for the discovery of
bioactives. Young Scientist Conference, IISF2020. Organized by CSIR, December 22-25.

Dr. Sanjay Kumar (2020)Empowering Rural Masses
Through Science & Technology Interventions in
International Web Panel Discussion on “Relevance
of Gandhian Model of Rural Development in 21st
Century: In Context of Developing Economies of
India and its Neighboring Nations Organised by
H.N.B. Garhwal University in Collaboration with
University of Dhaka, Bangladesh and Kathmandu
University, Nepal, August 03.
Dr.
Upendra
Sharma
(2020)
Traditional
knowledge and modern spectroscopic techniques:
unique combination for the discovery of bioactive
molecules from medicinal plants. E-Conference
on
Phytopharmaceuticals:
Development,
Regulatory, IPR & Marketing Challenges School of
Pharmaceutical Education and Research, Jamia
Hamdard, New Delhi, August 6.
Dr. Rohit Joshi (2020) Speaker of Eminence in
the Workshop on Genome Assisted Strategies for
Climate Resilient Crops, organized by Department
of Biotechnology, AKS University, Satna,
September 12-13.
Dr. Rohit Joshi (2020) Keynote speaker in the panel
discussion on Climate Change, Risk Resilience and
Livelihood Development in Contemporary world,
organized by Green Up Club of Department of
HSE & Civil Engineering, University of Petroleum
and Energy Studies, Dehradun, September 15.
Dr. Sanjay Kumar (2020) Inaugural Address in the
CSIR-HRDC Programme on Planning, Monitoring
and Evaluation of R&D Projects, November 05.
Dr. Pralay Das (2020) Delivered a lecture on
Catalytic approaches for CO/CO2 fixation
reactions using oxalic acid as bench stable C1
surrogate for online webinar entitled Recent
Trends in Experimental & Theoretical Chemistry
organized by National Institute of Technology,
Manipur, December 5-10.
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Dr. Upendra Sharma (2021) C-H activation: a
sustainable approach for the direct functionalization
of quinolines. Virtual International Conference nn
Physical Sciences (ICPS – 2021). Jointly organized
by Department of Physics, Chemistry and Applied
Mathematics & Humanities, SVNIT, February 5-6.
Dr. Pralay Das (2021) Delivered a lecture on
catalytic approaches for CO/ CO2 fixation reactions
using oxalic acid as bench stable C1 surrogate
for interdisciplinary refresher course entitled
Emerging trends at the interface of chemistry
& biology organized by UGC, Human Resource
Development Centre, University of North Bengal,
February 11-24.
Dr. Pralay Das (2021) Delivered a lecture
on Lignocellulosic biomass conversion to
furan compounds as high value chemicals
for interdisciplinary refresher course entitled
Emerging trends at the interface of chemistry
& biology organized by UGC, Human Resource
Development Centre, University of North Bengal ,
February 11-24.
Dr. Ashok Singh (2021) Delivered a lecture in Hindi
topic fgekpy çns'k jkT; ds mPp rqaxrk {ks= esa ik, tkus okys

laHkkfor O;kolkf;d tM+h cwfV;ksa dh ogkLFkku lja{k.k o fof'k"V
fpfUgr chtksa }kjk thu laxzg organized by GBPNIHE
Himachal Regional Centre, Mohal-Kullu under
the NMHS-PMU funded project, venue at BathadBanjar Kullu, February 22.

Dr. Ashok Singh (2021) Delivered a lecture on
the topic Seabuckthorn (Hippophae salicifolia D.
Don.): as a potential source of Fuel wood and
Small timber for the people of the Cold Desert
area of Lahaul-Spiti district in Himachal Pradesh,
India” during the workshop meeting ‘Creation of
Seabuckthorn Value Chain in Trans Himalaya’,
organized by GBPNIHE Himachal Regional Centre,
Mohal-Kullu under program of the funded project
from NMHS-PMU, March 05.
Dr Sukhjinder Singh (2021) Delivered a lecture
on, Technologies available at CSIR-IHBT on
Medicinal and Aromatic Plants Sector in an online
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programme organised by MPCON Limited, Bhopal
(sponsored by DST, Govt. of India), March 15.
Dr. Poonam Kumari (2021) Delivered online guest
lecture on post harvest handling of cut and loose
flowers in GSSS, Jaree Kullu, March 22.
ONLINE TALK
Dr Rohit Joshi (2020) For wider dissemination of
bamboo propagation technologies, I participated
as speaker in the India International Science
Festival 2020”, organized by Ministry of Science
and Technology, Ministry of Health and Family
Welfare, Vijnana Bharti and CSIR on behalf of our
institute and presented under “agri-tech sector on
different cultivation strategies of bamboo species.
December 22-25.
R.K Sharma (2021) Genetic improvement of
Kangra tea. invited talk delivered on January
22, 2021 during National Symposium on Genetic
Improvement of Tea through virtual webinar
organized by National Tea Research Foundation,
Tea Board, Kolkata & NIPB, New Delhi on January
22, 2021.
Dr. Sanjay Kumar (2021) Discussion on
Floriculture Mission on DD National, March 05.
Dr. Sanjay Kumar (2021) Eureka on Rajya Sabha
TV telecasted (https://youtu.be/L0ikjtTkHnU),
March 06.
Dr. Sanjay Kumar (2020) Lecture on “Climate
Change” in the progamme “Badte Kadam”
telecasted by Shimla Doordarshan, (HP), July 02.
Dr. Sukhjinder singh (2020) Virtual interaction
with farmers related to success stories of “Wild
marigold” Chamba, December 23 (https://youtu.
be/LVE6qaKtfYI).
Dr. Sukhjinder singh (2020) Virtual interaction
with farmers related to success stories of “Stevia
farming” Chamba, December 23 (https://youtu.
be/2O3A6NR2zc0).
Abstracts presented
Patial M, Devi K, Pal PK, Kumar S and Joshi R
(2021) An efficient en masse shoot production
of female Siraitia grosvenorii. 42nd Annual
Meeting of Plant Tissue Culture AssociationIndia (PTCA-I) and International Symposium on
“Advances in Plant Biotechnology and Genome
Editing” (APBGE-2021). ICAR-Indian Institute of
Agricultural Biotechnology, Ranchi, April 8-10.
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Patel D, Kumari A and Joshi R (2021) Comparative
analysis of micropropagation, physiochemical
properties, anatomical structure and transcript
abundance of five bamboo species. 42nd Annual
Meeting of Plant Tissue Culture AssociationIndia (PTCA-I) and International Symposium on
“Advances in Plant Biotechnology and Genome
Editing” (APBGE-2021). ICAR-Indian Institute of
Agricultural Biotechnology, Ranchi, April 8-10.
Sharma I, Kumari A and Joshi R (2021) Commercial
scale micro-propagation of industrially important
bamboo species at CSIR-IHBT. 42nd Annual
Meeting of Plant Tissue Culture AssociationIndia (PTCA-I) and International Symposium on
“Advances in Plant Biotechnology and Genome
Editing” (APBGE-2021). ICAR-Indian Institute of
Agricultural Biotechnology, Ranchi, April 8-10.
Katle SS, Kumari A and Joshi R (2020) Studies
on optimization of axillary shoot proliferation
and control of oxidative browning in in vitro
cultures of Dendrocalamus giganteus Wall ex.
Munro. International Plant Physiology Virtual
Conference-2020. Sher-e-Kashmir University of
Agricultural Sciences and Technology, Jammu,
December 06-07.
Katoch S and Patial V (2020) Fructose induces
steatohepatitis in zebrafish through modulation
of PPAY/mTOR signalling. Online International
Veterinary Pathology Congress-2020, organised by
Dept. of Veterinary Pathology, Nagpur Veterinary
College, MAFSU, Nagpur, December 26-29.
Patial V (2020) Zebrafish as a promising tool
for liver disease research. Online International
Veterinary Pathology Congress-2020, organised by
Dept. of Veterinary Pathology, Nagpur Veterinary
College, MAFSU, Nagpur, December 26-29.
Kumar A, Asrani RK, Kumar R, Patial V, Patil
RD, Kumar A and Gupta VK (2020) Effects of
root extract of Saussurea lappa on chemicalinduced liver damage in rats. Online International
Veterinary Pathology Congress-2020, organised by
Dept. of Veterinary Pathology, Nagpur Veterinary
College, MAFSU, Nagpur December 26-29.
Participation in Exhibition
Dr Rakesh Kumar (2020) Participated (virtually)
in India International Science Festival (IISF2020) delivered a lecture on the topic entitled
Floriculture and Medicinal Aromatic Plants as a
New Enterprise on December 22.
Joshi R (2020) Elected Member of Plant Tissue
Culture Association of India, PTCA(I), November 6.
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