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MISSION

Committed to provide R&D services on economic

bioresources in western Himalayan region leading to
value added plants, products and processes for
industrial, societal and environmental benefits.

Thrust Areas

. Biodiversity mapping and conservation
. Bioprospection of Himalayan bioresources
. Genomics, proteomics and metabolomics

. Adaptation biology

. Natural products chemistry
. Plant health management

. Nanobiology

. Bioinformatics

. Regulatory research







From the Director's Desk......

CSIR-IHBT continued to forge ahead with a mission to conserve,
sustainably manage and valorize the vast bioresources of the
Himalayan region. Our R&D activities catalyzed the translation of
lab outputs into an array of industrial products and processes.

On a happy note, the institute successfully transferred the
technology for the production of Superoxide Dismutase (SOD) to
M/s Phyto Biotech, Kolkata. The journey of deciphering the
adaptive behaviour of cold desert plant 'Potentilla’ led to the discovery of the unique Pa-SOD
enzyme. Owing to its autoclavable property and activity at temperature ranging from sub-zero
to >50 °C, the enzyme has industrial applications in cosmetics, pharmaceuticals, food
processing, preservations etc. The influence of this enzyme in combination with Ascorbate
peroxidase from Rheum australe was studied at the genome wide expression level in
Arabidopsis thaliana. The finding revealed that, besides the lignin synthesis pathway, which
was activated by low concentration of H,O,, the cellulose synthesis and plant growth
promoting pathways were also upregulated. This led to early cell wall synthesis and plant
regeneration responses in cultures. Furthermore, transcriptomes of Picrorhiza kurrooa,
Sinopodophyllum hexandrum and Camellia sinensis were studied with a perspective of
adaptation of these species under varying environmental cues with respect to quality and
secondary metabolite production.

The year also saw a significant improvement in the green process for extracting total steviol
glycosides (SGs) with a purity of = 95% from the leaves of Stevia rebaudiana, thereby, placing
us at a globally competitive platform in this important technology. The SGs were also used to
formulate valuable products such as 'HIM Stevia', a table top sweetener, and 'Tea Fizz', a ready
to drink tea.

An array of tea, buckwheat, apple and bamboo based food and nutraceuticals were also
developed. The green process for extraction of natural colours from black carrot is under
scale-up at pilot plant facility of the institute.

Our initiative in plant breeding led to development of new hybrids of gerbera, stevia and tea.

In the field of nanotechnology, hybrid nanocomposite materials are being investigated for
imaging diagnosis. Nano-catalysts have been developed for atom-economy and low-cost
organic synthesis.

The Centre for High Altitude Biology (CeHAB) was strengthened with plant tissue culture,
chemistry and biochemistry labs in a pre-fabricated double storied building. Establishment of




small scale food processing unit is underway for post harvest management of perishables. The
germplasm repository for seabuckthorn was enriched with accessions from other Himalayan
regions of the country. Demonstration plots for buckwheat, black carrot, clary sage, saffron,
picrorhiza and lilium were laid out.

Establishment of third generation PacBio facility in the current year brought the institute at
the forefront of sequencing technology. It will enhance the quality of genome sequencing to
unravel information on Himalayan bioresources.

Under CSIR-800 mission, the technologies of the institute are being showcased using the
TIM/TEPP facilities. Research scholars enrolled with AcSIR are contributing immensely
towards meeting the CSIR-800 goals. The AcSIR was further strengthened with a state of the
artvirtual classroom in the newly developing Academy Block of the institute.

Our pursuits in innovation resulted in the filing of nine patents. Significantly, 109 research
articles and two folders on 'Ginseng (Panax ginseng) cultivation and agrotechnology' and
'Ornamental rose (Rosa hybrida) cultivars' were published.

The year witnessed unprecedented challenges of attrition due to non-parity of pay scales and
superannuation age between CSIR, and particularly, ICAR. The institute also had to perform
within a difficult financial outlay, nevertheless performing at par.

I thank the previous Research Council (RC) for contributing immensely for bringing this
institute to its present level. I also take this opportunity to welcome the new RC of the institute.

/ &
P o
Paramvir Singh Ahuja
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CHARACTERIZATION AND MANAGEMENT
OF HIMALAYAN BIORESOURCES

FIELD SURVEY

Field surveys were conducted in the interior areas of Himachal Pradesh (HP) for varions R& D
aclivities (Table 1).

‘Table 1 Field surveys conducted during 2013-2014

Area Purpose Outcome(s) Month
Kumhari Floristic and Herbarium enrichment, May 2013
ethnobotanical Folk knowledge information
documentation
Suraj Taal, Ground truthing, Training sets for satellite image  June 2013
Baralacha, Udaipur, Plant collection, classification,
Trilokinath, Sissco. Identification of Herbarium enrichment
Koksar unicque niches
Udaipur, Myad Ground truthing, Stucy site selection. June 2013
valley, Hinsa, Identification of sites Herbarium enrichment
Trilokinath for Permanent
Monitoring Plot
(PMP), Collection of
plants
Khala-Baghnala area Collection of Enrichment of fernery July 2013
pteridophyies
Hinsa (Trildcinath) Laying of PMP #1 Establishment of PMP of 1lha  July 2013
Reserve Foresl size
Gondhla area Ground truthing, Herbarium enrichment July 2013
Plant collection
Mulling Reserve Laying of PMP #2, Establishment of PMP of lha July 2013
Forest Plant collection size
Herbarium enrichment
Jispa Darcha area  Ground {ruthing, Training sets for satellite image July 2013
classification
Mulling Reserve Sampling and Plant  Phytosociological July 2013
Forest collection characteristics,
Herbarium enrichment
Gaggal and Shahpur Collection and Co-ordinates of species August 2013
area distributional studies occurrence

onDiplazium
esculentum




Khanjar Reserve
Forest, Myad valley

Banikhet, Dalhousie
hills and Kalatop
wildlife sanctuary
Rohtang pass area,
Naingarh and

Neelkanth area

Chhota Bhangal
areas of HP

Peukar, Darcha

Mulling

Rohtang

Ehanjar

Gwaltikar, Kangra
district

Trilokinath, Khanjar

Mulling

Jaisinghpur

Thural area

Laying of PMP # 3,
Plant collection

Survey and sampling
of target
pteridophytic plants
for molecular studies
Collection of plants,
Ground truthing;
Identification of
future PMP sites
Survey and sampling
of target
pieridophytic plants
for molecular studies
Field survey, Ground

truthing
Field studies in PMP
#2

Collection of planis.
Ground truthing

Field studies in PMP
#3

Survey and mapping
of ferns and fern
allies

Field studies in PMP
#1 &3

Field studies in PMP
#2

Reconnaissance
survey

Survey and collection
of a target plants for
biochemical
sereening
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Estahlishment of PMP of lha August 2013
size

Herbarium enrichment
Information on species
population and diversity

August 2013

Training sets for satellite image August 2013
classification. Herbarium
enrichment

Information on species
population and diversity

August 2013

Training sets lor satellite image
classification

Study of vegetation structure
and phytosociology. Litter fall
experiment, Recording of
temperature variable,
Herbarium enrichment
Training sets [or satellite image
classification. Herbarium
enrichment

Study of phytosociology and
Vﬂgﬁlﬂﬁﬂﬂ structure, Litter fall
experiment, Recording of
temperature variable,
Herbarium enrichment
Disiribution of ferns

Seplember 2013

September 2013

September 2013

Septenber 2013

October 2013

Study of phytosociology and October 2013
vegetation structure, Recording

of temperature variable,

Litterfall experiment,

Herbarium enrichment
Study of phytosociology and

vegetation structure, Recording
of temperature variable,
Litterfall experiment,
Herbarium enrichment

Training sets for satellite image

classification

October 2013

December 2013

Chemical evaluation February 2014
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Herb, shrub and free density in the eampus of CSIR-IHBT

Four plantations in the campus of CSIR-IHBT i.e. short rotation high density fuel-woods
{SRHD), Eucalypius spp.. damask rose and tea were studied (Fig. 1). A total of 96 plant species
belonging to 52 families were recorded from these plantations. Poaceae, Asteraceae and
Rosaceae were the dominant families. Maximum tree density was recorded in SRHD plantation
{36.63+28.10/100 m’). while maximum shrub and herb density was in tea plantation
{20.50 - 2.10/25 m°}. Rose plantation had the highest herb density (210.83+57.30/m") but tree
{H'=2.547) and shrub diversity (H'=2.382] was highest in SRHD. Amaongst the four
plantations, SRHD and encalyptus plantations showed maximum similarity 122 %j'.

Fig. 1 mmmmmcsmmes {A] SRHD fuel-wood
iBi Eucalyptus (C) damask rose (D) tea

Plant invasion studies
Studies on alien species of HP revealed that ~15 % of the state flora comprises of aliens.
Majority of the alien species are herbs (73 %] and belong fo the family Asteraceae (60 taxal

Jollowed by Poaceae (48 taxa) and Leguminosae
{43 taxa) (Fig. 2). Most of these species are of

Lamyizcens I T
cypaprerny I
[§ '“'np,mh:n e ________L:|

American origin (29.37 %). Amongst the | e ===
genera, Eucalyptus, Ipomoea (9 each) and | . o ]
Euptotuzcens I

Euphorbia (8) are the most predominant.
Apart from the human disturbed landscapes,
these species can also be seen inside deep
forests while a few on alpine meadows.

faEEaihacens
SATARBSION
emsenae

[ IRTEL LT
Legmruannsan
Fnaceas

ALl BTN

EE———
E—
| |
—— |

4%

4R

a (1] ay ET) ik | ]

L]

i k)

Fig. 2 Top 15 families in terms of richness of alien species (Source: Environmental Monitoring

aned Assessment 185: 6129-6153)
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Modelling Sapium sebiferum distribution

Sapium sebiferum is amongst the
highly invasive species of the world and v ——
its spread in western Himalaya is a
serious conservation issue. Maxent- a £l o B idisits g
maximum entropy based program was

used to predict potential distribution of

the plant in western Himalayva.

Field collected co-ordinates of 177
presence locations of the species amd
environmental data downloaded from E
the workdclim data porial were used for
the same under default setting. Area
under curve for the receiving operator
analyses, an aceuracy at all possible
threshold in training (0.993) and test
(0.993) close to 1 were recorded. The
total predicted area for S. sebiferum is E
11920 kmn®. This area lies between 30°
14"43" to 32° 50" 40" Nand 74" 52" 25" o
79° 28 28" E aver an altitudinal range of
349 m to 2890 m (Fig. 3). The species
had a high probability of occurance in 15 I #=a with LOW probability
% of the total area. HEYE mowE

Fig. 3 Probability distribation of Sapium sebiferum

in wesiern Himalaya {Source: Current Science 10%:

1282-1288)

Studies on umbellifers of western Himalaya

In order to understand the current distribartion status of the members of the family Apiaceae
(Umbelliferae) in Indian western Himalayan region particulacly in HE an updated list of about
100 species was prepared. Different sources such as published literature. internet and the
specimens available in the herbarinm [PLP| were used. The list contxins latest nomenclature,
distribution and altitudes.

Ethnobotanical studies

While conducting plant surveys in different locations of Chamba and Kangra disiricts. HE
Gaddis were interviewed and ethnobotanical information associated with the plants used by
these folks was recorded. Information on 26 plants was gathered. The plants used for freating
different diseases are Ainsficea (boils and blisters), Afuga (wound healing). Asplentum
(itchingl. Bergenia (wound healing), Geranium (toothache). Hedychium (urinary trouble in
cattle), Sorbaria (dysentery). ete.

]-l'l]l'ﬂ"ﬂ
MU

N

01530 B0 Km

A Saplum sebiferum
(GPS Locations)

B 2= with HIGH probability
B #ea with MEDIUM probability
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Enrichment of herbarinm

in order to enrich the existing herbarium of the institute, several {loristic surveys were carried
out in different parts of the state of HE Approximately 1000 voucher specimens imcluding
gyvmnosperms, angiosperms, ferns and fern allies [pteridophytes) were collected from different
localities and about 200 specimens were processed and deposited in the herbarium (PLP) of the
institute for reference. Fifteen species, new to the herbarium were added. Sanicula efata,
Torilis japonica, Onygchium sificulosum, Polypodiastrum argutum, Salpinia molesta,
Selaginella adunca ete. are among the new additions.

Aunthentication of plants

Authenticity of 50 plant species. including 15 species of ferns and fern allies, was established.
The authenticated specimens were processed and deposited in the herbarium of the institute.

Soil analysis

Composite soil samples o 125 localties of HP were collected from a depth of 15 cm and
analyzed for physico-chemical properties. Soil pH ranged from 3.41 to 8.10, while the
saturation percentage ranged from 17.1 to 74.0 %. The organic matter and total nitrogen in
these sites ranged from 0 to 4.5 % and 0 to 0.20 %, respectively. Available phosphorous ranged
between 1.1 and 813 8 ugg ', and available potassium between 18.99 and 649.2 ugg".

Land use land cover mapping

The land use land cover (LULC) mapping of Chamba disirict of HP was conducted using remoie
sensing techniques. The classification of LANDSAT satellite image resulted in nine broad LULC
classes in the region (Fig. 4). The result showed that 54.20 % of Chamba district is under forest
cover and alpine pastures. The grass/serub land and barren land constitute 9.65 % area. lis
8.71 % region is occupled by agriculiural and built-up areas and 26.42 % region is under snow,
scree slopes and water bodies.

- Forest Cover
I GrassfScrub Land
B Bt

h Agricubiure

I sarren Lana
B wovor Bodies

[ 1 Alpine Pasture
[ Snew Coversa
[ Scree Siop

Fig. 4 Satellite image and land use land cover map of Chamba district (HP)
Estimation of met primary productivity of Great Himalayan National Park {GHNP)

The nei pringry productivity (NPP) of GHNP wars estimaied using MODIS satellite data of 2013. The
average anmual NPP of GHNP was 523.81 g C/ni’/vear and ranged [rom 0 to 1557.90 g C/ny'/day (Fig. 5).

5
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NFP (g Cim2iyear)

] 0-185
185 - 462
482 -T24
T24 - 1558

Fig. 5 Net primary productivity of GHNP in 2013

Assessment of watersheds in Kangra region for fluvial eresion susceptibility

The Auvial erosion susceptibility of watersheds in Kangra region (HP) was assessed through
drainage morphomeiric analysis in Geographic Information System (GIS) environiment and 10
watersheds were identified. These were namely, 1BI1Al, LB1AZ, 1B1B3, 1BE1E4, 1B1ES,
1B1B6, 1B1B7,. IBI1CE, 1BI1CY and 1B1C10, The watersheds LB1AZ and 1B1B5 were
identified as most suscepiible to siream erosion followed by 1B1AL, 1B1B3, 1B1B7, 1B1B4-
1B1B6-1B1C10, IB1CS and 1B1C8 (Fig. 6).

EROSION PRONE AREA - +
ALangm Daanct of Hen e Franesn, mas b

o [y Porem e

| Py Frrmm o e
TS vy g s Srerm e

Fig. 6 Watersheds susceptible to stream erosion [Source: Him. Geology 35(1): 47-55]

Development of Kangra Spatial Information System (KSIS)

The Kangra Spatial Information e A W .
System (KSIS) is a web application [y— m
developed at the institute for Kangra =~ *“7°7 |

i Setwim

disirict of HP (Fig. 7). It is hosted by = * ===~

ArcGIS Server 9.3 and can he %&"m -
accessed through local area network. e

The multilayered spatial and non- g

gpatial information provided in the fsanrheing

KSIS can be retrieved to know about ';: =

the availability and distribution e Bt

pattern of hioresources in the region. s e

Fig. 7 Graphic user interface of KSIS {Source: ASRS 15: 1-6]
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Bioresource inventorization with a focus on bioprospection of pteridophytes of western
Himalaya (Sponsored by Department of Biotechnology. Govt. of India)

in order to inventorize and map the pteridophytes of HE botanical surveys were conducted in
different localities. Two fern species-rich pockets piz. Shikari Devi Wildlife Sanctuary (SDWLS)
anel Barot area of Mandi disirict were identified. SDWLS is one of the diverse evergreen
protected forest area situated in Mandi disirict. A total of 105 species (100 ferns and 5 fern
allies) belonging to 33 genera and 15 families were recorded from the area. Ninety species of
pieridophytes with 85 ferns and fern-allies belonging to 31 genera and 14 families were
reconded. These represent abhout 95 % of the pleridophytic Dora of Mandi district. Thirty five
percent of fern and fern-allies of HP were recorded from Barot in the Uhl Valley of Mandi
disiriet. Live collections of 80 species of ferns and fern-allies were also introduced in the fernery
of CSIR-IHET for conservation and multiplication purposes.

Maintenance and upkeep of fernery

Recording of periodic phenological data of ferns growing in fernery were continued.
Multiplication of ornamental ferns was initiated and currently 200 planis are ready for sale.
Five species, new to the fernery, were suceessfully introduced during this period (Table 2).

Table 2 Femn species new to [HBT fernery

Species Collection Site Native place
Selaginella moelondorffii Taiwan Taiwan, Southeast Asia and
South China
Selaginella adunca Garhwal Himalaya Western Himalaya
Onychium siliculosum Garhwal Himalaya Western Himalaya
Salvinia molesta Fern house of Panjab All warm places including low
University. Chandigarh altitude areas of HP

Polypodiasirum argutum Dalhousie hills, Chamba Western Himalaya

A first report on aphid pest infestation on fern

The aphid, Amphorophora ampullata (Homoptera: Aphididae} was found to be a pest of the
fern, Hypolepis polypodioides (Hypolepidaceae) from western Himalayas Although the pest
was first observed during the last week of Augnst, 2012, its infestation increased gradually from
last week of September to October, and peaked during the last week of November. This was
attributed to high temperature (2Z8-30C) and humidity {65-75 %). The

infestation decreased during December and January 2013 USSR =
when temperatures were low (4-10°C). Nvmphs and adulis § .r
stages of A ampuflata that were congregaling on the tih
veniral surface of the fronds and injured the H. &5
polypodioides plants by piercing and sucking the sap. b ; A
This led to yellowing. loss of vigour, deying, and droppingof =" dat r——
fronds (Fig. 8A). In severe infestations. the entire plants E?m. of H. Pﬂ,m I;I]l
showe wilting and drving (Fig. 8B). damaged fronds
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Development of plant based pesticides

in comtinuation to previous work on the development of plant based pesticides, ten fern exiracts
were screened for pesticidal activities against insect pests viz. diamondback moth {Plutella
xylostella} and aphids (Aphis craccivora). One sample, [HBPEAL 00VI showed larvicidal
activity against P xylostella after 48 and 72 b of treatment. It resulted in 53, 23 and 7 %
mortality after 48 . and 67, 40 and 33 % mortality after 72 h of treatment at 2.0, 1.5 and 1.0 %
concentrations, respectively.

Website on pteridophytes

In order to popularize R&D activities on pteridophytes across the world. a website was
developed. This website will be useful for researchers, scientists, academicians and all who are
interested in pteridophyte biology. One can access it either by opening IHBT website or direcily
by clicking http:/www.ihbt res.in/IFS/index himl. This website contains detailed information
on the history amnd biology of pteridophytes, and also about the activities of Indian Fern Socieiy.

Creation of bioresource information cenire for floral resources of Himachal Pradesh,
western Himalaya (Sponsored by Department of Biotechnology, Govt. of India)

Development of a website for Bioresource Information Centre was initiated. HyperText Markup
Language (HTML), Cascading Style Sheets (CSS), JavaScript, PHE and Word press are being
used for designing the front end. The back end of the same constitutes MySql {a relational
database management system) and XAMPP |server).

Preventing extinction and improving conservation status of the threatened plants through
application of biotechnologieal toels (Sponsored by Department of Biotechnology, Govt. of
India)

In a new activity, pods of the endangered
medicinal orchid, Dactylorhiza hatagirea
were collected during June to September.
Seeds extracted from these pods were
germinated on culture medium supplemented
with different additives and plant growth
regulators (PGRs). Germination followed by
subsequent development into protocorm-like-
bodies (PLB} was achieved. The PLBs
developed into shoots after 6 meonths of
inceulation (Fig. 9).

D
Fig. 9 Germination of D. hatagirea (A) pods (B}

seed with embryo (C) protocorm-like-body (D}
development of shoots and rhizoids from seeds
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LONG TERM ECOLOGICAL MONITORING STUDIES

Three 1ha PMPs in the tree line zone were established in the Lahaul forest division (Table
8, Figs. 10-12).

Table 3 Establishinent of three PMPs

Plot Locality Dominant Coordinates Altitude Aspect
species
PMP#1 Hinsa, Ables pindrowr  N32 40 07.9 E76 41 36.1 3687m N
Trilokinath Betula utilis
PMP#2 Mulling, Betula utilis N32 29 54.7 ET6 59 30.7 3750 m N

Chandra valley
PMP#3 Khanjar, Myad Betula utilis N325206.1 E765131.0 366lm N
valley

Fig. 10 Tree line forest dominated by 4 bies Fig. 11 Tree line forest dominated by Berula
pindrow and Berula utilis at Hinsa, Trilokinath utilis at Khanjar, Myad valley (PMP#3)
(PMP#1)

Fig. 12 A tree line where Betula utilis was found dominating in two different seasons. Also
shown is the position of 1ha PMP (#2)
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Revegetation of dumping sites of NHPC (Sponsored by the National Hydroelectrie
Power Corporation, Faridabad. Haryana)

The 10 dumping sites (DS] of NHPC which were revegetated two years back and are
located in Manikaran, Garsa, and Sainj valleys of Kullu district of Himachal Pradesh
were revisited. Robinia pseudoacacia followed by Aiflanthus excelsa showed faster
vertical growth as compared to other targei tree plants (Fig. 13). Variation in plant
height within a target tree species was also recorded.

71 ®mDS] mMDpS02  DS-03

DS-06 MDS-12 ®DS-13a
®DS-13b © DS-14L M DS-14U
B DS-16

Tt L
1 L

Plant height (m)
2 vr afier planting

T Aeseulms  Aibantlus Cedras Pins Robiwia

Tree species
Fig. 13 Height of tree species used for revegetation of the dumping sites (DS) of NHPC in Kullu
distriet, HP
Seed germination and phensological responses of altitudinal ecotypes of Rumex
nepalensis

The adaptive plasticity of Rumex nepalensis was studied using seeds of four altifudinal
populations collected from 800 to 4000 m amsl and grown in pois under green house
conditions in the institute. The seed weight of the four populations at 15, 25 and 35 °C
increased with altitude. Aboui 80% inrrease was recorded in the alpine population (AP). Seeds
of AP germinated faster at 15 °C compared to that at 25 °C (Fig. 14).

15°C -
= 1308
= 880

e

Seed germinadios (%)

12345678 91MWH12131415161718

25 'C =4000

Seed germination (%)
e wm S & B R

¥ f L] L) K L]

1 3 5

T .9 ® 13 145 1T
Days after sowing

Fig. 14 Seed germination in four altitudinal pepulations of under polyhouse conditions
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Under green house conditions, delayed response for emergence, first leaf formation, bud
formation, initiation of flowering but relatively an early (50% and 100%) flowering, seed setting,
seed maturity and senescence was observed in AP (Fig. 15).
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Fig. 15 Phenological stages of altitudinal pepulations of R. nepalensis under polyhouse
conditions

Gas exchamge parameters

Photosynthetic characteristics of the four altitudinal populations of R. nepalensis were also
found to varylFig. 16)

45 » SHN 7 s & KU
40 4 s ¢ T ¥ :ﬂ iL5 LI o 1340
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10 ' T T 1 0 S0 1080 1500 2000

L] SHy i 1570 a0 Ci Illlﬂﬂ III‘.IH]

Fig. 16 Response of net photosynthetic rate (P,) and stomatal conductance (gs) R. nepalensis
populations cellected from differemt altitudinal zones at different levels of intercellular CO,
concentration (C) at common polyhouse conditions

Photosynthetic response of Taraxacum officinale and Valeriana jatamansii to Free Air
CO, Enrichment (FACE) and Free Air Temperature Increase (FATI]

P, always increased at elevated CO, compared o ambient (conirol) CO, levels, showing an
average increase of about 26 % and 18 % for T. officinale and V. jatamansii, respectively.
Season-wise, the greater percent increase in P, under elevated CO, was recorded during autumn
(35 %) and winter (32 %) months for T gfficinale. For V. jatamansii. the higher values of similar
increase were observed during awtumn (26 %) and spring {21 %) seasons. Under FATL P,
increased by 22 % during winter months for T. officinate and by 28 and 298 % during autumn
and winter months respectively. P, decreased during summer, in case of V. jatamansii. g,
invariably decreased under FACE for hath the plant species. with highest reduction during

11
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winter (36 %) and autumn (29 %) months for T. officinale, and during antumn (26 %) and spring
(21 %) seasons for V jatemansii. Under FATI conditions, g. reduced during autumn {5 %) and

winter (2 %) for T. officinale but showed an increase during winter (5 %) months in case of V.
Jatamansii [Fig. 17).
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Fig. 17 Net photosynthetic rate (P,) and stomatal cenductance (gs) of Taraxacum officinale and
Vaferiana jatamansii under FACE (550-650 ppm CO,) and FATI §{2-3" C higher than ambient)

facilities at CSIR-IHBT for one year and analysed for five major seasons. Ambient CO, at 380 ppm
served as contrel
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HIGH ALTITUDE BIOLOGY

Decipherence of the molecular mechanism of survival in Caragana jubata in the harsh
climate of high altitude

In continuation to previous work., a 2-Cys peroxiredoxin ¢DNA [(CjPrx) was isolated and
characterized from C. jubata. The cDNA was 1,064 bp long and consisted of an ORF of 789 bp
encoding 262 amino acids (MW 28.9 kDa and pl 5.84), The deduced amino acid sequence
shared a high degree of homaology with similar proteins from other plants. I had both PRX_type
2-Cys and thioredoxin-like superfamily domains. it contained 26.7 % w-helices, 6.9 % [Hurns,
20.6 % extended strands amd 45.8 % random coils. The protein was hydrophilic and its
expression was modulated by low temperature [LT). methyl jasmonate (MJ ], salicylic acid (S4)
and drought stress (DS]. However, no significant changes in response fo abscisic acid (ABA)
treatment were observed. Among all the treatments. a strong up-regulation of CjPrx was
observed in response to MdJ treatment (Fig. 18).
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Fig. 18 Expression analysis of CjPrx in response to (A) low temperature (LT) (B) methyl jasmonate
(MJ] iC) salicylic acid (SA) (D) abseisic acid (ABA] (E) drought stress (DS) (F) control where water
was sprayed) (G) comntrol where plants were irrigated regularly
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Bioprespecting mierobial endophytes and their natural products from some medicinal
plants of Indian Trans-Himalayas (PMSI, WP-12)

Isolation and characterization

A total of 980 endophytes including 701 bacteria, 209 fungl and 72 actinomycetes were isolated
from Camellia sinensis, Cedrus deodara. Daciylorhiza hatagirea. Ephedra gerardiana,
Ginkge biloba, Hippophae rhamnoides, Juniperus communis. Picrorhiza kurroa, Pinus
roxburghii, Populus atba, Potentifia anserina, Taxus baceata and Salix saticifolia.

Antimicrobial activity

Among 607 endophylic isolates screened against a panel of test organisms, antimicrobial
activily was recorded in 39 isolaies against B. subifilis [MTCC 121], 26 against M. luteus iMTCC
2470), 29 against S. aureus MLS16 (MTCC 2840|, 28 against S. aureus (MTCC 96). 10 against
C. afbicans (MTCC 3017). 25 against R. planticola (MTCC 530), and 15 against E. coli IMTCC
739\, Filty-three bacterial and 7 fungal-isolates showed broad spectrum activity against two or
more test organisms, The isolates showing relatively high broad spectrum activity belonged to
genus Bacillus, Paenibacilius, Micromonospora, Nigrospora, Nocardia, Serratia,
Streptomyces and Variovarax.

ACC-deaminase producing bacteria

Soil samples collected from rhizospheres of Hippophae rhamnoides, Populus alba, Pisum
sativum, Salix salicifolia, Solapum tuberosum and Taraxacum officinale growing in the
trans-Himalayan region of Lahual and Spiti in HP were screened for ACC deaminase producing
bacteria. A total of 238 bhaeteria exhibited ACC-deaminase activity where the activity of 69
isolates ranged between 0.25-405470 nM «-ketobutyrate h' mg protein”. An increase in root
elongation from 1.3 tal20 % in maize and 0.7 ta165 % in pea were recorded (Fig. 19). The
evolutionary relationships of the isolates hased on 16s rRNA gene sequencing showed their
affiliation to Acinetobacter, Arthirobacier, Bacillus, Ceflilomonas, Enterobacter, Flavimonas,
Microbacterium, Pantoea, Pseudomonas, Rhizobium, Stenotrophomonas and Zhihenglivetla
(Fig. 20).

The identified 238 ACC-deaminase producing bacteria were further sereened for phosphate
solubilization and auxin production. While 82 isolates showed phosphate-solubilization on
maodified Pikovskaya agar, 69 showed tricaleium phosphate solubilization ranging between 0.8-
851 pgiml at 28 °C after 5 days of incubation in NBRIP broth {Fig. 21). The isolales also
produced IAA-like auxins (0.9-88 pg/mli) after 48 h incubation at 28 °C in tryptophan-
supplenmnt&d nuirient broth. -
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Fig. 19 Root elongation by ACC-deaminase producing bacteria




Fig. 20 Evolutionary
relationship of ACC-
deaminase producing
bacterial strains and related
taxa constructed using the
neighbor-joining method. The
percentage of replicated trees
with associated taxa clustered
together in beootstrap test
(1000 replicates] are shown
mnext toe the branches. The
evelutiopary distances were
computed using the Kimura
2-parameter method in units
of number of base
substitutions per site.
Evolutiomary amalysis were
conducted in MEGAS.
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Isolation and characterization of mieroorganisms from the Indian irans-Himalayas

In continuation to earlier work on Indian trans Himalayas. diversity analysis and
characterization of microorganisms from novel niches including high altitude lakes and
glaciers was carried out. Assessment of the genetic variability of bacterial isolates from Suraj
Tal and Chandra Tal lakes using ERIC-PCR fingerprints showed a high level of polymorphism in
their banding patterns (Fig, 22). Based on 165 rRNA gene sequencing, the ERIC types showed
relatedness with Arthrobacter aqgilis, A. flavus, A. nitroguajacolicus, A. oxydans, A.
psychrochitiniphilus, A. scleromae, Bacillus clausii, B. pumilus, B. stratosphericus, Bosea
{athyri, Brevundimonas bullata, Flavobacterium oceanosedimentum, Janibacter melonis,
Kocuria gwangalliensis, Kocuria palustris, K. rosea, Methylobacterium tardum,
Microbacferium oxydans, M. phyllosphaerae, Paenibacillus cineris, Pedobacter steynii,
Psewdomoneas cedrina subsp. cedrina, P jessenii, B mandelii, P poae, Rhodococcus cerastii,
R cercicliphylii, R. fascians, R. jialingiae, R. gingshengii, Salinibacterium xinjiangense,
Sanguibacter antarcticus, Sphingomonas aerolafa, S. faeni and Staphitococcus hominis
subsp. haminis.

M1 2345 678 910112MI3141516 17181920 2122 B2UM

Bkb—h'-!h LLLLLL . "l

od bad i W L4 1§
Fig, 22 ERIC fingerprints of bacterial cultures isolated from water samples of Suraj Tal and Chandra
Tallakes. Lane 1-24:THEBE 1112-11136

Low temperature active and alkaline-stable protease from psychrotrophic bacteria from
Indian trans- Himalayas.

Psychrotrophie bacterial diversity of the frans-Himalayas in Lahaul and Spitl were screened,
izolated and purified for protease production at Jow temperature and alkaline pH. In 185 rRNA
gene sequencing, the poiential isolates showed affiliation with diverse genera such as
Acinetobacter. Arthrobacter. Bacillus, Chryseobacterium. Exigucbacterium.
Flavobactertum. Mycoplana, Paenibacillus, Planomicrobium, Pseudomonas, Serratia and
Stenofrophomonas. The representative isolates showed subtle differences in their carbon
source utilization pattern. One 35 kDa protease from Acinetobaicter sp. JHB B 501 1 was active
over broad range of temperature and pH. it was strongly inhihited by serine protease inhibitar,
PMSE On purification to homogeneity, it exhibited nearly 10 fold increase in specific activity and
its kinetics nsing different substrates showed high substrate specificity towards casein followed
by BSA, azocasein, skimmed milk and gelatin. [t was stable in the presence of oxidants,
surfactanis and commercial detergents. It acted synergistically with detergents in removing
blood stains from cotton fabrics. The enzyme has potential for detergent indusiry.
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The Alp gene correspoitding ta the purified serine protease from Acinetobacter sp IHB B 5011
was also amplified, cloned and sequenced. ¥ts sequence analysis showed a conserved catalytic
domain of peptidase S8 family and presence of pre- and pro-sequences in the protein. The
initial 1-2]1 amino acids encoded a putative N-terminal extracellular signal sequence followed by
a prepeptide sequence of 2Z-143 residues, a mature peplidase of 144-434 residues and small
propeplide of 435-441 residues at C-terminal region (Fig. 23). The cleavage site was located
between Ala2] and Lew22 residues and contained a eatalytic triad centre containing Asp 1869,
His209 and Ser348, acharacteristic feature of subtilisin-like serine proteases.

B signal pepiide

B unknown region ar peepeptide
W peptidase domain

B vrknown reginm or Peapeptide

Fig. 23 A physical map representing the different domains of the protease. Deduced amino acid
sequence representing the entire ORF was used for the analysis

In a further siudy. the Alp gene was expressed in pET-28ia)+ expression vector, and three
consiructs were generated. The construet pET-AP included hoth the signal sequence and the
prepropepiide sequence (Fig. 241 whereas, the signal sequence was not included in the
construct pET-Apxip. The pET-APxip and pre-propeptide consiruects represented only the
maiure domain without signal peptide and pre-propeptide sequences. Protein expression as
induced by IPTG was maximum after 5 h. In agreement with the predicted molecular mass of
the cloned Alp-protease. over-expression of 46 and 35 kDa proteins from recombinant cell
extracts of the two consiructs was recorded (Fig. 25).

h “I i

Fig, 24 |A]PﬂRampliﬂcaﬂo:nf.&lppmmu (B] Restriction analysis of reeombinant plasmids
where lane L: 1 kb marker, lane 1: complete 1323 bp protease gene, lane 2: 1261 bp protease gene
without signal IP, lane 3: 870 bp protease gene without signal peptide and prepropeptide sequence
{€) Restriction analysis of pET-28(a)+ expression vector where lane L: 1 kb marker, lane 1: vector
digested with BamHI and Sall 2 insert digested with these enzymes

Fig. 25 (A) Time course amalysis of recombimant
protease from E. coli BL21 where lane M: profein

Mo Mi2o8 R ff’;\‘ﬁ”“ marker, lane 1: un-induced protease pET-APxip and
e -m--a a pre-propeptide, lane 2: IPTG induced protease pET-
s B 44 APxip and pre-propepiide after Oh, lanes 3-8: IPTG
bl s induced protease after 0.5, 1, 2, 3, 4 and 5h; (B) lane
ypin B 25— . M- Protein marker, lane 1: sn-induced protease from

15 4= i A s H>B P&E'r-ﬁPHp. lane 2: IPTG induced protease fl‘ﬂ!ﬂ.m

PPl BENE " e -~ APxip, lane 3: unindueced proteases from pET-APxip
and pre.propeptide, lane 4: IPTG induced proiease
from pET-APxip and pre-propeptide
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Exploring endoglucanase-producing bacteria from cold environments and molecular
charaeterization of extracellular endoglucanases

Psychrotrophic bacteria from Lahaul and Spiti were isolatedl and screened for cold active
endoglucanase activity. The genetic diversity of such bacteria by ARDRA angd 16S rRNA gene
sequencing showed similarity with different species of Bacillus, Flavobacterium,
Paenibacillus, and Pseudomonas. Paenibacillus sp. IHB B 3084 showed the highest enzyme
activity and displayed stability over a broad range of temperature and pH with more than 50 %
activity at 10°C and pH 9. The genes encoding endoglucanases were amplified, cloned using
T&A cloning vector into E. coli DHS« and sequenced. The domain analysis of the sequence
revealed the presence of glycosyl hydrolase family 5 (GH5] catalytic domain. Finally, the genes
EGS5B and EG5C were cloned into expression vector pET-28a(+| and expressed in E. coli
BL21iDE3). The molecular mass was estimated to be ~5% kDa for EGS5B and —~63 kDa for
EGSC. The active recombinant enzymes were purified from culture supernatant using Ni-NTA
affinity chromatography, and the activity detected by zymogram (Fig. 26).

a M1 2 kDa 841 2 kDa M123 Fig. 26 SDS5-PAGE of endoglucanase secreted info
i the culture medium by the recombinant E. coli
Bi21 (DE3} (A) Lane M: unstaimed protein marker,
lames 1.2 : un-induced and imduced cells
transformed with pET-EGSC (B] Lane M: unstained
protein marker; lane 1: ammonium sulphate
precipitaie; lane 2: purified EGS5C enzyme (C)
Zymogram of exiracelular fractions from
recombinant E. coli where lane M: prestained
protein marker, lane 1: cell-free supernatast, lane
2 ammonium sulphate precipitate, lane &

purified EG5C enzyme

Characterization of purified EGSHB enzymes revealed stable endoglucanases activily between
pH 4-9 and temperature 5-50 °C, with pH and temperature optimaat 7.0 and 50 °C, respectively.
Medal lons Cd™’ and Hg~ strongly inhibited its activity. On the other hand, EG5C was stable over
pH ranging between 4-10 and temperature up to 40 "C with maximum activity at pH 5.0 and
40 "C. The presence of Co™ increased the endoglucanase activity of EG5C by 50 % and was
compatible with Triton X-100, Tween 80, Tween 20 aml urea. SDS and H,O, completely
inhibited its activity. The endoglucanase, EG5B was stable in the presence of commercially
available detergents tested for compatibility. The enzymes hydrolyzed Avieel PH-101 and CMC
but no activity was detected against filter paper, microcrystalline cellulose, p-nitrophenyl
p-D-glucoside and salicin. m and Vimax values of EG5B were higher in comparison to EG5C
with CMC as the substrate.

First draft genome sequence of Planomicrobium glaciei isolated from the Chandra river

The psychrotolerant bacterium, Planomicrobium glaciei CHR43 was isolated from a soil
sample of Chandra river located in the cold desert area of Lahaul and Spiti district, HP B glaciei
CHR43 was found to grow and produce protease enzyme over a wide range of temperatures (5 to
42°C]. When the whole-genome shotgun seguencing was performed using the lllumina Genome
Analyzer IIx in 76-bp paired-read farmat. a total of 73,583,050 raw reads were obtained with
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5.588,511,800 bp of raw sequence. The final assembly contained 1038 contigs with a total size of
3,900,800 bp, an N, contig length of 66.943 nucleatides (nt). the longest contig length of
442 487 nt, and a G+C content of 46.97 %. The annotation performed with the help of the RAST
server using the Glimmer 3 option predictecd 3,934 coding genes, 76 RNA genes and 406
predicted SEED subsystem features [Fig. 27).

Subsystem Calegory Distribution Subsystem Feature Counts
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Fig. 17 Gene ontology analysis of the identified genes of B glacied




w  CSIR-IHBT Annual Repo

CSIR-CENTRE FOR HIGH ALTITUDE BIOLOGY
(CeHAB)

Infrastructure developmemnt

In order to set up chemistry. bio-chemistry as well as a plant tissue culture laboratory. pre-
fabricated double storied structures were built at Tandi in Lahaul Valley, Lahaul and Spiti
distriet of HE Work was also initiated on the chemical characterization of the hioresources of
that region.

o3

Laboratory set up at CSIR-CeHAB, Tandi
Research and Development Activities
Establishment of aseptic cultures of saffron (Croous sativus L.)

The plant tissue culture facility was used fo successfully establish aseptic cultures of saffron.
The aseptic cultures of saffron were raised during the first week of October. The explants
comprised of apical and axillary buds and paris of corm. Multiple shoot culiures were also
raised.

Multiple shoot cultares of saffron at CSIR-CeHARB, Tandi
Saffron cultivation in Lahaul Valley

To assess the suitahility of growing saffron. the mast expensive spice erop of the world in the
region, an experiment was initiated during July 2013 at the CeHAB farm. Three categories of
corms [51110-15g), 52 {5-9¢) and S3 (small corms) | were planted for three consecutive months
i.e., last week of July. August and September (D1, D2 and D3I respectively). A total of 50 corms
were planted in a bed of one square meter and two planting depths i.e., 10 cm (P1l) and 15 cm
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(P2) with plant to plant distance of 10 em and row to row distance of 20 cm were employed. A
saffron demonstration plot was also laid in the farmer's field (Fig. 28).

JEG ||
Lad Y
mmmpmmmnmmmtms mfm:twumm

Spiti, HP

Growth performance of planted crops was also evaluated w.rt number of flowers, percent
Nlowering, stigma length, fresh and dry weight. number of leaves, plant height and leaf length up
to the month of October. Data for percent flowering. stigma length. fresh wi. and dry wt. is
compiled in Table 4.
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Table 4 Saffron yield at CSIR-CeHAB, Tapdi, Lahaul and Spiti, HP in terms of
flowering and stigma production

Fresh Fresh Drv wi Length  No. of
Plantation parameters wi. wt. o o of flowers

flower  stisima sHigma stigma  per bed
D1P151 206.68 16.42 5.42 2.31 18.67 37.33

Percent
flowering

52 286.08 19.6 5.22 2.01 8.67 17.33
S3 166.24 12.34 5.76 2.3 B.67 17.33
July
D1P2S1 291.24 23.2 5.66 2.55 26.33 52.67
S2 317.38 22.72 5.04 2.0 14.67 29.33
53 173.8 13.67 3.86 2.31 6.33 12.67
D2P1S1 259.74 22.5 5.16 2.34 10.67 21.33
S2 151.34 126 5.06 211 9.67 19.33
53 279.64 19.12 3.54 2.59 4.0 8.00
August
D2P2S1 208.02 18.32 4.36 2.25 6.33 12.67
S2 160.66 12.5 4.56 2.15 6.0 12.00
S3 22128 13.88 9.72 2.47 2.67 5.33
D3P1S1 28056 22.56 5.44 2.56 16.67 33.33
52 268.14 2222 5.68 263 7.67 15.33
S3 214.02 23.04 6.74 2.21 3.33 6.67
September
D3P2S1 278.02 23.08 4.9 2.91 9.33 18.67
52 365.82 31.36 7D 2.8 10.33 20.67
53 133.52 14.02 5.66 2.13 2.0 4.00

D1. D2 and D3: last week of July, August and September. respectively; P1 and P2:
planting depths of 10 and 15 em, respectively: S1, 52 and S3: corm sizes of 10-15¢, 5-9 g
and small, respectively
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Hippophae germplasm resource cenire

in continuation to previous activity, on Hippophae germplasm, 143 accessions from HE 80
accessions from Leh region of Jammu and Kashmir (.J&K), and one accession each from Russia
and China are being maintained at seabuckithorn germplasm resource cenvire in collaboration
with the Forest Department of HP at Lahaul. An area of 2 hectares is being covered undey this
activity.

Demonstration plot on medicinal and aromatie plants

In order to popularize various medicinal and aromatic plants among people residing in the
valley. demonsiration plots on Fagopyrum esculentum, black earrof (Daucus carota subsp.
sativus), clary sage (Salvia sclarea), ginseng |Panax ginseng), saffron (Crocus sativus), Kadu
(Picrorhiza kurrooa) and lilium were laid out at CeHAB farm and also farmers fields during
April 2015 to Octobwer 2013.




Leh, (J&K| region
R&D activities at CeHAB, Ribling and farmers field at Lahaul valley, Lahaul and Spiti, HP

Intreduction of ginseng in Lahaul valley
In an effort to introduce ginseng (Panax ginseng) in Lahaul valley. demonstration plots were set

up in farmers'fields located at different regions of the valley.

Interaction of scientists with farmers and
Farmer showing ginseng plant munuuumm.qmdﬂeduq:
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Gingko biloba plantation at Tindi, Lahaul and Spiti
A Ginglko biloba plantation was raised in 1 ba area at Tindi, Tehsil Udaipur. Lahaul and Spiti

(N32°45° 00.7° E76" 28" 04.57), HP at an elevation of 2444 m amsl. The plants are successfully
growing in a properly fenced area.

G. biloba plantation at Tindi, Lahawul and Spiti, HP
Food processing facility at CeHAB, Tandi

Machinery such as puifed buckwheat sifier, planetary mixer, band sealer etc. were procured for
establishment of small scale processing unit al CeHAB. Seeds of local buckwheat variety were
used for preparation of puffed cereal bars and other food produets.

Ecological surveys

Activities such as ground truthing and plant collections were performed in whole of the Lahaul
valley and Rolrtang pass area for landscape analysis of satellite data and ecological sampling.
While a total of approx. 550 herbarium samples belonging to about 200 plant species were
collected from different localities of Lahaul, a tofal of approx. 210 herbarium samples
belonging to about 100 plant species were collected from Robtang pass area. Coordinates
inchuding elevations were also recorded. Moreover, surveys were conducted in a total of seven
sites in Lahaul forest division for the establishment of PMPs in tree line zones. Environmental
data were recorded including physiographical and topographical factors, and temperature
data. Soil samples were collected from two depihs 0-15 cm amd 15-30 e for physico-chemical
analysis. The data were then analysed for density and diversity estimates for the major habit
forms of plants.
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GENOMICS AND PROTEOMICS

Tramsgenic Arabidopsis overexpressing PaS0D

Superoxide dismutase (SOD) catalyzes the dismutation of superoxide radicals (0,7) to
malecular oxygen (0, ) and hydrogen peroxide (H,0,). A thermo-tolerant copper-zinc superoxide
dismnutase from Potentifia atrosanguinea (PaS0D), which retains its activity in the presence of
NaCl was overexpressed in Arabidopsis thaliana. Colyledonary explants from PaSOD
overexpressing transgenic A. thaliana exhibited early callus induction and bhigher shoot
regeneration capacity than their wild type (WT) counterparts. Growth kinetic studies showed
2.6 - 3.3 fold higher growth rate of (ransgenic calli as compared to WT. Regeneration frequency
of calli developed from transgenic cotyledons was also 1.5 — 2.5 fold higher than that of WT. A
positive regulatory effect of PaSOD and H O, was observed on different stages of callusing and
regeneration. As compared to W, the transgenics exhibited salt stress tolerance with higher
SOD activity, chlorophyll content, total soluble sugars and proline content but lower ion leakage
and reduction in relative water content (Fig. 29).

Fig. 29 Wild type PaSOD expressing transgenic lines of Arabidepsis under [4) control(0 mM Nacl)
and (B) salt stress conditions {100 mM)

Overexpression of steviol glyeoside biosynthesis pathway genes from Stevia rebaudiana
in Arabidopsis

Transgenic A. thatiana overexpressing SrUGTS5C2 cDNA from 5. rebaudiana was developed.
Besides showing a marked decrease in GA, content (78-83 %), the transgenics had stunted
hypocotyl lengih, reduced shoot growth, significant fall in relative water content and chlorophyll
aand contents of b (17-37 and 64-76 % ) respectively (Fig. 30).
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Fig. 30 Transgenic A. thaliana overexpressing SrUGTS85C2 (A) RT-PCR confirmation, where 268
rRNA was internal control (B] Variation in shoot height in 15 day old transgenic lines (T-138 and T
434) (C} No steviol glycoside accumulation in transgenics (D) HPLC chromatogram of 10 ug ml' GA,
standard, showing sharp peak at RT 2.79 min. (E) Endogenous gibberellin content in contrel and
transgenic lines

A UDP-glycosyltransferase encoded by SrUGT74G1 catalyses the conversion of steviolbioside
into stevioside in S. rebaudiana leaves. However, stevioside accumulation was not evident in
transgenics. No change in GA, content was recorded on SrUGT74G1 overexpression. Rather,
significant accumulation of catechins was recorded [Fig. 31). The transgenics also showed
considerable increase in shoot length, root length, rosette area, seed yield (6-15 %) and
variation in trichome branching pattern on leaf surface. An increase in free radical scavenging
activity was also noficed.
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Fig. 31 Arabidopsis transgenics over-expressing SrUGT74G1(A) DMACA
(dimethylaminocinnamaldehyde] staining of leaf samples; (B] HPLC chromatogram of
SrUGT74G1 transgenic lines (3T3, 1T3 and 12T3) showing catechin peaks at 12.07 min.
(C) Bar diagram represents catechin eontent in transgenie lines vis-a-vis eontrol
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Evaluating the effect of arabidopsis ROS1 on epigenetic regulation of flavenoid
biosynthetic and antioxidant systems during salt stress in Nicotiana tabacum (Sponsored
by Department of Science and Technology, Govt. of India)

Transgenic tobacco overexpressing arabidopsis ROSI gene was developed to understand the
epigenetic regulation of flavonoid biosynthetic and antioxidant systems during salt stress. The
recombinant vector pEGAD-ROS1 was used to raise transgenic tobacco through agrobacterium
mediated transformation and confivmed.

Unraveling the role of genes invelved in the conversion of sepals to petals

A mutant tobacco fransgenic line displaying homeotic conversion of sepals to petals and other
phenotypic aberrations was characterized at molecular level, The transcript level of gene
encoding anthocyanidin synthase (ANS) and petal specific class B genes GLOBOSA (GLO) and
DEFECIENS (DEF} in sepals increased in the mutant line. While characterizing this mutani line
for locus identification, T-DNA was found to be inseried in 3' uniranslated region of the
promoter of class B MADS box gene. GLO. CaMV 358 promoter of T-DNA might be deriving the
expression of class B genes (Fig. 32).
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Fig. 32 (I) Characterization of non-mrtant (NMTL] and mutant (MTL) transgenic tobacco lines
over expressing T-DNA containing CsF3H gene. (A) PCR confirmation of CsF3H c¢DNA; (B)
Semiquantitative RT-PCR analysis (II) Phenotypic characteristics (IIT) Expression analysis of MADS
box genes and anthocyanin pathway genes in sepals and petals (A) A-class genes (AP1) and B-¢class
genes |DEF, GLO) in sepals |B) A-class and B-¢class genes in petals (C) Expression of anthoecyanidin
synthase (ANS); CHI, Chalcone Isomerase; CHS, Chalcone syntkase; F3H, Flavanone 3-
hydroxylase, FLS, Flavenol synthase. (D) Expression of anthecyanin biesynthetic pathway genes in
petals of NMTL and MTL. fRNA was monitored as an internal conirel. (IV] Iasertion of TDNA in
Funtranslated region (FUTR) of tobacco MADS box promoter of class B genes (GLO & DEF) in MTL
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Tramsecriptome and small RNA analysis in horsegram drought stress

In continuation to previous work on understanding the phencanenon of drought tolerance in
horsegram (Macrofyloma unifiorum), small RNA transcriptome analysis was done. Shoot and
root tissue samples from dronght-sensitive M-191 and tolerant M-249 genotypes were analysed
under ¢ontrol and PEG-induced drought stress conditions. Using Hlumina seqnencing
technology, a total of 229, 297, 896 PE read pairs were generated and utilized for de noveo
assembly (Table 5]. Significant BLAST hits were obtained for 26,045 transcripts. A total of
21.887 unigenes were identified. Sequences containing SSRs covered 16.25 % of the
transeriptome with predominant tri- and mono-nucleotides (43 %). The total GC content of the
transcriptome was found to be 43.44 %. Transcription factors belonging to NAC, MYB-related,
and WRKY families were highly represented under drought stress. gRT-PCR validated the
expression profile of 9 out of 10 genes (Fig. 38). The genes and pathways identified in
horsegram suggest active adaptation as a basal defense response against drought stress.

Table 5 Different assembly steps involved in the transeriptomic study of horsegram

Assembly Total Number of Percent of Maximum Average N 50 Coverage

steps transcripts transcripts transcripts transcript transcript wvalue (X)
(=1000bp) (=1000bp) length (bp) length (bp) (bp)
Primary 62. 065 28, 110 45.29 15, 501 1. 11472 1.728 295
assembly step
Hierarchical 29. 603 14, 855 50.18 15,764 1,221.20 1,770 568
clustering
Total unique 21, 887 12, 706 58.05 15, 764 1,364.09 1,805 667
gene groups
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Fig. 33 Expression profile of drought responsive gene in horsegram
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NANOTECHNOLOGY

NANOBIOLOGY
Nano-materials: applications and impact on safety, health and environment: (NanoSHE)

In continuation to earlier work. PLA nanoparticles (NPs] were prepared via green route using
turmeric [Curcuma longa) extract (TE) as biostabiliser/biosarfactant. Out of 28 formulations,
two formulations of TE synthesized PLA NPs were evaluated for encapsulation and controlled
release of the well known antioxidants, eurcunin (C) and querecetin (). Size of C and Q loaded
PLA NPs were found o be 20377 and 170:£95 nm., respectively. The in vitro studies suggested
imitial burst followed by slow anel sustained release of both the molecules. Blank PLANPsand. C
& Q encapsulated NPs were found to be sale against normal human leukocytes up to 2 mgiml
dose. () encapsulated NPs showed better anticancer activity than C NPs on A549 cells (Fig. 34).
TE extract stabilized PLA NPs were non-toxic, biocompatible and safe to normal human
leukoeytes. The technology has potential for hetter, effective and safer use in cancer treatmeits
and other biological applications.
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Fig. 34 (D In vitro release profile of ewrcumin and quercetin from loaded PLA NPs and (b) its
(II) cytotoxicity and anticancer evaluation

Isolation and characterization of cellulose nanofibers from bamboao species

Cellulose nanofibers were isolated from two species namely Sasa auricoma and
Dendrocalamus hamiltopii by acid hydrolysis method. The isolated nanofibers were
characterized by Scanning Electron Microscope [SEM), Atomic Force Microscope (AFML.
Dynamic Light Scattering (DLS) and Transmission Eleciron Microscopy (TEM)studies (Fig.
85). The diameter of the nanofibers ranged between 10 to 20 nwm, while the range of its length
was 100-200 nm. Nanacomposites of cellulose nanofibers and silver nanaparticles was also
preparved and evaluated for antibacterial activity. The nanocomposites have patential
applications in biomedical, packaging, filtration and automotive industry
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Fig. 35 TEM images of (A) nanefibers ; (B) nanocompesites isolated from D. hamilionii
Encapsulation of catechin and epicatechin on bovine serum albumin (BSA) NPs

Nanocencapsulation of antioxidant molecules
on profein nanoparticles (NPs| could be an
advanced approach for providing stable and
better nuiraceuticals and anticancer drugs. Use
of BSA NP mediated delivery improved the
bivavailability and stability of catechin |CAT)
and epicatechin [ECAT). The size of CAT and
ECAT-BSA NPs were found to be 45 + 5 and 48
+ 5 nm followed by 60.5 and 54.5 %
encapsulation efficiency, respectively in TEM
and AFM (Fig. 36). DPPH assay revealed the
maintenance of functicnal activity of CAT and
ECAT against A548 cell line.

Fig. 36 AFM images of (A) blank-BSA NPs (B) CAT-BSA NPs (C) ECAT-BSA NPs |D-F) TEM images of
(D) blank- BSA NPs (E] CAT-BSANPs (F) ECAT-BSA NPs.

Hybrid nanocomposite material for multimodal imaging

In continuation to earlier work, the multifunctional
hybrid nanocomposite material was conjugated with
folic acid. The folic acid conjugated nanocomposites ©
were treated with cell lines expressing folate receptor |
(FR). Cytotoxicity and cell uptake studies with C6 [FR"")
and AB49 (FR'} cells and normal mouse splenocytes .
showed that the folic acid conjugated nanccomposites
were significantly toxic to C8 cells within 48 hrs but net |
to AS49 cells. Studies on cellular uptake of the
nanocomposites by blue fluorescence emission and |
their biodistribution by histopathological analysis |
showed their deposition in lung tissues {Fig. 37). | ' :
Stability of the nanocomposites was also increased by gnﬁﬂt:m m
coating the hybrid materials with a natural biopolymer.  alveolar eells (lungs)




Nanoparticle based pesticide sensors

In another activity, a new class of
nanoparticles was synthesized for their
probable application in the detection of
chemical pesticides in solution. Among the
different pesticides studied, Dicofol was
found to enhance the fluorescence intensity of

the nanocomposites (Fig. 38).

NANOCHEMISTRY

Solid-supported rutheninm (0) nanoparticles
catalyzed hydration of nitriles to amides

Solid-supported ruthenivum (0) was synthesized
by reduction deposition method amnd used as a
heterogeneous catalyst for the hydration of
nitriles to amides in mierowave irradiation. A
wide range of aromatic, @i unsaturated and
aliphatic nitriles were efficiently converted o
their corresponding primary amides under
milder condition. The catalyst was found to be
very stable under moisture amnd microwave
irradiation. It was easily separable from reaction
mixture and also recyelable up to ien times
without significant loss of catalytic activity.
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Hydration of mitriles to amides

Solid supported palladium {0) nanoparticles catalyzed altrasound induced eontinuous

flow technique for large scale Suzuki reaction

Flow reaction strategy has become extremely important in the field of organic synthesis and

process development with non-conventional
techniques. In the present study, an ultrasound
induced eontinuous flow technique was
developed for solid supported palladiumi{0)
nano/ microparticles (S5-Pd) catalysed Suzuki
cross coupling reaction of haloarenes (chloro,
bromo and iodo) and phenyl boronic acid in
gram scale. An externally conjugated reservoir
was fitted for easy operation of reaction in water
under milder basic condition. The $S-Pd
catalyst was very stable in aqueons media, easily
separable and recyclable up to five runs without
significant loss of activity.
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Solid supported platinum (0] nanoparticles catalyzed chemo-selective reduction of
nitroarene to n-arylhydroxylamine

Solid supported platinum (0) (SS-Pt) nanoparticles were developed as heterogeneous catalyst
following reduction with deposition method and
well characterized by SEM. TEM and EDX
analysis. The 55-Pt catalyst was applied in chemo-
selective reduction of nitroarenes to N-
arylhydroxylamine using hydrazine hydrale as a
hydrogen source. A wide variety of reducible
functional groups such as carboxylic acid, halides,
amide, ester, nitrile, keto, alkene, alkyne and N-
benzyl were well tolerated under the reaction
condition. Further. this process was successfully

employed in 10 gin scale reactions. Nitroarene to N-arylhydroxylamine synthesis

Synthesis and characterization of dendrimer.-drug conjugated nanedevice for drug
delivery and its efficacy study (Sponsored by Department of Science and Technology, Govt. of
India)

The compounds estramustine (EM) and natural podephyliotoxin (PODO] are well known anti-
cancer agents that inhibit tubulin polymerization. Their anticancer properties are limited by
low bicavailability. Therefore, their conjugation with PAMAM dendrimer (D] for enhanced
activity of D-EM and D-PODO were investigated by altering their release pattern. Release
kinetics imdicated the synthesized conjugates to be stable against hydrolytic cleavage and
showed sustained release characteristics. Release of D-EM was slow compared to D-PODO
conjugate. Antitumar effect of these conjugates on glioma cells revealed increased cell death and
cell eyele arrest, decreased migration and increased tubulin depolymerization as compared to
free drug (Fig. 39].
Importantly, the effects of !
natural PODO conjugate :
on glioma eell survival
and migration was more
pronounced than D-EM.
Dose dependant toxicity
study of the conjugates
was also evaluated in
Swiss albine mice. The
anti-carcinogenic activity
of the conjugates on
mouse meodel s under

process.

Fig. 39 Estramustine and pedophyllotexin conjmgated PAMAM
dendrimer study on glioma eell proliferation

34




i I SIR- 'HETJ.IIM J'FllF"i;l |Il

COMPUTATIONAL BIOLOGY AND
BIOINFORMATICS

miReader: Discovering novel miRNAs in species without sequenced genome

Computational approaches have aided the NGS led technologies in making major impacts in
the area of miRNA biology and identification of novel miRNAs. However, to this date, all
microRNA discovery tools compulsorily depend upon the availability of reference or genomic
sequences. In this regard, a novel miReader was developed for discovering novel miRNAs
without any dependence onr genomic/reference sequences. It used NGS read data to build highly
accurate miRNA models, molded through a Mulii-boosting algorithm with Best-First Tree as iis
base classifier (Fig. 40). Ii was comprehensively tesied over large amounts of experimental data
from a wide range of species including humans. plants, nematodes, zebrafish and fruit fly, with
consistently >90 % performance aceuracy. The same tool was used over Illumina read datafor a
plant whose genoime is not sequenced such as Miscanthus. Twenty one novel mature miRNA
duplex candidates were identified (Fig. 41). Considering the fact that miRNA discovery redquires
handling of high throughput data. the entire approach was implemented in a standalone
parallel architecture. The miReader is expected to impact the area of miRNA discovery in a
majority of species because genomic sequence availability wonld not be a compulsion any more.
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Comprehensive transcriptomic stuady on Macrotyfoma uniflorum (horse gram): De novo
assembly, functional characterization and comparative analysis in relation to drought
stress

Eight samples comprising of shoot and root tissues of two horse gram genotypes (drought-
sensitive: M-191 and droughi-tolerant: M-249| were used for comparison under conirol and
polyethylene glycol-induced drought stress eonditions. Usinglllumina sequencing technology, a
total of 229,297 896 paired end read pairs were generated and utilized for de novo assembly of
horse gram (Fig. 42). Significant BLAST hits were obtained for 26.045 transcripts. 3,568
iranseripts bad no hits, but contained important conserved domains. A total of 21.887
unigenes were ilentified. SSRs containing sequences covered 16.25 % of the transcriptome
with predominant iri- and mono-nucleotides (43 %). The total GC conteni of the transeriptome
was found to be 43.44 %.

Under Gene Oniology response to stimulus, DNA binding and catalytic activily was highly
expressed during drought siress (Fig. 43]. Serine/threonine profein kinase dominated in
Enzyme Classification but pathways belonging io ribosome metabolism followed by plant
pathogen interaction and plant hormone signal transduction were predominant in Kyoto
Encyclopedia of Genes and Genomes analysis. Independent search on plant metabolic network
pathways suggested that valine degradation. gluconeogenesis and purine nucleotide
degradation in horse gram was highly influenced under drought stress. Transcription factors
belonging o NAC, MYBE-related. and WRKY families were also highly represenied. The
expression profiles of 9 out of 10 drought stress responsive genes were validated using qRT-
PCR.
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Fig. 42 Read quality-scores. Plots showing the read quality-score for all the samples in PE data.
The quality-score for all the reads generated were greater than 30 for all samples
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NATURAL PRODUCTS CHEMISTRY

UPLC-DAD-ESI-GTOF-MS/MS profiling of Tinospora cordifolia pliytochemicals

Four bicactive compounds namely, syringin (1), cordifolioside A [2), magnoflorine (3} and
tinocordiside (4) were isolated from the stem of T. cordifolia. A rapid ultra-performance Liguid
chromatography coupled with mass spectroscopy method {UPLC-MS) was also developed for
simultaneous determination of these four bioactive compounds, Variations were determined by
the validated UPLC-DAD-ESI-QTOF-MS/MS method [(Fig. 44 & 45| in these bioaciive
compounds from15 different tree hosis of T cordifolia. The overall concentrations of these
compounds (1-4) were higher in the T. cord{fofia hosted by Azadirachia indica and Mangifera
indica as compared to other plants. Two compounds, palmatine (5) and jatrorrhizine (6) were
characterized on the basis of mass fragmentation pattern, and further comfirmed by their
overlapped refention time with the isolaied compounds (Fig. 46). Columbamine and
menisperine were klentified on the basis of their mass and UV-vis specira.
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Fig. 44 Structure of isolated com

pounds: syringin (1), cordifolioside A (2], magnoflorine (3),

tinocordiside (4}, palmatine (5) and jatrorrhizine (6]
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Fig. 45 UPLC chromatogram of four isolated compounds; (1.64, syringin). (1.75, cordifolioside A),
[2.06, magnoflorine) and (2.70, tinocordiside)
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Fig. 46 UPLC chromatogram of T. cordifolia extract. {1.64, syringin), (1.75, cordifolioside A),
{1.85, memisperine), (2.05, magnoflorine), (2.60 ecelumbamine), (2.71, tinocordiside],
{2.84 jatrorchizine) and (3.17 palmatine)

Quantitative and structural analysis of amides and lignans in Zanthoxylum armatuem by
UPLC-DAD-ESI-QTOF-MS/MS

A UPLC-DAD-ESHMS/MS method was developed for determination of four biologically vital
furofuran lignans. asarinin, sesamin, fargesin. kobusin and an amide, armatamide in Z
armaitum (Table 8). The method was applied for guality assessment of different paris
(leaves, bark and seeds) including locational variation in leaf samples. Tandem electrospray
ionization-mass spectromelry (UPLC-DAD-ESF-MSMS) of the samples led to the
identification of sixteen compounds in the category of amides and furcfuran lignans

(Fig. 47).

Table 6 Comparatie analysis of the compounds in bark, leaves and seeds and samples from
differend locations (o = 3

Sanipie Armatamide (7)  Kobusin (13) Fargesin (14] Sesamin (15)  Asarinin (16 "i;t:?m
(g/g) (ngig) (hg/g) (g (g

(ng/g)
ZAB-1 1516 = 29 2419 = 34 2076 =24 2229 = 41 823 = 20 To47
ZAS-1 - - -
ZAL -1 = 761 £ 8 1938 = 38 481 = 11 541 = 13 d721
ZAL -2 . 752 =8 2404 = 4] G610 = 18 703 = 21 4478
LZAL -3 - 1328 = 21 2531 = 25 466 = 7 2893 =6 4818
ZAL -4 - 1123 = 16 2773 = 36 477 = 10 376 = 4 4749

ZAL -5 = 1108+ 22 2458 + 37 550 = 19 7H0 = 14 4862
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Fig 47 Chemical structures of identified compounds in Z. armatam

Isolation and characterization of secondary metabaolites from Cissampelos pareira

Ethanol: water {80: 20) extract of roots was prepared and fractionated with different solvenis.
i.e. n-hexane, EtOAc, and n-BuOH. Seven compounds were isolated from the ethyl acetate
fraction, of which, four were characterized as alkaloids and their structures were elucidated as
hayatinine, hayatidine, cissamine and magnoflorine (Fig. 48|.

Fig. 48 Structure of alkaloids isolated from C. pareira
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SYNTHETIC CHEMISTRY

Catalyst and base-free synthesis of 2-substituted benzimidazoles, benzoxazoles ansd
benzothiazoles

An efficient and versatile method was established for the synthesis of various 2-arylbenzazoles.
It excludes the usage of any catalysi or additive, and provided excellent selectivities and yields. It
was found fo have high functional group tolerance during the synthesis of 2-arylated
benzimidazoles, benzoxazoles, benzothiazoles and benzazolones.

(XS0 ~— g R'_g:bf_@

" C_G 16 Emmlavlz:?;ﬂd
=0 OH 84-04% vields
89% yield HCONHy -@:xH 7R rﬂfao"_@
24Exam les
Ry=H X=NH,0,8 ?Hﬁ%mmmm
@Eho — ) ng"r@
28 Emmplas

= 79-96% lsolatedyields
93%vield
Synthesis of heteroaromatics

Recyclable eatalyst for reduction of nitroarenes

tron and palladivm (1] phthalocyanines were established as efficient recyclable catalytic
systems for reduction of nitroarenes in green solvent system. These were used to reduce various
nitro substituted aromatics and heteroaromaties into corresponding amines in good to
excellent yields. The methods were also productively applicable for gram scale reactions.

FePc @/NH:
B R—.f
35 examples
“ %,N@ isolated yields up to 92 %
h/“\x.j/ /2 N, &M

- N M=PdarFe
M
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isolated yields up to 94 %
#n. . NH,
£
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Reduction of nitroarenes
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Silica-supported boric acid assisted comversion of mono- and poly-saccharides to 5-
hydroxymethylfurfural in ionic ligaid under mild conditions

Silica-supporied boric ackl ISSBA) was prepared and applied as heterogeneous catalyst for the
direct conversion of inexpensive and biorenswable mono- andl poly-saccharides to 5-
hydroxymethylfurfural (HMF) in jonic liguid. Fruciose, glucose. sucrose, inulin and cellulose
were successfully converted to HMF with maderate fo excellent conversion. The catalyst and the
salvent system ean be recycled up to four consecutive cyeles without significant losses.

— Ms‘*”@"“ﬁj HsQ, (19
or = HO )
menosachhaides SSBA
126°C, 157h
Synthesis of 5-hydroxymethylfurfural

Silica-supported boric acid catalysed symthesis of dihydropyrimidin-2-enes,
bis(indonyl)methanes, esters and amides

Silica supported boric acid (H,BO,-Si0,| was utilized as a green, efficient and recyclable catalyst
for the acetylation of alcohols, phenols, amines and thiols. The method was also used for the
synthesis of bis(indonylimethanes and dihydropyrimidine-2-ones. Mild reaction condition, low
loading of catalyst, easy workup, solvent free and environment friendly system were its
additional benefits.

B
,(ﬂjjj\n . m HLBOy-SEO; (1.5 molets)
i
H 807, 1he H
o Xic
R H:BO05=510: (1.5 moke
A0, 50 1 e
A=hH, O
Heterocyele symthesis

Use of cobalt (II) phthalocyanine/PMHS for direct reductive amidation of nitroarenes

Cobalt phthalocynine was explored as a versatile catalyst for chemo-selective and direct
reductive amidation of nitroarenes with non-activaied ecarboxylic acids.
Polymethylhydrosiloxane was used as a cheap and environment friendly reducing agent. The
protocol tolerated a large range of functional groups such as amide, ester. nitrile. halogen.
lactone, hydroxy, alkene and heterocycles.
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R =H, CH3, OH, F, Cl, Br, C=C, C=0,
CO4R, CN, NHCO, heterocycle

R! = H, CHj, CoHs, CaHy
Direet reductive amidation of nitroarenes

Vasicine catalyzed direct C-H arylation of unactivated arenes

The alkaloid vasicine isolated from Adhafoda pasica was utilized as an organo-catalyst for
direct C-H arylation of unactivated arenes with aryl lodides/bromides. The developed method
lacks any prerequisife transition metal catalyst. It can be applied to a number of sensitive
functional groups such as methyl. methoxy, O-benzyl, aceiyl ete. The mechanistic study showed
the participation of radical intermediates.

=  catalyst KOWBu /= ZCL/\N
e wn b e e (L A0

X=Brl Yield = 40-99% OH

Direct C-H arvlation of unactivated arenes

iron phthalocyanine catalyzed N-alkylation of aryl and hetero-aryl amines

Iron phihalocyanine was explored as an efficient and versatile catalyst for the N-alkylation of
various amines. Readily available aleahols were used as alkylating agents for elirect N-alkylation
of aminobenzothiazoles, aminapyridines and aminopyrimidines. N-alkylation of ortha-
subsitituted anilines [-NH,, -SH and -OH) led ta the synthesis of 2-substituted benzimidazoles,
benzothiazoles and benzoxazoles in one-pot.
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Comntrolled hydration of nitriles to amides
by tramnsition metal:-free sodium
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borohydride 1,‘. oD

A transition metal-free process was developed ﬂ{ | 5::1:1:::7.;:?::." [l:J

for the convenient and selective hydration of JF et

nitriles to corresponding amides using , !.'. e GO 4 vt =5

catalytic amount of sodium borohydride. The | etk Al S

developed protocol was applicable for -

aromatic, aliphatic, and hetero-aromatic :. @
N {07 o)

nitriles with wide functional group tolerance. [ vt |
The regioselective hydration of nitrile as well W 01 T
as utilization of water:ethanol as a co-solvent

made the process environment friendly and
economical.

Yichd =%,

Hydration of nitrile to amide

Solid phase synthesis of Z-amino-1.4-napthoquinones as amtibacterial and antifungal
active molecules

In an effort to develop antibacterial and antifungal agents, a series of 2Z-amino-1,4-
napthoqguinones were prepared in moderate yvields. For this, primary and secondary amines
were added along with 1.4-napthogquinones in the presence of HCIO -Si0, as catalyst under
ulirasomication and solvent free condition.
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. NR Rz
(I ) wen, 222
Q O

Synthesis of 2-amino-1.4-napthogquinones

iron phthalecyanine catalyzed oxidative synthesis of imines

Iron phthalocyanrine was employed as a highly efficient catalyst for direct coupling of alcohols

with amines. Various subsiituted aromatic and aliphatic alcobols, and amines were well
tolerated.
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Oxidative synthesis of imines
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Cyclohexyl iodide promoted approach for synthesis of coumarin analogs

New chemical approaches were adopted for the synthesis of hiologically important coumarins.
Cyclohexane-1.3-dione derivatives were prepared from acetone and ethyl acrylate and used as
newel seaffold. The steps for the synthesis of cumarines from ¢yclohexans- 1, 3-dione derivatives
included aromatization. dehydrogenation and demethylative cyelisation. Cyelohexyl iodide was
used for the first time for demethylative cyclization reaction of i, f-diaryl acrylates and synthesis
of 4-arylcoumarins.

AL .
* 45 steps _En Rl
B ————— “' ‘ w i
= :

e R'R':l“fne.ﬂﬂn
84.03% "= H,
T586%

Coumarin analegs synthesis

Microwave assisted solvent and eatalyst free method for the synthesis of novel classes of -
enaminoester and acridinedione

f-Enaminones and fi-enaminoester derivatives (containing the N-C=C-0 structural unit) are
versatile synthetic intermediates for a number of bioactive heterocyeles, pharmaceuticals and
naturally oecwrring alkalokds. Therefore. new classes of fl-enaminoesters were synthesized
from ethyl-3-(2 4-dioxocyelohexyl)propancate 1 under solvent and catalyst free microwave-
assisted conditions. No work-up procedure, milder reaction condition, wide substrate scape
and high yiekds are important features of the present method and open up the scope for the
synthesis of acridinediones as well as peptidomimetic molecule synthesis.
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MULTIDISCIPLINARY APPROACHES TO
CROP IMPROVEMENT

KUTKI (Picrorkiza kurrooa)
Evaluation of antioxidant activity of leaf extract

Two compounds, luteolin-5-
O-glucopyranoside (1) and
picein (2] were isolated [rosn
n-butanol exiract of leaves
through column
chromatography. Picein (2]

was guantified in ethanol,

ethyl acetate and n-butancl " b,
extracts of leaf by HPLC. All

the extracts and isoclated " - "
compounds were evaluated

for their antioxidant activity 1 2

using DPPH and ABTS
assays. n-Butanol and ethyl
acetate extract showed
greater antloxidant activily as comparetd fo ethanol exiraci. L-Ascorbic acikd and 1 showed
nearly similar antioxidant activily, whereas, 2 was found to be less active at standard
concentration. The IC,, values for L-aseorbie acid. 1, ethanolie extract and its different fractions
lethyl acetate and butanol) were also determined using DPPH and ABTS assay.

NMR and HPTLC fingerprints of Picrorhiza kurrooa

There is a huge demand in the herbal market due to iis strong £ turmwoa hepatoprotiective,
cardioprotective, anficholestatic, anticancer. antioxidant and immune-modulating properties.
High demand but low availability of the plant has led to its adulteration. Therefore. NMR
fingerprint of P kurrooa was generated in D,O by 600 MHz NMR spectroscopy (Fig. 49). An
HPTLC fingerprint (Fig. 50) was also developed on normal phase HPTLC plate using ethyl
acetate: methanol: acetic aciel (16: 2: 0.2 vwv/v) as solvent system.

18 [T
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Pyl ananigs

Froilig gabucmailis A F |-...r.|.. wiid

a = = -—-u T " - —-
L il

Fig. 49 '"H NMR fingerprint of P kurrooa rhizome
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Fig. 50 HPTLC hingerprinés of £ kurrowa leaves and rhizomes

cis-acting GATA and SORLIP motifs in the promoter of 3-hgdroxg-3-methylglataryl-CoA
reductase

HMGR regulates the hiosynthesis of picrosides in the endangered medicinal Himalayan plant P
kaurrooa. A preponderance of light responsive elements including GATA and SORLIP was
observed in an earlier work on in sifico analysis of PropkHMGR - the upstream sequences of
HMGR. In the current year, the PropiHMGR and the cis acting GATA and SORLIP motifs were
evaluated for their ability to interact with nuelear proteins under light and dark conditions.
While the GATA motif exhibited stronger DNA protein interaction with the nuclear extract of
dark exposed plant (NEDP). the binding of SORLIP with nuelear extract of light expased plants
(NELP)was stronger (Fig. 51).

LI 11 13 L4 LS

Show -mui img crompley

Fust-man ing cnmples

Fig. 51 Elecirophoretic mobility shift assay showing interaction of nuelear proteins with (A) GATA
and iB] SORLIP motifs where lane 1: radiolabelled probe without nuclear exiract; lane 2: probe
incubated with NELP; lane 3: probe incubated with NEDP; lane 4: probe incubated with excessive
unlabeled motifand NELP; lane 5: mutated prebes incubated with NEDP (A) and NELP (B)
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The ProplkHMGR-D1, -1059/-1 and its deletion fragments [ProplHMGR-D2 (-825/-1].
PropkHMGR-D3 (-651/-1). PropkHMGR-D4 (-452/-1), PropkHMGR-D5 (-101/-1}] were also
analyzed in arabidopsis using gus reporter gene. PropkHMGR was found to regulate gene
expression in aetively dividing tissues of all developmental stages excluding anthers. The
PropkHM{IR mediated gene expression was higher in dark as compared to light across four
studied temperatures (Fig. 52). Expression in the shoot apical meristems, root tips and
anthers of relatively older seedlings was regulated by PropkHMGR-D2.

470}

JaNrRNA

4701 I N U N
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Fig. 52 PropicHMGR mediated gene expressiomn in Arabidopsis seedlings at 4, 10, 20 and 30°C
incubated under constant light and dark conditions for 48 h |A) Histochemical localization of GUS
{B) Re-PCR expression of gus gene at day 15 of germination where 26 s rRNA served as control (La
light, D: dark)

Both the GATA and SORLIP motifs exhibited DNA protein interaction with NELP An inverse
relationship between the strength of DNA protein interaction and gene expression in case of
GATA motif, but a species specific relationship for SORLIP were observed.

HIMALAYAN MAY APPLE (Sinopodophyllum hexandram)

The rhizoines of the species are a source of valuable anti-cancer lignans. In order to understand
the temperature mediated molecular responses of the rhizome exposed to 156 aned 25 °C, its
transeriptoane was studied (Table 7). Deep sequencing vielded 60,089 assembled transeripts
representing 25.396 unique genes having homology with known genes. The transeriptome had
an average coverage of 88.34X. average length of 543.11 bp, average guanine-cytosine (GC}
contett of 44.59 % and abundance of trinucleotide SSR (54.40 %]). SSR markers were also
identified. Using various scripts, GO, KEGG and EC based tools, and RPKM-based expression
analysis. 15 °C appeared optimal for growth and development while 25 “C was siressful-
Metabolic processes, transport, protein transport, cellulose biosynthesis, glyealysis and
phenylpropanoid biosynthesis were up-regulated at 15 °C. whereas, up-regulation of genes
involved in cell rescue, defense and virulence was noticeable at 25 “C. The data was used to
construet the podophyllatoxin biosynthesis pathway. Regulatory genes were identified and the
RPEM-based expression data was verified by gRT-PCR of 12 genes. There was no penalty on
podephyliotoxin accumulation at either 15 or 25 “C. Analyses of CYPs, MTs and UGTs yielded
hitherto unidentified genes of podophyllotoxin biosynthesis. Importantly, 15 °C favored the
biology of rhizomatous tissue.
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Table 7 Summary of transcriptome data gemezated on [llumina Genome Analyzer Ilx
for rhizome tissue of S. hexandrum

LT 25°C Total/Pooled
Total number of paired end reads 146,304,154 54,176,602 200,480,756
No. of reads obtained after quality 125,957,408 44,346,624 170,304,032
filtering
No. of assembled transcripts NA NA 60,089
SIEEIIC IEIGNL of. Losuicrapth NA NA 543.11
(in base pair)
Average coverage NA NA 88.34

WILD TURMERIC [Carcuma aromatical
Kinetically stable copper/zinc superoxide dismutase from C. aromatioa
A Ca-Cu/Zn superoxide dismutase [Ca-Cu/Zn SOD) gene was

cloned from C. aromatica. It was 692 bp in size with a 4598 bp m L L B
ORF. Upon expression and purification from E, cofi, the enzyme oy T T )
functioned across a temperature range of —10 to +80 °C. a pH i 8

range of 4-9, and also tolerated trypsin (Fig. §3). Its temperature i - -
and pH opiima were 20 °C and 7.8, respectively. It retained 50 % “B

maximum activity after autoclaving (Fig. 54). The enzyme was () Tirme ()

[F] 1:'3; 1| ] :g-_pu-\.

&:—‘i:i:-‘n_:’:;-;f
SLEEF IS

Fig. 53 Effect of trypsin on Ca-Cw/Zn SOD (a) SDS-PAGE with 1 pg of Ca-Ce/Zn SOD where lane
M: molecular weight marker: {b) gel showing % relative 50D activity w.xt control. Values are
mean * SE of three separate replicates

kinetically stable with potential for various industrial
applications.
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Fig. 54 Ca-Cu/Zr SOD activity (A) after autoclaving (B) at different pH (C) at different temperatures.
Values are mean +SE of three replicates
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A new dihomesesquiterpene termioic acid A, from Curcuma aromatica

A new dihomosesquiterpene, termiode acid A (1) and two known compounds curdions (2) and
fi-sitosterol (3) were isolated from ethanolic exiract of

) rhizomes. The compound 1 was identified as (15, 45, 5R.
lej—« qj;ij’ 65, 8E, 106Z)-1,13-dihydroxy-4-epoxy-8(12).8({10)-diene-
“ ™ termi-11-oic acid with the help of 1D- and 2D-NMR ['H.
“C. DEPT, 'H-'H-COSY. HMQC, HMBC, and NOESY]

spectroscopic techniques (Figs. 55 & 56). The yield of
h comypound 1 was 0.04% as assessed by HPLC analysis.

3

Fig. 55 Structure of compounds (1-3) isclated from C. aromatica

"

HOOC

Fig. 56 Key HMBC (H—C) and NOESY [H«H) spectral data of 1
COLEUS (Coleus forskohfii)

Production of phytochemicals from best chemotypes of some medicinal plants through
modified caltivation and in vifro production technologies (Sponsored by National Fund for
Basic, Strategic and Frontier Application Research in Agriculture (NFBSFARA), ICAR, New

™ - m

In a new activity, Codeus forskofii
were collected from the states of s e
Jammu anpd Kashmir, Punjab and i e v

Prodipyame i of o adlin

Haryana. Aseptic cultures from e

nodal segments were raised from - \

J&K and Haryana collections. In St i

vifro leaf and root explants were l E - -
used for rhizogenesis and callus

induction for secondary metabolite "““‘"‘ e

production. Excised root cultures 1‘_ J PeTT—
were also established on solid

medium and multiplied [Fig. 57).
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Fig. 57 In vitro strategies for multiplication of plants and
production of secondary metabolites in C. forskohtii
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STEVIA (Stevia rebaudiana )
Characterization of (E)-4-hydroxy-3-methglbut-2-enyl diphosphate reductase

Steviol glycosides are the popular non-calorific sweetener found in the leaves of S. rebaudiana
(Bertoni). The steviol moiety of the glycosides is synthesized via the plastidial 2C-methyl-D-
erythritol 4-phosphate pathway, where (E}4-hydroxy-3-methylbut-2-enyl diphosphate
reductase (HDR) is a key enzyme. HDR catalyzes the simultaneous conversion of {E|-4-hydroxy-
3-methylbui-2-enyl diphosphate into five earbon isoprencid units, isopentenyl diphosphate
and dimethylallyl diphosphate. Upon geneiic complementation. stevia HDR (SrHDR)
successfully rescued the lethal E. coli HDR mutant strain MG 1685 ara<>ispH. (Fig. 58). The
upstream region of the gene was also cloned to identify possible

= regulatory elements. Putative cis-acting elements were detected
by in silico analysis. In electrophoretic mobility shift assayg
GATA showed the binding of nueclear proteins (NP) from leaves
during light hour of day (10:00 h] but not with the NP from
leaves during dark hour (20:00 h) (Fig. 59). The resulis
suggested involvement of GATA box in the light mediated
regulation of STHDR and diurnal variation in gene expressiol.

Fig. 58 Complementation of E. coli HDR mutant strain MG1655 ara <>ispH by SrHDR (A-B) growth
of mutant on LB medium comtaining (4) 0.2 % arabinose [B) 0.2 % glucose (C-D) growth of mutant
on medium eontaining 0.2 % glucose (C) mutant transformed with stevia HDR cDNA (pQE-SrHDR}
{D) mutant transformed with pQE-30 vector witheut SrHDR (control).

Light ﬂll-:lﬂ] h) Dhark ( 20:040 h)

|" b r
Extract - + + + +
Competitor - = + = +
Eaound DNA-protein
complex
Free Prohe

1 2 3 4 5

Fig. 59 Electrophoretic mebility shift assay showing DNA-protein interaction where lane 1: radio-
labelled GATA sequence [RLGS); lane 2: RLGS incubated with nuclear protein (NP) isolated from

leaves harvested during light hourn lane 3: RLGS incubated with NP from leaves harvested during
light hour and specific competitor i.e., unlabeled GATA sequence; lane 41 RLGS incubated with NP
isolated from leaves harvested during dark hous, lane 5 RLGS incubated with NP from leaves
harvested during dark hour and specific competitor i.e., unlabeled GATA sequence; '+' = desired
component added - = componeént mot added
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RNA interference (RNAi) mediated silencing of steviel glycoside biosynthesis pathway
genes

Agrobacterium mediated transient gene silencing (AMTS) approach was used for SrKAISH andd
three SrUGTs (SrUGTS5C2, SriIGTT4G1 and SrUGT76G1) genes. The genes are known io
encade ent-kaurenoic acid- 13 hydroxylase and three UDP glycosyliransferases (UGTs) of steviol
glycoside biosynthesis pathway (Fig. 60). Resulis showed significant reduction in the
expression of targeted endogenous genes as well as total steviol glycoside accumulation.
However. silencing of SrUGTS5C2 and SrEKAISH caused signifeant enhancement of GA,. The
metabolite flux of steviol glycoside pathway was shifted towards GA, biosynthesis. Molecular
docking of three SrUGT proteins showed highest affinity of SrUGT76G1 for the substrates of
alternate pathways of steviol glycosides biosynthesis silencing of SrUGT76G1 accounted for
maximum reduoction in steviol glycoside content. Finally SrEAISH and SrUUGTS5C2 were
identified as regulatory genes influencing carbon flux between steviol glyeoside and gibberellin

biosynthesis (Figs. 61 & 62).
A

LB Astd Swal BainHl Spel
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Fig. 60 [A) Diagrammatic representation of RNAi silencing consirucis prepared using pFGC1008
vector backbone (B) SrHAI3H (858 bp) (C) SrUGTE5C2 (714 pb) iD] SrUGT74G1 (846 bp] (E}
SrUGT76G11 (726 bp) and [F) Syringe mediated agroinfiltzation of stevia leaves
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Funetionally relevant novel microsatellite markers for efficient genotyping in Stevia
rebaudiara Bertoni (Sponsored by CSIR & Department of Biotechnology, Govt. of India)

Self-incompatibility, poor seed viahility low germination rates and entomophilous
pollinations are among the major challenges in management and genetic improvement in
8. rehaudiana. A total of 2,977 unigenes (2,225 singletons and 752 contigs) representing 2.68
Mb of sequence were predicted from 5.548 publicly available ESTs of 8. rebaudiana.
Ninety nine unigenes containing 107 $5Rs (excluding mono repeats) were jdentified with
tri- repeats beipg the most abundant (72.9 %) followed by di- (11.2 %). hexa-(6.5 %]. tetra- (5.6
%! and penta- (3.7 %) type of repeat motifs. Eighty five SUGMS markers were highly efficient
with amplification success rate of 89.5% showingunigene derived microsatellites robust
source of SSR marker development. Each marker was subsequently utilized for evaluating 40
accessions. Fifty two primer pairs (61.2 %) were foumd to be polymorphic. Number of
alleles were 2-15 with an average of 4.7 alleles per SSR locus. Expected heterozygosity (HE) and
observed heterozygosity (Hoj ranged from 0.03 - 0.92 favg. 0.63) and 0.03-1.00 (avg. 0.80),
respectively. Heterozygosity values of almost all markers showed deviation (Ho> He| rom
Hardy-Weinberg equilibrium (HWE) at p < 0.05. This suggested a highly outerossing nature
of the crop. Genetic diversity based on Jaccard coefficient ranged from 38.2 % {between
SR-30 and SR-31) to 76.1 % (befween SR-19 and SR-26) with an overall diversity of 61.3 %.
Cluster analysis based on 247 alleles derived from 52 polvmorphic primers were
successfully tested for diversity characterization of 40 random S. rebaudiana genotypes
and grouped into two major clusters [Fig. 63)
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Fig. 63 Dendrogram showing genetic relationships among 40 random genotypes of S. rebaudiana

based on 247 polymorphic alleles produced by 52 SUGMS markers. Scale represents
Jaccard's similarity coefficient
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Essential oil composition of flowering twigs

Essential oil from the flowering twigs was extracted by hydrodistillation and fractioned by
columin chromatography (silica gel 60-120 mesh). Forty-three constituents were characterized
with the help of GC, GC-MS and other speciroscopic technigques. A complex mixture of mono-
and sesquiterpenes were found with (-pinene (12.5 %), linalool (5.5 %[, (E}-caryophyllene
(15.9 %), [(Z)-p-farnesene (4.2 %), e-humulene 6.6 %), germacrene D (6.1 %),
bicyclogermacrene (14.6 %], frans-nerolidol (3.8 %). caryophyllene oxide (3.9 %) and epi-«-
cadinol (3.9 %) as major components. The oil and its fractions showed promising cytotoxicity
against two eancer cell types viz. C-6 (rat glioma cells) and CHOK] (Chinese hamster ovary
cells). Highest activity of 5.6+ 0.6 % was obtained against C-6 cell line at a conceniration of 400
pg/mL. This was comparable with that of the standard drug vinblastin.

Essential oil composition and antimierobial activity of leaves and stem

Esseniial oil in the leaves and stem were evaluated for their chemical compositions and
antimicrobial activity. In GC and GC-MS analysis, a complex mixture of mono- and
sesquiterpenoids were foundl. The major constituents were [i-elemene, [i-caryophyllene, [i-
farnesene, germacrene D. bicyclogermacrene. (E)-nerolidol. spathulenol. and virkdiflorol with
quantitative variations {Table 8). The oils showed antibacterial activity against Mécrococcus
luteus, Staphylococcus aureus, and antifungal activity against Aspergilliss ochraceous, A.
Jtavus and Trichophyton rubrum with potential activity againsi A. sydowii and A. parasiticus.

Table 8 Major constituents of 8. rebaudiana essential oil fram leaves and stem

No. Components Retention Index Essential oil

DB-5 DB-FFAP Leaves (%) Stem (%)
1 Linalool 1095 1565 55 1.6
2 f-Elemene 1397 1590 34 2.6
3 a-Gurjunene 1409 1527 0.8 1.4
4 P~Caryophyllene 1417 1600 11.1 5.3
5 a-Bergamotene 1434 1582 1.4 0.9
6 -Farnesene 1448 1695 4 19.1
T o-Homulene 1452 1680 4.7 |
8 Germacrene D 1454 1710 T.7 4.9
9 p-Selinene 1489 1718 1.6 4
10  Bicvclogermacrene 1500 1730 9.5 7.4
11 [FBisabolene 1506 1740 nd 3
12 E-Nerolidol 1563 2040 9.5 5
13 Spathulenol 1577 2122 24 1.2
14  Caryophyllene oxide 1582 1970 2.6 t
15  Globulol 1586 2070 nd 35
16  Virdifiorol 1588 2081 1.6 1.1
17  Torreyol 1648 2180 2.6 2.1
18 t-Cadinol 1654 2220 2T 4.8
19  Phytol 2112 2618 22 1.2
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Studies on floral development

In order to define the stage of pollen collection for hybridization and good seed set, studies were
conducted on floral development using light and scanning electron microscopy (SEM) (Fig. 64).
Nine distinet stages with tetrad formation and microspore production at stage-2 were recorded.
Highest pollen viability i72.8 %) and pollen grain produetion at stages 4 and 5, respectively were
identified to be the best stage {or pollen collection and manual hybridization.

No pollen dispersal beyond 2 m from the plant and successful pollination with bumble bee
thorax indicated enfomophilous pollination but low pollen dispersal through air. Moreover. no
seedl set upon bagging, selfing by hand pollination and germination of selfed paollens indicaied
incompatibility in stevia (Fig. 65).

Fig. 64 (A-B) SEM micrographs showing selfed pﬂhlwaﬂlﬂeﬂmmm.ﬂtﬂﬂx
to 700 x and (C) anthers covering immature stigma (D) stigma emerging through anthers

Fig. 65 Stages of Hower development in stevia (A) lower (B)
floret (C) stigma (D) anthers
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GINKGO [Ginkgo biloba)

A field experiment was initiated in January 2011 on plant spacing (1.0x1.0, 1.6x1.5. 2.0x2.0
and 2.5 X 2.5 m’) in interaction with two levels of FYM (15 and 30 ¢/ha) for optimizing leaf yield
per unit area per unit time. The unit plot size was 7.5 X 7.5 m". Plant height and stem diameter at
collar level were not affected by any of the treaiments. However, the leaf vield was significantly
higher when the plant spacing was 1.0x 1.0 m’ (637 kghal followed by 1.5 x 1.5 m’(243 kg/ha).
The remaining two wider spacings were statistically comparable.

TEA |Camellia sinensis)

Markers genomic resource creation in tea (Sponsared by Department of Biotechnology &
CSIR, Govt. of India)

Microsatellite or simple sequence repeat (SSR) markers are valuable tools for phylogenetic.
fingerprinting and molecular breeding studies. However, such marker resources are
unavailable in Assam tea (Camellia assamica ssp. assamica: Masters). Thus. the repertoire of
microsatellite markers in traditional tea was enriched. One hundred eighty five novel
microsatellite (150 gepomic and 35 genic) markers were identified from (GA)n-enriched
genomiie libraries and public expressed sequence data in Assam fea. High-quality 0.412-Mb
non-redundant (NR) genomic data set derived from nucleotide sequencing of (GA)n-enriched
genomie positive clones were then utilized for identification of gepomic and genic microsatellite
markers. The average number of alleles and polymarphie information content {(PI1C) recorded
for the newly developed SSR markers were 6.17 and 0.398, respectively. The average observed
(Ho| and expected (He) heterozygosity varied from 0.626 to 0.6897, respectively. These markers
were lrighly transferable (74.5-100 %) to cultivated (C. sinensis, C. assamica ssp. lasiocallyx)
and five wild Camellia species (Fig. 66).

Cross-transferability (%)
(. rasiflora
. casangua
(" japanica
. irrawadiensiv

. ftescens

Fig. 66 Graphical presentations of cross-transferability percentage of 185 microsatellite markers
in different wild Camellia species
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o Genetic diversity coefficient detected a high
— level of divergence in 24 cultivated tea
S accessions (69.3 %]. Phylogenetic analysis
on revealed that major groupings were broadly
- in accordance with taxonomic classification
_E—:[ -_— of tea, and all the wild species remained as an

out-group (Fig. 7). The high polymorphic
content coupled with high rate of cross-
transferability demonstrated wider
applicability of novel microsatellite markers
in genotyping, genetic diversity, genome
mapping and evolutionary studies in various
Camellia species.
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L

Fig. 67 Phylogenetic relationships among 29 accessions of Camellia spp. identified on the basis of
110 nevel microsatellite markers identified in this study. Unweighted pair group method with
arithmetic mean dendrogram is based on Jaccard's coefficient of similarity, and tree branched with
hootstrap values greater than 60 %

Mapping disease resistanece

In a hybridization program on mapping of blister St
blight resistance in tea, a biclonal population was
developed. The disease resistant SAOG was used as ¥
a parent for hybridization with Kangra Asha, having
good quality but susceptibility to the disease. The
population was scored for disease incidence in field
for three consecutive years. The resistant genotypes
are being propagated for selecting disease resistant
high vielding quality clones. [n a separate activity.
17 anthoeyanin rich tea selections were made (Fig.
68|.

Fig. 68 Tea foliage rich in anthocyanin

Selection of elite planting material

Previous activities on evaluation of germplasm raised fvom selected mother bushes of Kangra
jat and biclonal seed stocks were continued. Accessions having average productivity over 1,500
EMTH made tea kg/ha) for three consecutive years were identified (Table 9). In Germplasm
Block-G;, CEF-01 among China hybrid tea and the Assam type tea selections i.e., SST-09 and
SST-02 among the biclonal seed stock populations were found to be promising, In Germplasm
Block-F, the productivity of China hybrid accessions, BGP-017 and BGP-156 was over 1500
EMTH despite being lower than that of the conirol clone, UPASI-9.
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Table 9 Performance evaluation of elite planting material for selection of accessions
with productivity >1500 KMTH

Average vield (KMTH)

Accession Number of bushes/plot >010-2012 2013
Germplasm Block - F
BGP-O17 13 1834 1520
BGP-063 30 1539 1157
BGP-066 27 1513 1077
BGP-072 30 1586 1383
BGP-144 19 1612 1251
BGP-146 19 1923 1438
BGP-156 9 1686 1596
UPAS]I-O9* 25 1725 2111
Germplasm Block - G
CEF-01 12 2029 2383
SST-01 19 1737 1670
SS8T-02 10 2014 2708
SST-09 9 3796 4136
UPAS]I-O# 23 1692 2626

* High vielding clone served as control

Mechanization of farm practices

A prototype of an improved adjustable type, 3-rowed diamond shaped hand hoe was designed
and fabricated for cultivating land between rows. It has a wheel, a diamond shaped frame for
mounting tynes, beam and handle. The frame of the hand hoe has a special provision for placing
tynes at requisite spaces as per soil type, crop spacing and strength of the operator. It also has
the provision to extend the frame on either side for ofisel interculiural operations without
disturbing the plantation/crop. The lowest count for fixing tynes is Z5 mm with a polential to
cater to intercultural operations up to 600 mm. The developed prototype was finally
fabricated.

Plant growth promoting bacteria from tea rhizosphere

A total of 337 bacteria were isolated from rhizospheric soils collected from different locations in
Kangra valley. These were screened for muliiple plant growth promoting activities, including
phosphate solubilization, ACC-deaminase activily and auxin production. Of 337 bacteria, 73
isolates showed phosphate-solubilization on modified Pikovskaya agar while p-liberation in 45
ranged between 0.6-761 pgfml in NBRIP broth. Fifty-two isolates showed ACC-deaminase
enzyme activity ranging from 0.15-312564 nM o-ketobuiyrate h' mg protein”. Production of
[AA-like amxins by 45 bacteria ranged from 0.7-78 pg/ml at 28 °C after 48 h incubation in
tryptophan-supplemented wutrient broth. Characterization based on 185 rRNA gene
sequencing showed their affiliation to Bacillus, Buriholderia, Citrobacfer, Cupriavidus,
Hafnia. Enterobacter, Kluyvera, Lysinibacillits, Pantoea, Pseudomaonas, Serratia and
Viridibacitius.
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Computational epigenomics and epigenetie study

Active and dormant stages tea bud and olel leafl tissue were collected from TV2Z3 (Combod),
UPASL 9 (Assamiea) and Him Sphurti (Chinary) cultivars. RNA was jsolated from these samples
and used for eDNA library preparation. Using the [llumina sequencing platform, approximately
192,820,762 RNA-Seq reads were obtained. These reads were assembled into 25.703
transeripts with an average length of 1,101 bp having 1,622bp NGO value. In total, 18,913
unigenes were identified.

Enzymatie synthesis of theanine from glutamine and ethylamine HCI

Theanine is a unigque amino acid produwced by tea roois. It is known to reduce stress and
promote relaxation without drowsiness. Therefore, a toftal of 185 bacterial isclates [rom
rhizospheric soils and roots of tea were screened for microbial biotransformation of ethylamine
HCl and glutamine into theanine. Seven isolates showed 40-55% conversion ratio to theanine
(Table 10, Fig. 69).

Isolate Source % Conversion  Most closely related species 165 rRNA gene
ratio® (%o identity) sequence (bp)

IHB B 1033  Tea rhizosphere 4845 Citrobacter farmer (99.2) 1483

IHB B1510  Tea rhizosphere 44 .86 Enterabacter ashuriae (99.6) 1505

IHB B1516  Tea rhizosphere 50.86 Bacillus subtilis (98.9) 1515

IHB B 1518  Tea rhizosphere 53.27 Enterobacter ludwigii (99.9) 1450

IHB B 1544  Tea rhizosphere 46,01 Pseudomonas plecoglossicida 1479
(99.3)

IHB B 1644  Tea rhizosphere 50.86 Bacillus altitudinis (99.4) 1495

IHB B 1647  Tea rhizosphere 48.42 Bacillus cerens (99.8) 1516

IHB B 8022  Tea roois 37.03 Staphviococens arleftae 1503
(99.1)

IHB B 8023  Tea roots 2222 Lysinibacillus xvlanifvticus 1507
(99.3)

IHB B 8024  Tea roots 3632 Bacillus cercus (99.6) 1498

*Theanine to glutamine
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Fig. 69 HPLC-profile of theanine (synthesized from glutamine amd ethylamime HCL by
Enterobacter ludwigii IHB B 1518 mediated biotransformation]
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Praduction of transgenics

A protocol was developed for hiolistie-gun mediated genetic iransformation and production of
transgenic tea plants (Fig. 701. A total of 4.500 somatic embryos were bombarded using nine
combinations of variable target distances and burst pressures but constant gap (0.6 cm) and
macrocarrier flight distances (16 mm). A total of 90 independent. PCR-positive lines were
generated. Twenty six out of 27 PCR-positive lines (three independent lines from sach of the
nine parameter combinations) tested positive in Southern hybridisation. Target distance was
crucial for transgene integration, whereas, concentration of plasmid DNA, burst pressure and
target distance alfected transgene expression [Table 11). This was evident from sirong signals
in northern hybridisation and RT-PCR. The transgenic plants showed robust growth and
improved siress tolerance in contained poly house.

Camtrof Transgenic

Fig. 70 Biolistic gun mediated genetic transformation of tea (A) globular somatic embryos with
hypertrophied structures and calli on medium centaining 200 pug ml® kanamycin (B-C) putative
transformants on mediunm containing 200 g ml" kanamycin (D) 1-year old transgenic plant (Ei 4-
yvear-old transgenic and non transformed control plants growing in comtained polyhouse.
Horizontal bar line in A-C = 1.5 cmy Vertical bar lines in D-E = 35.0 ¢m

Tabde 11 Effeet af burst pressuve and target distamce on the efficiency of tramsgene integration

Burst Pressure (kPa)

Target distance

6205.28 7584.23 9307.92 Mean
6 cm 3.33+0.58% 20010 2,67+0.58¢ 2.67°
9 cm 0.67+0,58* LOOKY™  1.6740,58" 1.11®
12 em 3.3340.58% 3.33%1.53%  4.5040.58" 3.67
Mean 2.44 24 2.89 2.48
SV SEMt= CD/( p<0.01)
Target distance 0.086 0.27
Burst pressure 0.086 NS
Interactions 0.257 NS

(+) Values are means 15D (n=3). Mean values followed by a different lower-case letter in each row/column are significantly
different at p= 0.01 by DMRT
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Isotheaflavin digallate- A new black-tea theaflavin

A new isotheaflavin digallate was ilentified from tea shoots. As compared to theaflavin and
theaflavin digallate. the compound showed higher cytotoxic activity against C6 (rat glinma cells}
and CHOKI1 (Chinese hamster avary) cell lines in SRB assay. [sotheaflavin digallate is formed by
palyphenol oxidase mediated oxidation of purified (-1 GCG and (-) ECG.
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A multi-sensing impedometric technigue for interpretation of tea antioxidants

In collaboration with CSIR-CSIO, Chandigarh. a study was conducted for impedance based
interpretation of antioxidant levels in 12 different orthodox samples of tea. Platinum, gold,
silver, glassy carbon, polyaniline (emraldine salt] and poly pyrrole working electrodes were
used to measure the impedance response in the different tea infusions at a frequency range of 1
Hz to 100 kHz for 30 days. The impedance responses amnd the determined chemieal
concenfrations were subjected to Principal Component Analysis (PCA), and the antioxidant
levels in the tea samples were mapped. Impedometric analysis using multi electrode system
showed that leaves plucked under differemt enviromments from same site can be well
differentiated through PCA tool. The single GC electrode/single gold elecirode had the potential
to classify tea quality at broad frequency ranges. The multi/single-elecirode system in variable
frequency domain can serve as a potential tool for classifying tea guality based on antloxidant
levels.
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BAMBOO (Dendrocaimuas and Bambusa spp.)

Tagging. sampling and iracking the developinent of flowers are difficulf in a slender and 15-25
i tall plant like D. hamiltonii. Therefore, MS medium supplemeited with 2 % sucrase, 2.22 pM
BAP and 1.23 uMIBA was optinlized for induction of in vifro flowering (Fig. 71). Six distinet
stages of in viire developmeni were identified. The flowers were protogynous and comparable
with that of in planta sporadic ones. As compared to 68 % viahility of in planta pollens, the in
vifro ones had 47 % viability with storability for medium and long terms (Fig. 72). The system
can facilitate easy tracking of flower development under controlled environmental conditions
for understanding the hitherto unknown and complex systems of floral transition, in pitro
fectilization, seed production ete.

Fig. 71 In vitro flower development in D. bamiltonii (A) head-of-spikelets (B-C) pretogynous
development with pucple coloured plumose bifid stigma shown within blue circles (D) in vitro
flower with androecium and gynoecium. Bars A-C=1 ¢m, D=1 mm

Fig. 72 Comparison of flowering in D. hamiltonii (A-C) head-of-spikelet (D-E) gynoecium (F-G}
anthers at different stages of maturity (H-I) [A-B, E, F) in planta in vitro and (C, D, H) pollen shown
within blue cizcles (D) in vitro flower with androecium and gynoecinm, Bars A-C=1 em, D =1 mm
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identification, cross transferability and comparative mapping of movel gemnic
microsatellite markers derived from expressed sequence data of Dendrocalamus
tatiflorus

Microsatellite markers are the toal for assessing
genetic variation and dissecting complex iraits.
However, such markers are limited in bamboo and
non-existent in B. latiflorus. Therefore, a total of
4,663 (2.7 Mb} unigenes were predicted from
8.574 publicly available express sequence tags
{ESTs). Of these, 106 (2.27 %) unigenes containing
111 S8Rs aml 23 transposable elements were
identified. SSR frequency was one in every 24.3 Kb
of non-redundant (NR) EST sequences, with di
140.3 %] and iri 139.4 %) nucleotide repeats being
the most abundant. Eighty two (77.4 %) SSR
containing sequences showed known/putative
function. ncluding 10 (9.4 %) unigenes coding for
12 enzymes involved in different molecular

pathways [Fig. 73).

Ninety primer pairs were designed from NR
dataset and 66 successfully validated in D.
{atiflorus. Overall cross-transferabilily across 36
bamboo species and 5 related crop species ranged
from 67 to 100 % with an average of 85.2 %. A total
of 835 allelic varianits (12.7 alleles per SSR locus)
were recorded with polymorphism information Cellular components
content [PIC) ranging from 0.102 to 0.498. In
silico comparative mapping of validated 56 (84.8
%1 novel microsatellite markers with Oryza sativa
genome suggested the presence of significant
orthologues of rice in bamboo. Phylogenetic
analysis based on newly developed markers was
broadly as per the taxonomical classification of
bamboao.

Micropropagation

Micropropagation protocols for three important
edible bamboos viz. Bambusa bambos, B.
balcooa and D. asper were standardized using Molecular function

nodal segments from Geld selected plants. The

size of explants and their season of collection greatly Fig. 73 Classification of the SSR containing
influenced the frequency of bud break in all the unigenesbasedonGene Ontology terms.
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three species. Rooting was induced in bunches of 3-5 shoots after mubtiple shoot formation
(Fig. 74). The hardened plants showed =90 % survival in polyhouse.

Fig. 74 D. asper (A] axillary bud break; (B) multiple shoot preliferation; (C] rooting on medium;
iD] rooted plants; (E) healthy plants growing in green house

The genetic uniformity of the 1'LA4'%
micropropagated plants of all
the species was also estabiished
using random amplified
polymorphic DNA (RAPD) and
inter single sequence repeat
(ISSR) makers (Fig. 75]. A
marked difference in
biochemical and physiological
parameters were ohserved in
the ex pitro and in vifro raised
plants growing under green

house eonditions (Table 12). Fig. 75 Establishment of genetic uniformity in B. balcooa
with RAPD and ISSR markers [A] OPT 08 (B) OPT 06
(C)] UBC 810 (D) UBC 850 where lane M = 100 bp ladder,
lane 1 = Mother plant, lanes 2-16 = Tissue culture raised

planis
Table 12 Biochemical and physiological parameters in Bambusa balcooa
Physiological parameters In-vitro Ex-vitro
Relative water content (%) 72.7x23a 67.7+33b
Water saturation deficit (%) 27.3+23a 323+ 3.3hb
Electrolyte leakage (%) 57.7+27h 674 =24a
Leal area index (cm’) 1.06 044 b 466 = 0.8l a
Lignin con tent (mg') 1790 = 2.16 b 2874 x159a
Total soluble sugars(mg g 'fw) 165 £0.78a 13.38 £ 2.03 b
Starch (mg g’ fw) 6.32 + 0.55a 476 £ 051b

Values are mean of five replicates where different letters within a column indicate significant
difference by Duncan's multiple range test, p = 0.05; fw = fresh weight.
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Development of moleenlar markers for evaluation of population genetic structure of the
Aguilaria malaccensis in Northeast India: implication for its use and conservation
(Sponsored by Department of Biotechnology, Govt. of India)

Understanding the patterns of genetic diversity and population genetie structure of Aquilaria
mataccensis, a high value endangered plant was important for its effective management and
conservation. The genetic relationships of 127 A. malaccensis accessions collected from ten
plantations of three states of Northeast India were assessed using AFLP A total of 1153
fragments were amplified. out of which 916 (79.4 %) were polymorphic. Polymaorphic
information eontent {PEC) and marker index (Mi] of each primer combination correlated
significantly with the number of genolypes resalved. Overall high genetic diversity (avg, 71.85
%) was recarded. Further, high gene flow (Nm: 3.37), low genetic differentiation (FST: 0.089)
and high within population genetic variation (93 %) suggested that most of genetic diversity was
restricted within population.

The Neighbor Joining iNJ), principal
coordinate analysis (PCoAl and Bayesian
based STRUCTURE grouped all the
accessions in two clusters with significant
intermixing between populations. This
suggested that the iwo genetically distinet
gene pools are operating in the A.
malaccensis plantations cultivated in
Northeast India (Fig. 76). Based on the
various diversity inferences, five diverse
populations [(JOH, FN, HLF, DHM and
ITN) were identified. The findings can he

potentially exploited to propose Figh 76 Bootstrapped neighbor-joining (NJ] iree
conservation strategies for A. °f 127 A.malaccensis accessions using AFLP

markers

THRE NEERR
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malaccensis.
APPLE (Malus sp.)
Systematic analyses of abiotic stress in Malus domestioa

Abscisic acid response elements (ABREs) control gene expression via b-ZIP-type ABA
responsive element binding protein |ABREB). Therefore, dilfferent ABREE proteins of
Arabidopsis thaliona viz. AREB1/ABF2, AREB2/ABF4, ABF1 and ABF3 with defined
functional roles were isolated. As [ull genome sequence of M. domestica was available, genome
wide analyses of the AREB subfamily was done and a total of 8 members with a basie leucine
zipper (bZIP) domain were found. Chromosomal locations and phylogenetic analyses revealed
aclose relationship of some arabidopsis AREB menbers with ABREs of M. dowmnestica.

Micropropagation

An efficient liguid culture system was developed for the micropropagation of two rootstocks,
MMI106 and B9 (Fig. 77). An 8 times reduction in cost (i.e. Rs. 8.29 per litre} was recorded
when liquid medium was used. The cost was further reduced to Rs. 0.125 because 20 ml as
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opposed to 50 and 100 ml lignid media supported maximum growth and multiplication. The
shoots micropropagated in liguid medium also showed high rates of rooting and survival under
field conditions.

Fig. 77 Mieropropagation of apple rootstocks in 20 ml PGR free liquid MS0 mediam (A) MM1086, (B}
BY9.Bar= lem

Arabinan-type polysaccharides from indastrial apple pomace waste

Two water soluble polysaccharides |AS-3 and AS-5) were isolated and identified as arabinans
on the basis of GC-MS, IR, 1D, 2D NMR and MALDI-TOF-MS studies. GC- MS analysis of alditol
acetate derivatives of AS-3 suggested the presence of arabinose and glucose sugars in the ratio
of 4:1, whereas, AS-5 was comprised only arabinose. The structure of AS-3 was found to be
circular with three arabinose and one glucose in cirele and one arabinose unit branched at C-4
position of one of the arbinose. AS-5 was eonsisted of four arbinose units. out of which three
were linked linearly through 1—5 and 1—3 linkage and one in side chain linked through 1—2
linkage (Fig. 78).

R

Fig. 78 Probable stractures (A) AS-3 (B] AS-5
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Processing of apple pomace for value added product development [(Sponsored by Ministry
ol Food Processing Indusiries, Govt. of India)

Huge quaniities of apple pamace are generated in juice-processing indusiries throughout the
world and continuons efforts are being made for its inelusive utilization. In this regard. apple
seeds were separated fream indusirial pomace and used for extraction of oil. The fatty acid
composition, physicochemical, antioxidant as well as in vifro anticancer properties of the
extracted oil were assessed for its suitability in food and therapeutic applications. Dominance
of oleie and linoleir acid was recorded (Table 13) along with high indine (121.8 g1 100 g ') and
saponification value (184.91 mg KOH g™ oill. The acid value, refractive index and relative
density were 4.28 mg KOH g™, 1.47 and 0.97 mg ml™’, respectively. The antioxidant potential
11CS0) of apple seed oil was 40.06 [Jg mi™". Cytotoxicity of apple seed oil against CHOK1. SiHa
and A549 cancer cell lines ranged between 0.5+0.06 and 88.6+0.3 %. Higher cytotoxicity was
abserved with increase in oil concentration. Vinblastine (1 [Jg) reached a maximum of 90 %
cytotoxicity on CHOK1, while 2 mg of tested sample reached 88.6 % in 72 h. Interestingly. apple
seed oil at 2 mg displayved a similar trend on SiHa cell line and inhibited 56 % cells. The study
revealed a good pharmacological potential of apple seed oil.

Table 13 Fatty acid composition of apple seed oil

Compound RI Percentage
Palmitic acid 1927 7.25
Linoleic acid 2099 4381
Oleic acid 2107 46.5
Stearic acid 2126 1.72
Arachidic acid 2325 0.72

Utilization of apple pomace for high end product development (Sponsored by Department
of Biotechnology, Govt. of India)

Apple pomace was earlier utilized for extraction of polypbhenolics for their wtilization
as nutraceutical or dietary food supplement. This year, a simple, fast and
reproducible reversed-phase high performance liuid chromatography [RP-HPLC) method
using diode array detector was developed and validated for simultaneous separation
of different phenolics present in indusirial apple pomace (Fig. 79). Method showed reliable
and reproducible infraday (0.2-4.0 % RSD) and interday (3.7 -8.1 % RSD) precision with
LOD and LOG values in the range of 0.14-0.58 ug ml" and 0.48-1.95 pgml", respectively for all
phenolics. Different solvent mediated exiraction of dried pomace powder was also performed
for the evaluation of total antioxidant potential using standard spectrophotometric assays.
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The major phenolies found in industrial apple pomace extracts were quercetin {1.4-10.3 pgmg
"), phloretin {1.1-9.3 pg mg"'| and phloridzin (0.62-2.0 ugmg'].

00201

0.0151

M0

ALl

0005

il .8 W
TlITTFI11TFI11TIIIITI1I1rl

0.00 500 1000 1500 000 2500
Minutes
Fig. 79 RP-HPLC-DAD chromatogram of IAP methanol extracts at 280 nm (1) chlorogenic acid (2}
epicatechin (3) caffeic acid [4) quercetin-3-glucoside (5) coumaric acid (6) phloridzin (7) guercetin
i8) phleretin

00001

Chemieal modification of apple pomace for removal of Cd *' jons from aqueous solution

In continuation to previous work. apple pomace (AP] was chemically modified (CMAP] with
succinic anhydride by a simple ring opening mechanism. This provided larger surface area to
AP for eadminm adsorption. The ahility of CMAP to remove cadmium (Cd™") jons from aquecus
solution was then assessed by eguilibrium studies, kinetics and thermodynamics. As
compared to Freundlich o Bl

isotherm. the Langmuir
adsorption isotherm equation
was more suitable for AP and
CMAP adsorption data. The
adsorption of cadminm ions
onto AP and CMAP followed
psendo-second order kineties.
The dose of CMAP regquired for
cadmiim removal was 50 times
less than AP Moreover, CMAP
could be reufilize up to three
cycles with removal efficiency of
76.6 %, while the efficiency of AP
reduced significantly after a

single cycle (Fig. 80).

Fig. 80 Chemical modification of apple pomace
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ORNAMENTAL ROSE (Rosa spp.}

Evaluation and utilization of wild reses

Strains of wild roses were collected from mid hills of HP an the basis of motrphological
characteristics such as colour, shape and size of the opening buds, flower type L. single or
double, size and vigour of the plant. The collected strains were conserved at CSIR-IHBT and the
surviving 21 sirains were identified as Rosa brunonii, R. cathayensis, R. moschata, R.
multiflora and one strain similar to R. afba; making a total of five species of wild roses. These
strains were compared with a rootstock R. indica var. odorata (IHBT-0) as the standard conirol.
Screening of these domesticated wild rose sirains was based on criteria like winter-active
growth, compatibility of strain to scion, suitability of grafting methods and seasons on
compatibility. number and length of flowering shoots. Based on the compaifibility performance
in the first experiment (Table 14), the planis of seven strains, viz, IHBET-WR-21 (similar to R.
atbal. IHBT-WR-16 (R. brunoniil, IHBT-WR- 24 (R. multiflora), IHBET-WR-27, IHBT-WR-01,
(HET-WR- 26 and IHBT-WR-23 (all R. cathagensis) were selecied and planted in field for further
evaluation of flower producing potential.

Table 14 Deserigtion and mean performance of wild rese germplasm for winder active growth and
compatibility pooled #ver two years

S.No. Strain No. Species Voucher specimen  Winter active  Compatibility
number growth (%) (%)

| IHBT-WR-011 R cathavensis PLP 9536 42.61 26,85
F ) IHBT-WR-23 -do- PLP 9535 44.68* 47.19%
3 IHBT-WR-27 do- PLP 939] 47 45% 28.60
4 I[HBT-WR-26  do- PLP 9534 45.22* 44.43*
5 IHBT-WR-25 -do- PLP 95635 314 23.14
i IHBT-WR-03 R multiflora PLP 9562 12.82 15.74
T I[HBT-WR04  -do- PLP 9386 6().80% 19.43
] IHBT-WR-18  -do- PLP 9533 839 2221
o IHBT-WR-19  <do- PLP 9390 1.37 926
110 IHBT-WR-24  -do- PLP 9531 4.41 42.58*
11 IHBT-WR-10  R. brunonii PLP 9388 4.51 3.7
12 IHBT-WR-15 -do- PLP 9566 11.67 222
13 IHBT-WR-16 =do- PLP 9530 24 81 39 K2
14 IHBT-WR-17  -do- PLP 9567 2.16 15.74
15 IHBT-WR-06  R. moschata PLP 9549 403 0
16 IHBT-WR-8  -do- PLP 9387 14.36 2.78
17 IHBT-WR-11 =tp- PLP 9561 10.32 3.7
18 IHBT-WR-13 ~do- PLP 9389 16.35 0
19 IHBT-WR-14  <do- PLP 9563 7.99 1.85
20 IHBT-WR-22  -do- PLP 9564 13.86 11.11
21 IHBT-WR-2] Similar to R. alba PLP 9532 53.46*% 23.14
22 IHBT-0 R. indica var. odorata 2.45 24.9%

Overall mean 12179 19 01

*significant a1 p=0,05
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Observations on four plants of each sirain were recorded over fouwr vears with respect o
different grades of marketable flower shoot production {A> 80 cmi; B=45-60 cm; C=30-45 em)
of total number of flowering shoots and their height and diameter. The variations between the
strains were analyzed using ANOVA (Table 15).

Table 15 Merphological traitsef selected straiwns of roses

Source of Degree Mean of squares
variation  of Total Grade A Grade B Grade C Average Average
freedom  flowering (=60 (4560 cm) (3045cm) heightof  diameter
shoots cm) shoots shoots flowering (mm)
(No.) shoots (No.) (No.) shoot (¢m)
(No.)
Year 3 32T 12.17* 2.36* 1.44 53.19* 0.86
Strain 7 142.72% 99.99* 11.27% 26.25* 627.94* 3.25*%
Error 21 3.12 1.19 .89 (.86 18.39 0.56
H (%) 97.81 U881 92.1 06.72 97.07 §82.76
p=0.05

Four elite strains baving better or at par compatibility, winter activity and flower
producing potential with respect to control

; =T i

were identified as suitable indigenous wild s - J f:..b. 7
rose germplasm and are being maintained o e "‘";;r "*‘;.% ¥
in situ as mother stocks. These strains were #1\ ’ AW
registered with Plant Germplasm i ' _; &=
Registration Committee, National Bureau i Pt L AR
of Plant Genetic Resources (NBPGR), ICAR, s , _—
New Delhi. ---"'! *.; Ty o
Cytological studies of the four potential f""h N 2y
strains, [HBTWR- 24, IHBT-WR-16. IHBT- | b. 3 - o P
WR-23 and IHBT-WR-21 revealed diploid ¥ 3 Skl
chromosome count (Zn=2xw=14) of the . .
strains (Fig. 81). Fig. 81 Chromesome count (2n=2x=14) of the

four petential strains

BREEDING

Inter-specific and inter-varietal hybridization were undertaken to generate new floral variations
among scented, ornamental and wild roses (Table 16]. Six different Rosa species viz., R.
bourboniana, R. damascena. R. multifiora, R. centifolia, R. rugosa and R. indica were studied
to generate desivable variations for flower, fruit and essential oil characters. Inter-varietal
crosses involving reciprocals were attempted in R. damascena and R. hybrida (ornamental
roses), respectively. Overall, 717 seeds from 305 pollinations invelving inter-specific evosses,
109 seeds from 57 pollinations in crosses involving ornamental roses, 87 seeds from 165
pollinations in back-crosses and 23 seeds from 54 pollinations in inter-varietal crosses among
varieties of Damask rose were obtained.
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Table 16 Seed setting under intervarietal and interspecific hybridization programme

Cross No. of pollinations No. of seceds
Interspecific 305 717
Inter-varietal

Damask rose 54 23
Ornamental rose 57 109
Back-cross 165 87

GERBERA (Gerbera jamesonii]

Two pigment markers péz., anthoeyanin pigment at the base of flower stalks and yellow colour
pigment at the base of ligules were studied in parental accessions of gerbera and their
progenies developed through controlled erosses. The two colour attributes corresponded with
flavanaid and carotenoid pigmentation in flower colours and led to identification of acyanic
genotypes for yellow and white flowers (Fig. 82 & 83). Crosses involving eyanic genotypes (with
flavopakd pigments) as parents segregated for yellow pigment at the base of ligules in 1:1 and
3:1 ratios among the progenies, while anthocyanin pigment at the base of flower stalks
segregated in #:1 ratio for cyanic and acyanic genotypes in one of the crosses. Acyanic
genotypes for white and yellow colours were found to hreed true. whereas erosses involving
white cyanic and white acyanic genotypes (similar flower colour expression] resulted in digenic
segregation of flower colours (15:1) in the progenies. Crosses involving yellow cyamic and
yellow acyanic genotypes segregated in digenic manner (9:7). The study postulates presence of
an inhibitory gene (x+) for suppression of flower colour expression in cyanic genotypes when
present in homozygous form.

200 001
LAl

i’ F I
‘ I‘I - .....r| |

Fig. 82 Yellow pigment at base of ligules mg.ssmmwamm&m
corresponding to carotenocid pathway  stalks corresponding to flavenoid pathway in white
in gerberas (marked with arrows: a, b and yellow colour cyanic gerberas (marked with
and ¢ - no eolour; d, ¢ and f - yellow  arrows); no pigment in white and yellow acyanie
colour at the ligulle base) gerberas
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Promising gerbera genotypes with improved floral traits were selected through a hybridization
program [Fig. 84}. Considerable variations were observed among the genotypes for the floral
traits viz., flower colour {white and yellow-orange), shape (double and semi-double types).
diameter (standard and mini sizes), disc colour jdark brown/green), scape length (tall/dwarf).
ray floret width (spiderfstandard types) and ray floret number. The gerbera genotypes [IHBT-
Gr-23. IHBT-Gr-24-8 and IHBT-Gr-E-3) were selecied on the basis of flower characteristics
(Table 17) and are being cultured in vitro for large scale production of planting material.

Fig. 84 Potential gerbera genotypes with high in vitro proliferation (left to right: 23, E-3, 24-6)

Table 17 Details of floral features of gerbera F selections
1

Plant mo. Flower colour Peduncle Flower Flower Disc Flower type Vase life
length diameter shape colour (days)
[em) [em)
[HBT-Gr-23  Yellow orange 41.2 10.8 Double Green  Standard 18
IHBT-Gr246 Yellow orange 29.6 11.7 Semidouble Brown Standard 16
chvarf
IHBT-GrE-3 White 33.1 7.9 Double Gremi  Minidwarf 14

INCARVILLEA (Incarvillea emodi)
Seed production

Incarvillea emodt is a rare plant found growing on rocks in mid Himalaya. In nature, its seed
setting is poor. CSIR-IHET domesticaied the plant successfully and developed agrotechniques
for its conservation. Studies on its seed-aoil production and bioprospection were initiated and
its seed production in the plant was studied (Fig. 85)

The antioxidant potential and polyphenol content of its shoots. roots and flowers
were also compared using different solvents. The phenolic content (280.4-294.31 mg/g
as gallic acid equivalent) and total antioxidant potential (280.95-384.64 mg/g as
irolox equivalent) were higher in the ethyl aceiaie fraciion of roois and shoots as
compared to flowers. Major iridoid glucosides were isolaied from the dried flowers.
Cytotoxie studies were conducted using these iridoids against five different human cancer cell
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lines. Boschnaloside (2) showed promising anticancer activily against THP-1. A-549
and PC-3 belonging to leukaemia. lung and prostate cancers, respectively.

Plantarenaloside (1) expressed relevant eytotoxic activity against THP-1 cell lines of
leukaemia.

Fig. 85 Seed pod production in I emodi
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MICROBIOLOGY AND PLANT PROTECTION

Development of biopesticides

in continuation to previous activities on development of biopesticides, the essential oils of
Mentha spp., Curcuma aromatica, Cinnamomum camphora, Hedichium spicatum and
lemon grass showed repellent. larvicidal, feeding deterrent and growth (feeding) inhibition
activities against larvae of diamondback moth, Plufelia xylostella (Lepidoptera:
Yponomentidae}.

Development of risk reduced pest management package and management of pesticide
residues in apple amd its products (Sponsored by Department of Biotechnology, Govt. of
Tndia)

Field efficacy trial of acaricides against apple mites

Apple orchards of Kullu district, HP were surveyed for infestation of insect pests and mites.
While mites were found to be the major pests, the minor pests included woolly apple aphids,
aphids, seales insecis, caterpillars, stem borers and termites, Mite infestation increased in the
month of July and their count ranged between 42.33-61.17 adult mites per leal. Thus, field
efficacy trials of acaricides ispiromesifen. chlorfenapyr, fenpyroximate, hexythiazox,
abamectin, neem formulations, horticultural mineral oil (HMO}, fenazaquin and dicofol were
conducted against apple mites |Panonychus ulmi) at Naggar, Kullu (HP) in the second season of
July, 20013, All the treatments reduced the mite population but spiromesifen gave the best result
on 28 days after treatment (DAT). HMO was the least effective. Hexythiazox was the best
followed by spiromesifen, chlorfenapyr, fenpyroximate. abamectin, fenazaqguin, neem, dicofol
ancd HMO affer 42 DAT. The adulticidal, nymphicidal and ovicidal aclivities of spiromesifen.
hexythiazox. chlorfenpyr. fenpyroximate were significantly superior than dicofol (The standasrd
check) but were at par with fenazaguin. Horticultural mineral oil was the least toxic,

Dihydroflavono 4-reductase and anthoeyanidin reductase overpressing tramsgenie
tobacce

Transgenic tobacco plants expressing the genes for the key regulatory enzymes of flavan-3-ols
biosynthesis i.e., dihydroflavonol 4-reductase ({CsDFR] and anthocyanidin reductase (CsANR)
from Camellia sinensis were evaluated for predation by Spodopiera ltura larvae. Leal dises of
the transgenics for these genes showed less feeding by 5. litura as compared to control (Fig.
86).
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Fig. 86 S. litura feeding on leaf discs of transgenic tobacco as compared to control [A) CsDFR (B)
CSANR (C&D) relative percemtage growth inhibition of S. IIMMWMMH
compared to comtrol

Biotechmological interventions for improvement of apple through virus & genetic fidelity
certification and production of virus tested elite planting material {Sponsored by
Department of Biotechnology, Govi of India)

Experimental host range Apple scar skin vireid infecting apple

Apple scar skin viroid (ASSVd), the type member of the genus Apscaviroid of the family
Pospiviroidae causes scarring and dappling of apple fruits. lts herbaceous host range was
identified using an infectious dimeric clone. Among 13 plant species inoculated with the viroid,
nine were systemic while three served as indicator hosts (Fig. 87). The viroid was transferred o
the hosts through agroinoculation. rubbing of dimeric RNA transcripts, dimeric DNA plasmicds
and sap inoculation. Single-strand confirmation polymarphism (5SCPj analysis of the progeny

. obtained after infection showedl
the presence of four sequence
variants (V1, V2, V3 and V4).
There were confirmed by
sequencing. Two seguence
variants (V1 and V3) were
identified as dominant,
~ representing 47 and 36% of the
total progeny, respectively. The
V4 sequence variant was similar
to the wild type and occurred at
a frequency of only 4-5% of the

total progeny Fig 88).

Fig. 87 ASSVd symptoms on ineculated herbaceous hosts as indicated by (A, B): chlorosis on
cucumber leaf cv. PSI and (C) healthy control without any symptoms (D) symptems on cucumber
cv. Summer Green [mild stunting in infected plant as compared te the control] (E) healthy
commeon bean (cv. G. kemal) control (F) interveinal chlorosis sympioms in an infected common
bean plant
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Fig. 88 Predicted secondary structure of ASSVd and the locations of the residue changes observed
among V1, V2 and V3 variants
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Molecular characterization and recembination analysis of the complete genome of Apple
chlorotic leaf spot virus

The complete nucleotide sequence of an Indian isolate of Apple chiorotic leaf spot virus
(ACLSV) was determined and found to be 7,525 nt in length. The genome organizalion was
similar to known isolates of ACLSV, encoding three ORFs. Comparisons indicated high
sequence variability among known isolates with overall nucleotide sequence identities of 80 to
84%. A striking variable region was identilied among the replicase protein, upsiream of the
RNA-dependent RNA polymerase jaa 1510-1590). It showed a 41-43 % match with the
corresponding regions in other isolates.
Phylogenetic analysis at the nucleotide level,
clustered the isolates into three groups without
.. any relation to geographical origin. Analysis
showed the isolate to be a recombinant. ks

= . recombination sites were spread throughout the
genome, especially in the polymerase gene region

{nt 4700-5400) (Fig. 89 & 90) and were mosily
bordered by an upsiream region 15') of GC-rich
and downstream region |3'] of AU-rich sequences
. of similar length.

Fig. 89 Recombination ebtained among various iselates of ACLSV using RDF v. 3. Box shows
region where maxinum recombination events occurred
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Fig. 90 Recombination event 1. MAXCHI evidence for the recombinant origins of ACLSV (100
bootsirap replicates, Jukes-Cantor distances), constructed for 200-nt sequence windows, step size
20
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Simultaneous detection of major pome fruit virmses and a viroid

A reliable, sensitive, simple, rapid, cost-effective mRT-PCR assay was developed to detect
major apple viruses, namely Apple mosaic virus |ApMV), Apple stem pitting pirus (ASPY),
Apple stem grooving virus [ASGV), Apple chlorotic teaf spot virus (ACLSV) and Apple scar
skin viroid |ASSVd). Five specific primer pairs were tested and confirnved for these viruses and
viroid together in a single tube giving amplicons of ~198, ~330, ~370, ~547 and ~645 bp
corresponding to ASGV, ASSVd, ASPV, ApMV and ACLSY, respectively (Fig. 91). Use of a
guanidium-based extraction buffer along with a commercial kit resulted in better quality RNA
suited for multiplex RT-PCR. A rapid. time and yield effective CTAB method was also developed
for RNA isolation from apple tissue. The protocol was validated on approximately 85 samples
collected from field. In a sensitivity test of the mRT-PCR. up to 10" titre of all pathogens were
detected with hot-start Tag, whereas sensitivity reached 10™ with the mulfiplexing kit. The
determined sensitivity limit defines its use in different seasons when there is variation in viral
titre. The mRT-PCR kit can be opted for early screening of nursery raised planis. mother
plants, raising virus free planting material through tissue culture and oiher phytosanitary
purposes. Results from multiplex RT PCR can be obtained approximately within 7-8 hours and
is useful in quarantine and certification programs as well as virus surveys where large numbers
of samples are tested.

Fig. 91 Multiplex RT-PCR with and without internal conirel fractionated on a 3% agarose gel. a).
Lanes 1- and 2: amplified product of M7 showing specific amplification of all four pathogens except
ACLSV: lanes 3 & 41 product of Red Crimsonr (RC) & Gelden Delicious (Gd-3); lane 5 & 8: amplicon
of Gd-71 lane 6 & 13: 100 bp marker {Genedirex); lane 71 product of sample 106; lanes 9 and 10
amplified product of Gd-1; lane 11 and 12: amplicons of T6/109 sample. bj. Multiplex RT-PCR
with internal control (nad5). Lanes 1-5: amplicons of samples RC, T9/109, Rd-1, Gd-6 and Gd4-T;
lanes 7-10: amplicons of Kw-2, Kw-3, K-4 and Kw-4; lane 6: 100 bp marker
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Cold-tolerant Trielroderna species for managemsent of Fuscarium wilt of tesnats plants

Cobd-tolerant Trichoderma species (Fig. 92) capable of growing at 5°C were isolated from rhizosphere soils of
western Himalayan region. Sequencing of Intemal Transcribed Spacer vegion indicated the taxonomic
affiliation of the isolates to T. gamsii, T. velutinmn ond H. lixii. One isolate PETX-Behli=1 (T2 gamsii) showing
maximem antagonism against Fusarizmn oxysporum f.sp fycopersici (FOL) was elucidated for its chitinolytic
ability. The isolate displayed maximum chitinelysis on chitinase detection agar and recorded higher chitinase
activities (63.1 to 83 8-folds) at 5 w 37 °C m the extracellular proteins of minimal synthetic brath (MS8)
amended with collosdal chitin. Extraceliular proteins of cell free extracts of MSB amended with and without
chitin contained 26-180 kDa polypeptides {Fig. 93 In plate assays, fhe crude extract containing chitinases
displayed 46.2% miubition of myecelial growth of the pathogenic fungus {Fig. 94). Seed bacierization and soil
application of chitin-supplemented talc=based formulation of
PETX-Behli-1 challenge-inoculated with FOL resulted in
significantly lower incidence (61.9% reduction) refative to the non-
bacterized pathogen control in a greenbouse {18-20°C) (Fig. 95).
This was sssociated with an increase in the plant vigour index, fruit
number and fruit weight of 64,8, 2054 and 2 10.8%, respectively,
relative to the pathogen conirol, In nakive gel activity assays, PETX-
Behli=1 with challenge-moculation, expressed high intensity or
more isofoems of chitinase, peroxidase and polyphenol oxidase, The
resuilts swepest that the cold active PETX-Behli-1 may 15 a pofential
agent for to control Fusarizm will of tomato plants during winter,

Fig. 92 Growth of cold active Trichoderma spp. on potato dextrose agar plates ja] PETX-Behli-1
(b} PETX-Behli-2 (¢] GITX-Behli-1 (d) GITX-Bararighat
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Fig. 93 Extracellular protein profiles of PETX-Behli-1 grown on different media (A) SDS-PAGE
where lanes M: Marker [Genei); lane 1: un-induced MSE alone; lane 2: indaced [MSB+colloidal
chitin). Proteins were stained with Coomassie brilliant blue R-250 (B) Native gel assay where lane 31
PETX-Behli-1 on MSB+chiting Arrows indicate isoforms
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Fig. 94 Antifungal activity of chitinase containing erude
extracellular proteins of PETX-Behli-1 inhibitimg the 1 in pot experiments. i Planis
mycelial growth of E oxysporum f.sp. Iycopersici. Wells itreated with PETX-Behli-1
1-phosphate buffer (100 mM/L:; pH 6.0); 2: phosphate echallenged with Fusariam
buffer+fungal speres (3 x 10° comidia/ ml); 31 oxysporum fsp. lycospersici; ii
extracellular protein (400 ugl +fungal spores and iiir pathogenic controls

Genetic diversity of Fusarium spp. inciting rhizome rot of ginger and its management by
PGPR eonsortinm in the western Himalayas

The genetic variability of 32 Fusarinm isolates from diseased ginger rhizomes from the western
Himalayas in India was analyzed by the unweighted pair group method with arithmetie
averaging using ranlomly amplified polymorphic DNA amplicons. Two major clusiers formed.
One was dominated by F. oxysporum and the other by £ solani. Tale-based formulations of the
plamt growth promoting rhizobacteria (PGPR) strain XXBCTN (Baciffus subtilis) and a
mixture of S2BC- 1 | B. subtilis) with TEPF-Sungal (Burkcholderia cepacia) which also inhibited
F: oxysporum and F: solani, were developed for rhizome dressing and soil application in ginger
fields. Maximum rhizome production (85.2 %) (Fig. 96| with fewer vellows and rednced
rhizome rot incidences (87.8 %and 88.4 %) over the control was recorded in a polyhouse.

Fig. 96 Peformance of the antagonistic strain mixture, S2BC-1 (B. subtilis)+TEPF-Sungal
[Buirkholderia eepacia) in pot experiments (A) rhizome yield and (B) root length where T1: S2BC-
1+TEPF-Sungal; T2: untreated control; and T3: pathogenie control
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An associated increase in chitinase, b-1.3-glucanase, and polyphenol oxidase was also
recorded (Fig. 97). The strain mixture treatment also promoted plant growth and enhanced
rhizome production by 45.8 % in field experiments. The PGPR strain mixture reduced yellows
and rhizome rot incidences by about 50.5 % and was comparable to a mixture of carbendazim
and mancozeb fungicide.

1 2 3 4

A B

Fig. 97 Native-PAGE analyses for (A) peroxidase and (Bl polyphenol oxidase isoforms induced by
the antagenists in gimger rhizomes on challenged inoculation with isolates as GIFOZ-UHF (F.
oxysporem) and GIFU-Kohli-3 (E selani] respectively. Lane 1: XXBCTN: lane 2: S2BC-1+TEPFE-
Sungal; lane 3: pathogenic control; lane 4: untreated control; and arrows indicate the isoforms

PLANT MICROBE AND SOIL INTERACTIONS
Understanding pathegensis of Venturia inaegualis

in an earlier study on transcriptome analysis. some map kinases were identified in the
secretome of V. inaequalis. Among these, HOG1 MAPK was found to have a good level of
similarity with M. griesea HOG 1. Bioinformatically. it was found to associate with- MAP kinase
PBES2, bZIP transcription factor, tyrosine protein phosphatase-1, HPT superfamily protein,
dual specificity phosphatase, catalase-1 and aquaporin-9,

Similarly, SLT2 kinase (having similarity with Sclerotinia sclerotiorum was found to have an
interaction network with- MAP kinase kinase pecl like protein, sering/threonine-protein
phosphatase, MADS superfamily transeription factor, putative tyrosine protein phosphatse
popl protein, bZIP transeription factor and KH domain RNA binding protein.

Identification of putative defense-related geneis) induced in response to biocontrol agents
SDS-PAGE protein profiles of tomato (Yash) planis induced by bioconirol agents after challenge
inoculation with F. oxysporum iseolates, TOFOL-IHET (Al TOFS-OVR (B) and TOFU-CBE 1(C)
indicated significant differences in the banding patterns relative to pathogen control. In suitable
profile obtained after several attempis six proteins were differentially expressed when these
were trypsin digested and subjected to MALDI Tof Tof analysis. putative defensin-like protein
270, NADH dehydrogenase and pulative lipoxygenase 5 were identified by MASCOT analyses

IFig.98).
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Fig. 98 2-Dimemsional electrophoresis of protein profiles of tomato [Yash) plants induced by
Trichoderma spp. after challenge inoculation with Fasarium oxysporam isolates (A) CAUTX
Kukam f{treatment) (B) TOFS-IIVR [eontrol], Arrows on the gel indicate the nmumber of spots

upregulated and downregulated; Spotsl-6 in treatment are upregulated and slightly appeared or
absent in conirol. These spots from ireatment were taken farther for mass spectrometry.

Understanding role of transeription factors during disease development by Cucumber
mosdaic viras

During C. sativus infection by CMV, several following transeription factors with altered
expression profile were identified. These included- B3 {14x regulated), RFC3 replication
factor C subunit 3, G Box binding factor, MADS box binding protein AGLS, Ethylene-
responsive transcription factor RAV], Transcription activator LFY-like protein, Ethylene-
responsive transcription factor 7, Transceriplion factor GTEG. MYB123, Transcription factor
EGLL, Nuclear transcription fartor Y subunit ©-2 amnd Ethylene-responsive transeription
factor RAP2-12.

Maolecular evidence of Cucumber mosaic virns subgroup Il infecting Capsicum annuum
L. in the western region of India

Viral infections are one of the major limitations in the production of Capsicum annuum L.
(Chilli-pepper). Therefare, a survey was conducted in chilli growing areas of HP and samples
(leaves and fruits) showing symptom of viral disease were exclusively collected and tested for
the presence of various known plant viruses found in chilli-pepper. On the basis of serological
and molecular based reactions. the viruses were klentified as Cucumber mosaic virus (CMV),
Tomuato spotted wilt virus ([TSWV), poty virus and gemini viruses and CMV was found to be the
most abundant. When the izolate was mechanically transmitted to the indicator planis
belonging to Cucurbitaceae, Chenopodiaceae, Solanaceae and Fabaceae families. they
exhibited characteristic symptoms of mosaic and mettling. The coat protein (CP| gene of the
CMV was amplified using RT-PCR with CP Gene-specific primers, cloned and sequenced.
Sequence analysis revealed that the CP gene had homologies of 95-99 % at nucleotide level with
the sequences of CMV subgroup II. The phylogram assigned that the CMV isolate infecting chilli-
pepper is clustered well with the other analyzed isolates belonging to subgroup IL
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Recombination study on this virus isolate revealed the virus is a major parent involved in
recombination event of isolate 241. The findings will be useful in understand the role of CMV
subgroup Il as a major virus-causing disease infecting chilli in western Himalayan region of
india.

Simultaneous detection and idemtification of four cherry viruses by two step multiplex RT-
PCR with an internal comtrol of plant nad5 mRNA

A multiplex reverse transcription-polymerase chain reaction (ImRT-PCR) was developed and
standardized for the simultaneous detection of four cherry viruses: Cherry virus A (CVA, genus
Capillovirus), Cherry necrofic rusty moftle virus (CNRMV. unassigned species of the
Betaflexiviridae), Little cherry virus I (LChV-1, genus Closterovirus) and Prunus necrotic
ringspot virus (PNRSY, genus llarvirus) with nad5 as plant internal control. A reliable and quick
method for total plant RNA exiraction firom pome and stope fruit trees was also developed.
Conditions were oplimised and all four viruses were detected suceessfully by mRT-PCR in
artificially created viral RNA mixbture and field samples of sweet cherry (Fig, 993, The identity of
the viruses was confirmed by sequencing, The assay could detect above viruses in diluted cDNA
(107°) and RNA (107"} except for PNRSV which was detected only in ten times lesser dilution.
The developed mRT-PCR has potential use in the detection of viruses from single or multiple
infections of sweet cherry and other stone and pome fruits virus indexing, plant quarantine and
cerfification programs.

@@ M 1 2 3 4 5 8

CHRMY

LChv=1
nad5

Fig. 99 (A) Sensitivity limits of mRT-PCR for all four cherry viruses (CVA, PNRSV.CNRNV and
LChV-1) using 10-fold serial dilutions of cDNA (B) total plant RNA where nad 5 mRNA is internal
conirel, lanes 1-6: 100-10-5 serial dilutions, lane M: 100 bp DNA ladder

Immunediagnostics for Cherry virus A and Cherry necrotic rusig mottie pirus

Cherry necrotic rusty motile virus (CNRMV) and Cherry pirus A (CVA) are important graft
transmitted viruses in the family Betaflexipiridae, infecting cherry. CVA in combination with
other stone fruit viruses cause severe symptoms and disease in both cherry and non-cherry
hosts. CNRMYV infected tree showed reduced growth, significant yield loss and early death.
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Therefore, a DAS-ELISA and IC-RT-PCR based diagnostics for CVA. and first report of DAS-
ELISA based diagnostics for CNRMV were developed for the first time. A total of 74 and 43
samples were checked Tor CVA and CNRMV, respectively. Forty ont of 74 samples tested positive
for CVA and 20 out of 43 tested samples were positive for CNRMV. Antibodies raised against
recombinant CNRMV CP also detected the virus consistently in western hiot analysis with high
sensitivity and specificity. IC-RT-PCR was then developed for the detection of CVA using the
produced antibody.

Maolecular characterization and intermolecular interaction of eoat protein of Prunus
recrotic ring spot viras: implications for virus assembly

Coat protein (CP) and RNA3 from Frunus necrotic ringspot virus (PNRSV-rose), the most
prevalent virus infecting rose in India were characterized and regions in the coat protein
important for self-interaction, during dimer formation were identified. The sequence analysis
ol CP and partial RNA 3 revealed that the rose isolate of PNRSV in India belongs to PV-32 group
of PNRSV isolates. Apart from the already established specific features of PV-32 group
member's additional group-specific and host specific features were identified. Presence of
methionine at position 90 in the amino acid sequence alignment of PNRSV CP gene belonging to
PV-32 group was identified as the specific conserved feature for the rose isolates of PNESV. As
protein-protein interaction plays a vital role in the infection process, the portions of PNRSV CP
responsible Jor self-interaction using yeast two-hybrid system was identified. Analysis of the
deletion clones revealed that the C-terminal region of PNESV CP (amino acids 153-226) plays a
vital role in the inferaction during dimer formation. N-terminal of PNRSV CP is previcusly
known o be involved in CP-RNA interactions. bui this study suggesied that N-terminal of
PNRSVY CP represented by amino acids 1-77 inferacts with C-ferminal (amino acids 153-226) in
yeast two-hybrid system and has probable involvement in the CP-CP interaction.
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REGULATORY RESEARCH

Anthocyanins rich black earrot extraet (BCE) was evaluated for acute oral toxicity using female
wistar rats. When the test formulation was dissolved in disiilled water and orally fed to the
animals alter overnight fasting. no toxic signs and mortality was observed. No gross and
microscopic lesions were found in the vital organs. The LD, of the test formulation was found
to be greater than 2000 mg/kg body weight (bw) Fig. 100.

Fig. 100 Histe-pathological analysis of anthocyanins rich black carret extract en (A) liver; (B}
kidney

The formulation was also tested for its antidiabetic activity in Type-1 diabetic rat model by 1P
injection of streptazotocin a well known chemical inducer of Type-1 diabete, at 50 mg/kg bw.
Higher body weight gain [Fig. 101) and reduction in blood glucose levels (Fig. 102) was
recorded after treatment. Improvement in platelet count as well as serum biochemical
parameters like alkaline transferase (ALT) and lipid peroxide (Fig. 103) were also observed. In
contrast, the BCE treated groups had lower intensity of lesions in liver fissues (Fig. 104 A).
Degeneralive changes in kidney tissmes were also lower (Fig. 104 B). Moreover, cross
pathological studies on pancreas revealed proper recovery of Islet of Langerhans {Fig. 104 C).

BCE was concluded to have anti-diabetic efficacy in streptozotocin indueced Type-1 diabetic
animals.

Group 1 Normal control rats

Group 2 Diabetic rats induced bystreptozotocin) (50
mg/kg bw) IP

Group 3 Diabetic +glibenclamide 1mg/kg bw orally

Group 4 Diabetic + BCE 100 mg/kg bwpre-treatment

Group 5 Diabetic + Anthocyanin 100 mg/kgbw oral

post-treatment
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Fig. 104 C Pancreatic Islet of langerhans
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INDUSTRIAL DIMENSIONS OF CSIR-IHBT

BUSINESS OUTREACH OF CSIR-IHBT
AN UNIQUE AUTOCLAVABLE SUPER OXIDE DISMUTASE (50D) ENZYME

The technology developed on the production of an unigque autoclavable Super Oxide
Dismutase (S0OD) enzyme was iransferred to M/s Phyito Biotech, Kolkata through an Mol
signed on the Transfer of Technology on 3“ April, 2014.

THE AGREEMENT

= CSIR-IHBT: Provide the know-how and technical support for large scale production of
pure SOD

+ M/s Phyto Biotech, Kolkata: Commercially manufacture and market the autoclavable
S0OD

[ -

mﬂwmmmmmmmmumm
Biotech and Dr. BS. Ahuja at CSIR-IHBT, Palampur

THE UNIQUENESSS OF THE SOD ENZYME DISCOVERED AT CSIR-IHBT

» The Cu, Zn SOD was obtained from the plant, Pofentilia atrosangainea Lodd. var.
argyropliylla fWall. ex. Lehm.)
* The plant grows at an altitude of about 4.500 m in the cold deserts at Kimzum Pass (HP).

» Like all S0ODs, it eatalyzes the dismutation of toxie superoxide radicals (0,) to molecular
oxygen and hydrogen but at temperatures ranging from sub-zeyo to >50°C.

» [ refains its activity even after autoclaving li.e.. heating at temperature of 121 °C and
pressure of 1.1 kg per square cm for 20 min).

» Crystal structure of the protein showed that unlike all other SODs where Gly is
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conserved at position 10, the Gly in the
SOD from B atrosanguinea (Pa-SOD)
was substituted by Ser. Moreover, the
aceessible surface area on dimer
formation is also the lowest to date
(2.16). indicating the smallest gap within
the SOD dimer. The percentage of
nonpolar atoms in Pa-S0D was also the
highest amongst structurally deseribed
Cu, Zn SOs.

Crystal structure of the SOD enzyme

These intriguing structural fealures may be responsible for its increased hydrophobicity,
theromostability and higher range of Pa-SOD activity.

The journey from discovery to market

* Pa-SOD SOD gene was isolated from the cold desert plant. P afrosanguinea: expressed
in E. coli for its ex situ produetion such that the enzyme thus producerd retained the same
unique features as that of the native plant.

* Pa-SOD was over-expressed in plant systems such as arabidopsis and potato to show
enhanced stress tolerance through the up-regulation of lignin biosynthesis pathway. The
potato transgenics showed improved nitrogen content, significantly higher net
photosynthetic rate, improved rooting and shoot bealth, and also better tuber yield as
compared to the control.

* The thermostability of the Cu, Zn SOD was increased by modulating the kinetic
properties of the enzymes through single amino acid substitution. Cys-895 was replaced
with Ala. Subsequent increase in the monomer to dimer ratio to 33 fold in CO5A as
compared to wild type enhanced the thermostability of the protein significantly.
Increased thermostability was due to reduced irreversible denatnration in the mutant as
evidenced by CD data.

Control

Transgenic -.-

Increased lignification in tramsgenic arabidopsis expressing PaS0D
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Implications of the technology

SOD enjoys high demand and handsome price in the global market due te its high antioxidant
properties and multiple uses. The SOD-based formulation can be used by:

» Cosmetic industry for anti-ageing creams

+ Food indusiry for extending shelf life of fruits and vegetables

»  Medical indusiry during cryo-surgery and preservation of organelles
Other technologies / products ready for transfer

CSIR-IHBT is committed to bridge the gap between academia and industry. and to put iis
scientific knowledge, expertise and skills for the benefits of different sections of the society.
Mosily green processes are being used for the extraction and production of nafural produets
from plants which includes flavours. fragrances, essential oils, hydrosels. high intensity
natural sweeteners, natural colours and dyes, rutin, aescine ete. Specific equipments and tools
have been also developed for different operations. The infrastructure created in the institute is
also being used to serve the needs of the indusiry by providing seientific and techmical backup.

STEVIOL GLYCOSIDES [5Gs)
« 80Gs are low calorie high intensity sweeteners used in food and beverages.

= CSIR-HBT has developed a simple, eco-friendly green process for extracting total steviol
glveoskdes (SGs) with a purity of = 85 % from Stevia rebaudiana leaves,

mw; r_g : .
|
_— = CF
" rI-I-éw.v.Iq'«-,ﬂ,-.J EEH ]
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Produet containing >95 % $Gs and its HPLC characterization

Salient features of the technology
* Greentechnology where there was no use of hazardous/toxic solvents
*  Yield: 9-10%
*  Product meets the JECFA specilications
* Costeffective process
* Process patented in Vietnam and South Korea.
Produect developed using SGs as alternate sweetener

» Table top sweetener ‘'HIM Stevia'
» Readytodrink tea ‘Tea Fizz'
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Ready te drink tea (RTD) Table top sweeterer Table top sweetener
sweetened with SGs powder 'HIM Stevia' sachet 'HIM Stevia' pouch pack
(30 pouches of 1 g each]

TEA PRODUCTS
Ready to drink tea (RTDs)
+ Developed from secondary grade green and black tea, and comtains 50 mg/150 ml and 25
mg/150 ml catechins, respectively.
+ The concentrate can be diluted to make hot or cold beverage with water or carbonated
waler.
+ [thas more than 6 months' shelf-life at 4 °C,
* [t can be sweetened with sugar/low calorie sweeteners,
aned served chilled with a flavour of choice.
* Tea concenirates can be mixed with fruit concentrafes
for novelty and value addition.
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Tea wines

» Lowaleoholic health beverages prepared from
secondary/low grade teas with or without
seasonal fruits.

» The secondary/low-grade teas are fermented
in specially designed food grade HDPE barrels
to produce wines containing 12-15 % aleohal.

= These wines aged for 8-12 months in a
protected hygienic environment preserve all
the health benefits of tea.

= Tea wines have distinet aroma and flavour
characteristics.

Tea wines prepared from secondary grade black tea
“= and locally available wild fruits

Tea polyphenols and theaflavins

L

Wide application as nutraceunticals, food preservatives. and
food eolorants.

Extracted from underutilized paris of the tea plant, mainly
flowers and maiure shoots, using green solvents,
concentrated, purified and spray dried.
Tea polyphenols contain 60-70 % catechins.
Theaflavins are orange coloured tea pigments formed from
palyphenals during black tea manufacture.
These are dimeric products of eatechins with high
antioxidant activity.
The purified tea polyphenals are treated with PPO enzyme to
produce theaflavins. Theaflavins
The theaflavins thus formed are purified and spray dried.

Tea aroma

« The volatile aroma components (up to 0.01 %) were extracted from secondary/low grade

orthodoxblaclk tea.

« Aroma concenirate from infused leaf was fractionated to give different top notes for use in

perfumery. food and heverage flavouring, and personal care products.

092
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GC profiles of different fractions of Kangra orthodoexblack tea aroma showing volatile components

Tea based herbal mouth freshener i
* Mouth freshener is based on tea and Himalayan flora
with known anti-dental caries properties.
* The antioxidant activity is due to catechins,
d-terpineol, 1,8-cineole, and linalool, 2-undecanone.

The freshener has a shelf-iife of more than 8 months
at ambient temperature.

Different products and processes were developed using dietary fibre from apple pomace
+ A process for extraction of dietary fibre.
« Extruded snacks from dietary fibre.

= A protoiype for mechanical removal of seeds at industrial seale from pomace (Patent
publication no. W0/2013/068028).

= Edible apple seed oil with 15-20 % yield. It has good health properties owing to presence of
linoleic acid (PUFA).




%  CSIR-IHBT Annual Report 2013-14
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1. Palmitic acid (7.85%)
2. Oleic acid (38.78 %)
3. Linoleic acid (50.77%)
4. Stearic acid (1.93%)
5. Arachidic acid (0.68%)

1—4

40 10.0 20.0 0.0 0.0 “un
Ran Tone (min)

GC-MS chromatogram of apple seed woil
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Value added food products from buck wheat and mango
+* Buck wheat based “Laulipuff”-healthy snacks and
natribar.

mmcks | .
* Nuiritionally enriched- mango bar for combating
malnutrition among children and women.

Nutritionally enriehed- mango bar
Laulipuff“-healthy snacks and nutribar
Natural colours using green techmology

A technology for producing highly water soluble,
Produet developed employing ervstalline natural colours with better shelf life was
developed using green technology. These colours
show hetter consistency in qualiiy.

Salient features of the technology
* Non-hygroscopie erystalline product
» Readily soluble in water and alcohol
= Improved stability and shelf life
* Green and cost effective process
+ Safe for human consumpiion

« Patented technology (Patent Tiled:
WO/2010/10986)




Essential oils, perfumes and flavouring compounds

+ Essential or volatile or ethereal oil was extracted from various plant parts and resinous
exudates,

+ Each essential oil is a
complex mixture of many
compounds and in some .
case it is more than 250 b _,\I\}"' 3
single compounds. I

+ These can be used in |~

&

perfumery. aromatherapy. \qi
cosmetics, incense, for
flavouring food and : \ .
beverages, health care and S e, e Ty

household cleaning Essential oils pmﬁudmﬂ;llp]m:t nsm.nmrmﬂ;pm-
products.

* Rose water and rose oil

+ Rose oil and rose water were produced from freshly
plucked flowers of Rosa damascena (damask rose)

+ Its main constituents are citronellol, geraniol.
phenylethyl alcohol, linalool, rose oxides and
stearoptenes.

+ The producis can be used in perfumery, skin care, foods
and cosmetics, and are available at competitive prices.

= Complete technology packages on damask rose
cultivation amd production of rose oil and rose water are Himal rose wat tnced

available. from Damask rose flowers

Large scale production of substituted cyclohexane-1, 3-
dione
= A large scale process for substituted cyclohexane-1, 3-

dione synthesis from un-substituted or substituted
acetone and o, p-unsaturated esters was developed.

+« Substituted cyclohexane-1,3-diones are the basic units |
found in several natural products, bioactive alkaloids and
acridine dione type heterocycles. polyphenols and

unnatural amine ackds. Substicwied cyclehexane-1,3-dione
+ Potent herbicidal and pesticidal active mwolecules contain cyclohexane-1,3-dione
derivatives.

= This facile, atoan econamic and one-pot process for the synthesis of the intermediate is
highly impaortant in the area of or ganie synthesis.

96
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VIRAL DIAGNOSTICS
ELISA based diagnostic

* A rapid cost effective and reproclucible ELISA based diagnostic kit was developed for
early detection of various apple and cherry viruses (Apple mosaic virus [ApMV]. Apple
sfem pitting virus (ASPV). Apple stem grooving virus (ASGV), Apple chlorotic leaf spot
pirus (ACLSV). Prunus necrotic ringspot virus (PNRSV), Cherry virus A (CVA)L. Cherry
necrotic rusty mottie virus (CNRMY).

* Facilitates diagnosis of virus infection at nursery level for selection of quality plants with
minimal virus titre and infection.

DAS-ELISA kit (Prumu necraitc ringspol virus)

Store mt 4°C

L B

Two step multiplex RT-PCR for simultaneous detection of viruses

* Simultaneous detection of viruses of apple [Apple mosaic virus (ApMYV], Apple stem
pitting virus (ASPV), Apple stem grooving virus [ASGV], Apple chiorotic leaf spot virus
(ACLSV) and Appile scar skin viroid [ASSVd] and four cherry viruses: Cherry virus A
(CVA, Genus: Capillovirus), Cherry necrotic rusty mottle virus (CNRMV, unassigned
species of the Betaflexiviridae), Little cherry virus 1 [LChV-1, Genus; Closterovirus) and
Prunus necrotic ringspot virus [PNRSV, Genus: llasvirus)

* The kit is useful for the detection of viruses from single or multiple infections of stone
and pome fruits.

* [Ithasapplications in virus indexing, plant quarantine and certification programs.

*  Primers for the above assay for apple and cherry viruses are available for anyone who
wishes to carry such diagnostics.
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MICROBIAL INOCULANTS FOR IMPROVING AGRICULTURE PRODUCTIVITY

The application of plant growth-promoting bacteria has atiracted worldwide attention for
improving agriculiure productivity. The successful outcome of their application depends on the
selection of efficient strains with multiple plant growth promoting activities. Solubilization of
inorganic phosphates is one of the key mechanisms of rhizobacteria direetly affecting the soil
fertility. Aceordingly. the institute focused on the selection of stress-tolerant and rhizosphere-
competent strains with multiple and broad-spectrum plant growth-promoting atiributes.

Salient Features
» Elfficient phosphate-solubilization
« Production of plant growth hormones
«  ACC-deaminase activity for breakdown of ethylene responsible for reduced root growth
» High antagonistic activity to fungal pathogens
* High stress tolerance against desiccation, alkalinity, salinity and calcium salts
» Highrhizosphere competence for establishment in the rhizosphere
= High root nodulation and nifrogenase activity by rhizobial strain
= Enhanced growth and yield in different crops-pea, potato, brinjal, tomato and garlic
« Reduced application of inorganie fertilizers

PGP Attributes *Yield increase in pea, potato, \I:. caulifiower and maize Field Testing

» Saving of inorganic fertilizers
* Microbial Incoulant licensed ta M /s Multiplex Biotech Pvt Ltd
KulluDiste. R

Mandi Distt

Farmers' Fields
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CSIR 800 PROGRAMME
FOR RURAL DEVELOPMENT

EXTENSION AND ADVISORY SERVICES

Farmers' Training-cum-Orientation Workshop series: Medicinal, aromatic, cut flower ancd
bamboo plantations offer crop diversification opportunities in the state of Himachal Pradesh.
Therefore, dedicated series of Training-cum-Orjentation Workshops were organized on the
cultivation, value addition. utilization and marketing of medicinal, aromatic, cut flower crops
an<l bamboo plantations at CSIR-IHBT, Palampur. The course module of 3 days was conducted
in 9 batches through September 2013 to March 2014 for beneficiaries of District Watershed
Development Agency, Disirici Shimla HP. The participating 9 groups of larmers were from
Theog, Rampur aml Basantpur Development blocks of district Shimla, HE A total of 156
trainees from rural area participated in the Training-Cum- Orientation workshop.

Farmers field visits series: A todal of 153 farmers from Shimla and Kinnauwr districts of HE and
Reasi, Srinagar and Jammau districts of Jammu & Kashmir (J&K) visited the institute in seven
different groups through May 2013 to March 2014, Scientists and technical staff of the institute
provided them fully gnided access to demonstration fields, nursery facilities, bamboo museum
and processing units for exposure and awareness about the subject.

Field training to farmers from Afghanistan: One day training-cum-field demonstration on
“Production of perfume from fower crops and commercial floriculiure™ was conducted on
05.07.2013 at CSIR-IHBT, Palampur for 7 farmers from Afghanistan.

Field survey and advisory services: Eight Village Panchayats (VPs) eonsisting of 12 villages in
'Bhawarna Development Block' of Kangra district of HP were targeted. Apart from the regular
staff, 32 research scholars divided into 8 groups with each group comprising of 4 research
scholars participated in the extension activities of the institute. The groups were deployed in
these VPs, viz.. Bagoda, Kalund, Balla, Rakh, Chachivan, Gopalpur, Drati, Darognu and Thalla
for studying characteristics such as population compaosition, health, sanitation. agriculture,
livelihood options. environment., income source, nutrition, woman and child related issues of
the VPs. Base line surveys of the VPs were completed and advisory serviees were extended on
medicinal. aromatie. commereial floriculture, bamboo plantations and wtilization of local flora.
Afforestation work was also done in these 12 villages apd 1000 saplings of Phyllostachys
edulis (moso bamboo), Populus delftoides |800). Terminatia chebsula (200), T. bellirica (200)
and Robinia pseudoacacia {400) were planted.

Registration of local farmers: Local rural beneficiaries, enirepreneurs and farmers were
registered in the CSIR rural techmologies and its extension programs as per their willingness,
round the year. Enirepreneurs and farmers were registered for frainings: visit to the institute
andl regular field advisory services. A total of 341 number of rural beneficiaries and farmeys
were registered during the financial year and about 1800 registrations were completed till date.

Setting up of Demonstration Plots:
Marigeld: A demonsiration plot was established on the production of marigold (Tagetes
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erecta) cut Nlowers at the farmer's field at Gopalpur, Palampur on Sept 20, 2013 on area of 50
m’°. The planting material and know how was also supplied. All standard package of practices of
marigold cultivation were followed till the harvesting. Seeing the success of the project, the
Tarmer was convinced to adopt marigold flower cultivation in future.

Transplanting of marigold plot I:g':ﬁmily

Damask rose: Demonstration plot setup on damask rose plantation 3 years back resulted ina
good harvest of scented flowers at Kandwari village, near Palampur. The flowers were used for
rose water production using the HerboStill" developed at CSIR-IHBT . Although CSIR-IHBT
had provided the requisite facility for the distillation of rose water during the first year of
flowering, the grower installed the mini oil distillation unit on his own at his fiekd.

HerboStill" in operation of rose water distillation




w  CSIR-IHBT Annual Report 2013-14

Damask rose demonstration field
adjoining the Dharamshala Tea Esiate,
Daddi started producing scented rose
flowers which were then nsed for making
blended organic rose tea and herbal tea.

Damsask rose field view at Dharamshala Tea Estate Daddi

Wild marigold: Tagetes minuta cultivay, Himgold of CSIR-IHBT and its essential oil producing
technicues were provided to inferested growers. Seeds were also provided to them. One grower
irom Kannauj district of Uttar Pradesh and Anni village produced a total of 200 kg Tagetes oil
during November 2013 to March 2014 using the CSIR-[HBT technology.

Major essential oil compounds of wild marigold cultivated in morthern plains

Component %
Limonene 2.66
(Z)-P-Ocimene 33.89
Dihydrotagetone 13.15
ErTagetone 3.07
Z- Tagetone 12.29
Z- Ocimenone 4.00

E- Ocimenone 6.54
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Pield view of Tagetes minuta caltivation at farmer’s field
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Large Cardamoin:

About 950 plants of large cardamom were supplied to enthusiastie farmers and growers in
Kangra district of HR

Training Programmes

Trainings on various aspects of cultivation, management and value addition of Himalayan
Bioresources were imparted by the institute.

+ Trainings on “Methods of bamboo propagation and utilization” were imparted to three
batches of trainees from Forest Depi. (J&K and HP). Participants: 101.
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» Training-cum-workshop on “Bamboo propagation and utilization” was organized for
officials of HP State Forest Department on April 26, 2013. Participants: 44, Co
coordinator Dr. Anil Sood.

+ Training on “Improved production technologies for natural sweetener plant stevia® was
organized from May 7-8, 201 3. Participants: Two indusirialists of Green Kotf Pvt. Lid..
Mumbai. India.

+ Training on “Technologies for entrepreneurship and rural development” was organized
at the Summer Festival at District Administration, Dharamshala, HE May 26-28, 2013,
Faculty: Dr. Mar kandey Singh and My. Sanjay Kumar.

+ Training on “"Commercially important cut-lower crops” was organized at Kangra.
Himaechal Pradesh, June 26, 2018, Faculty : Dr. Raja Ram and Mr. Sanjay Kumar.

+ Training on “Bamboos” was organized for officials of State Forest Department (rom
Kerala & J&K August 08, 2013, Participants: 29, Co coordinator D Anil Sood.

+ Training on “Methods of bambeoo propagation” was organized for persons from Forest
Department, Sundernagar HP on September 23, 2013, Participants: 27,

Training-cum-orientation workshop on “Medicinal, aromatic and floriculture plant production
and utilization techniques” under "Sustainable utilization of regional bioresources for
enhancing livelihood options” was imparted to rural community participants from Theog,
Rampur, Narkanda and Mashobra Development Blocks of distriet Shimla (HE) on September
3-5, 2013 and September 11-13, 2013: Sponsered by District Watershed Development Agency.
District Shimla (HP].

+ A training programe on “Mushroom cultivation. a viable option for supplementing
income” was organized on Sepiember 6. 2013 ai Gopalpur Panchayat. Coordinator &
Faculty RK Sud, Virendra Singh and Jitendra Pal.

+ A training programme on “Value added edible bamboo products” was organized at the
institute on September 10, 2013. Participants: 25 ladies from Gapalpur panchayat were
given training for making bamboo candies.

+ Atraining programinie oit “Making of banbaoo candies” was organized at CSIR-[HET for
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women of TECHVIL region. Faculty: RK Sud, Virendra Singh, Anil Sood and Mahesh
Gupta. September 10, 2013.
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+ Aftraining programme on “"Management tea plantations for improving their productivity
and guality” was organized for small tea growers of HP at Chaugan. Bir on September 27.
2013. Sponsored by Tea Board of india. Faculiy: RK Sud.

+ Tramings were imparted on “Management tea plantations for improving their productivity and
quality for small tea growers of HP in association with Tea Board of India on September 17,
2013, January 22, 2014 and January 24, 2014 at village Changan, Deogram and Chobin,
respectively. Participants: 460,

+  Tramings on “Tissue enliure” were imparted to Ms. Sarita Kopra from Chamba {September 23,
2013 to October 035, 2013 and Mr. Ashwani Bhardwaj, JRF from DRDO, Delhi, { September 23,
20113 to Oetober 005, 201 3), Co coordinator Dr, Amil Sood.

+ Training cum orientation workshop on “Sustainable wiilization of regiomal bioresowrce for
enhancing livelihood options on medicinal, aromatic and flovicolinre plant production and
utilization technigues to rural community™ Participants from Theog, Rampur, Narkanda and
Mashobra Development Block of District Shimla, HP. Sponsored by District Watershed
Develpoment Agency, District Shimla, HP from Ot 03-035, Nov 19-21, Dee 3-5 & 17-19, 2013
and Jan 7-9, 2014, A practical demonstration on essential oil production was given at CSIR-
[HBT campus.
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+ Trainings on “General cultivation practices of commercially impostant floricultural
crops suitable for Bilaspur district. HP" were imparted at Department of Horticulture,
HP at Harlog, Bilaspur, October 29, 2013, Faculty : Dr. Raja Ram and Mr. Sanjay Kumar.

* Delivered a lecture on “Bamboos” to the participants from Rampur & Srahan area.
Shimia (HP], November 20, 2013. No. of Participants: 14. Co coordinator Dr. Anil
Sood.

+ Delivered a lecture on 'Bamboa’ to the participanis from Theog, Rampur, Narkanda &
Mashobra area of Shimlia hills (HP), December 17, 2013, No, of Participants: 25, Co
coordinator Dr. Anil Sood.
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Delivered a lecinre to the Officials of Forest Department of Hamirpur and farmers of
disiriet Hamirpur, (HP). January 03. 2014. No. of Participants 50. Co coordinator Dr
Anil Soad.

Training to farmers of Shimla. Theog. Rampur (HP). January 08, 2014. No. of
Participants: 30. Co coordinator Dy, Anil Sood.

Training on “Pruning programme for improving productivity and quality of Kangra tea”
was organized for small tea growers of HP by Tea Board of India on January 22, 2014 at
village Deogram, Palampur. Faculty: Dr. RK Sud.

Training on “Pruning and skiffing programme for improving productivity and guality of
Kangra tea” was organized for small tea growers of H.E by Tea Board of India on January
24, 2014 atvillage Chobin, Bajjnath. Faculty: Dr. RK Sud.

Awareness on “Technopreneur promotion programme” as a part of “Training-cum-
orientation workshop on sustainable utilization of regional bioresonrces for enhancing
livelibood options” March 11-13, 2014 at CSIR-IHET. Palampur. Facully: RK Sud.

Two training-cum-orientation workshops were conducted on "Sustainable utilization of
regional bioresource for enhancing livelibood options” from March 11-13 and 25-27, 2014. A

-

Three days training workshop on “Bambao propagation and utilization” for the afficials

of the J&K Agriculiure State Department. March 17-19, 2014. No. of Participanis: 28.
Co coordinator Dr. Anil Sood.
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« Awareness on “Technopreneur promeotion programme” as a part of the “Training-cumni-
orientation workshop on sustainable utilization of regional bioresources Jor enhancing
livelihood options”™. March 18-20, 2014 at CSIR-IHET, Palampur. Faculty: RK Sud.

+ Twa days training workshop on “Bamboo propagation and utilization” for the officials of
the HP Forest Department from Hamirpur (HF), March 21-232, 2014, Participanis: 36, Co
coordinator Dy. Anil Sood

+ Awareness on “Technopreneur prometion programme” as a part of the “Training-cum-
orientation workshop on sustainahle utilization of regional bioresources for enhancing
livelihood aptions™. March 25-27, 2014 at CSIR-IHBT, Palampur. Facully: RK Sud.

* Three days fraining workshop on "Bamboo propagation and utilization for the Officials
of the J&K State Forest Department and farmers, March 29-31, 2014. No. of
Participants: 33, Co coordinator Dr. Amil Sood.

Comntest for designing an appropriate Gram Vigyan Kutir

A contest was organized among the architectural students of NIT Hamirpur for proposing a
suitable design for a Gram Vigyan Kutiv (village science centre). It was desired that the GVE
should be built frugally with local resources but in an eco-friendly and innovative manner. The
GVK also had to be context-specific inorder to blendwith its natural environment. .

Forty designs {33 from individuals and 7 in the form of groups, where each group consisted of 4-
7 students) were received. The winners of the first, secomd and third designs were given
appreciation certificates and cash awards of Rs. 15,000, Rs. 10,000 and Rs. 5,000, respectively
All participants were given the participation certificates.

S5ECTION

First Prize Winner Mr. Ajay. M. Mathai
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SECTION XXX, (1:100)
Second Prize Winner-Mr. Rohit

Third Prize Winner

Group of the following
Mr. Ajay. M. Mathai, Mr. Manu Yadav, Mr. Prosanta Das, Mr. Sandeep Deb,
Mr. Santosh Kumar, Mr. Vikrant Chkanhan, Mr. Sidhant Srivastava
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FACILITIES AND S & T SERVICES

State of the art facility at pilot plant

A pilet scale thin film. spinning cone svaporator particularly suited for the concentration of
heat-sensitive, valuable and viscous producis was installed at pilot plant of CSIR-IHBT. It offers
an exceptionally short residence time, less thermal impact and much greater processing
flexibility than traditional rising or falling film evaporators. The other utilities including chiller
and hoiler were also commissioned.

sieim |‘I'1"'ri'l;.ﬁ|1'- |
The pilot scale thin film, spinning cone evaporator installed at CSIR-IHBT

State-of-the-art facility of high throughput DNA sequencing : -
u

A third generation DNA sequencing-PacBio RS II System was
FPacBio RS II System

installed at Biotechnalogy division. The teclmology is based on
Single Molecule Real Time Sequencing (SMRT]. This facility
will be used for high throughput sequencing studies on
denomes, transcriptomes and methylomes of Himalayan
bioresources. The equipment will also benefit other
universities/institutes. This third generation sequencing
system was comumnissioned successfully.

S&T serviees rendered

+ Seven potato samples from Mfs Mahindra Shubhlabh, Palampur were tested for Pofato
virus Y, Potato viries X and Potato pirus S.

+ About 350 kg rose flowers harvested from the garden of a local grower, Mr. B.B.L Butail
were processed at Pilot Plant for production of rose water.

+ Lemongrass weighing 568.2 kg on fresh weight basis was supplied by a farmer from
Jaisinghpur for steam distillation on Pilot scale. This technical service was also
rendered to the local farmers to facilitate processing of their harvest for value added
products,
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*» Twa batches of fresh ginger rhizomes weighing 19.3 kg and 10 kg were distilled in
HerboStll™ and the process was demonstrated o the staff members of DST, Govt. of
India.

+ Tagetes minufa weighing 186 kg supplied by Mr, Ravinder Pal. a local farmer from
village Bir, Teh. Baijnath was distilled on mobile distillation.

+ Bark of Arjuna {Terminalia arjuna) and pericarps of Haritaki (Terminalia chebula)
supplied by M/s Baijnath Pharmaceuticals (P} Ltd., Paprola were hydro extracted an
laboratory scale as per the protocols of Ayurvedie Pharmacopoeia of India (Part,
Volume-I11, First Edition) to optimize the various process parameters.

Establishment of a plant tissue culture lab

A tissue culture lab was established at village Juthed for M/s AK Biotech Pvt. Litd in a very remote
corner of Distt. Chamba. The project included redesigning of the existing infrastructure,
providing list of requisite equipments and their suppliers, supply of mother cultures for
initiating the work and trouble shooting. The personnel involved in the project were trained in
tissue eulture procedures and multiplication of the targeted species.

Plant tissue culture lab of M/s AK Biotech Pvi. Lid at village Juithed, Chamba
(A) auteclave [B) multiplied eultures of fargeted species
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SUPPORT SERVICES

PROJECT PLANNING, MONITORING & EVALUATION CELL

* Compiled information on significant achievemenis of the institute for the CSIR Annual
Report, and also submitted mouthly reporis to CSIR HQ.

= Developed a website for the Indian Fern Soclely and hosted it on [HBT web server to
provide information about the saciety, its constitution, activities etc. The different issues
of the Indian Fern Journal were also made available on the website.
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[nformation of 11 ecompleted projects was included in the compendium. thereby, totaling

the information of projects and their outputs to 162.

* The cell recorded the initiation of 7 new projects funded by various agencies.

« The institutional performance w.rt publications, ECE patents, technology transfers ete.
were monitored on a regular basis.

« Maintenance of databases and information perfaining to project. staff, publication.
patent, ECF, royalty, Moll, resource management etc. were updated on a routine basis.

= The 49" aud 50" meeting of Research Council of CSIR-IHBT. Palampur were coordinated
on 22" June 2013 at CSIR Science Center, New Delhi and 11-12* November 2013 at
CSIR-IHBT, respectively.

« The queries relating to project trainings were resolved and made necessary
arrangements for imparting training to 60 winter and summer trainees.

« Inorder to encourage and nurture scientific temperament among young children. visits
of students from schools and colleges were organized from time to time.

= Informationon 13 cases under RT1 Act was furnished, and quarterly reports were filed to

RTI portal www.rti.gov.in.
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« Different institutional functions such as National Technology Day, IHBT Foundation Day.
CSIR Foundation Day and National Science Diay were organized by the cell.

* CSIR-IHBT website (hftp:/www.ihbires.jp) and intranet portal (htip:/ppme) were
regularly updated.

* In a joint activity of the Stores. Finance, Administration and PPME, various tasks were
carried out under OneCSIR - Enterprize Transformation Portal for implementation of
ERE

COMPUTER CELL

IHBT has camipus wicle network facilities for more than 350 data nodes over the fiber backbone
with a fleet of servers from HP and IBM. A dedicated 1 Ghps leased line was provided under the
National Knowledge Network for internet facility throughout the campus including hostel and
Taculty residences. LAN Tlacility was further extended to the new Academic Block on optical
backbone,

A virtual class room was successfully set up to help scholars to attend classes in real time and
the faculty to take simultaneous “live” classes on line.

The institute is equipped with network security hardwares like Unified Threai Management
Solutions, 1DS, IPS, eentralized anti-virus on elient server based model and SMTP spam/virus
proteciion sofiware eic. [ts policies are deployed to protect IHBT resources centraily.

Constant support was lent for in-house management of [HET DNS (Domain Name Server),
WEE, Email and Proxy servers on Linux. Video-conferencing with CSIR and other labs was also
facilitated for discussingcrifical issues and taking decisions.

In addition te the above actitivies, the cell constantly extends services related to networl,
computers and peripherals over Local Area Network in the campus.

IHBT-KNOWLEDGE RESOURCE CENTRE (IHBT-KRC)

The Library houses books, e-books, Hindi baoks, bound volume journals, theses, compact
dises and other documents in the field of Seience and Technology and some other subject areas.
This year, 234 books were added to the collection to make a total of over 14421. The library is
fully computerized through the LibSys software which will be soont converted to KOHA
software. The library can be easily accessed from anywhere in the world through iis portal i.e.,
/Al il

Library OPAC: The Ouline Public Access Catalogue (OPAC) can be accessed using the site i.e,
http:/dibrary.ihbt.res.in:8080fopacv6/himl/SearchForm.

The institute is a member of the National Knowledge Resource Cenfre Consortium (NKRC).
Thus, it is possible to access 2000+ e-journals of all major publishers, patents, standards,
citations and bibliographic databases.

User orientation: The routine activity of orienting new users on the access of online journals
and databases was continued for wide and effective nse of resonrces.

Newspapers clippings: The library subsecribes 16 newspapers in both Hindi and English. and
includes eminent dailies such as Hindustan Times, The Tribune, Dainik Bhaskar, The
Economic Times, Punjab Kesari, ete. The library also provides newspaper clippings on a blog
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e, httpefihbtinnews.blogspat.in/.
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visitors including scientists, stmdents.
research scholars and faculiy meimnbers
from several academic and R&D _
institutions. The library loaned 1285
boaoks and other documents to its
members during the year. Research work - =
of seiertists, research scholars and staff | § H n!I
of the institute was facilitated through
photocapying and laser printing services
1>4.5. lakhs of pagesi).

PHOTOGRAPHY UNIT

Comprehensive photographic and videographic services were provided for R&D activities of the
institute This included recording of research activities/results both in the labs as well as in the
fields. In addition to these, the unit covers the activities of all the official functions, trainings.
workshops, conferences and symposia organized in the institute. The highlights of the year
include:

Design: The cover pages of the staff club magazine 'Manthan' and the Abstract book of the.
Third National Symposium on Emerging [ssues in Chitin and Chitosan Research’ organized by
CSIR-IHET, Palampur and [ndian Chitin and Chitosan Society (1CCS), 7-8" June, 2013 were
designed along with the logo and information brochure. Pages on important events as well as
the cover page of the Annual Report 2012- 13 were conceived and designed. In addition to these.
the Institute fokler and the certificates of participation for various training programmes were
designed.

Videography: Programmes such as those of the 'Third National Symposium on Emerging
issues in Chitin and Chitosan Research’ Krishi Darshan of Shimla doordarshan.
Plantation/revegetation of closed dumping sites of Parbati Hydro Electric project Stage-1I of
BHPC 1 10 in number) were recorded.

Documentary Film: The documentary film on CSIR-IHET was made under the divection of Di.
Gauhar Raza, SCM-NISCAIR Production. New Delhi.

CSIR-IHBT YouTube: An account was opened on the YouTube for CSIR-IHBT, where seven
short films on various research and extension activities of the institute were uploaded and
maintained.




w  CSIR-IHBT Annual Report 2013-14

PATENTS, PUBLICATIONS,
HUMAN RESOURCES AND PUBLICITY

PATENTS FILED
India

Anish Kaachra, Surender Kumar Vats, Paramvir Singh Ahuja and Sanjay Kumar (2014] A
new energy efficient process for manufacturing of high quality green tea with enhanced flavor,
0190NF2012/IN dt. 10/02/2014.

Abroad

Rajesh Thakur, Anil Sood and Paramvir Singh Ahuja (2013) A hioreactor vesse] for large
scale growing of plants under aseptic conditions. 00 18NF2012/W0O dt. 01/08/2013.

Vijai Kant Agnihotri, Bikram Singh, Garikapati Dyva Kiran Babu, Gopi Chand, Rakesh
Deosharan Singh and Paramvir Singh Ahuja (201 3) Process for the modification of Curcuma
aromatica essential oll, GCOS5NF201L/RU di. 29/10/2013, 0055NF201 LJEP «t. 14/08/20135,
O0S55NF201 1/US di, 20/08/2013, 0055NF201 1/BR dt. 16/09/2013,

Anish Kaachra, Surender Kumar Vats, Paramvir Singh Ahuja and Sanjay Kumar (2013} A
method for enhancing status of carbon, nitrogen, biomass and yield of plants, 0057NF201 1/JP
dt. 18/10/2013, DO5TNFZO1 L/AU di. 18/10/2013, 0057NF2011/NZ dt. 18/10/2013,
O057NF201 1/MX dt. 18/10/2013, OOS7NF2011/US dt. 19/10/2013, 0057NF2011/PH dt.
21/16/2013, 0057TNF2011/EP dt. 12/11/2013, DOSTNF2011/ER dt. 18/11/2013,
OO57NF2011/CN dt. 06/12/2013.

PATENT GRANTED
India

Srigurupuram Desikachar Ravindranath and Krishna Kumar Singh (2013) A jacket
attachment for carrying pertable skiffing and shoot harvesting machines, 258005 dt.
27/11/2013.

Sanjay Ghwana, Kashmir Singh, Jyoti Raizada, Arti Rani, Pradeep Kumar Bhardwaj and
Sanjay Kumar (2014) A method for rapid isolation of RNA and a kit thereof, 250562 dt.
18/03/2014.

Abroad

Shashi Bhushan, Sakshi Gupta, Garikapati Dyva Kiran Babu, Mohit Sharma and Paramvir
Singh Abuja (2013) Method and apparatus for the separation of seeds from fruit
pulp/slurry/pomace, WO 2013/060028 Al, di. 16/05/2013.

Jonnala Kotesh Kumear, Garikapati Dyva Kiran Babu, Vijay Kumar Kaul and Paramvir
Singh Ahuja (2013) A process for the production of steviosides [rom Stevia rebaudiana
Bertoni. 1-0011187-000/VN; dt. 25/04/20135.

Vijai K Agnihotri, Bikram Singh, Garikapati Dyva Kiran Babu, Gopi Chand, Rakesh
Deosharan Singh and Paramvir Singh Ahuja (2013] Process for the modification of Curcume

116




w CSIR-IHBT Annual Report 20713-14

aromatica essential oil. US 2013/083 1467 Al di. 12/12/2013.
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(2013] Superoxide dismutase gene (rom Pofentilla alrosanguinea and its expression in
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Agnihotri VK, Sharma A, Thakur S, Sood S, Kumar R, Pal PK, Gulati A and Singh B (2013}
Essential oil composition and antimicrobial activity of leaves and stem of Stevia rebaudiana
Bertoni cultivated in the Western Himalaya, India. Indian Perfumer 57(2): 25-30.

Atri NS, Sharma SK, Joshi R, Gulati Ashu and Gulati Arvind (2013) Nuirional and
newvlraceutical composition of five wild edible Pleurctus species from North-West India.
Internationad Journal of Medicinal Mushroom 15(1): 49-58.

Atri NS, Sharma SK. Sharma BM and Gulati A (2013) Comparative study of alkaloid
composition in ten wild fungal species from North West India. African Journal of Basic and
Applied Sciences 5(3): 121-125.

Bajpai PK. Warghat AR, Sharma RK, Yadav A, Thakur AK, Srivastava RB and Stobdan T
(2014) Structure and genetic diversity of natural populations of Morus alba in the trans-
Himalayan Ladakh region. Biochemical Genetics 52:137-152.

Bala M, Verma PK, Sharma U, Kumar N and Singh B (2013) Iroa phthalocyanine as an
efficient and versatile catalyst for n-alkylation of heterocyclic amines with aleohols: one-pot
synthesis of Z-substituted benzimidazoles, benzothiazeles and benzoxazoles. Green
Chemistry 15: 1687-1693.

Bandna, Sharma D and Das P {2013) Cyanoalkyl amines: as an efficient reagent to stahilize
palladium nano/microparticles for Suzuki and basic media for palladium (II) catalyzed Heck
cross coupling reaction. Nano Bulletin 2(2): Article No. 130211.

Bhardwaj J and Yaday SK (2013) A common protein extraction protocol for protecmie
analysis: Horse gram a case study. American Journal of Agricultural and Biological Sciences
8(4): 293-301
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(2013} Comprehensive transcriptomic study on horse gram (Macrotyloma uniflorum): De
nouo assembly. functional characterization and comparative analysis in relation to drought
stress. BMC Genomics 14: 647.
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thermwodynamics. Internafional Biodeterioration and Biodegradation 90; 8-16.

Chaundhary A, Sharma U, Vig AF, Singh B and Arora S (2014) Free radical scavenging,
antiproliferative activities and profiling of variations in the level of phytochemicals in different
parts of broecali (Brassica oleracea italical. Food Chemistry 148/ 1): 378-380.

Das P, Agarwal N and Guha NR (2013} Solid supported Rui0) nanopariicles: an efficient ligand-
free heterogeneous catalyst for aerobic oxidation of benzylic and allylic aleohols to carbonyls.
Tetrahedron Letéers 54: 2924-2028.

Dhir S, Zaidi AA and Hallan V (2013) Moelecular characterization and recombination analysis
of the complete genome of Apple chilorofic leaf spot virus. Journal of Phytopathology 161: 704-
712,
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Conservation, evaluation and registration. Indian Journal of Agricultural Sciences 84(2): 229
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region of lower Himalaya while eountering climate change. Proceedings of the Indian National
Science Academy 7M2): 265-275.

Dohreo NP Kansal S, Ahluwalia N and Shanmugam V¥ (2013} First report of Panfoea
ananatis strain nvgl-01 on ginger. Plant Disease Research 28(2): 200-202.
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Dua VK, Verma G, Singh B, Rajan A, Bagal U, Agarwal DD, Gupta NC, Kumar S and Rastogi
A {2013) Anti-malarial property of steroidal alkaloid conessine isolated from the bark of
Holarrhena antidysenterica. Malaria Journal 12:194.

Gopichand (2013) Species specific changes in chlorophyll fluorescence in deciduons and
evergreen tree species growing under short rotation high density epergy plantation in north-
western Himalaya. Journal of Medicinal Plant Studies 1i5): 41-50.

Gopichand, Singh RD and Meena RL (2013) Study of seed germination and agro-techniques
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Gopichand, Singh RD and Meena RL (2013) Study on seed germination and agrotechniques
of Chetlocostus specious (J. Konig) C. specht in mid-hill of western Himalaya. Global Jouwrnal
of Research on Medicinal Plants & Indigenous Medicine 2{8): 562-570.

Gopichand, Singh RD, Meena RL, Kaul VK and Singh B (2013) Influence of manure aned plant
spacing on growth and yield of Dioscorea deltoidea Wall: an endangered species. Journal of
Medicinal Planis Studies 1(3): 184-190.

Guleria P and Yadav SK (2014) Overexpression of a glyeosyliransferase gene SyUGT74G1
from Stevia improved growth and yield of transgenic Arabidopsis by catechin accummulation.
Molecusbar Biology Reports 41(3): 1741-1752.

Hossain MM, Rahi P Gulati A and Sharma M (2013) Improved ex vifro survival of
asymbiotically raised seedlings of Cymbidium using mycorrhizal fungi isolated from distant
orchid taxa. Scienfia Hortéculturae 1589: 109-112,

Hossain USK, Dixit D and Sen E (2013) Comparative study of microtubale inhibitors-
estramustine and natural podophyllotoxin conjugated PAMAM dendrimer en glioma cell
proliferation. European Journal of Medicinal Chemistry 68: 47-57.

Jaitak V, Kaul VK and Das P (2013] Environmentally benign Michael and Claisen Schmicdt
reaction of aromatic carbonyl compounxls by alkaline palyionic resin. indian Journal Of
Chemistry Section B-Organic Chemistry including Medicinal Chemistry 52(8): 1137-1145.

Jaryan V, Datta A, Uniyal SK, Kumar A, Gupta RC and Singh RD (201 3) Modelling potential
distribution of Sapium sebiferum — an invasive tree species in western Himalaya. Current
Science 105(9): 1282-1288,

Jaryan V, Uniyal SK, Gupta RC and Singh RD (2013) Alien flora of Indian Himalayan state of
Himachal Pradesh. Environmental Monitoring and Assessment 185(7]: 6129-6153.

Jaryan V, Uniyal SK, Kumar A, Gupta RC, Parkash O and Simngh RD (2013) Distribution
characteristics of Sapiunt sebiferum {L.) Roxb.- An invasive tree species in Himachal Pradesh,
western Himalaya. Proceedings of the Indian National Science Academy 782): 215-234.

Joshi R, Babu GDK and Gulati A (2013) Effect of decaffeination conditions on quality
parameters of Kangra orthodox black tea. Food Research International 53: 693-703.

Joshi R, Sood S, Poonam, Mahendru M, Kumar D, Bhangalia S, Pal HE Kumar N, Bhushan
S, Gulati A, Saxena AK and Gulati A (2013) In vitro cytotoxicity, antimicrobial and metal
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chelating activity of triterpene saponins from tea seed grown in Kangra valley, india. Medicinat
Chemistry Research 22(8): 4030-4038.

Kant K, Walia M, Agnihotri VK, Pathania V and Singh B (2013) Evaluation of antioxidant
activity of Picrorhiza kurroa (leaves) extracts. Indian Journal of Pharmaceutical Sciences
75(3): 5324-329,

Kaur R, Pakade YB and Katnoria JK (2013) Genotoxicity and tumor inducing potential of
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Kawoosa T, Gahlan B Devi AS and Kumar S (2013) The GATA and SORLIP motifs in the 3-
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mediated expression. Funcfional and Infegrative Genomics 14(1): 191-203.

Kulshrestha S, Hallan V, Sharma A, Seth CA, Chaiiban A and Zaidi AA (2013) Molecular
characterization and imtermolecular interaction of coat protein of Prunus necrotic ring spot
virus: implications for virns assembly. Indian Jouwrnal of Virology 24(2): 235-241.

Kumar A, Dhiman R and Deshmukh B (20135} Morphometric analysis of watersheds of Kangra
region of Indian Himalaya lor assessing its fluvial erosion susceptibility. Himalayan Geology
35(1): 47-55.

Kumar A, Lal B, Rajkumar 8, Chawla A and Kanshal R (2013) Landscape mapping and tree
diversity assessment of Pangi valley: A remote tribal area of Himachal Pradesh in western
Himalaya, India. Infernationad Journal of Conservation Science 4]4): 503-508.

Humar A, Meenakshi, Kumari CV and Singh RD (2013} KSIS - A web based information
system on bioresources of Kangra region of Indian western Himalaya. Asian Journal of
Geoinformafics 13{2): 1-6.

Kumar H and Kumar 8 {2013) A funciional (E)-4-hydroxy-3-meihylbui-2-enyl diphosphate
reductase exhibits diurnal regulation of expression in Stevia rebaudiana (Bertoni). Gene
B27(1): 332-338.

Kumar N, Gulati A and Bhattacharya A (2013} L-glufamine and L-glutamic acid facilitate
successiul Agrobacterium infection of recalcifrant tea cultivars, Applied Biochemistry and
Biotechrology 170I(7): 1649-1664.

Kumar R and Skarma S (2013) Simulation and validation of leaf area prediction model for
Picrorhiza kurrooa—an endangered medicinal plant of western Himalaya. Journal of Medicinat
Plants Research 7(20): 1467-1474.

Humar R and Singh RD (2015) Integrated weed management in damask rose (Rosa
damascena) nursery. Indian Journal of Agronomy 58(3): 416-420.

Kumar R, Sharma § and Prasad R (201 3) Yield. nutrient uptake and quality of stevia (Stevia
rebaudiana Bertoni) as affected by organie sources of nuirient. Communication in Soil and
FPlant Analysis 44: 5137-3140.

EKumar R, Sharma S, Hulasekaran R and Singh B (2013) Effects of shade regimes and planting
geometry on growth, yield and guality of the natural sweetener plant stevia [Stevia rebaudiana
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Bertoni) in North-western Himalaya. Archives of Agronomy and Soil Science 57): 963-0789.

Kumar R, Sharma 8, Sood 8 and Agnihotri VK (2013) Agronomic interventions for the
improvement of essential oil content and composition of damask rose (Rosa damascena Mill. }
under western Himalayas. Industrial Crops and Products 48: 171-177.

Eumar R, Sharma S, Sood S, Agnibotri VK, Singh V and Singh B (2013) Evaluation of several
Rosa damascena varieties and Rosa bouwrBoniana accession for essential oil content and
composition in western Himalayas. Journal of Essential Oif Research 26(50): 147-152.

Humar S and Das P (2013) Salid-suppaorted ruthenium(0}: an efficient heterogeneous catalyst
for hydration of nitriles to amides under microwave irradiation. New Journal of Chemistry 37:
2987-2990.

Kumar S, Singh L. Rajaram, Zaidi AA and Hallan V (2014) Simultaneous detection of major
poane fruit viruses and a viroid. Indian Journal of Microbiology 54(2): 208-210.

Kumar V and Yadav SK (2013) Overexpression of CsDFR and CsANR enhanced flavonoids
accumulation and antioxidant potential of roots in tobacco, Plant Root 7: 65-76.

Eumar V, Gill T, Grover 8, Ahuja PS and Yadav SK (2013] Influence of human lactoferrin
expression on iron homeostasis. flavonoids, and antioxidants in transgenic tobacco. Molecular
Biotechnology 53{2): 118-128.

Kumar V, Guleria P Kumar V and Yadav SK (2013) Gold nanopariicles exposure induces
growth and yield enhancement in Arabidopsis thaliana. Science of the Todal Environment 461-
462:462-468. .

Kumar V, Kumar M, Sharma S and Kamar N (2014) Highly selective direct reductive amidation
of nilroarenes with carboxylie acids using environment friendly cobaltill}
phithalocyanine/PMHS, RSC Advances 4: 11826-11830.

Kumar V, Kumar 8, Singh B and Kumar N (2014] Quantitative and struectural analysis of
amides and lignans in Zanthoxylum armafum by UPLC-DAD-ESI-QTOF-MS/MS. Journal of
Pharmaceutical and Bivmedical Analysis 30|94 ): 23-29,

Kumar V, Nadda G, KEumar S and Yadav SK (2013) Transgenic tobacco overexpressing tea
cDNA encoding dihydroflavoned 4-reductase and anthocyanidin reductase induces early
flowering and provides biotic stress tolerance. PLoS ONE 8{6): e65535.

HKumar V, Singh C, Sharma U, Verma PK, Singh B and Kamar N i2014) Silica-supported borie
acid catalvzed synthesis of dihydropyrimidin-2-ones. bis(indolyl) methanaes, esters and
amides. indian Journal of Chemistry 535: 83-89

Kumari A and Yadav SK (20:14) Nanotechnology in agri-food secior. Critical Reviews in Food
Science and Nutrition 54: 975-084.

Humari A, Chawla Amit, Lal B and Fraser-Jenkins CR (2014) Dryopteris zayuensis Ching &
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Humari A, Lal B and Parkash O (2013) Pteridophytic diversity of Barot. Mandi district.
Himachal Pradesh, India. Journal of the Bombay Netural History Society 110(2): 135-141.
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Mahajan M and Yadav SK (2014) Gain of function mutation in tobacco MADS box promoter
switch on the expression of flowering class B genes converting sepals to petals. Molecular
Biology Reports 41(2): 705-712.

Manju A, Brar J and Sood A (2013] in vitro propagation of an edible bamboo, Bambusa
bambese and assessment of clonal fidelity through molecular markers. Journal qf Medical
aned Bioengineering 2: 257-261.
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Mondal KK and Shanmugam V [2013] Advancements in the diagnosis of bacterial plant
pathogens: an overview. Biotechnology and Molecular Biology Repiews B: 1-11.
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Imternatfional Journal of Current Research 5(8): 2060-2067.
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Noorani, Awasthi B Sharma MP, Raja Ram, Zaidi AA and Hallan V (2013) Simultaneous
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control of plant nad5 mRNAMd Salik. Journatl of Virological Methods 193: 103-107.

Pal PK, Agnihotri VK, Gopichand and Singh RD {2013) Impact of level and timing of pruning
on flower yield and secondary metabolites profile of Rosa damascena under western
Himalayan region. Industrial Crops and Products 52: 219-227.

Pal PK, Prasad R amnd Pathamia V (2013) Effect of decapitation and nutrient applications on
shoot branching, yield, and accumulation of secondary metabolites in leaves of Sfevia
rebaudiana Bertoni, Journal of Plant Physiology 170: 1526-1535,
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Hepatoprotective effect of Ginlago biloba leal extract on lantadenes-induced hepaltotoxicity in
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Parkash J, Vaidya T, Kirti S and Dutt §(2014) Translation initiation factor 5A in Picrorhiza is
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Comparative studies for screening of bioactive constituents from various parts of Incarviflea
emnd{. Natural Product Research 2818): 593-596.
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Sharma D, Bandna, Reddy CB, Kumar S, Shil AK, Guha NR and Das P (2013) Microwave
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synthesis. RSC Advances 3(26): 10335-10340.

Sharma D, Reddy CB, Shil AK, Sarcach RP and Das P(2013) Cyclohexyl indide promated
approach for coumarin analogue synthesis using small scaffold. Molecular Diversiy 17{4): 651-
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Sharma S and Kumar R (2013) Effect of planting time on compositional variation. oil content
and growth in clary sage [Salvia sclarea L.) under western Himalayan conditions. indian
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Sharma S, Kamar M, Kumar V and Kumar N (2013) Vasicine eatalyzed direct C-H arylation of
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Singh C, Kumar V, Sharma U, Kumar N and Singh B (2013) Emerging catalytic methods for
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amide synthesis. Cusrent Organic Synthesis 10(2): 241-264.

Singh MK. Kumar S and Rajaram (2012) Nuiritional studies on cut flower production of
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512,

Verma PK, Kumar N, Sharma U, Bala M, Kumar V and Singh B (2013) Transition metal-free
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Walia M, Sharma U, Agnihotri VK and Singh B (2014) Silica-supported boric acid assisted
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Book chapters

Bhushan S and Gupita M (2013 Apple pomace: source of dietary fibre and antioxidant for food
Tortification. In: Handbook of Food Fortification and Health, From Concepts to Public Health
Applications Volume-2 (Eds. Victor R, Preedy, Rajaventhan Srirajaskanthan, Vinood B. Patel|,
Humana Press, ISBN: 978-1-4614-7109-7), Series: Nuirifion and Health, p. 21-27.

Humar 8 (2013) Divergent sirategies to cope up with climate change in Himalayan plants. In:
Climate Change and Abiotic Stress Tolerance, Vol, -2 (Eds, N. Tuteja and 5.5. Gill), Wiley-VCH
Verlag GmbH & Co, Weinheim, Germany, ISEN 978-3-527-33491-8, p, 903-931.
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tn: Perspectives in Cancer Prevention-Transfational Cancer Research [Ed. PR Sudhakaran]},
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Brij Lal {2014) Ethmobotany of sal tree (Shorea robusta Gaertn. f.): An overview. In:
Ethnobotanical Studies In India (Ed. Sanjeev Kumar), Deep Publications, New Delhi. [SBN:
978-03-80702-08-5. p. 48-53.
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Conferences and Symposia

Chand P and Pakade YB (2014} Surface modification of apple pomace as low-cost adsorbent
for removal of Cd™ and Pb™ ions from agqueous solution. In Sixteenth CRSI National
Symposium in chemisiry, Indian Institute of Technology. Mumbai, February 7-9.

Jaryan V, Uniyal SK and Gupta RC (2014] Production and decomposition of Sapium
sebiferum (L.) Roxb. Litter. Proceedings of the National Symposium on Emerging Trends in
Botanical Sciences, Punjabi University, Patiala, Februaryl7-18, pp 117, (Poster B-46).

Kumar H and Kumar § [2013] Maolecular basis of steviol glycosides biosynthesis in Stevia
rebandiana (Bertoni), a source of non-calorifie sweeteney. In Proceeding of the EUSTAS (The
European Stevia Association| Seventh Stevia symposium, Toulouse (France) June 24-286.

Kumar V (2013) Metal phthalocyanines: biomimetics catalysis for selective and sustainable
organic synthesis. In Sixth International Conference on Green and Sustainable Chemistry
1GSC-6). The University of Nottingham, United Kingdom. August 04-07, 2013 (oral presented).

Kumari A, Parkash O and Lal B (2014) Epiphytic ferns of Kangra valley, Himachal Pradesh. In
101" Indian Science Congress (Section XIV: Plani Science), Jammu, January 3-7. pp. 221-222.

Mehta M and Bhattacharya A (2013) Improved micropropagation of apple rootstock BS. In
XXXV Annual Meeting of PTCA (1) & National Symyposium on Plant Tissue Culture for Food and
Nufritional Security, Organized Plant Cell Biotechnology Department, CFTRI Mysore,
Karnataka, india, March 11-13, 2013({Absiract No. MP13).

Reddy SGE (2013] Chitinase as hio-pesticide for insect pest managemeiit. n: Third National
Symposium on Emerging Issues in Chitin and Chitosan Research, Organized by CSIR-IHET.
Palampur and Indian Chitin and Chitosan Society (ECCS), June 7-8, p36.

Sharma D and Das P (2013) Metal phthalocyanines: biomimetics catalysis for selective and
sustainable organie synthesis. In Sixth [nternational Conference on Green and Sustainable
Chemisiry (GSC-6), The University of Nottingham, United Kingdom. August 04-07, 2013.

Sharma V and Shanmugam V [2013] Purification and characterization of an extracellular 24
kDa chitobiosidase from the mycoparasitic fTungus Trichoderma safurnisporum. In Third
National Symposium on Emerging Issues in Chitin and Chitosan Research, CSIR-IHET.
Palampur, HE June 7-8,

Shil AK, Reddy CB, Kumar S and Das P (2014) 168" CRSI National Symposium in Chemistry,
Feb. 7-9, 2014, IIT Bombay, Mumbai.
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AWARDSHONOURS/RECOGNITIONS
Award

CSIR-IHBT won 45" SSBMT outdoors zonal cricket tournament held at CSIR-1IP Dehradun
during October 25-27, 2013

CSIR-IHBT received first prize in the Flower Show for “Bird of Paradise” at HP State Level Holi
Festival, Palampur organized by HP Govi., March 14. 2014.

Dr. Paramvir Singh Ahuja honoured with Shan-e-Himachal” award by Hon'hle Chiel Minister
of H.E Shri Virbhadra Singh on October 27, 2013 for contribution in the area of tea and
agriculture.

Dr. Paramvir Singh Ahuja received V. Puri Memorial Award of Indian Science Congress 2014
held at Jammu

Dr. Anil Seod selected for 'Mrs. Usha Vij Memorial award' under the aegis of the Orchid Society
of India {TOSI) for the vear 2014.

Dr. Vishal Acharya received 'ISCA Young Scientist Award-2014" from Sh. M. Hamid Ansari,
Hon'ble Vice President of India in the 101" Indian Science Congress held at University of
Jammu during February 3-7. 2014.

Membership
Dr. Vijai Kant Agnibotri- Life time membership of Essential Oil Association of India.
Best Poster Award

Shil AK, Reddy CB, Eumar S and Das P: Best poster award for posier entitled "Development of
solid supported platinum(0] nanoparticles as heterogeneous catalyst and its applications in
diversified organic transformation” In 16" CRSI National Symposium in Chemistry at IIT
Bombay, Mumbai, February 7-9, 2014,

Shanmugam V, Himankshi and Gupta S: Second best paper entitled “Use aof chitinolytic
Bacillus atrophaeus strain S2BC-2 antagonistic to Fusarium spp. for control of rhizome rot of
ginger” In 3" National Symposium on Emerging Issues in Chitin and Chitosan Research, CSIR-
IHBT, Palampur, HE June 7-8, 2013.

Evaluator/ Judge

Dr. Markandey Singh and Dr. Raja Ram: Judge for "Flower Show” organized by Department of
Horticuliure, Dharamshala, HE May 26, 2013,

Dr. Brij Lal and Dr. SK Vats: Judge to evaluate presentations by the students on the theme
Fostering Scientific Temper' under National Seience Day-2014 Celebrations, organized by CSK
HP Agricultural University, Palampur, February 26,2014.

Editor

Dr Yogesh B. Pakade: Editor-in-chief of the journal "Basic Research Journal of Soil and
Environmental Science”




Ph.D. AWARDED:

Awardees

Title of Thesis

Supervisor

University/Institute

Arun Rana

Bloprospecting thermostable
superaxide dismulsse [rom the
flora of western Himalayas

Dir, Sanjay Kumar

Guru Nanak Dev
University, Amriisar
|Ph)

Awadesh Kumar Pal Introeduction of genes for siress Dr. PS. Ahuja Guru Nanak Dev
telerance and thelr expression University. Amritsar
studies i potalo [Solaiim {Pb)
tuberosum L. ov. Kofrl Sutlej)

Band:ana Exploration of lnterface reagent Dir. Pralay Das Guru Nanak Dev

and solid supported palladiom
citalyst for cross coupling and
oxidation reactlons

University, Amritsar
[Ph

Damanpreet Singh

Fhytochemical and pharmacological
investigations ol anticonvilsan
potential of Fleus réliglosa

Dir, Bikram Singh

Punjabi University,
Patiala (Pb)

Devinder FKaur

Deviopment of in pitro strategies
for conservation ol Dendrocalams
Nhamiltonll Nees el Arn. EX Munro

[¥r. Amitn Bhattacharya

Guru Nanak Dev
University, Amrilsar
[Pl

Dharminder Sharma

Methodology development towards
carborr-carbon bond formation and
thedr synthetic applications

Dr. Pralay Das

Guru Nanak Dev
University, Amritsar
(Ph]

Kirom Devi

Studies on in vitro propagation and
genetic ransformation in saffron
ICrocus sativus L.)

[3r. Madh u Sharma

Gurn Nanak Dev
University, Amritsar
(Ph]

Monlka Mahajan

Genetic engineering of flavonoid
pathway through gene overexpression
and silencing approaches In tobacto
INfeotlana tabacum L. )

Dir. Sudesh Koamar

Guru Nanak Dev
Universily, Amritsar
{Ph]

Nizha Sharma

Cylomorphological diversity and
chemival characierization ol selecied
antkdiabetic medicinal plants from
norih Indis

Dr. Bikram Singh

Punjabi University,
Fatlala (Ph)

Rahul Kumisar

Developmient and ulilization of
maolecular markers for construc-
tion of genetie linkage map in tea
|Camellia sinensis(L, ] 0. Kanlee]

[, Ram Kumar Sharma

Guru Nanak Dev
University, Amriisar
(Pb)

Richard Chalo Muoki

Identification and evaluation of
dehydration responsive transeripi-
ome in Camellin sinensis (L.) O,
Kunize

Dr. Sanjay Kumar

Guru Nanak Dev
Universily, Amriisar
(Ph)

Rupall Mehia

Development of efficient
regeneralion sysiems in
economically important edible
bamboos

Dir. Anil Seod

Guru Nanak Dev

University, Amritsar
(Ph]

Vikas

Development of molécular markers
for genetic diversity and
phylogenetie studies in bamboo

[3r, Ram Kumar Sharma

Ciuru Nanak Dev
University, Amrilsar
[Ph)

Vinect Kumar

Characterization of silver and gold
nanoparticles symthesized using
medicinally important plant extracts

Dir. Sudesh Kumar

Guru Nanak Dev
Universily, Asirilsar
(Pb

Tabasum Kawoosa

Cloning and characlerizalion of
upsiream sequences of selected genes
of soprenokd bosynthetie pathway of
Plcrorhiza kurrooa Royvle ex Benth

Dir. Sanjay Komar

Guru Nanak Dev
University, Amritsar
(Ph)




M. S¢./M. Pharoma / B. Tech

Awardees Title of Thesis/ Dissertation’ Project Supervisor University/Institute

Aditl Rana Isolation. screening and characterization Dir. Arvind Gulati Gurnkul Kangri
of endophytes from roots  of Camellia Vishwavidyalaya, Harldwar
sinensis L. (0] Kuntze for antimicrobial (UKD
activity

Aditi Rana Isolation. screening and characterization Dr. Arvind Gulatl Kanya Gurukula
of endophyies rom rools of Carmellio Mahavidiavala. Hardwar{UK)
sinensis L. (0] Kuntze for antimicrobial
activity

Aditl Ranaul Establishment of In pitro callus and Dr. Shaghl Bhushan  BIS College of Science &

suspension culture for high biomass
production

Technology, Gagra

Diksha Khajuria

Berberine: anticancer poteniial, UPLC
analysis and dena induced

hepatocellular earcinoma model In rats

Dr. Yogendra 5
Pachwiad

Baba Ghulam Shah Badshah
University, Rajourd | J&K)

Ekta Koundal

Extraction. jsolation and
characierization of major sikaloids from
Adhiatoda vasica

Dr. Neera) Kumar

Dr. B.R. Ambedkar National
lstitule of Technology,
Jalandhar(Ph)

Gopal Das Balragl Identifying triggers for forest fires and Er. Amit Kumar Insiitute of Environmenial
their role in predicting forest fire in Studlies, Kurukshetra
Kangra district, Himachal Pradesh using University, Kuruksheira
remole sensing and GIS {Haryana]

Inderpreet Kaur Cloning of gene in pRT101 vector under Dr. Anil Kumar Gurn Nanak Dev University,
the control of CaMV355 pramaoter Singh Amritsar|Ph)

Indu Choudhary Comparative écology ol plantations in Dr. Sanfay Kr. Central University of HE
the eamp us of CSIR -Institule of Uniyal Shahpur
Himalgyan Bloresource Technology

Jashman ot Kaur Technlgues in _plant biotechnology Dr. Anil Sood Punjahi University. Patiala (Ph)

Jeewan Prabhia Changes in some of the photosynthetle Dr. SK Vals Central University of HE
componenis studied in Rumex Shahpur
nepilensis and Trifollum repens under
low concentrations of CO

HKalser Ahmed Brat Engineered multifunctional hylbrid Dr. Amitabha Baba Ghulam Shal Badshal
nanocomposites for in vitro Imaging of Aacharya University, Rajourd [J&K)

of targeted cancer cells and related
eytotoxicity studies

Khushpreet Kaur

Effect of sall and drowght siress on two
different wild cultivars of polato

(Solanum (uberosum ) viz. Kufri sutle] and

kufr] ba har under in vitro conditions

Dr. Madhu Sharma

Punjabl University. Patiala (Ph)

Lipakshi Awnsthi

Isnlation and characterization of Stevia
Falliogens

Dr. V. Shanmugam

Chandigarh Group of Colleges,
Landran Campus, Mohall{Fh)

Manish sharma

Flant virus dingnostic technigues

[¥r. Vipin Hallan

Curu Nanak Dev University,
Amritsar{Pb)

Navneet Dhillon

Cloning and characterization of genes
and analvsis of proteome from planis

Dr. S Duti

Punjabl University. Patiala {Pb)

Nicihi Walla Cloning of genes encoding late Dir. Anil Kumar Chandigarh Callege of
embryogencsis abundant {lea) group 2 Singh Technology, landran, Mohali
proteins from wild chickpea (Cleer {Ph)
microphylium !

Nishani Kashyap Tools & techniques in microblology Dr. RCKasana Goa University, Goa

Nitl Sharma Extraction and optimization of Br. Mahesh Cupta Punjab Institute of Technology,
polyphenols from fresh and preserved PTU, KapurthalalFh)
wild cheery

Panka] Yerma Screening and characterization of . ArvindCGulail Panjab University, Chandigarh

microorganisms for antimicrobial
activity

Pawandeep Kaur

Gene cloning [rom planis

Dr. Som Dutt

Curu Nanak Dev University,
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Pratibha Sharma Dr. BR. Ambedkar Natlonal

Insitiuie of Technology.

Microwave assisted green approach for

Dr. Pralay Das
the synthesis of novel f-enaminones and

acridinediones

Jalandhar{Ph)

Ramandeep Kaur

Cloning of selected gene from plant

Dr. Sanjay Kumar

Guru Nanak Dev University,
Amritsar{Ph)

Rasna Cloning, characterizalion and Dr. Som Dt Shoolint University, Solan
expression analysis of genes [rom (HP})
medicinal plants

Recta Jarial Effect of low temperature stress on Dr. Amita Bhattacharya  Amity University. Nolda (UP)

calechin biosynthesis in asmolln

transgenic of Camilla sinensis (L. (O).

Kuntze}

Rifat Mustala Malik

Expression analysis of stress responsive

genes In horse gram [ Macrotyloma
uniflarum)

Dr. Sudesh Kumar

Baba Ghulam Shah Badshah
University, Rajour (J&K)

Eohinl Keshaw Mirrobiology laboratory of CSIR - Dr. Ramesh Chand Panjab University, Chandigarh
Institute of Himalavan Bloresource Kasana
Tet-h.uu]ug\r

Rupall Mahajan Compositional, antioxidant and Dr. Mahesh Gupta Punjabinstilute of Technology.
[unetional characteristics of buckwheat PTU main campus. Kapurthala
milling fractions and s extrudales iPh

Sampy Duggal Maolecular characterization and in-vitro  Dr. Sanatsujat Singh Shoolinl University, Solan

conservation of selected Gerbera

Jamesoniihybrids

(HE)

Sandeep Rona

Characterization and application of

Unigene derived microsatellite markers

in tea Camellio sinensis)

Dr. Ram Kumar Sharma

Amity University, Notda (LiP)

Savila Sharma

Tdentification of TDMA insertlon in
putative mutantArabidopsis thaliana

D ¥ Sreenlvasulu

Baba Ghulam Shah Badiah
University. Rajouri {J&K)

Shifali Mahajan

Comparative studies of protesmes of
psychrophilic with mesophillle and
themophillic hacteria

D Vishal Acharyva

Central Universityof HE
Shahpur

Shivangl Sharma

In vitre. production of secondary
metabolites using plant cell culiure
technology

Dr. Shashi Bhushan

BIS College of Sclence &
Technology, Gagra [Fh]

Shreshtha Sharma

Evolutionary study of double WRKY
domain of high altitude Himalavan
plant, Rheum caustrale with model
planis

Dr. Vishal Acharya

Central University of HP,
Dharamshala

Shrutl Mahajan

Tracking of bills for financial
management

Dr. Aparna Maiira Patl
& Mr. Jasheer Singh

Central Unlver=ity of HP.
Dharamshala

Sonika Kalia

Evaluation of Expression of novel
antioxidant genes (SOD and APX) in
fransgenic Potato undesalt siress

Dr. PS Ahuja & Dr.
Anil Kumar Singh

Shoalint University, Solan

Sukhjert Kaur

Extraction, ractonation and isalation of
t*unlpuundslrumkuparaguﬁ adseendens

Dr. Blkram Singh

Dir. B.R. Ambedkar National
Institute of Techndagy,
JalandhafFb)

Sukriti Sharmas Flant virus disgnostictechniques Dr. Vipin Hallan Gurn Nanak Dev University,
AmritsariPb)

Sunaina Walia Comparative study of plant transcription Dr. Vishal Acharya School of Life-sciences,
lactor | SiressAssociated Proiein (SAF) Central University aflHP
family} in the plant genomes

Surbhii Cloning and expression analysis of Dr. Som Dtt Banasihall University,
genes from plants Rajasihan

Umnar Ghani Assessing the impact of ransgend n Dr. Sanjay Kumar Baba Ghulam Shah Badshah
imparting abiotic siress tolerance to University. Rajourl {J&K)
Arabldopsis thallana

Vandana Remote sensing and GIS based forest Er. Amit Kumar School of Earth and

fire susceptibility mapping in Kangra
district of Himachal Pradesh with
emphasis on Dharamshala reglon

Environment Sclence, Central
University of HE Dharamshala
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Awardees Title of Thesis/ Dissertation/ Praject Supervisor University/Institute
Aakriti Verma Micropropagation and genetic Dr. Madhu Sharma Beant College of Engineering
transformation of Plerorhiza Kurroa and Technology, Gurdaspur
Rovle Ex Benth {Ph]
Aman Mahajan Molecular characterization of biocontrol D V Shanmugam Beani College of Engineering
fungl and antifungal genes and Technology, Gurdaspur
{Ph)
Aman Pathanla Estimation of eatechins and polyphenols  Dr. Ashu Gulail Amity School ol Engloeering
from Camellia sinensis and Technology, Jaipur{Rj)
Amit Tandon Power distribulion, caplive power Mr: Sandeep Tripatht  NIT. Hamirpur (HF)
generation and wtility system
Amritpal Singh Cloning, characterization and expression  Dr. Som Duti Beant College of Englneering
analysis of genes and Technology. Gurdaspur
[1&]]
Anu sharma Plani virus diagnostc technigues D Vipin Hallan NIEM University, Kaithal,
Haryana
Dipali Tomar Screening of transgenie apple for stress . Dr. Amita Thapiar University, Patiala (Ph)
lolerance against high lemperature Bhattacharva

Iyt Bajwa

Chemical and biological synthesis of
odegradabie nanoparticles for
blomolecule delivery

Dr, SudeshKumar

Beant College of Engineering
and Technology, Gurdaspur
iPb)

Jatinderjot Singlh

Validation of cls egulatory elements in
seed developing genes of  Arabidopsis
thaliana

Dr Y Srecnivasulu

Thapar University, Patiala(Ph)

Manmee! Kahlon

Purification, identification and estimation
ol catechins from Carmellia sinensis

Dr. Ashu Guiati

Beant College of Englnecring
& Tech. Gurdaspur [fb)

Monika Chaudhary

Study of gene/prolein expression o two

Dr. Madhu Sharma/

Eastem Instlule for Integraled

different high altitude planis Khirod Sahu University, Sikkim
Navneet Kaur Mining and characterization of Dr. Ram Kumar Beant College of Engineering
microsatellite markers from Sharms and Technology, Gurdaspur

transcripgiomic data of Stevio reboudiana

(Fb)

Frectika Anther culiure response in Stevio D Ashok Kumar Beant College of Engineering
rebaudinna  for the development of and Technology, Gurdaspur
haploids {Phi

Revathi.T Cloning of gene and promoter rom plants Dr. Som Duli Tamil Nadu Agricultural

Unidversity, Cotmbatore [TN)

Rishabh Kalura Cloning of senescence -associard genes D Som Dult Manipal Institute of

fromm Plerorhiza kurroc Technology, Manipal
University, Karnaiaka
Sakshi Standardization of culture media for Dr, Sanat Sujat Singh  Beant College of Englneering

anther and ovule culture response to
Induce hupi‘.mls In Stevia rebaudiana

and Technology, Gurdaspur
(Phl

Shivani Gupta

Effect of different pre- processing
reatment on the extrusion processing of
buckwheat and sorghum flour

[, Mahesh Gupta

Shoolini University (HF)

Vasudha Sharma

Characterization and evaluation of
transeripiion fEetor based Microsatellite
matkers in tea amellia sinensis)

Di. Ram Kunar
Sharma

Beant College of Englnecring
and Technology, Gurdaspur
iPhl

Vimalpreet Kaur

Molecular characterization of ifunctional
monodehydroascorbate reduciase and

carbonie anhydrase nectrin-3 transcription

factor fromCucumis satieus

Dr. Vipin Hallan

Beant College of Englneering
and Technology, Gurdaspur
(Pl

FOREIGN RESEARCH TRAINING FELLOW

Name Fellowship Supervisor Duration
Mr. Jean Plerre Longue Ekon  Research Training Fellowship for Dr. Bikram 28" March 1o 18" Sept., 2013
Developing Country Scientists (RTF-DCS)  Singh
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LECTURES DELIVERED

Spokesperson

Topic

Occasion with Place

Date

Lecturea delivered by the Director, CSIR-IHBT, Palampir

Paramvir Singh Ahuja

Enhancing private sector
Invesiments in RE&D,
technology and innovation

Tea Improvement

Some advances in bio-
information- nanotechnology
for western Himalaya
hioresources

My journey through plant
sricnoes

My experiences in plant
genetls manipulations

Biotechnological
applications from discoveries
al high altitudes

Fulurein science & hiology

Bioresources and
biotechnology

DST-NIPER Brain Storming
Conference on Science
Teehnology and Innovation Pollcy
2013 at CIL Chandigarh

Tocklal Experimental Station , Tea
Research Assoclation [TRA)
Jorlatl, Assam

DET supported brain storming
sesslon on "Proritzing research

arcas in Mano-Bioinformation
Technology for the development

ol Hill Stales™ at G.B, Pant
University of Agriculiure and
Technology, Pantnagar
Dinmond Jubllee Lecture at
CSIR-NBR], Lucknow

PALL Ludhiana

Two days symposium at Delhi
Uinfversity

INSPIRE Programme, at
CSKHPKY, Falampur, HF
Environment, Sclence &
Technology Depariment. Shimla

April 16, 2013

April 27,2013

July 1213, 2013

July 30,2013

September 162013

September 2728, 2013

Oetober 26, 2013

Oclober 29, 2013

Lectures delivered by thereputed personel of CSIR- IHBT, Palampur

Alka Kumari Ferns in Fly Ash Management Fly ash utilization workshop, January 38, 2014
NTPC. Mouda. Nagpur
Amit Chawla Remote sensing: rom sky to carth Science Day celebrations September 30,
Covernment College, 2014
Jogindernagar, Mandi District,
Hiumachal Pradesh
Amit Kumar An overview of CSIR-IHBT Alpine ceosystem dynamics June 11, 2013
Activities (Survey, mapping, database andimpact of climate change in
development, bloresource Indlian Himalaya Space
conservation and study onadaptation  Applications Centre [SAC).
hiology) ISRO. Ahmedabad. Gujarat
Time series analysis of nataral Training on disaster management August's, 2013
vegetation in distinet bio- to district Dblock
gengraphical reglons of Himachal level officers and elected
Pradesh using RS/ GIS techniques in - representatives of PRI upto Zila
context of climate change Farishad level
Amita Bhattacharya Conservation and sustainable Nattomat Conferente.on Fiant January 29-31,2014
utilization of two endangered Bloresource Mansagement and
alpine Himalayan plants Blotechnology (PMEM) al
Department of Botany, University
of Rajasthan. Jaipur
Brij Lal Sclentific techniques of extraction of — Training and capacity bullding of  April 27, 2013

natural resources ol blodiversity

teachers in biodiversity
conservation & moniloring
organisation for social.
environmental and rural




Bindiversity of cold deserts: an
appratsal

Pharmacopoeial siandardization of
herbal drugs nsed in Indlan system of
medicine (AYURVEDA)

Ethnobotany of cold deseris of
Himachal Pradesh- An appralsal

Credibility af plant based traditional
knowledge - some success stordes

Special summer school omn
environmental sclences at UGC -
Academic Stall College, HPLL
ShimlalHP)

Special summer school on
environmental selences UGE -
Academic Stafl College, HPLL
Shimla(HP)

Maodern techniques in
ethnobotanical research. Instiute
of ethnobiology, Jhwajl
University, Gwallor (MP)

Modern technigues: in
ethnobotanical research. instituie
ol cthnobilology, Jiwajl
University, Gwalior (MP)

June 3, 2013

June 4, 2013

March 13, 2014

March 14, 2014

Raja Ram Cultivation and past-harvesd Alpine ecosysiem dynamics June 26, 2013
technology of commercially andimpact of climate change in
Important cul-flower crops Indian Himalaya at Deputy
Director of Horticul ture of
Kangra (HFP)
SK Vats Effect of elimate change on mountain  Tralning and capacity bullding of  April 27, 2013

ecosysiemr What s expected?

teachers inbilodiversity
conservation & monitoring
organisation for soctal.
environmental and rural
development in collaboration
with NCSTC. DST, Govt. of
Indiaat Dharamshala (HF)

Sanjay K. Uniyal

Impact assessment of cllmate change
on Himalayan bioresources

Training on disaster management
1o district /block

level officers and elected
representntives of PRIS upto Zila
Parishad level Himachal Pradesh
Institute of Public Administration
(HIPA), Shimla (HP)

Augusi 8, 2013

Sanjay Kumar

Value addition to hioresource of
western Himadhya

Harnessing niche specific plant
hiology in wesiern Himalaya lor
value addition

Chmate change in weslern Himalaya:
response analvsis

Bioprospecting plant biology at high
altitudes In western Himalayva

Climate change in western Himalaya:
hiodiversity response

Workshop on srience &
technology and sustainable bio-
coonomy for women's wellore
organized by Uttarakhand State
Council for Science &
Technology, Uttarakhand

Brain siorming sesslon on
priovitizing  research arcas in
Nano-Blo-Information
Technology for the development
of Hill states at GBPUAT
Pantnagar

Training programme on Climate
change in  duced hazards risk
management held at Institute of
Public Administration
Indraprastha International
Conference on Biolechnology
[IICE-2013) at Guru Gobind
Singh Indrapr astha University,
Delhi

Consultation workshop on elimate
change and agriculture in
Himachal Pradesh organized by
the Department of Environment,

May 18, 2013

Julyld, 2013

August B, 2013

Oclober 23,
2013

MNoveniber 16,
2013




Opportunities to biologists in
Himalayan niche

How plants adapt &t high altitnde in
western Himalaya? lis fundamentals
and application to plant improvement

Blo-prospecting metabolic pathways
In Himalsyan plants

Genes and processes from plants of
the high attitude Himalayan cold
deseri region for improving plant
productivity

Baba Ghulam Shah Badshah
University. Rajourd, J&K

UGE sponsored National Semlmar
on Plant Bioteehnology:
Challenges and Opportunities in
2151 Century held an March grd
& 4 2014. at Jamia Hamdard,
New Delhi.

National Conference on The
Selence of Omies for Agricultural
Productivityr Fulure Perspectives.
held at G.B. Pant University of
Agriculture & Technology,
Pantnagar (446 March, 2014).
Deakin University/ TERI
workshop on Bio/nanotechnology
applicatlons (0 improve plant
productivity and ecosysiems
services held at Deakin
University. Waurn Ponds
Campus. Geelong, Australia
(March 1214, 2014),

November 29,
2013

March 5, 2014

March 5. 2014

March 13, 20014

Sudesh Kumar Yadav Developing nanoformulations by use

of blo-surfactants. biopolymers and

Indo-German Bilateral Workshop,
2022, March, 2014

March 20 March

biermolecules
Flant metabolic engineering and (s Departmeniofl Blochemistry, February 21,
applications GGD 5D Coliege, Chandigarh 2014
Exploring plant bloresource for better Symposiuim on Emerging Trends
use through nanoblotechnology in Agri-Bininformatics DWR,
approach” Karnal. 1&17 Dec., 2013.
GUEST LECTURES DELIVERED AT CSIR-IHBT
Spokesperson with Address Topic Date
Prof. Ulrich Schurr Plant phenotyping - structure andfunction  April 1, 2013

Institute Direcior, Forschungssentrm Julich,
1B0G-2: Plant Sciences Germmany

Dr. NK Singh

B.E Pal Chair, NRCPB, IARL New Delhi

Prof. John D. Hamill

Deakin University, Australla

Drs. Sanjeey Sharma,Himachal
Electrohomeopathic Doctors Assoclation
Chamba Himacahl Pradesh

S5t. Mary Eassy, Jivadhara Instilule of Nearo
Development & Research Ernakulam District.
Herala

D, Bikram Singh

Chiefl Scientist.

CSIR-IHBT, Palampur

Dr. Ajay Eohli

International Rice Research Institute, Manila
[Philippines)

Dr. Dharam Singh

Distinguished Postdoctoral Fellow, Instifute of
Molecular Biology, Academia Sinica, Talwan

heterogeneity

relevance

E. coll

Genomics and GM erops for food securily
Plantstress and sccondary metabolism

Electrohomocopathy: concept and

[r. Hans Kaj Negl Memorial Lecture on
Prospeciing plant diversity in Himalayva

Drought tolerance in ricen new paradism

Posttranseriptional control of gene
expression regulated by mENA decay in

ol plants in concert with en virainmenial

August 7,2013
November 22, 2013

December 10, 2013

November 28, 2013

November 29, 2013

March 6, 2014
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VISIT ABROAD

Dz. Anil Seod: Attended training of technology iransfer course under the aegis of the Khorana
Program by Indo-US Science & Technology Forum (IUSSTF), University of Wisconsin, Madison
and DBTIGOI) (IUSSTF and DBT), Wisconsin-Madison |UW) USA. July 20 to August 03, 2013.

Dr. BS. Ahuja and Dr. Anil Sood: Visited South Africa to assess the feasibility of the utilisation
of bamboo and other vegelation as a tool for land remediation and mine rebabilitation.
November 11 to December 8, 2013.

Dr. PS. Ahuja and Dr. Sanjay Kamar: Aftended Australia-India strategic research fund
workshop of bio/nanotechnology applications to improve plant productivity and ecosystems
services at Deakin University and visit to various indusiry pariners while in Victoria, Australia,
March 10-21,2014.

Dr. Ravi Shankar: Awarded INDO-AUSTRALIA S&T visiting fellowship 2012-13, Australia, for
a period of one year w.e.L July 05, 2013.

Dr. Sanjay Kumar: Attenwded Deakin University/ TERI workshop on bio/nanotechnology
applications to improve plant productivity amd ecosystems services in Deakin Universiiy
Waurn Ponids Campus, Geelong, Australia, March 11-15, 2014.

Dr. Ugir Hossain SK: Awarded 6 months Takeda Foundation International Fellowship at Osaka
Prefecture Universily, Japan, March 27 to September 26, 2013.

MEMORANDUM OF UNDERSTANDING (MoU}

Date Agreement with Purpose

May 15, 2013 Mis Enstgns Life Sciences Pvt. Lid. , Pune Transfer of technologies developed at
& M/s Himachal Health Care, Bllaspur (HP) CSIR-IHBT

May 16.-2013 M/s SANTRLU ST. Mount Edgecombe, South Africa To set up turn key projects in South

August 8, 2013

October 28, 2013

November 22, 2013

November 22, 2013

February 1. 2014

January 2. 2014
February 28, 2014

March 22,2014

Mis Phiyio Biotech Pvi. Lid, Bangalore

M/s Baijnath Pharmaceuticals, Paprola (HP)

M/s Rich’ n' Healthy Life Sciences Pyt Ltd., Pune

M5 Saffron Nutraceuticals Pet. Lid,, Pune

M/s Breme Developers Pvl. Lad., Joginder Nogar
{H.B)

M/s Breme Developers Pvi. Lid., Channtra, Mandl.
Himachal Pradesh

M/s Phvio Biotech Pyl Lid., Kolkata

Iividian Couneil of Agricultural Research, Shimla {HP)

Africa and disseminale technologies
developed at CSIR-IHBT for the
beneflt of the society

For tntrndurlug the relevant
technologles pertaining to SO0,

For collaborative research and
development relaled activities,

[dentifying the plant varieties. and
thrEII."“DH ].'II'DC'(‘:'&.‘:I.‘_'B

To develop sultable strategies for
marketing the tea related products
developed at CSIR-THET

aseplic mother stocks of apple rool
stocks of different varieties

Supply of aseptic cultures of apple
rontstocks’

For isolation, purification, sequencing
and cloning of the Super Oxide
Dismutase gene In  E.coll and to the
process o make and purily 530D
Production of Iransgenie polatoes
with biotic & abiotic siress lolerance
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Name

Training/ Workshop/ Conference/

Organiser & Venue

Period

Amit Chawla

Regional training workshop on GLS
and elimate analogne tools for PGR
management and enhanced use
Soft computing technlgues for
oplimization

Probing the changing atmosphere and
its impacts 1o lndo-Gangetle Plains
(1GP} and Himalayan reglons [AIM-
1GPHIm).

NBPGR., New Delhi aned
Bloversity International, New
Dielhi

ST sponsored National
Programme for Tralning of
Sclentists & Technologisis
Working in Government
Secior, ABV -IIITM, Gwalior
CSIR -Mational Physical
Laboralories. New Delhi.

December 226, 2013

February 1721, 2014

April 16, 2013

Amit Kumar

Alpine ecosysiem dynamics
and impact of climate change in
Indian Himalaya

SAC, ISRO,
Ciujarat

Ahmedabad,

June 1142, 2013

Aparna Malira Pati

Laboratory for Education and
Research

in Sctence amongst School Children
and Teachers (LEARNT)

National Education Summit

DST, New Delhi

Gandhinagar

Jan 27, 2014

Jan 104 1 2014

Arvind Gulati,

Ashu Gulati,

HK Singh,

RE Sud,

Gireesh Nadda.
Yogesh B Pakade and
SOE Reddy

Tea Board and CII Face Workshop on
Food Standards Salcty Regulation
2011 New Mandate.

Guwahatl and Tezpur
Guwahatl and Tezpur

September 1112, 2013

Bikram Singh

Managing innovation and technotogy
for competitiveness

Indo-11S symposium on botanical
drug development

Administrative Stafl College
of India (ASCI), Bell Vista:
Hyderabad

CSIR M, Jammu; Medania,

Gurgaon: and NCNPR USA.
al The Medicity, Gurgaon,

Haryana

27 1an - 07 Feb. 2014

December 1314, 2013

Brij Lal

Discussion meet of UNEP-GEF
bhiodiversity project on strengthening
implementation of kiclogical
diversity act and rules with [ocus on
access & benelit sharing provisions
“Tradittonal Knowledge (TH) and
aceess benefll sharing (ABS). a
national dialogue’

HP State Biodiversity Board,
Shimla

The National Biodiversity
Authority (INBAL at
Hyderabad

April 9-10, 2013

November 29-30, 2013,

Jai Prakash Dwivedi

Partcipate in Round Table
Conference on Challenges and
Possitilities for Up-Scaling High
Value Products from Himalayas with
Forus on Himalayan Neptle

India Habitat Center, Lodhi
Foad. New Delhi -1 10003

October 30, 2013

Rakesh Kumar

Mainstreaming agrobicdiversity
conservation and uiilization in
agriculiural sector (o ensure
ccosystem services and reduce
vulnerahility

Braln storming meeting on
Agrometeorological Research for
food and Security i India at Assam
Agriculiural University, Jorhai

ICAR, New Delhi &
Biloversity International at
NASC Complex, Pusa
Campus New Delhi. Indiz

Department of Science and
Technology, GOL. New Delhi
& Assam Agricultural
University, Jorhat. Assam

September 34, 2013

November 15-16, 2013
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Mainstreaming agro-biodiversity 1ICAR, New Delhi & February 20, 2014
conservation and utilization in Biloversity Infernational ai
agricultural sector to cnsure NEPGR. Reglonal Station.
ecosystem services and reduce Shimla (HP]
vulnerability
RD Singh Cultivation. value addition and Himachal Pradesh Department  July 3, 2013
marketing of medicinal and aromatie  of Environment, Selence &
planig for rural uplifiment in Technology, Shimla
Himachal Pradesh
RD Singh and ‘Malnstreaming agrobiodiversily Bioversity Internatinnal, September 34, 2013,
Rakesh Kumar conservation and utilization in NASC Complex, Pusa
agricultiral séclor 1o ensure Ciampiis. New Delhl,

ecosvsiem services and reduce
vulnerability'

Sanal Sujat Singh Golden Jubtlee function of Natlonal Reglonal Station, Phagli, April 6. 2013
Bureau of Plant Genetic Resources Shimla, Himachal Pradesh,
INBPGR)
Sanjay K Undyal Review and planning of Bloresource University of Agricultural May 30, 2013
Information Centre (BRIC) Selences, Bengaluru,
Sanjav K Unival and Establishment of ecological site Organized by SAC, October 1-4. 2013.
Amit Kumar (HIM ADRI site) and its long term Ahmedabad at
rtgu]ur munl.larl.ug 'I'ungnnth. Uttarakhand,
Sanjay Kumar and Brain storming workshop on snow State Centre on Climale May 20-30, 2013
5K Vats and placiers and the Himalayan river  Change, Shimla. Himachal
SYELEMS Pradesh during
SHK Vais Himalayan environment and GBPIHED, Almora, September 89, 2013
development = [ssues and the way Uttarakhand
forward
Mountain specilie research in the GBEPIHED Almora, Movernber 19-20, 2013
context of Himalaya Utiarakhand; INSA. New

Delhi: and ICIMOD,
Kathmandu, Nepal at Indlian
National Sclence Academy,
New Delhl

PARTICIPATION IN EXHIBITION

Occasion Theme Exhibitor Date

21" Himachal Pradesh State CSIR-IHBT technologies and Er. Jai Prakash Dwivedi November 20-23, 2013
Childeren’s Science Congressat  Products

Dharmshal

101" Indian Selence Congress  CSIR-IHBT technologies and  Er. Jai Prakash Dwivedi Febriary 3-7, 2014
Exhibition India Vision 2020 products '

Mega Expo, Jammu

HF State Level Holi Festival, CSIR-IHBT technologies and Er. Jai Prakash Dwivedi and March 14-17, 2014
Palampur products for farmers and Mr. Sanjay Kumar

enierpreneurs

Kisan Mela. Flower Show and CSIR-IHBT technologies and Er. Jai Prakash Dwivedi and  March 23, 2014
Enterpreneurship Programme al - products Mr. Sanfay Kumar
CSIR-IIM. Jammu
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DISTINGUISHED VISITORS

Prof. Ulrich Sehurr, Institute Director. Forschungszentrum Jilich, IBG-2 Germany. April 1.
2013

Sh. Brij Behari Lal Butail, Hon'ble Speaker. HP Vidhan Sabha. Mayl1.2013

Prof. TA Gonsalves, Director, IIT Mandi, Mayl1, 2013

Prof. Furqgan Qamar, Vice chancellor, Central University Himachal Pradesh, May 11, 2013
Dr. BL. Gautam. Vice- Chancellor, Career Point University. Hamirpur (HP), June 10, 2015
Dz. NK Singh, B.E Pal Chair, NRCPB, IARI, New Delhi, August 7, 2013

Dr, Nagendra Eumar Singh, Professor, NRCPB., IARI, New Defhi, August 8. 2013

Dr. Srimivasan. Project Director, National Research Center on Plani Biotechnology, IARL New
Delhi. September 26. 2013

Prof. John D. Hamill, Deakin University. Ausiralia, November 22, 2013
Dr. Ajay Kobhli, International Rice Research Institute, Mamnila (Philippines|, November 29, 2013

Drs. Samnjeev Sharma, Himachal Elecirohomeopathic Doctors Association, Chamba,
Himachal Pradesh, December 10, 2013

St. Mary Eassy. Jivadhara Institute of Neuro Development & Research. Ernakulam Disiriet.
Herala. December 10, 2013

Mr Avtar Singh Dhindsa. Beauscape Farms, Amargarh Punjab. February 28, 2014

Prof. Dr. Ingolf Kithn, Professor the Martin-Luther University Halle-Wittenberg. / Germany.
March 27,2014

Prof. Banasri Hazra, Jadavpur University, Kolkata, March 28, 2014

GROUP VISITORS
Visitors No. of Visitors
Students from Educational Institutes 1180
Farmers, NGOs, and Govt. Officials 609

Total Visitors 1789
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IMPORTANT EVENTS

National Technology Day

National Technology Day was celebrated on Mayl 1, 2013. Sh. Brij Behari Lal Butail, Hon'ble
Speaker, HP Vidhan Sabha was the Chief Guest on this oceasion. Prof. TA Gonsalves, Director,
1T Mandi delivered the Technology Day lecture on “Fostering Innovation for India in I{Ts".

Prof. Furgan Qamar, Prof. SK Sharma, Prof. TA  Prol. Furgan Qamar, Prof SK Sharmea, Prof. TA

Gionsalves, Hon'ble Sh, Brij Behari Lal Butail and  Gonsalves, Hon'ble Sh, Brij Belrari Lal Butail, Dr.

Dr. P8 Ahuja (from left fo right) on Nalional PS Ahuja and Dr. Anil Sood (from lell to right)

Tift‘lnlul-.’ﬁ Day releasing ook “Science of Tea Technok ’;‘EEI-"‘ on
Nadional Techmology Day

CSIR-IHBT Foundation Day

CSIR-IHBT Foundation Day was celebrated onJune 10, 2013, Dr. PL Gautam, Vice-Chancellor.
Career Poini University. Hamirpur { HP} delivered the Foundation Day lecture on “Blodiversity
and Society”. On this oceasion, Dr. Gautam released the Annual Report 2012- 13 and a technical
brochure” Ornameqntal Rose (Rosa Hybrida) Cultivars” an unique thorn less red Himalayvan
Woneder Rose. CSIR-IHBT documentary made by NISCAIR was screened onthe occasion

Dr. Anil Soad, My, Gaular Raza, Dr. PL Galaan D Awil Sood, M. Gamhar Raza, Dr. PL Gaulam
and Dr. PS Ahuja (from left to right) releasing a and Dr. PS Ahuja (from left to right) releasing
[older “Ornamental Rose [Rosa Hybridal “CSIR-IHEBT Annual Repori 2012-13" om the
Cultivars™ on the eveni of CSIRAHBT Foundation evenl of CSIR-IHBT Foundation Day

Day
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CSIR Foundation Day

CSIR Foundation Day celebrated on September 26, 2013. Dr. Srinivasan, Project Director,
National Research Center on Plant Biotechnology, 1ARI, New Delhi delivered Foundation Day
lecture on “Relevance of Promoters in Transgenic Research”. Prof. SK Sharma, Former Vice-
Chancellor, CSK HPKEV, Palampur and Research Council Member, CSIR-IHBT presided over the
funection

Dr. Anil Sood, Prol SK Shrarma, Dy Srisivasan Dr. PS Alwja and Prof. SK Sharma presenting 17
and Dr. PS Ahgja (from left o right) releasing a prize 1o Mr. Ajay M. Mathai for designing “Gram
[older “Ginseng (Panax ginseng cullivation sl Vigvan Kuliv (Village Seience Cemier)” on the
Agrotechnology” on the event of CSIR Foundation eveni of CSIR Foundation Day

Day

National Science Day

National Science Day celebrated on February 28, 2014 at CSIR-IHBT. Sh. Aviar Singh. CEO.
Buescape Farm, Ludhiana (PE| delivered keynote lecture on the topie entitle “Science for Every
Farmer”. Dr Naresh KEumar, Former Head. RDPD CSIR HO was the Guest of Honour. Prol. 5. K.
Sharma, Former Vice Chancellor, CSK HPKV, Palampur presided over the function

-

Dr. Anil Sood. Dr Naresh Eumar, Prof SK
Sharma, Sh. Aviar Singh and D PS Alwja Sharma, Sh. Avtar Singh and Dr. P5 Alwgja (from
addressing ([ront left 1o right) on National ledt o righit) on National Seience Day

Science Day
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Symposium

Third National Symposium ot Chitin and Chitosan Research at CSIR-IHBT in association with
the Indian Chitin and Chitosan Society, during June 7-8, 2013. Participants: 50.

Awareness programme

An awareness programme on “Food Safety and Standards Regulations. 2011 — The New
Mandate" sponsored by Tea Board, 31 October, 2013.

Workshop

Workshop on “Standardization and quality control of herbal medicine” on 10-11" December,
2013.
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RESEARCH COUNCIL

CHAIEMAN

Prof. Samir

Former Director, CSIR-IKCE, Kolkata
Emeritns Professor NASI and Sr. Scieniisi
School of Life Seiences, Visva Bharati (A Central University) Samtinikeian-731 235

MEMBERS

Prof. Bharat B Chattoo

Professor & Coordinator

Biolechnology Programme. Genome
Research Cenire Depl. of Microbiology and
Biotechnology Cenire

MS Universily of Baroda, Baroda - 390002

Prof. Alok Bhattacharya
Professor

School of Life Sciences & Compuiational and

Integrative SeiencesJdawaharlal Nehrn University,

New Delhi- 110067

Dr: N Sathyamurthy

Dircetor

Indian Instiboie of Science Education

& Research Mohali, Enowledge City, Sector 81,
SAS Nagar Mananli PC - 140306

Dr. Renu Swarup

Adviser,

Ministry of Science & Technologdy,
Department of Biolechnology,

Government of India Block=2, Fth Floor, OGO
Conrplex, Lodhi Road. New Delhi- 1 10003

Dr. Imran Siddigi
Chief Scientist

CSIR-Centre for Cellular and Molecular Biology
Uppal Roasl, Hyderabad - 500007

Dr. Jai Rup Singh
Viee Chaneellor

Cenltral University of Punjab,
City Cannyps, Mansa Road, Ballinda-151001

PERMANENT INVITEE
Head or Nominee

ing & Performanee Division {PFD]
Couneil of Scientific & Indusirial Research
New Delhi-110G 001

Prof. SK Sharma

Former Vice Chaneellor

CSK -H.P Krishi Vishwavidyalaya
Shanti Kunj. Ghuggar Taasda,
Palamprr- 176061

Prof. Narpinder Singh
Prokessor

Depi. of Food Science & Techmology
Gurn Nanak Dev University
Amritsar - 143005

Prof. Sandeep Verma

Department of Chemistry

Centre for Environmental Sciences
and Enggineering

Indian Instituie of Technology
Kanpur - 208016

Dr Ram A Vishwakanma

Direcior

CSIR-Indian Institute of Integrative Medicine,
Canal Boad, Jamumn - 18000 1

Prof. Siddhartha Roy

Direcior

CSIE=-lIdian Instiinte of Chenical
Biclogy 4, Raja SC Mullick Road,
Jadavpur Kolkaia - 700032

Dr. PS Abuja
Direcior

CSIB-nsiiinie of Himalayan Bioresource
Technology, Palampur-176 061 (HP)

MEMBER SECRETARY

Dr. Aparna Maitra Pati

Principal Scientist, PPME

CSIR-Instituie of Himalayan Bioresource
Technology, Palampur-176 061 (HP)
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MANAGEMENT COUNCIL

Chairman

Dt PS Almja

Direcior

CSIR-IHBT. Palaanpur, HP

Members Dr. Sanjay Kumay

Dr. Ram A Vishvakarma Sr. Principal Screntist

Direcior CSIR-IHBT, Palampus, HP

CSIR-, Jamnmm, J&K Eﬁﬂﬂlflg;ﬂhhll
Principal Scientist

Dr. Aparna Maitra Pati :

Principal Scientist CSIR=IHBT. Palampur, HP
Scientist

Dt Sudesh Kumar CSIR-IHBT, Palampus, HP

Si. Sclentisi

CSIR-IHBT. Palamnpur, HP Sh. Ishwar Dass
Finmnce & Accomnts OMficer

Sh. Mukhtiar Singh CSIR-IHBT. Palamipuy, HP

Principal Techmical Officer

CSIR-IHBT. Palamnpur, HP

Member Secretary

Sh. JK Parashar

Admimisirative Officer

CSIR-HBT, Palaanpur, HP




SCIENTIFIC

Director

Da P8 Alinga

Chilef Scientist

Da Augil Sood

D RD Singh

Da Arviind Galadl

De. Bikram Singh

D Virendra Singh

Se. Principal Scientisi
Dy Sanjay Ko

Sh, D Dhyani

Er. KK Singh

Da. Aslm Galali

D Brij Lal

i RE Sud
Principal Sciendist
Dy Aparna Maijira Paii
Er. GO Kiran Babu
Da. Amita Bhatlacharya
Di. Gogii Chimed

De SK Vais

D Vipin Hallan
Senior Scientist

D Sangay K Unival
Dv. BRK Sharma

Er. Aunit Kumar

D ¥ Sresmivaswuln

Dy Sudesh Komar

D Sanal Sujal Shgh
De Rakesh Komar
Dy Som Duall

D Shashi Bhoshan
Scientist

D Gireesh Nadda

D Neeraj Kumar

Dx. Pralay Das

D Wjal Kani Agnilioiri
Da Ravi Shankar

D Probir Knmar Pal
Di- Anil Kumar Singh
D Amil Chawla

Di. SGE Reddy

Di Partha Ghesh

D Yogendra S Padwad
Er. Mahil Sharma

D Ashol Kumas

Di. Yogesh B Pakade

D Amitabha Acharya (21-11-13)p

D Dinesh Kumar (21-11-133§
D Vikranmn Patial i21-11-13)*
D Mamoj Kunar (053 12-13)%
D Damnanprect Singh (13-12-13)

ko

STAFF
TECHNICAL

Principal Tech. Officer
Dr. Raja Ram

Sh. Mukhitiar Singh

St Technical Officer (3)
Sh. Om Prakash

Dr. Kivawn Kaul

Sh. RS Shekhawal

S Techmical Officer (2)
Sh, Sulhjimder Singh

Sh. Bobin Joshi [ 10-01-145*
Sr. Technical Officer (1)
Dr. Avnesh Koorari

Sh, Sawdeep Trigathi

Sh. Vikrani Ganlam

Sh. Jaf Prakast Dwivedi
Dr. Kivam Singl Saini

Sh. Raandeen Prasad

Sh. )5 Bishl

Dr. Rajneesh(11-04-13)*

Dy. Khirod K SaloolZ2-04- 151
D Pankaj K Markand (12-02-14)*
Sh. Shiv Kumar (01-04-13)*
Techaieal Officer

Sh. Rakesh Kumar

Sh. Anil Komar

5h. Vivesh Soed

Sh. Mahesh 5

Sh. Ramjeelal Meena

Sh. Saaijay Kuimar

Sh. Mohil K Swarnke

Sh. Jasheer Singh

Sh. Mukesh Goulam

Sh. Om Parkash

Sh. Prashania K Beliera
Technieal Assistant

Ms. Vijay Lata Pathania

Sh. PabilraGain

Ms. Meetakshi

Sh, Sorvioed Kunear Verma
Sh. Anil K Choudhary

Sh. Dharmesh Bumnar

Sh Pawan Komar ( 18-04-13§*
5h. Gan Chaned

Sh. Jamak Singh

5h.VS Dhadwal

Sh. Khustal Chand

Sh, Dhirov Kumar

Sh. Ajay Parmwar

Sh. Karandeen
Technician(2)

Sh, Bhweshian Komar

Sh. Hasmesh Chand

Sh. Raanesh Kinar

CSIR-IHBT Annual Re,

Sh. Parveen Kumar

Bh. Euldip Singh

Sh. Sanjay Kumar

Bh. Avinash C Rana
‘Technician j1)

Sh. Sandesp Sood

Sh. Ramjeet Singh

Bh. Ajay Kumar

5h. Surjeed Singh

Sh. Arvind Kant

Sh. Vikas Kumar

Ms. Jasveer Raur

Lab Assistand

Sh. Naresh Honrar

Sh. Aanar Singh

Lab Attendamnt G 1(2)
5h. Baldev Singh

Ms. Fajoi Devi Cheetird
Sh. Rakiesh Ol

Lab Attendant Gk I(1)
Sh. Y Baliador Chellsi
Sh. Uiktam Chraned

Sh. Balak Ram

Sh. Girja Nawed

Sh. Deepak Sood

Sh. Koldip Singh

Sh. Babwanl Raj

Ms, Anupama Saind

Sh. Shamsher Singh

ADMINISTRATION
Administrative Officer
5h. JK Prashar

Section Officer [G)

Sh. SD Rishi

Bh. fanarjest

(Transier [rom CBRE 03-06- L3y
Assistant (GEN) Gr. I
Sh. Shanli Kumar

5h. Parveen Singh

Sh. Desraj Nagins (11-12-13¢
5h. Ved Prakash {13-12-15]1*
Sh. Keertd Raj (30-12-13)*
Assistant (GEN) Gr. I1
Ms. Sandosh Kumarl

5h. Baldey

5h Kiran Kunrar

Ms. Powja Awasihi

Private Secretary
\Gacant)

Senior St

Sh. Didar Singh Patial
Senior Hindi Translator
5h. Sanjay Humar




Security Assistant
Sh, Trilok Naikh
Coupon Clerk

Sh. Anand Sharma
Staff Car Driver

5h. Om Prakash

Sh. Kewal Chand

Sh. Pradap Chand

Sh. BrahamDass
Cook

Sh, Omian Singh

Sh. Karan Singh
Chowkidar

Sh. Baleshwar Prasacl
Sh, Jagai Raan

Sh. Bahadur Ram
Sh. Ramesh Kunar
Sh, Kuldip Singh

Sh. Bhawand Ram (17-02-14)*

Tea/Coffee Maker
Sh. Bipan Gurang
Others

Sh.Thaman Bahadur
Sh- Nand Lal

Ms, Krishna Devi
M=, Rujala Devi

Sh. Shankar

Sh. Bipan Kuear

FINANCE & ACCOUNTS
Finance & Acconnts Officer
Sh. Ishwar Dass

{Transfer [rom CS10 06-05-13]"
Section Officer (F8A]
acand)

Assistant (F&A) Gr. [

Sh. Manoj Kumar

iy
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Sh. Vipan Kumar

Sh. Vikas Palfaya [19-12- 103"
Assistant (F&A) Gr. Il

M. Aruna Kumari

STORE & PURCHASE
Store & Purchase Officer
5h. SF Frabhakar

(Transler [roam NFL 01-01-13)*
Section Officer [S&P)

( Vascand §

Assistant (S&P] Gr. I

M=, Vienla Devi

Sh. Rajesy Sood

Assistant (S&P] Gr. 11

Sh. Punest Kumar

Tramsferred to CSIR Laboratories and Other Establishment :

Dr. AK Sinha: Chiefl Scientist, transferred to CSIR-CDRL Luckaow on 12.06.2015

Dr. Markandey Singh: Principal Scientist. fransferred to IARL New Delhi on 06.08.2013
Sh. Inderjit Singh: Section Officer [F&A), transferred to CSIR-IMTech, Chandigarh

12.08.2013

Sh. Parshotam Lal: Chowlkidar, transferred to CSIR-1IM. Jammu on 20.08.2013

Er. RK Bindal: Prinecipal Scientist, transferred to CSIR-NPL. New Delhi on 04.10.2013

Dr. Ramesh C Kasana: Scientist , transferred to IARIL, Jodhpur on 15.10.2013

Sh. Lakshmi N Pancley, Assistant |G) Gel, transferred to CSIR Headqguarters on 24.12.2013
Dr.V Shanmugam: Senior Scientist, transferred to JARI, New Delhi on 26.12.2013

S5h. Sunil Kumar, Finance & Accounts Officer, transferred to CSIR HG, New Delhi on 10-04.-

2013
Sh. Surender Kumar, Store & Purchase Officer, transferred to CSIR HQ. New Delhi on 10-
04-2013
Retired
Dr. Madhu Sharma, Sh. Prem Parkash.
Sr. Principal Scientist Lab Assistani
(18.02.2014} 31-08-2013}
Resigned
Dr. Bagler Ganesh B (08-04-2014)

*Newly joined staff during 2013-14
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Emeritus Scientist/ CSIR TWAS Postdoctoral Fellow/ Principal Investigators/ Sciemtist
Fellow/ Research Associate/Apprentice/ Sr. Research Fellow/ Jr. Research Fellow

Emeritus Scientist
Prod. BK Sharma

CSIR TWAS Postdoe. Fellow
Dr.fAdebiso Olonisakin
Principal Investigators
Dr.iMs. iTaouja Rana
Dir. Ugir Hossain SK
Seientist Fellow
DrVishal Acharya
Dr.iMs. i Allka Kumari
Reseafch Asseciste
Dr.iMs, ) Abha Chandbagy
Ms. Pratibha Vyas
D Asholc

Ms, Kiran Devi
Senior Research Fellows
M. Hamaorsho Slarma
Ms. Ruchi Shearma

M Vivek Dogra

Me Sunil Kumar Singh
Mc Amil Sharad

M- Plar Chanel

Me. Rajesh Konvar

M Ralol Mohan Singh
Me Anish Eagchra

M Ram Dhan

Ms. Fraveen Guleria
Ms.Amcina Shafi

Ms. Rimpy Dhinmn

M Arun Kunae Shil
M Surender Komar

Mr. Niial Banjan Guha
M&. Pritu Prafibla

Ms. Mrigaya Mehra
Ms. Sushila Shacma
Mr. Adilya Kulshresiha
Ms. Vandna Chawla®
M. Ashish Kumar

Mr. Sunny Dhir

Mr. Saurabh Sharma
Ms. Anila Kumari

Mr. Sandeep Kumag
Ms. Paral Geel

Ms. Paonam Roshan
Ms. Incho Gangwar

Ms. Shivalika Pailrnia*
Mr. Surender Pal

Mr. © Balrecddy

Mr. Manowanjan Kunsr
Mr. fai Parkash

Mir. Sumil Dhaclwal
Mr. ¥ishal Sharma

Ms. Preeli

Ms. Monika Bhuriz
Ms. Shikha*®

Me. Kiran Mansingh Fawad®

Jumior Research Fellows
Me. Madbhm Eunari
Ms. Viandwea Thakus
Mr. Ajya Kumag &
Ms. BL Barsain

Mr. Saurabh Sharma
Mr. Vingd Bleall

Mr. Gubkshan Kuimar
Br. Euldip

Mr. GP Pamzade®

Mr. Dinesh Thalkwr
Ms. Richa Hans®

Mr. Saurahbh Soni
Ms. Rubbel Singla
Mr. Roushan Kuwar
Mr. Mahsshwar Singh
M=, Tamd Sharma
Ms. Nistia Dhinsan
Mr. Arimedam Ghosh Mazumder*
Apprentice

Mr. Jiwan Komar

* INSPIRE Fellow
# DET-JRF

Tenure Completed

Dr.(Ms.) Jyoii Bhardwaj, PL

Ms. Paral Galilan, SRF
Ms. Richa Salwan, SREF
Ms. Hena Dhar, SRF

M Vinesl Kumas SEF

Ms. Karnika Thakus, SREF

Ms. Reenu Kumnari, SREF
M. Praveen Komar, SEF

Ms. Shanuni Bhadli. SRF
Ms. Rupali Jandrotia, SRF

M Vishal Kumar, SEF

Me Longue Elon JE BAM

Researel Fellow -

Resigned
04.10.2013 Dir.Lakinmir Singh. BL 0208 2013
1 LR 2014 DeVikram Padial, Sci. Fellow 203.11.2013
31052004 Dr.Amilabha Acharya, Sel. Fellow 2.11.2013
Al053.2014 DriMs. Adil Saurabh, Sel. Fellow 11.10.2013
30042003 Mc Rahul Kumar, SRF 15.11.2013
30042003 MeObrarmindesr Sharma, SRF 13.09.2013
30062003 Ms. Prachi Awasthi, SRF 14.04.2013
31552004 Mc. Ashish Kumar Yerma, JRE 2062013
23072013 Ms.Monika Malwajan, SRE 01,2014
24082003 M Rajnish Kumae, DBT-BINC (JRFY  $1.03.2014
22122003

Fellowship transferred to CSIR-CDRI, Lucknaw :
19.05,2003 M A.G Lavekas, JRF [LGC)

MrANLHauserao, SRF (LGC)

McYogesh Abaso Thopale, SRF [UGC)
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T
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W 517 W ST aA fEn T € | 56 A | e § Sues oig 9unEl vd e e |
Walta AFerl Seve % WIIH | U 36 Wl 9 E |

FITST 89 & Texs B {80 B AR BT oTiHT

TSI &7 & arevers 6 q—ewur @ G B Homi@d AeTiod el a9 g B W) 59
Torecimer | @it foret 7 10 T TR e frE 4@ 10 2(mEi W) wdndls  (GER) aeems |
VTE SURG B HaraT 3 urdl 7 & |
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e fereE T SE (ST e, 7 0. % e wee dstiead (omindl) 9 e 2013
& MODIS 99T § sifdsl 9§ far a1 | favem & 72 = 290 5 39 & 91 aiffe i Npp &1
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gt & AR $T A9EE
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weferEl fgel & | g wentaa | auarad (73% wiian) s men §, 6 i (o s,
vigdl (48 onfer) awn orgfrdl (a3 onfosl) ®a 9 ddla ) wava iRl A @faey @
FguIHET (p) TN Yt (8) Waiftw W & |

148




el @ faeT &1 ufomm

A Gdmp fvg 4 waiite afowees donfa €, ar uieh Bra § sue areme w9 S
TRET 1 U AR [T & | SO ALY . Saree @ uiiasi Eeea § waifaa faven $ e
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Ginkgo biloba, Hippophae rhamnoides, Jemiperus commamis, Picrorhiza kurvoe, Pinss roxhurghii, Popuhes
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UFAT 7 N 6T | 39 Wbl &9 BT TEaiH T Aiditedise raas weiiam o1 fgdmes sang
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Treet s & w1 v i § a9 TR Free @1 ST @ U Twais Ui A ST BT G § |
T UGR TN 5 a0 T T80 a6 4% e @ a0l & G5 aul S9a] SUSiial ®f aar
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OBITUARY

Sh. Rajendra Kumar Tandon
St Techmical Officer (3)
[12-07-1964 - 15-06-2013]

Sh. Rajendra Kumar Tandon was born on July 12, 1964 in Village- Ustechar,
PO-Deogran, Teh.- Palampur (HP). He joined CSIR-IHET on July 28, 1986 as
Technical Assistant Gr, VIIL He contributed significantly in Instrumentation Unit of
the [nstitute and catered to routine instrumentation activities of ihe Institute. He will
be remembered for his devolation, dedication and diligence. He deparied for his
heavenly abode on June 15, 2013. He is survived by his wife Ms. Reeta Tandon,
daughter Ms. Shalini Tandon and son Sh. Sumit Kumar Tandon and Sh. Amit
Kumar Tandon.

CSIR-IHBT family prays for eternal peace to the departed soul and extends heartfelt
condolences to the bereaved family.
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CSIR-IHBT, a constituent laboratory of CSIR India,
is located at the picturesque town of Palampur perched
in the lap of majestic snow clad mountain of Dhauladhar.

ﬂ Printed At : Azad Offset Printers, 144, Press Site, Ind. Area - 1, Chandigarh
a 0172 - 4611489, 2656144, 2657144 www.azadoffsetprinters.com



	Title front
	IHBT Page No. 1_10
	IHBT Page No. 11_33
	IHBT Page No. 34_46
	IHBT Page No. 47_62
	IHBT Page No. 63_80
	IHBT Page No. 81_87
	IHBT Page No. 88_98
	IHBT Page No. 99_108
	IHBT Page No. 109_126
	IHBT Page No. 127_139
	IHBT Page No. 140_162
	Title innerback
	back
	Binder1.pdf
	IHBT Page No. 1_10
	IHBT Page No. 11_33
	IHBT Page No. 34_46
	IHBT Page No. 47_62
	IHBT Page No. 63_80
	IHBT Page No. 81_87
	IHBT Page No. 88_98
	IHBT Page No. 99_108
	IHBT Page No. 109_126
	IHBT Page No. 127_139
	IHBT Page No. 140_162




