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FROM THE DESK OF THE EXECUTIVE DIRECTOR

National Agri-Food Biotechnology

Institute {NABI) completes fowr years of its
establishment with the basic abjectives of
prometing and coordinating research of high
ealibre in basic and applied aspects at the
interface of Agriculture, Food amd Nutrition.
This year was very significant for NABI, in
terms of expanding our research, publications
and initimting successful eollabovation with the
neighbauring imstitutes,
One of major research work in the area of agri-
kiotechnology focuses on addressing the
pussible role of genes related to processing
quality and their interaction (quality x
development) in wheat. Genome-wide
transcripiome study was used to decipher the
candidate gemes assockated with such traits.
Furthermore, polymorphism in the genes related
ta the grain hardness and sofiness was explored
and an updated database was created. MNew
chromosome specific translocation lines of wild
species (Agropnron elonganm) with potential
for better bread making guality have been
generated. Marker assisted breeding to transfer
good processing guality gene's to high vielding
cultivar is in progress. In an approach to
undersiand and design strategy for enhancing
micronuteient-hioavailability, localization of
irom in contrasting Wheat cultivars was reported,
Similarly, genes responsible for accumulation of
antl-nutrients like phytie acid in wheat were also
isolated. Basic biclogy of seed development is
another major area of research., Dominant
negative and root-seion approaches have been
expanded now in developing ar controlling the
seedlessness nature of target fruit crops.
Utilization of CRISPR-Cas system for targeled
mutagenesis has been demonstrated m wheal
suspension cells. A newly identified wheat virus.
reported last year, was modified and
advancement was made fo apply for targeted
gene silencing thus enabling the development of
high-throughput functional sereening.

A multi-institutional program to
develop nutritionally enriched (high pro-
vitamin-A) lransgenic varieties of Indian bavana
is on its way. Post harvesi science s another
important area where the institute is focussing
towards development of some processing
echnologies to prevent fruiterop losses. Quality,
safety and postharvest stability of fresh fruits are
areas of research in the food biotechnology. The
discovery and validation of biomarker{s) linked
b artificial froil ripening in mango and bamana
fruits ave under progression. High-throughput
analysis of metabolites responsible for flavour,
nutrition and processing quality of 'Kinnow'
mandarins has revealed the impact of various
pre- and post-harvest Tactors on fruis
metabolome and its comsequences on suitability
of Truit for fresh and processing industries.

Food and Nutrition areas focus on
preventing both kinds of malnwtrition (under and
aver mutrition). Micromutriest under nutrition,
especially of ion, leads to anaemia in pregnani
and lactating women, children and other
populations. Multiple approaches such as
enhancing ivon bioavailability uwsing nano-
biotechnology and identifying natural
compounds that could mainiain iron homeostasis
are in progress at the institute to address
micromutrient deficiency. ITron alginate
encapsulated ferric saccharate microemulsions
were synthesized, characterized and currently
evaluation studies are being taken-up.
Stmuliancously, in the area of over-nuirition and
associated complications, dielary ¢emponenis
from Indian millet varieties., spiees, and
prebiotics have been studied for their beneficial
effects using both ir vitre and i vive model
systems, The beneficial effects of finger mille
whole grain and bran have been investigated in
an animal moded of ehesity, prominently via anti-
inflammatory activity, anti-oxidant activity and
gut microbial modulation. MNuirigenomic and
melecular mechanisms of Transiemt Recepior
Patential { TRP)channel mediated dietary
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modulation using capsaicin (red chillies),
cinnamaldehyde (cinnamon), allicin (garlic and
onion) have been reported.  Fuwther, structual
characterization of arabinoxylans from millets
and their biological activity with parameters
relating to the variability in the fine struetures of
phenalic acids bound armbinoxyians from Indian
millet varieties and their consequence on anti-
oxidant and ant-obesity/adipogenesis aclivity is
underway.

To enhamce our genomics analyses
capabilities in the area of ammal and crop
biotechnology, the institute has undertaken a 1ask
for development of advanced algorithms,
databases, tools and pipeline for data mining and
comparative analysis of food crep genomes.
Small ENA based regulation has been targeted
during seed development. The 10.1 teraflop
supercomputing facility has accelerated fhe
transcriptome and genome based analysis. User
friendly web-interface has been developed o
facilitate the use of this supercomputing facility
by biologists,

Human resource development is one of
our priorities. The institute currently has 19
Ph.D. smudents and also 2400 jumior rescarch
fiellows and project assistants. Besides, NABI is
also involved in providing research training to

. G—

young students in ithe diverse areas of
Agrieuliure, Food and Nuirition Biology.
Recently, MABI in collaboration with PGIMER,,
Chandigarh has been recommended for
extramwiral funding for initiation of imegrated
Masters-Ph.D. program in Nutritional Biology.
The institute is currently hosting 12 extramural
funded grants from different national and
mternational agencies.

In short span of 4 vears, NABI has been
able to make significant progress in terms of
inifiating high gquality research programs,
securing extramural grants from multiple
funding agencies. pursuing collaborative
programs with national and international
partners and developing well trained human
resource. The support from all concerned is
highly appreciative and we look farward to move
ahead.

Prof. Akhilesh Kumar Tvagi
Executive Direetor (Additlomal Charge) & Professor
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VISION AND MISSION STATEMENT

To be a nodal organization for knowledge generation and translational science
leading to value added products based on agri- food biotech innovations.

o To transform agri-food sector into globally rewarding and sustainable
biotechnology-based enterprise through innovative solutions in primary
and secondary agriculture including high-end food processing.

e To develop synergy among knowledge providers and investors in agri-

food sector to carrvy maovations to marketplace.
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1.1 Functional genomies for enhaneing mineral
nutrition and procvessing quality in wheat

1.1.1 Gene discovery for improvement af
processing and nnirition guality in wheat

Principal Ievesfigator
JoyK Roy

Research Fellows
Amuradha Singh

Monica Sharma
Pankaj Kumar

Introduction

Wheat flour is processed into a wide range of end-
use food products, whose complex quality mainly
depends on biochemical composition of grains
such as storage protein, starch, phenolics, lipid,
elc. The wheat grains contain about 70% starch
which also requires ko be mpraved mta nutritive
starch, for example, high amylose-starch or
resistant starch for healthy wheat diets. The
presenl varieties require improvement both in
nutrition and peocessing qualily te meei the
increasing demand of healihy wheat diets for
consumers and better processing quality for
baking and processing industries. Genetical and
molecular knowledge of gemes and their
regolators waderlying nutritien and processing
related quality traits and their interaction are
important for improvement of processing and
nutrition quality in wheat. In this project,
cuandidate genes and then o subset of the candidate
genes are targetted to identify causal genes and
their coding amd 5' non-coding regnlatory simgle
nucleotide polymorphisms (SNPs) and then their
fimctional validation would be done 10 identify
camsative genes and their SNPs for wheat
improvement and/or enhancement through
molecular breeding.

Objeetives

I.  Idemification of candidate genes using 35K
transcripis present on Affymeirix®  wheat
fiileroarrays.

2.

Idemtification of additional candidate genes
through transeriptome and small RNA
SCUENCings,

Phenotyping of processing and nutrition
related traits on a subset of wheat germiplasm
colleciion.

Identification of causal genes and their SNPs
implementing association study approaches.

Research Progress
(

A set of 110 candidate gene probesets was
wlentified among 55K wheat transcripls
through two-way ANOVA analysis in four
[ndian wheat varieties (C306, Lokl,
Sonalika, and WH291) (Singh et al. Z2014).
Several key genes related to processing and
nutrition guality traits were also identified in

this study.

It is also mmportant to understand the spatial
distribution of expression of the candidate
genes for designing tissue and growth
spevific functional validation experiments.
The spatial distribufion of expeession of the
candidate genes was siudied in 10
development stages such as germmation,
seedling growth, tillering, stem elongation,
booting, inflorescence emergence, anthesis,
milk development, dough development, and
ripening and 22 wheat tissues including
endosperm, glume, carvopsis, embryo, leaf,
root, coleoptile, mesocotyl, seedling,
sheath, shoot, shoot apex, flag leaf, crown,
inflorescence, spikelet, pistil. anther,
glumes etc. dwough meta analysis of 1405
samples which were available in the
Affymetrix®'s Frificum aesiivum
microarray database.

Ciene expression analyses (gRT-PCR) of a
subset of candidate genes are being done to
validate theiv differential expression in
diverse wheat genotypes (Table 1, Figure 1),
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Table 12 Fold change values of expression of two candidate genes between good (C306) snd poor (Sonalika)
quadity varketies estimated through qRT-PCR & wheat microarcay ( *IIAA=Tkys after authesis),

Differential gene expressien between

Genesseed developmens stage® C30% and Somaliks (Fold Change)
gRT-PCR wheat microarrays

Pre a/f-uliadin
TDAA 4.7 100.7
14 DAA 1.0 =10
28 DAA 1.4 1.2
¥ gliadin
TDAA 476 BB
4 DAA 6.4 -1.4
28 DAA 1.7 =200

. 50

% OPre o fi-gliadin

eady @Y gliadin

g

- 40 4

]

]

= 20 -

=

m [ = - - - .

TDAA 14DAA 285DAA
Seei development stage

Figwre 1: Validation of differential expression (fold change)
of two candidare genes (pre-w/fghadin and p-Gliadin)
between good (C306) & poor (Sonalika) quality varieties at
three seed development siages using qQRT-PCR.

4. OF 63 probe sets of phenylpropanoid
biosynihesis pathway genes on Affymetrix” wheat
arrays, thirly=five showed at least two fold
changes belween good (C306) and poor
{Senalika) qualily varieties at three seed
developmental stages (7, 14, and 28 DAA). For
example, the expression of naringenin chaleone
synthase (Ta.9172.1.51 _at and
Ta.2172.1.81_x_at) was significanily lower in
middle stages of seed development (14DAA} and
higher in later stage of seed development
{28DAA) in C306 with respect to Sonalika.

5.  Comparative analysis of transcriptome and
small RNA sequences at 3 seed

development stages in two diverse wheat
genotypes are being done to identify
additional candidate genes. The nucleotide
sequence of 110 candidate gene probesets
were physically mapped to wheali
chromwosomes through blast using IWGSC's
wheat genome seguence database,

& Processing quality related to starch thermal
properiies such as onset, peak. conclsion
temperature, and enthalpy were estlimated
on a set of 44 wheat diverse gentypes wsing
Differential Scanning Calorimetery (DSC)
(Figure 2). Starch quality affec
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Figure 2; Theomogeams of wheat starch samples showing low (WH 291) and high {LOK 1}
onsetiemperature (To) of starch thermal propery,

gelatinization, shelf life, soflness, stickiness, and 9. Odhertraits such as starch granule size, total
moisiness maintainace of end-use products. The grain prokein content. ldal starch eontent,
genotypes showed varlation in the above amylose contemi, seed length and width,
parameters. grain weight, eic were calculated on a sei of
7.  Processing quality relaied to dough 33 wheat genatypes.
properties such as medline peak time, peak 10. Many SNPswere identified between the two
value, and peak width indicating gluten diverse wheat varieties. C306 and Sonalika
strength were estimated on a set of 38 wheat for the coding regions of the 110 candidate
genotypes using a mixograph. The variation genes by comparing their nucleotide
in the above parameters identified wheat sequences extracted from their
vareties with weak, medium, and strong tramscriptome data generated on 454 and
dough, THwmina platforms,
8, Twodiverse Indimn wheat variches e, C306  Salient Achievements
and Somalika were wsed for phenolic .
compound identification and quantitative . h Bﬂ‘qf 110 an didate genes has been
. . identified vsing Affymetrix® wheat
estimation, Many phenolic compounds . Physical . f the
showing presence/absence in free or bound ieroarTays. Fhysical mapping of £
forms belween the two varieties were candidate gencs was detenuined using
R . IWGSCs wheat wence data.
identified (Figure 3). genamessq
o kA i
3 AN e e .,uTL. ._,-H:' \ AN I._..___,_. —

Figure 3: HPLC chromatogeams {MS spectra) of alkaline hydrolyzed phenolics af Somalika {Left) and

€306 (right).
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2. Processing quality related to starch
thermal properties and dough properties
were estimated on a sub set of wheat
germplasm.

3, Other traits suoh as starch granule size, total
grain protein content, total grain starch
comtent, amylose contemt, seed length and
widih, grain weighi, etc. were calculated on
a selol 55 wheal genolypes.

4. An EMS ireated M3 population of the
Indian wheat variety, €306, has been
developed for functiomal validation of the
candidate genes.

Future Perspectives

1.  Processing quality related to starch thermal
properties and dough properties will be
estimated in replications on a set of 50 wheat
genatypes, Other traits such s stavch
granule size, total grain three replications on
the abve set.

2. Phenolic compounds profiling will be done
to identify metabalites and their variation in
the germplasim set.

3. ldentification of single nucleotide
polvmorphiams (SNPs) in coding and 5
non-coding regions of candidate genes
through sequencing on the germplasin set.

I.1.2 Metabolic engineering of phytic acid
patlway fo enhance iron bloavailability in
whteat

Principal Investigator
Ajay K. Pandey
Co-Investigator
Siddharth Tiwari
Reseaveh Fellows
Kaushal K Bhati

Siph Aggarwal
Shovani Sharma
Mandeep Kaur

Introduction

Approaches for reducing phytic acid (PA; anfi
nutrients) content in seed to enhance iron

bicavailability has been employed in different
crops like maize, soybean, barley and rice, Genes
involved in PA pathway are not veporied from
wheat. In this project we wani 1o utilize functional
genomie tool/s ko address the role of phytic acid
synthesis genes, Our goal s to first identify genes
contributing for PA pathwway and subsequently
generate low PA wheat lings by targeted gene
silencing. We anticipate that wheat grains with
reduce PA content might show an increase in iron
hicavailability.

Objectives

. ldentification and functional
characterrzation of PA pathway genes from
wheat,

L. Development of low phyiate wheai crop by
using RN Al approach.

Research Progress

l.  Genes involved in the late phases of PA
biosynthesis pathway are wellknown in

crops like maize, soybean, rice and barley
but none have been reported from wheat.

2. Our in siliep analysis identified six wheat
genes that might be invelved in the
blosynithesis of inositol phosphates, Four of
the genes were inositol tetraphosphate
kinases (Tl TPKY, TalTPR2, TalTPK3, and
TalTPR4), and the other two genes encode
for inositol triphosphate kinase (TalPK2)
and inositol pentakisphosphate kinase
(TalPK1).

3. Additionally, we identificd a homolog of
Zmlpa-1, an ABCC subclass multidrug
resisiance-associaled iransporier protein
(TaMRP3} that 15 putatively involved m PA
transpart. Analyses of the mRNA
expression levels of these seven genes
showed that they are differentially
expressed during seed development, and
that some are prefeventially expressed in
aleurone tissue. These results suggest
seleative roles during PA blosynthesis, and
thai both lipid-independent and -dependent
pathways are active i developing wheat
grains (Figure4).
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TalPKT and TaMRP3 were able o
complement the yeast Sedipk! and Sedugf!
mutanis, respectively, providing evidence
that the wheat genes have the expected
biochemical functions (Figure 5). This is the
firsteomprehensive study of the wheat genes
involved in the late phase of PA biosynthesis
(Figure 6). Knowledge generated from these
studies could be utilized to develop
strategies for generating low phyate wheat.

TafTPKT

minn

TPk b

TiTPKS

Belative mRMNA accemulstion
{arbsLEarY W)

T FPRd "

Deys after amh-:sis

I ai'

1.1

Salient Achievements

1.

PA analysis suggested a lineow increase in the
1P, accumulation with the graln development

and this accumulation is negatively

correlated with the free phosphate,

Genes for the wheat phytie acid pathway
were identified and ThIPK1 and TaMRP3
were checked for functional activity in yeast
mutants.

Amaong the genes studied, TafPE T and

TafPK2

j | 11

i ©
RiPRE I
) : &

| mames
aﬁeraﬂﬂl&ﬁm

Figure 4: QORT-PCR analysis o genes involved in PA Biosynthesis inwheat seeds.
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Figure 5: Complementation assays of yeasi Ajphd and AvefT wivtants by TafPRT and FalMRP3, respectively.
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Flgure 6: Schematle repeesendarion of genes eontribnthiag ta
the PA patheay i wheat, Inositol phospleites are synithesized
via lipid-dependent (PIdIP) or lipid-independent (1P}
pathraays to form [P, halicized wheat genes are indicated at
the position adjacent to the probable steps they catalyze.

TaMRPI could be the most switable tarpets for
genetic engineering, althowgh role of ather genes

canmet be ignored.
Future Perspectives

I. Targeted silencing will be done for the genes
involved in late stage of PA synthesis.
Generated transgenic lines will be evalwated
for the bicavailability of iron.

2. Geness involved i the synthesis of 1P./IP,
will be siudied and their possible role in the
regulation of enhanced phosphate uptake in
seeds will be studied.
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1.1.3 Minerval distribution and tissne-specific
transcriptomics In grains of contrasting

wheat genotypes
Principal Investigators

Rakesh Tuli
Sudhir P. Singh

Co-Investigator
Shrikant Mantri

Research Fellow
RajaJeel
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Intraduciion

Mineral deficiency is widespread in the world,
especially in cereal diet-based countries. Most of
the minerals are present in cereals in forms
absorbed poorly from the diets, Wheat is one of the
globally impostant cereal crops, with over 650
million tonnes harvested annually. This accounts
for pearly 20% of the world's daily food supply.
Though wheat s a significant source of minerals
such as Fe, Zn, Mg, K, Ca, Mn, Cu, § ond P,
agronomically superior varieties often have lower
mineral concentrations than their wild relatives.
The high yiclding varictics may be intrinsically
less efficient in tramslocating minerals nto the
grains. A substandial portion of minesals in the
whole grain is lost during processing of wheat
flour becouse these are located primarily in the
outer portion of the grain, ealled bran, which is
ofien nod consumed by people. The siudy around
mineval transpart, sequestration and localization
in seed tissues is useful for designing varictics
with higher mineral content W tissues that allow
their efficient dietary wptake. Understanding
molecular details of elemental localization can
suggest new ways to design nutritionally
improved crops with mineral elements enviched in
endasperm rather than aleurone. Henee, it ls
desirable to study localization for all mineral
clements in wheat cultivars and the relaied
genodypes. [t is essential to examine difference in
temporal and spatial expression of genes within
the tissues of developing grains of contrasting
wheat genotypes.

Objectives

1. Te investigate spatial distribution of
minerals across the matermal and filial grain
tissues of wheal and related genadypes.

2. To examine tissue specific transcriptome in
developing grains of wheat,

3. To designe a sirategy for mobilization of
mimerals from puter bran to endasperm.

Research Progress

.  Miere-PIXE clemental analysis was dong on
tromsverse sections of grains to generade

quantitative distribution maps of macro
(Mg, P, 8, K and Ca) and micro (Fe, Zn, Mn
and Cu) nuivients n two wheat cultivars
(Tritierme aestivin Cv. WH291 amd Cwv
WL711), a landrace (T, aestivum L. WTR26)
and a wild relative of wheat (degilops
katsehyi ace, 3790). Figure 7 shows
elemental distribution maps of the
representative samples of the four

genotypes.

2. The mweo-way clustering of Pearson's

correlation coefficients between P and
cationie minerals revealed distinet patterns
of tisswe specific mineral co-localization
among the genotypes. The highest level of
co-localization was seen for P and K in all
four genotypes. followed by P-Mg and P-Fe
(Figure §).

3, Cluster analysis (CA) was performed using
concentrations of all the measured clements
(Mg, P, 8, K, Ca, Mn, Fe, Cu and Zn) in
major grain tissves (aleurone, endosperm,
scutellum and embryo region), based on
Bray snd Curtis distance/sintilarity meastire
and nearest neighbour clustering method.
The four genotypes were grouped into three
clusters, with WH291 and WL711 being the
mast similar (distance 0,112), The landrace-
HUTR26 formed a separale cluster (distance
G.1223, and the most distani cluster is
formed by 4. kofschyi (distance 0.134)
(Figure 9).

4.  Teanseriptome of aleurone and endosperm s

being examined in high {IITR26) and low
(WLT11) mineral wheat genotypes. Several
metal accumulation, transport and
homeostasis related genes were found up-
regulated in alewrone as compared to
endosperm in both the genotypes. Some of
the genes were expressed at higher level in
IITR26 (Table 2).

Salient Achievements

1. The physical evidence of distribution patiern

and gualitative localization of several
nutritionally important minerals was
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A kotscivpl soc. 1700 Taesiviam L NTRIS Tsestivim Cv. WHII Faesthvurm Crv. WLTT
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Figure 71 Micro-PIXE quamitatlve clement distributlon maps of a representative graln
cross-secimoms of 4, oy FrvE, NTRG6, WH291 and WLT1 . Baws naxi o the Inages represent
concentration ofan element inpeg " dry mass. A= aleurone., CR= crease. EM-embryo region,
EN-endospesmy, P- peripheral tissues (pericanp and seed coat), SCU- seutellum.
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investigated in filial and maternal tissves of
graims of T aestivum and A, Roischyi
ECnolypes.

The cellular signatures of minerals have the
podential so be useful blomarkers related to

the biological and agronomic differences
among diverse crop varieties.

P
P-Fa
Pk

PZn
P
P-Ca
PG
P3

EEEE

:

3

WLT11

:

NATIONAL AGRI-FOOD BIOTECHNOLOGY INSTITUTE

WLT11

WH2E1
ITR2E - e
A, katschyi

0.00 1 015
Figure 9: Cluster analysis based on Beay and Curtis
distance/similarity measure and neavest neighbour
clustering methed, Micro-MIXE concentrations of

Mg, I 8, K, Ca, Fe, Zn, Mn and €u in the major grain
tissmes were used as ihe aliribules for clusiering.

3. Differemial expression of several transcripts
related to metal transpowt, scoumulation and
homeosiasis were oblained. Furiher analysis

Is in progress.
Future Pevspectives

l.  ldentification of candidate pathways and
genes for muneral accumulation in wheat
grains at higher level.

Figure & Heal maps construcked by two-way
clustering of Pearson's correlation coeflicienis
[depicting the level of eo-localization between P
and other minerals), using p-PIXE data, in major
grain tisswes (aleurone, scutellum, endosperm and

cinbrya region).

2. Validation of the function of the geme
thvowgh viral vector.
3. To develop a strategy for mobilization of

mimerals fromouter bran to endosperm.

Table 2: Differential expression of mietal homeostasis genes identified in alevrone and endosperm, at 14 days after
anthesis. of whent genotypes with high (INTR26)and low {IITR26) grain mineral concentration.

Genes f Product Id

Beads Per Kilobase per Million reads §RPEM)

lothionein_Ta

Metallothionein_Hvl

IMetallothionein_Xh

%lﬂﬂiﬂuﬁn like proteind_Hy
liothionein_Hy2

11

Metal ion binding protein_Ta

IFerritin

23

%lmmamm 1 8d
| tolerance pmta?ns-‘a‘tl

WL7 IITR26 | End WL711

IMetal tolerance proteins. Ta

IMetal tolerance protein7 Bd

liron-sulfur protein_2m

|mn{mwmtﬂ4h1 Hy

i 2lg e
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| Iron-sulfur assembly protein IscA-like 2_Bd|
ron-sulfur protein NUBPL_Bd

[iron-sulfur cluster assembly protein IS5CU_B
Zinc transporter_(ZIPA)_Ta

tion diffusion facllitator transporter_Ta
|wacuolar iron transporter_Bd
[vacuolar iron transporters_gd

icotianamine $ythased_Ta
icotianamine se 5 _Hy
icotianamine aminotransterase_Hv
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gresium transporter NIPA2_TA
Magnesium transporter NIPA2_Bd
gnesium transporter NIPA2_Bd
Soran transporterd Bd
[Bosan transporter2_Bd
ium transporter23_Bd
ity potassium transporter_Ta

ium channel KATI Bd

iim ehantiel KORZ_Bd

ium channel KORZ like_Bd
[Copper-transporting ATPase PAAL_Bd
|Cation-chioride cotransporteri_Bd
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1. 1.4 Efficient gewetic transformation of wheat

Principal Investigator
Siddhasth Tiwar

Research Fellows
AnshuAlok
Harsimran Kaur

Intredaciion

The protocels for callus as well as direct
muliiple shoot mediated in=vifre regeneration
and Agrobacterium-mediated genetic
transformation with reporter (GUS-Intron)
gene of wheat have been optimized.
Eventually optimized protocol will be used
for generation of stable transgenic plants with
desirable traits.

Objectives

Establishement of genetic transformation
protocol of wheat.

Research Progress

I. Stable expression of reporter (GUS-
intron) zene: The siable expression of
riporter gene was notioed as blue colour on
the flag leaves of transgenic planis (Figure
10 A). The results further conlinmned by PCR
analysis showed amplification of the
predicted 8040 bp gusd as well as 1027 bp
Fypel§ fragments of genes in iransgenic planis
{(Figure 10B),
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Salient Achivements

Agrobacieriupe-mredizied genetic transformation
for the stable expression of reporter (GLIS-Intron)
genewas optimized.

Future Perspectives

Optimized transformation protocol will be used as
a tool for validation and generation of transgenic
wheat with the desirable traits.

1L.L3 Molecular characterisation of wheat
dwar( India virus and development of virus
induced gene sitencing (VIGS) vector and its
application in sindying gene fanction in
wheat

Principal Investigator:
Rakesh Tuli

Research Fellows
Jitendra Kumar
Jitessh Kurmar
Vishnu Shukla
Shashank Singh

Inirodweilon

Plamt viral vectors are valpable toals for
suppression (VIGS) and heterologous gene
expression (virus mediated overexpression:
VOX). Viral vectors are especially useful for
plants such as wheat { Tviticemn aestivam) that has
large and complex genome and ave recalcitrani to
iransformation, which limit the use of functional
genomics tools such as mwtagenesis, T-DNA
knockout libvaries, T-DNA activation tagging or

2 3 a4 5 ] 7
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Flgure 101 Stable expression and PCR amalysls of GUS In transpenle plamts. (A) Histochemical assay showed
GUS expression in flag leaves of transgenio plants, (B) PCR analysis of ransgenie plants showed transgenes
kegration i the gengane, Lane | Lambda DNA Hipdlff & EcoRtf digest, Lane 2; Withouwt tenplate (DNA), Lane
3 untransformed plant, Lane 4 Positive contrel (pCAMBLALSH vegtor), Lane 3-7: transgenic plants showing
800 bp amplicon feom gusA gene and 1027 bpamplicon of dpff gene.



fransposon gene-tagging and even the
RMNAIL VIGS s of great importance m wheat
as it can paotentially speed up the
characterization of candidate genes, The
target transcript is degraded by Post-
Tramseripeional Gene Silencing (PTGS).
VIGS can validate the funciion of a specific
gene within a single generation and obviates
the seed for screeming large populations o
identify mutations in specific genes. Being a
transient method, it does not reguire the
generation of stable transgenic plants. The
project aims at developing a good viral
vector for suppression (VIGS) and
expeession [ VOX) vector forwheat.

Ohjectives

!d

Investigating incidence and prevalence of
the WDIV disease complex in India.
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Research Progress

Degection and characterization of WDIV
associated satelfites from wheat: The
wheat samples found positive for WDIV
were investigated for the presence of
subgenomic components or satellites, Two
types of satellites (alpha and beta) were
deteeted, whereas no begomovirus was
detected from WDIV positive wheat
samples (Figure 11).

Assessment of effect of alpha and beta
sadellites on the symptom induction by
virus: The phenotype was observed for
assessing the effecis of the saiellites on the
virus symptom induction process, The
plants were observed showing more
dwarfism in the presence of satellite in
comparison to the virus alone (Figure 1 2).

Figure 11: Amphfication for beta saiellie and alpha satellite,

Development and validation of VIGS vecior
and its further wtilization for functional
assessment of from biosyanthesis related

genes.

3

Assessment of effect of alpha and beta

satellites om WDIY and WDIV-specific
small RNA accumulation: Southern

—:— r- .h ; = = . Iﬂ - ..n:—u?.g_}_-.-ﬁ.-:.
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Fizure 12: Agremoculated wheat plants af 42 day post inoculation. C= mock imoculated, V= virus
mnfectious clone and V+A+B=virus+alphatbeta satellite infectious clome inoculated wheat plants.



hybridization to assess the effect of the
satellites on the virus aceumulation inside
the wheat plant. The accunmlation of virus
was found high in the presence of the
satellites (Figure 13). Production of vires-
specific small RNA is plant defence against
viruses, Virus and satellites encoded ORFs
exhibit silencing suppressor activilty to
suppress plant silencing machinery,
Morthern hybridization was performed 1o
access the sccumulation of WDTV-specific
small RNA, which showed that
acoumulation of WDIV-spevific small RNA
was lower in plants inoculated with WDIY
and satellites (Figure 13,

Figure 13: Southern hybridization based
quentification of WDIV (B, alphosatellitz (C and
betasatellite {D) W agroinoculated wiweat plant (A).
Cloat prodein gene was usedas probe bo investigate virs
accwnulation from different parts of whent plants (root,
stem and leal), Accumulation of WD Vaspecific somall
RNA(E) i diffiereni parts of wheat plant (AL
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Assessing the effect of associated
satellites on wheat plant gene expression
using walcroarray amalysiss Expression
analysis using microarray revealed that
many unigenes were up regulated and down
regulated more than 3-fokd by its expression
value, Presence of betasatellite supported
the gene regulation patbem of virus, wheeeas
alphasatellite regulated different sets of
urigenes,

Prevalence of WDV in #he counfry: A
survey has been conducted for investigating
the incidence and prevalence of wheal
discase caused by WDIV i different parts
of the country. Wheat planis ai different
palhogenicity scales of (-9 were found at
different locations (Table 3). Broad
oceurrence of WDV has been concluded on
the basis of survey. Association of satellites
was found at all the locations,

Carrelation of pathegenicity seale with
praductivity: The number of fillers was less
al disease seale 8-9. The length of ear was
also reduced at scale 8-9 (Table 4).
Significant variations were observed in

TEW at different discase scales. TKW at
scale (1 was 44+ 5 g and gradually decreased
to 35 £4 g at higher disease scale (Table 4).
Girain formation was nil in the spikes ai soale
8-9 (Table 4}.

Table 3 Geographical co-ordinates of sample eollection sites, percentage of infected wheat plamis and disease

sevierity in field.

5. Cenire & Geographical Mo ol Now ol Incide No.of No.ofl Positive Prevale Pathogem
No.  sample camordinaies plants in  imfected nie sample sample sample  nee (%) by
collection 108y, plamtsin  §%)  colleet found (%) srale
Ft. 10 5q, Fe.* ed positive”™ fownd
Average of 5
locations
I Mahali 307 47 Morth; 26l 35 134 317 263 B29 1.9 fioH
76" 41" East
2. Meerut 28" 58'North; 240 26 108 67 59 B8 9.3 Ziob
77" 42' East
3, Karpur 26" 45' North; 246 e 13 30 23 T8 ] Zinb
80" 31' East
— 20
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5  Centreol  Geographical Ne.of  Neooof fncide No.of No.of Positive Prevale Pathogen
Mo, sample co=prillinates plonts in  infected nee sample sample sample  wee (%8 oty
colleciion 16Sg. plamisim (%5 cellect found (%) scale
Ft. 10 Sq. Fr.= o pustiive” found
Average of 5
locations
4, Gorakhpur 207 45 Noeth; 275 23 £3 24 I8 75 6.2 2105
75" 66" East
5. Ssmastipwe 25° 80° Noeth; 253 36 142 40 36 90 127 2m8
45" 67" East
6. Hajipar 25° 68" Nowth; 270 29 LT 20 i7 BS 2.1 i3
85" 12" East
1. Bilaspuw 22% ' Nowthe 244 20 82 45 3 Bi.l 6.9 2wmb
82° 9" Bast
8. Jagdalpur 207 37 Noeth; 236 23 u7 40 5 70 o7 0o 5
31" 35 Eust
9, Wellington 11°22 North; 233 43 193 78 7l 9 17.3 lied
76" 47 East
10. Pume 18" 6" Naxthe 237 26 e 75 Fill 9%3 10.1 lte7
74" 18" East
M. Indore 22° 43 North, 242 38 157 60 M b0 14,1 2109
75 44 East
iZ Bhogal 23" 12 North; 247 22 5.9 20 15 5 b.h lted
T17 2% East
13, Udaipur  24° 34" Nowth; 251 28 1.1 77 35 4 79 1o
T3" 38 East
4. Jaipur 267 ' Newtly 245 36 46 70 Sk 714 0.4 el
75" 47 East
15. Awerage across India 2485 296 IL® 68T 565 8l.7 93 o9

*  Infecied snwmples suspected on the basis of visible symploms.,
B Samples Found positive on the basis of amplification of 2.8 kb PCR fragmentusing WO specific primers,

Table4: Correlation of pathogenicity scale wilh productivily waits,

8. Pathoge No.of Neeol % Prevalen Average of 10 independent observatisns
No. nicity plamts  virss  positive ec at Ne. of No.of Lengthof Total graim Thousand

seale  coMecied positive plants  seale nillers ears/ ear weight/ grain
plant (%) fplant  plawd plani waeighi
1. &w% 15 14 3.3 14 5-6 56 S5-8%am MNo zraln Mo grain
2. 57 136 127 933 13.5 B-15 B-15 T-10om B-I15g 35gidg
i, Jio4 36D 333 %235 35.5 Bha]i 6«13 T=llom 1l «26g Alg+ g
4 1w2 452 IS 67 336  5-15 5-15 8-12em  12-37g  4igh 4g
5 © 42 2 4.7 NA 5-16 5-16 8-Mem  13-39g  44g+5g




Development of VIGS vector by
modilying the viral genome : Several
modifications have been done in viral
genome by removing a small streich of
nucleotide and inserting Muliiple Cloming
Sites (MUS) at the same positions.

1l B A TR S S e . VIGSPRE
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stages of wheat Is belng optimized with
different VIGS constructs in wheat {Figure
15). The vector constrocts exhibiting good
silencing activity in dif¥erent developmental
stages will be utilised for silencing of gene of
interest.

c

Moo EBHEEE

Relalive POS transcript hvels

wiESsEhE Bty ida

Flart samgles
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Iﬂmul.;‘ wicion Ahiaos iblalea

Figure #4: Panel A: partial view of the VIGS=PDS constructs inoculated wheat plant. Panel
B: comparisen between leaves of VIGS-PDS, empty VIGS-vector inoculaied and
uninoculaked control whes plants, Panel C: real-lime PCR based amplification of relalive

PDS transeripts.

visual marker gene: Phytoene desaturase
gene (PDS) from wheat was amplified,
cloned and sequenced. li was inserted inlo

Utilization of WDIV-VIGS vector for
studying function of iron nutrition related
genes in wheat: Candidate genes have been
short-listed from literature and also from the
transeriptomics data. Silencing of two

Validation of VIGS veetor by sileucing of 10.
the VIGS vector. Agromoculation of leaf
=t ..;_,’._ Growth stapes of

whaat & being
tangated

Figure 151 Sllencing of PDS gene in diffesemt developmental

stoges of wheat,

tissues with VIGS-PDIS canstruet resulted in
efficient silencing ( Figure 14).

Optimizagion of silencing in different

developmental stage of wheat: Silencing
of PDS gene in different developmendal

candidate genes is under process in
developing seed. Methods are being
developed to introduce infection in
developing wheat grains,
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Safient Achievements

1. We have detecied a novel mastrevirs with
novel genome organisation and assaciation
of subgewnmie components {satellites). We
have detected the association of satellites
with a mastrevirus for the first time, Role of
the associated satellites in viral disease

ephancement was documented.

2. WDIV genome wis modified in order to
achieve a good silencing in wheal.

Future Perspectives

1.  Funciional annotation of upregulated and
downregulated transcript upon WDIV and
satellite infeetions.

2 Optimization of silencing in differen:
developmental stage of wheat and
utilization of WDIV-VIGS vector for
fimetional genomics in wheat.

1.2 Accelerated breeding for quality improvement
ef processing and nutritienal quality in wheat

Principal Investigator
Monika Garg

Research Fellows

Rohit Kumar
Aman Kumar

Introduction

In the developed countries, grain market is driven
by wheat quality. A wheat class/grade is awarded
to a produet based on its processing and end-use
quality. Validated Markers are available for each
product type and are being routinely ulilized, Bui,
in India cultivars are released based on agro
climatic zones, time of sowing and soil fertility.
Validated Markers are not available for fhe mapor
praduct i.e. chapatti. Available validated markers
are not being wdllized. In India, there is need of
breeding culfivars based on processing guality
(milling and baking characteristics), mavker
development and utilization ol validated markers.

Processing quality of wheat depends on seeds
harvested from field and its componemts like
proteins, starch, non starch carbohydrates and
lipids. Protein's contribution to processing guality

23

is well known. The protein comtent and types
determine the end product quality like bread,
biscuil, cake, chapatti and noodles ete. Biscuit
making requires soft wheat with low protein
content and speeific combination of differens
alleles (2412 allele of high molecular weighi
glutenin swbunit gene (HMW-GS) atchroamosome
1D {locus GluD 1), Pimo-Dia, Pinb-Diaalleles of
Puwroindoline gene eic). Bread making reguires
hard wheat with high protein content specific
combination of differest alleles (5-+10 allele of
GluDI=HMWGS, Pina=D1a'b, Pink-Dia'h elc).
Chaspsatti making requires mediom strength wheat
with medium proéein conient. The contribution of
different genes/alleles to chapatti making is
poorly understood. It is important to undevstand
structure, allelic variation and interaction pattern
of different seed components and transfer them to
high yiclding, disease resistant and locally
adapted cultivars.

Objectives
I.  Gemeration of breeding material with
improved processing quality.

2. Study of strueture and interaction pattesn of
major seed components, starch, proteins and
lipids affecting processing quality.

Research Progress:
1. Aceelerated breeding for processing
quality improvement

(I} For improvemeni of chapatti making
gquality, good chapatti making old
cultivars were crossed with high
vielding recent cultivars (PBW343,
PBWS50 and PBW&21). F, seeds of
BC, and other crasses {Table 5} were
sown at NABI and around 640
morphologically selected plants were
screencd first by linked marker
WMC313 and subsequently for
absence of GBSS-1B. Negalive planis
were screened for morphologically
supesior plants. Selected lines/plants
will be subjected 1o background
s¢reening and generation
advancement.

il For improvement of Biscuit making
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Table 5: Screening and selection of F, plants/lines of BC, and other crosses for good chapaii

waking qualify.

€058 Na, off Homozygons Wnes No. of Homezygows PManis

C3333
SC555
SCSHH
6666
o606
333
L33HH
LH66
_SL6HH

[~}

Where 3-PEW343, 5-FEWSS0, 6-PEWOLZ1, H-HDX67, C-U306, L-LOKI

quality donor landraces were crossed
with high vielding recent oultivars
(PBW343, PBWS50, PBWG21 and
HO29GF), F, seeds of different crosses
{(Table &) were sown at NAB] and

of pureindeline gene PinaDla.
Positive plamts were scrcened for
morphologically superior plants.
Selected lines/plants will be subjected
to background screening and

arownd 1150 morphologically selected generation advancement.
plants were screened based on presence

Table&: Screening and selection of F, plants/lines of different crosses for good biscuit making
quality

Cross N#. of Homezygous BEnes  No. of Homszygows Plants
13353 1 M

333 - 4

15555 - 3

I55HH | 13

31555 . 14

[T - 13

WGHEH 1 10

HIGHH - 1

Wihere 3=-PEWI43, 5-FBWS5D, 6=PBWE2 1, H-HD2XUG7, IITRG67

(i1} For improvement of bread making

quality genetic stocks of wild species
Ag. clongatim, Ae. komgissima, Ae.
searsif and Ay, imtermedian, are being
crossed with high vielding recent
cultivars (PBW350, PEBW621 and
HD2967). Our target s to transfer
HMW-GS genes related to high grain
strength from wild species to
chromosome 1A of wheat
(transhocation linesk, as later has some
alleles that contribule negatively io

24

bread making guality. Genetic material
(addition, substituiion and
translocation lines) was screened by
sodium dodeecyl sulphate -
polvacrylamdde gel electrophoresis
(SDS-PAGE) of storage profeins from
endosperm half of seeds. Embryo
halves of the seeds expressing selected
wild species’ HMW-GSs were sown in
the NABI field. Crossing backcrossing
of selected makerial s in progress.

Chromosome specific translocation
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line of Ag. elowgaium i.e. long anm of background screening of BCF, {Line
chromgsome 1E translocated to shorf | yand BC F, (Line 2) translocation ling
arm of chromosome 1A Le. 1IEL{1AR) IEL (1AS8) is in progress (Figure 16
in the background of Japanese cultivar and 17).

Norin 61 was genevated during this
study. This line showed improved
dough strength gluien index, and bread
making quality. Microsatellite based

Total 287 SSR markers were used for
background screening and identification of
translocations in BC,F, (Line 1) and BC.F,

WMCOCI4 (A

Figure 16: Characierization of translocation line and microsatellite based background
sereening of BC,F, (Line | pand BCF, (Line 2) 1EL( 1 AS) translocation lnes showing pattern
of {A) backzround cultivar N6L. (B} T clongaium,. Translocation lime, (Ch CS-Chinesc
speing {Donor cultivae) and sobstinugion line 1E{1D) were wsed as checks. (D) was
morphologically similar to ek ground cultivarN61,

T

ik 1] Al 1

Figure 17: Schematic microsatellite marker based map of 1EL{1AS)
teamslovation line, Domoreubtivar was C5 and recipient cubtivarwas NGl
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(Line 2) plants of translocation lne 1EL
(LAS}. Out of which 64 markers were found
polymorphic, Mosi of the polymorphic
markers showed N61 pattern (Table 1, Fig.
1) indicaiing good backgrownd recovery
after thwee backerosses. Four markers on
long arm of chromosome 1A showed
patterns suggesting presence of
Th.elongasum translocation. These were
BARCSE3, WMC469, BARCI17 and
WMC312, Marker WMC469 wos present
near HMW-G locus. S8R maker data
indicated presence of interstitial
translecaiion, rather than whole arm
translocation, former bedng better tham later
due to reduction in linkage drag,

mvestigated the genetic diversity of
purcindoline genes in Indian wheat cultivars
with fhe aim to undersiand the effect of
different allelic varlamis on grain 1exiore.
Phenotypically large oumber of Indian
wheat cultivars (91.5%) exhibited hard
grain texiwre. These hard cultivars were
better classified by Indian system of
classification. Genotypically hard texmred
cultivars exhibited ten differemt allelic
patterns (Table 7), with pattern of non-
functional PiwaD!H and functienal
PinbDa being the most comimon (64.6%)
and hardest. Soft dextured Indian cultivars
had fumctional Pinallie and PiebDia
alleles. Among the known alleles,
uncommon Pinallle allele was observed in

“» ] i
2. Development of d:tahaae_ fnr_ grain 7 3% culiivars. Six mew Pin alleles
seftness refated gene {puroindsline} of . . . ..
. . o identified and named during the diversity
Indian wheat cultivars: Puroindolines . .
. . . study. Two of these six belonged o Pise,
(PINs) are important profeins that determine . .
wheat graim fexture and its end product that are being named here as Pina-Dw and
. . T Plis-Dix. Rest four belonged to Pink that
guality. Puroindolines genes (Pina and - .
. : . are being named heve as Pinb-Diad, Pinb-
Pinh} encoding ihese proteins are located on Dige. Pinb-Dlaf and Pinb-Diag, A
hardness locws (Ha locus) on the short arm m:?;mm:“ clos Pinb-,g taf rﬁulm
of chromosome 5D of wheat. We . % &
functional change ofthe gene.
Table 7: Allelic variation of Puroimdeline genes in Indian wheai cultivars
5  Pima PFinb allete Nao. of Nucleotide  Amino Acid (AA)  Hardness Functisnal
Ne. allele cultivars’  mismateh mismateh {im SKCS  Change
pevcentage  position/ position/AA Units)
bise change
| PinaDila Pub-Dla  785% Wildtype  Wild type 21-3  No
2 Pia=D il Pf-Dla 336465 Mull allele Mull allele 70 -101 Yes
3 Pipa-Dla Pinb-DIb 8 9.7% 23 GwA 46/ Gly to Ser S58-84 Yes
4  Pima-Dla  Pinb-Dle  6/7.3% 204/ GtoA 39 Tep 1o siop 59- K2 Yos
5 Pipg=-Dla  Pieb-Dir  1/1.2% Insertion Frane shill amd T Yes
127/G stop codon at 48
f Pima -DlIw  Pinh-DIs 1/ 1.2% 41/ CioT (=¥ 15 Ala to val Th Mo
i Pivra} { Pinah
7 Pima-Dlx  Pinb-DId 1 1.2% 635G C (-3 7/ Serto Th 57 ?
8 AWG 14 Asp o Glly
8 Pipg-Dila  Pinb-Diad 17 1.2% 2TwC XViwA 78 [
9 Pipa=DIbd  Pinb=Dae 1/1.2% 93 TroA Mo change a7 [ 1]
16 Piwa-DIb  Pinh-Dlaf 21 24% {2 GioT A% Gle acid io siop 76, §1 Yes
11 Piwe-DIb  Pinb-Diag 1/1.2% MiTwC 5 LeuwPro 95 [y
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Study of supramolecular structure awd
physiochemical properties of starch
granules in soft and havd wheat cultivars:
Starch constituses the major earbohydraie in
the endosperns of wheat grains and a major
source of feed, fiber. biofuels, and
biopolymers. During grain developmeni,
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67 containg 26% and C306 containg 24%
amylose, Total starch from hard and soft
wheat lines was separated inte A, B and C
type granules. SEM images of different
starch gramules indicated that regularity in
round shape of the granules decreased in the
order A <B <C (Figure 18). Varialions were

Figure 19; SEM Images of Total starch, A-granules, B-geanules and C-gramules of soft wheat [NTRGT
(51LALBLC)and hand whear C306 (52, A2,82,C2)

starch is deposited in the endospenm as
discrete semi crystalline aggregates known
as starch granules. [t is composed of two
glucose polvmers, ¢alled amvlose and
amylopectin. The branching of the glucan
chains of amylopectin ocours with regular
peniodicity and s kength and pattern are
critical for the proper formation of the starch
gramule and its properties. During wheat
grain development starch is deposited in
three types of granules, A- type granules
(diameter > 9.9 um), B-type granules
(diamweter < 9.9 pm} and C-type granules
(diameter < 5 pm). The multimadal size
distribution of starch in wheat is of great
interest because the physiochemical
propertées of each type of starch granule
vary and contribute to the food and
industrial end-uses of starch. Starch was
purified from sofit (HTR67) and hard (C36)
wheat lincs, Purity of starch was checked by
light microscope, Estimation of the amylose
content of the total starch indicated that IITR

el &

found i Amylase/amylopectin cantent of
within different type of starch granules and
between hard and soft wheat. Further
analysis is inprogress.

Salent Achievements

1.

!,-J'

Advanced breeding material for
improvement of chapatti and biscuit and
bread smaking quality has been generased.
Allelic variation of Pureindoline genes in
Indian wheat cultivars has been sindied.
Variation m siructure and propesties were
observed in A, B and C type of starch
granules.

Future Perspectives

E-"

Generation of breeding material with
improved processing quality.

Study of structure and interaction pattesn of
major seed compomnents like starch, praicing
amd lipidks affecting processing quality.

-
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IMPROVING FRUITS FOR POST HARVEST
QUALITY AND NUTRITION
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2.1 Genefic tramsformation of banana for the first stage, QUT has provided the best four pro-
guality imprevement vitamin A (PVA) Generation | gene constructs,
containing Asupina banana derived phitoene

l'-rincipal (n ) gator svnthase (A Pey2a) gene under the conteol of Expl,
Siddharth Tiwari Ubi, ACO and BT4 promoters for the geneiic
Project Sciendist transformation of Indian banama variefies.
Ashutosh Pandey P'niumuls for Ir:m:::jrﬁgcl:nm cell smpmsi‘méz:ﬂl
Proi I culture of selected cultivars were optimized at
5;?::::: Fellows NABI. Genetic iransformation of ECS with PVA
Navoset Kaur gene comstructs received from QUT has been
started for the generation of P-carotene rich
Project Assistants transgenic banana.
Vikrant Sharma o
Prateck Kunvar Objective
Intreduction . To develop pro-vilamin A [(PVA: f-
et e finding for this project i part carotene) rich biofortified and agro-
iave recerved fundmg tor this project is a nromically improved transgenic varieties of
of the multi-<institutional international core project Indian bananas cv. Grand Naine and
entitled “Development and Transfer of Rasthali.
Technology from Queensland University of
A o1 £ .. S

i e * L - - 2
Figure 1: Establishment of Bamana germplasm and tisswe culure raised plants at NABI Research Field. (A)
Banana germiplasi. {B) Banana Plants with fiuis. (C) Tissue culture raised Grand Maine and Reasthali Plans.

Technology (QUT), Australia to India for ResearchProgress:

Biofortification and Disease Resistance in
Banana" (Project sponsored by Biotechnology ﬁ;’;‘;“‘*‘“‘mfﬁw sl plantation at

Industry Rescarch Assistance Counail {BIRAC),
Departmeni of Biotechnology (DBT), Minisiry of i.  Suckers of around fifteen established

Seience and Technology, Government of Indiak. It banana cultivars have been collecied feom
is proposed to utilize the experience and different places and grown at NABI
achievements of QUT for the development, research fiekd for establishing germplasm
validation and transfer of specific trails in two (Figure [ A&B;).

Indian banana varieties ev. Grand Namne and
Rasthali by Indian pariner labs. Selected varieties
of banana are triploid in nature, hence stenle and
pravide natural barrier to cross pollination.
Transgenie approach hold high promise for the
biofortification of this crop would be biologically
safie and usefal tool to invoduce desirable traits. At 2. Establishment of Embrysgenic Cell

ii.  Several tissue culture caised plants of Grand
Nain and Rasthali cultivars have been
generated and grown at NABI research field
for eollection of immature male flower buds
for explamt source (Figures 1C).




(i}

Suspension (ECS) cultuve fer
regeneration of somatic embryos amd
genetic tramsformadion

Immature male flower buds of tweo
cultivars {Grand Naine and Rasthali)
were collected from NRCB, Trichy for
the preparation of explanis and initiation
of embryogenic callus on semi-salid
medium (Figures 2A & B).

(iiy Embryogenic callus used for ESC

development & multiplication in liquid
medivm (Figures 2C, D E& Fl.

(iiiy ECS derived globular embryos developed
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(v) Transient expression of reporter GFP

observed in thetransformed ECS (Figure 2J)

Genetic transformation of ECS with PVA
gene comstrucés (Generatisn oneg)
received from QUT:

Genetie transformation of ECS of Rasthali
and Grand Naine with four PVA gene
constructs performed at different time
intervals for generation of several
independent transgenic lmes. Transgenic
embryogenic cells survived and looked
healthy on kanamycin selection (regeneration)
medium (Figure 3A). Uniransformed cells

Figure 22 Stages ol Embryogenic Cell Suspension (ECS peultuee developmend Tow geemination
of sematic embryos and geseiie amsfomation. (A) Immatuwe male Dower bud. (B) limnaiure
miale o hands of rank 15 15 adiacent to the Moral apex, used @ explants, () Embeyogenic
callus mduedon, (IF & E) ECS cobmees in o shaker, (F) Microscopic observation of dense
cytoplasmic embevogenic eells with starch granules. (G & H) Globulae embryes develeped
from ECS on regenceation medimm. (1) Embryes genmimated on genminstion medium
J)y Microscopic observation ol trmsient expeesson of GFF a the iransfwomed ECS of Rasthali,

and regenerated on semi-solid medium
{Figures 2G & H).

(iv) Regenerated embrvos germinated on

germination medium (Figure 21).

furned brown and did not survive on the
selectionmedimi Figure 3B),

Salient Achievements

Flgure 3: Visual obscrvation of embryosenic cells on kanamyein seleetion (rezeneration) medium
after 3 months. {A} Transformed whilde and healthy globularembryogenic cells { Arrows indicated)
with bsrevin colored untransformed cells. (B) Untransformed {=ve control) embryogenic cells.
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1. Tissue culture raised several plants of Grand
Naine and Rasthali were genevated and
grown at NABI research field for the
collection of explant for ECS development.

Protocol for ECS culture of Grand Nalne
and Rasthali culiivars were oplimized.

3. Rasthali and Grand Naine ECS are maintain
and multiplying for genetic transformation
experiments,

[ ]

4. Genetie fransformation protocol was
oplimized by using reporter gene.Genetic
transformation of ECS with gene constructs
{Generation one} received from QUT has
heen started for the generation of f-carotene
rich transgenic banana,

Future Perspectives

. Development of pro-vitanin A (fi-carotenc)
rich biofortified Indian bananas

2. Bioavailability study, nutritional analysis
and agronomical feld trials ol transgenmies.

2.2 Quality enhancement and postharvest
stability of tropical fruits

2.2.1 Metabolomics approach to discovery amd
validation of biomarkers for avrificial fruir
ripening induced threugh prelibited and
avceptable ripening elicitors

Principal Investigator
Sukhvinder Pal Singh

Project Assistant

Veena Bains

Intraduction

Artificial fruii ripening is a comwmercial praciice in
banana and mango fruits aimed at enhancing
quality and regulating demand-supply
equilibrivm in the fresh fruits markel. Exposure o
low concentration of ethylene sourced from eiiber
a gas cylinder or catalytic generalor is a
recomimended fruit ripening practice and globally
accepied from repulatory perspective, Ethephon
{2-chloroeihylphosphonic acidk, an ethylene
releasing compound in liquid form, is also being
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used for firuit ripening, leaving harmful residues of
ethephon and its degradation product, hydroxy
ethylphosphonic acid {(HEPA). This compound is
not registered for postharvest ripening
application, but the fruit ripened wilth ethephon
can be idestified by analytically determining the
reskives of ethephon and HEPA. In addition o
ethylene gas and ethephon, commercial ripening
procedures emplayed in India alse wse acetylene
gas liberated from caleium carbide powder by the
additlon of water or by contact with molsiwre n
the air. As an ethylene-action analogue, acetylenc
induces ethylene=like responses. The
carcinogenicity and many other healih hozards
have been attributed 10 carbide toxicity.
Considering the health risks associated with the
use of calcium carbide for werkers and
consumers, its use has been banned for artificial
fruit ripening in Inclia. However, fruits artificially
ripened with either calcium carbide (acetylene
gas) or ethylene gos are quite similar in their
appearance and taste quality, and are difficult o
distinguish due w0 no residues. Currently, no
diagnostic test/procedure iz available to
distinguish the fruit ripened with calcium carbide.
The project is aimed at employing metabelomics
approach to discovery and validation of
blomarkers linked to artificial fruit ripening
elicitors such as calciwm carbide and ethylene. Ttis
hypoihesised fhat a comparison of melabolomes
of the fruits subjeeted to artficial ripening
(caleium carbide/acetylene versus ethylene) may
clueidate biomarker(s) for diagnosis.

Objectives

1. Understanding the postharvest physiology
and quality of banana and mango fruits in
response (o anificial ripening eliciors.

2. Discovery and wvalidation of diagnostic
biomarker(s) capable of diagnosing/
distinguishing fiwits subjected 10 calciom
carbide indwced ripening agent under
simulated postharvest conditions.

3. Applicadon of metabolomics infoomatics
for development of diagnostic tool and
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guidelines for adoption of biomarkers in
practice.
Research Progress:

The fundamental requirement for hiomarker
discovery is 10 offset the biological variation 1o a
larger extent, The experiments were condueted to
simulate the srtificial ripeming practices i the
laboratory by employing different types of
ripening elicitors. The concentrations of ethylene
and fits analogues (acetylene and propylene),
ethephon and caleium carbide were optimised in
order to achieve uniform and syachronows frui
ripening. The synchronous ripening in banana and
mango fruits was achieved at 21-22°C, 90-95%
RH with the differemt concentrations of ethylene
(100 ppm), acetyvlene (2000 ppm), propylene
(1000 ppm), calcium carbide (2.5 g/kg fruid and
ethephon (300 ppm ). The differences in biological
activities of ethylene and its analogues to induce
fruit ripening, responses were evident from their
required concentrations for ripening.
Physivlogical responses of banana fruit te
different ripening elicitors revealed that acetylene
and caleium carbide enhanced ethylene
biosynthesis and iis peak during the climacteric

-
-]

-
L]

Ethylene (uL kg h*)
- o

Figure 4: Ethylene biosynthesis vates of banana fiuit
subjected o artificial fruit ripening involving

different ripening agents

phase of fruit ripening (Figure 4), The
synchronous ripening patiern among all

treatments except control was also observed in
fruit ripening pamameters such ms skin colour,
firmness, soluble solids, and acidity. Banana and
mango fruit pulp sampled at the ripe stage was
stored at -80°C wntil further analysis.

As per hypothesis of ihe project, the fiuit ripened
with ethylene and caleium carbide might differ in
their firnit metabolome that comprises of several
thousand small molecules present in bow 10 high
abundance with different degrees of polarity and
volatility {volatiles, semi-volatiles and non-
valatiles). Preliminary investigations were
conducted to sereen the contrasting banana and
mango fruit samples from ethiylene- and calcium
carbide-induced ripening for their volatiles
profiles. The volatiles from fruit pulp were
extracied wsing headspace-solid-phase
microextraction (HS-SPME) technique and
annlysed using a gas chromatograph-mass
spectrometer {GC-MB). The clmamatogram walk
and overlay approaches showed that the
indensities of volatiles differed between ethylene-
and carbide-induced fruit ripening. but the
presencefabsence of a marker compound was net
deteciad. This investigation does not completely
rule out the pessibility of a volatile marker
assockated with carbide-induced ripening as there
are more sophisticated and sensitive analytical
techniques other than GC-MS such as proton
transfer reaction mass specirometry (PTR-MS)
which is capable of detecting volatile organic
componnds af very low level,

The presence/absence of non-veolatile
biomarker(s) in the fruit pulp would be more
reliable and realistic procedure compared to the
volatile biomarker. Therefore, liguid
chromatography-time-of-flight mass
spectrometry {LC-TOF-MS) based global
untargeted metabolomics approach was followed
as the first step to biomarker discovery. Sample
preparation, UPLC, and QTOF MS conditions
were optimised for better coverage of the vange of
metabolites with increased scope. The exvacted
samples were injected into an UHPLC-QTOF
mass spectrometer operated in an independent
data apquisition mode enabling gencration of
TOF-MS and MS/MS fragmentafion data. Mass
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spectral output analysis mvolved peak alignment,
normahization against an internal standard using
Analyst™ and PeakView™ software packages.
About 7,000 and 5,800 fearures for cach data set of
bamana and mango, respeciively, were detected in
the mass range of 100-10080 mvz. MarkerView™
software package was emploved to process and
visualise the data in differemt perspectives based
on the prmciples of biomarker discovery generally
followed in clinical chemisiry. Following daia
pre-processing and data reduction based on
different evels of confidence (P < 0.05, P<0.01,
and £ = 0.001), maliivariate statistical modelling
was performed.

In banana, the principal component analysis
(PCA) showed that the first two principal
componenis (PCs) could explain 82.3% of the
total variance of banana fruit metabolome. The

segregation of fruits ripened with ethylene and
calcium carbide in different quadrants conkd be
visualized in the score plot which indicates the
possibility of distinguishing the fruit based on
whole metabolome (Figure 53 The closer
grouping of carbide- and acetylene-ripened fruit
further strengthens the results towards the
discovery stage.

In mango, the PCA showed that the fiest twao PCs
contributed to 73.4% of the total variance of
mango fruit metabolome. The fruit ripened with
calcium carbide and acetylene though showed
distinct grouping, but those ripened with ethephon
also tended to cluster closer to carbide group
{Figure 6).

Subsequent to the PCA, a Turther data-reduciion
strategy to shortlist potential blomarkers was
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Figwre 5: Principal component analysis {PCA) score (lefi)
and loadings plots {right) revealing segregsiion of banmna
fruits vipenenod with different siening elicitors.
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Figure 6z Principal componend analysis (FCA) score (lefi) and loadings pleds (right)
revealing segregation of nmngo fruits ripened with different ripenimg elicitors,

34



NATIONALAGRI-FOOD BIOTECHNOLOGY INSTITUTE

adopted with more strivezent criteria such as higher
probability, metabolites’ intensities, and log-fold
change. The exact masses of the putative
biomarkers were annotated against public domain
databases such as Metlin and Massbank to
tenfatively identify these compounds. The
formula finder algosithm in ihe PeakView was
employed ta derivatize the potential molecular
formulae of the metabolites, Furthermore, the

MS/MS fragmentation patterns of these
metabolites were annolated against the public
metabolome databases, whenever available. The
potential biomarkers linked to the ealelum earbide
ripening in banana and mango fruit sre listed in
Table 1.

Sulient Achlevements:
. Synchronows artificial fruk ripeming was

Tabde 1; List of pwiative metabolites linked t the caleinm carbide-indweed ripening s bansna and mango froits,

'z MS/MS Fragmendatisn p-valne Farmula Putative ldentifieation

{Metling, Massbank)
Bavieana

188.0702 118, 146, 143. 170 <001 COHZIN3O N-acety spevmidine

1910373 0%, 100, 130, 201, 182 <001 ChHa0S8S 3= Sulfocatechol

050965 115, 146, 185, 170, 1539 =] - Unknown

2591387 129, 111, 147 <00 Cl4H2R02 Teareadecanediole acid

1T 2188 120,93, 107, 179, 258 iy 0N CIEH 360 Detadecdiynoie acid

TRO3361 263, 345, 95, 148, 81, 109 =001 CIEH300 24 G tertiory byl phewol

72361 153, 141, 133 <0001 CISHIB0 Chryzin

M2 93, 135, 121, 149, 11%, 175 <0001 ClbH3404 1,23 4- Hexadecmetetrol

2021744 113, 215,93 <0001 ClLIH2I06 Eihyl-4 A-deihoxy-2-
{ethexymethylensj-3-oae butansale

3251622 127, 185, 145, 09 =@l CITHA06 Dributyle2 eclimmeily bl sgmio-d-H=
pyiin-3.5-dicarboxylate

M AT 203,349 331,71 <0001 CI6HIINE0S  Tsopenty] adewine=T-glweoside

5552929 B15; 155, 537, 395, 517, 400, 98 =0.0001 - Unknown

STSA840 455 <0001 ClEHI204 12, 13-epoxyirichoile-9-ene-4,1 5-dial

Gh3 4543 493, 351, 430, 607, 383, 327 <0001 - Unknown

G55.556 457 =01 COAHIB004 Giuanosing pentaphssphate adenosine

Mango

METTIZ G113, 30, 144 S ]| Unknawn

05,2906 B, 133,504,221, 115, 388 <y CRIHA4204 Oxolic acid ollvl octadecyl ester

4123084 133, 403, 177, 199, 22 =i 0001 - Uinknown

4343219 B9, 425, 133, 177, 340, 155, <0001 = Unknown

456.1336 133, 177, 448, 362, 207 B | - Unknown

Sl4.55a5 497, 133, 177, 215, 371, 453 <0001 CAIZH4804 Unknown

555.4084 154, 367 <. (001 C2TH4BCR J=Beingalactopyranosylixys2-
Tovdroxypropyl-9, 1 2-octadecsd ienoute

ST2A354 133, 177, 329, 415, 553 <0001 CIFHA05 Bisf2-(4-monviphenoxy)edy]
carbenate

al6.4613 B9, 309, 133, 177, 239, 309, 357 <0.0001 CITHER0G 1 #-Hydrosy-3.1 1 28-wrioaopre ga-4-gi-
21-¥] acesate .

ToLIE54 177, 135, 287, 353, 591 =001 Unknown
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achieved wsing ripening elicitors such as
ethylene, its analogues {agetylene and
propylene), eibephon and calcium carbide in
banana and mango fruits,

2,  The biomarker discovery followimg LC-
QTOF-MS approach has been achieved io
largerextemt in banana than inmango.

3, The putative identification of some potential
biomarkers has been performed using
muldple approaches based on exact mass,
modecular formulae, MS/MS fragmentation
pattern.

4, The LC-MS/MS based method for
gstimation of ethephon and HEPA residues
on the fruit surface has been tesied and
evaluated to mwonitor the maximum residue
lindis i fraits.

Future Perspectives:

1.  The validation of biomarkers linked 1o
carbide=induced ripening in banana and
mango fruits will he conducted considering
multiple Factors.

2. The comprchensive targeted profiling of
metabolites responsible for flavour and
outrition will be condveted in view of
artificial firuit ripening.

2. 1.2 Quality and postharvest stabifity of Kinnow

mandarin for fresh and processing industries

Principal Investigator
Sukhvinder Pal Singh

Reseasch Fellow
banpreet KaurSaini

Intrsduction

'Kinnow' mandarin is the most important
commercial frwit crop of the Punjab state. In 2011~
12, its production has inereased to about 1.0
million metric lonnes from an area ofabout 43,004
heciares. The marvow harvest window (mid-
January to mid-Felwuary) recanmmended for
optimal fruif quality necessitates postharvest cold
storage at 5°C for extended availability of fruit for
fresh and processing indwsiries. During

b
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postharvest eold storage, fruit metabolism though
continues at an inhibited rate, but leads to
significant metabolic changes during long-ferm
storage affecting its nutritional, flavour, and
processing quality. The analysis of metabolic
events during the progression of cold storage can
provide an estimaie of divergence from ihe
healthy fruit metaboslome. Key metabolites
responsible for these quality traits belong to
different pathways associated with ripening,
senescence, and postharvest epld stress. The
abundance and diversity of metabolites in a
biological system including that of a fruit can be
best studied through metabolomics approach.
Mass-spectrometry based global vntargeted
metabolomics has been shown te gain
comprchensive coverage and insight into the fite
of thousands of meiabolites in the biological
systemi. On the other hand, targeted approach to
absolute guantitation of metabolites primarily
responsible for flaveur, nutrition and processing
quality gives quantitative overview of the
metabolic shifis and their consequences on
perceivable juice quality parameters. Sugars,
organic seids, and limonolds are the major
metabolites that determine the juice quality of
'Kinnow' mandarin. The metabolic changes in
these metabolites during cold storage can
serioushy affect the fruitquality.

Objectives

1. Explicating the metabolie shifts in the
Kinnow' fruit metabolome in response to
long-term cold storage and its correlation
withjuice quality.

2, Targeted profiling of metabolites
responsible for flavour, nutrition and
processing quality of 'Kinnow' mandarin
Juice.

Research Progress

To study the metabolic shifts dvring cold storage
of "Kinnow” mamdarin, commevcially mature fruit
were stored at bow temperature (5°C) for 8 weeks
and sampling was conducted at weekly intervals, 2
weeks onward. The juice extracts were injected
it an UHPLC-QTOF mass spectrometer
operated in an independent data acquisifion mode




NATIONALAGRI-FOOD BIOTECHNOLOGY INSTITUTE

enabling generation of TOF-MS and MS/MS data.
Mass spectral putput analysis involved peak
aligament, normalizalion against an internal
standard, and then wnsupervised and supervised
multivariate analyses using Analyst™,

discrinminant metabadites linked to different stages
of eold storage of 'Kinnow' mandarin, Therefore,
LC-QTOF based metabolomics can be a power(ul
tool to unravel the mechanisms wnderlying the
postharvest cold storage-induced metabolite
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Figure 7: Principal component analysis (PCA) score (left) and
loadings plots (right) depicling grouping of 'Kinnow"
mandarin fruit during different stages during cold storage at

3%C for B weeks (56 daysh

PeakView™ and MarkerView™ sofiware
packages. About 12,000 fearures for each data sei
were detected in the mass range of 100- 1000 m/z,
Following data pre=processing and data reduction
hased an different levels of canfidence (P < .05,
P =001, and P < 0,001), muliivariate statistical
analyses reflected significant metabolic shifis
during cold storage for 8 weeks. Based on PCA
score plots, clustering of fruits into three major
groups was achieved: early-(0-2 weeks), mid- (4-
& weeks) and late- (7-8 weeks) stages of cold
storage {Figure 7).

The disiribution of different samples representing
cold storage progression in the principal
eoordinates indicates a wassive shift m the whole
fruit metabolome during storage. The juice quality
generally determined In terms of sugars 1o acid
ratio undergoes major change in loss of organic
agid during cold storage. Hawever, the
metabolomics approach underscores tremendous
changes in the dynamics of small molecules
representing variows chemical classes.
Multivariate analyses coupled with metabolite
ammotation wsing databases such as Metlin and
MassBank revealed putaiive identification of

7

changes ultimately leading to frmi quality,

The absolute quantitation of important
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Figure 8: Heat map showing quantiative changes in
the concentrations of various metabaliles responsible
T flavour, mrition and processing aits in "Kimow'
mandarin. Based on HCA, clustering pattern of
imetabolites is also shown,
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metabolites with increased sensitivity and
acouracy provides the gquantitaiive information
and also compliment the untargeted analysis for
better understanding the fruit mesabolome and
gstablishing cowrelation with the desired quality
traits. Targeted analysis of metabolites
respongible for favour, nutrition amd processing
quality of "Kinnow' mandarin was conducted
using high-throughput LC-MS/MS sechmiques.
Statistical tools for pattern-recognition, swch as
hierarchical cluster analysis (HCA) and PCA were
used for comparison, and visualization of
similarities and differences between data sets by
definition of clusters. The quantitative data on
these metabolites were centred, and then
subjected 10 autoscaling hefore HCA. The HCA
was performed using MultiExpesiment Viewer
(MeV) software to genmerate a dendrogram
explaining the clustering pafiern of metabohtes
based on cold storage duration. Heat map
depicting changes in leveks of metabolites during
different storage intervals is shown in Figure 8. A
significant increase in concentrafions of organic
acads {eatrie acid, walic acid), limonoids (limonin,
nomilin, deacetylnomilin, and ichangin) and
phenolic acld (eliagie acid) was observed after 33
days of storage. The magnitude of increase in
concentrations of these compounds resulied in
clustering togeiher in the HCA,

Salient Achievements

1. The metabolic events related o progression
of cold storage of "Kinnow' mandarin were
revealed and discriminam metabolites
linked to different stages of cold storage
were putatively identified,

2.  The targeted metabolite profiling of
'Kinnow' mandarin for flavour (sugars,
organic acids and flavonoids), nuiritional
{water soluble vitamins, B-complex and ),
and priocessing guality (limonoids) bas been
achieved, deciphering the compuosition of
Kinnow juice for the first tine.

Future Pevspectives

1. GC-MS based metabolomics appeoach will
be followed to compliment the data from
LC-MS.

2. The comprehensive data from uniargeted
and targeted approaches using LC-MS and
GC-MS will be integrated and annotated
againsi the important metabolic pathways lo
discover major metabolic swilches regulated
by the cold storage,

The basi¢ knowledge about fhese metabolites will
be translaied into recommendation/ practices for
the juice processing industry.
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3.1 Designing a dominant-negative prafein that
inhilviés the DNA binding activities of seed-
specific b-ZIP family of transcription factors

Principal Investigator
Vikas Rishi

Research Fellows
Prateek Jain
taushik Shah

Intrsduciion

Higher plants are characterised by the formation
of seed that contains an embyyo protecied by
matermally derived seed coat. After imitial cell
divisions and morphogenesis. embryo enters
matusation phase that involves accumulation of
storage products, desiecation tolerance, water loss
and induction of dornvancy. This phase of seed
maturation (MAT) is fine-tuned and is regulated
by number of genes prominent among these are
seed storage protein genes (SSF), ABA3, FUS3,
and LEC1. MAT genes, promoter analyses have
revealed several cis-regulatory clements known to
bind number of transeription factors (TF})
including b-ZIP family of TFs. ln Arabidopsis
three b=ZIP proteins, namely b-ZIP10, b-ZIP25
and b-ZIP53 are reported to play prominent role in
seed development and maturation. Studies using
Arabidopsis suggested b=ZIP53 to be a key
regulator of MAT penes. B-ZIP33 expression
increases dwring seed development and localizes
o the embryo and endosperm during maturation
phase. b-ZIP53 binds to G-Box {CCACGTGG)H
as a homodimer o a heserodimey parinering with
b=ZIP10 or b=-ZIP25. In vitro studies showed that
compare 0 homodimer, heterodimers are
proficient and impart a synergistic effect on gene
EXPFESSIoN,
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Interestingly b-ZIP53 knockdown plant siill sets
viable seeds suggesting functional biological
redundancy. In absence or sub-aptimal expression
of b=ZIP33 protein, other b=-Z1P TFs like b-ZIP 10,
b-ZIP25 or some hithero unknown protei{s) may
regulate seed-specific gene expression. In orderto
address the issue of overapping functions we
proposc to design a protein that will
heterodimerize with all three seed-specific b-ZIF
TFs(b-ZIP53, b-ZIP10, and b-Z1P25) and inhibits
their functions. Such heterodimers cannot bind fo
the DNA and can be used to study gene regulation.
Previously this strategy has been used
successfully in aniwal model systems.

Objectives

1. Designing a dominant-negative protein that
inhibits the DNA binding of b-ZIP33, b-
ZIP10, and b-ZIP25.

2. Efficacy studies of designed protein for their
preferentially interaction with wild type
proteins.

Reseavch Progress

B-ZIP or basic-region lencine zipper protems are &
family of transcription factors that dimerze to
form a coiled-coil and bind 10 DNA in a sequence
specific manner. As shown in Figure 1, it has N-
terminal DNA binding domain that is unstructured
in absence of DNA and a e-terminal dimerization
domain called beucime zipper. The name arose
because leucines oceurevery seven amino acids in
this dimerization domain. These leucines are
critical for the dimerization and DNA binding of
b=ZIP proteins,

There are approximaiely 72 b-ZIP TFs reported in
Avahidopsis, Experimenis with ofher b-ZIP TFs of

Figwre 1; A) X-vay structure of the b-Z1P dimer boamd to DNA. DN A is #n red, the alpha-helices are in biue, The d oc
lencine position amino acids are shown in grey. B) An end view of the leugine zipper dimer looking from the M-
tenmninus. The levlers inside circles and squares are the siandard nomenclature For the sever amimo acids in a hepiad
(a.b.e,d.e.fg). Amine aclds ar positlon a and d creates a hydenphoble core whereas amino aclds In position e and g are
involved in jonic interactions, C) Lewcine zipper coiled-coil as viewed from ihe side.
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hasman and Dyosophila origin enabled us to predict
ihe dimerizaiion properties of these proteins in
Arabidopsis, Some prefer to homodimenze and
others prefer o heterodimerize. Previous studics
have shown that amino acids in ihe e and g
pasitions are critical for dimerization specificity
and the amino acids in a and d positions contribute
ta stability of colled-coll.

Tar unravel the biologieal fumction of a b-ZIP TFs,
it is wseful to use proteins that inhibit the DNA
kinding and function of individual b-ZIP genes.
These types of proteins are called dominani-
negatives. The term “dominant' refers to their
genelic domimance. The term 'negative' deseribes
the inhibition of the funetion of cellular proteins,
In its simplest form, a dominant-negative could be
a truncated b-ZIP proiein, which would
heterodimerize with endogenous wild type
proteins, producing an inactive heterodimer.
However, the binding of DNA stabilizes the b-ZIP
structure and this complicates the design of
biologically aetive dominant-negative proteins.
We have overcome this problem by designing
dominant-negatives based on two different
strategies. There are two ways a dominani-
negative can be designed. First sivategy is totweak
the leucine zipper modif. This can be done by
changing the amino acids in e and g position.
Other way is based on the concepd that an amino
acid sequence coubd mimic the properies of DNA.
Knowing that the b-ZIP basic region could form
an alpha helix when bound 10 DNA, a protein
sequence was designed soch that it could mimic

DNA. In these dominant-negatives termed A-ZIP
ihe designed protein sequence replaces the DNA-
nding region. This sequence forms a very stable
heterodimer with wild type b-ZIP protem and
prevents the b-ZIP complex to bind to DNA
(Figure2).

A Dominant Negative {DN| Approach to Study Gene Regulation

A B

B-ZIP HmiD B-IIP HmD AP DN B-I00 | A-TiP sl

Jl A-R— |

.ﬂHl.uIl . [#a
TFAS: Transcriptian Facior Binding Site

T35 Trmnseription Seart Site

Heni: Homodimer
HID: bapterodimer

Figure 2= A schematie showing mode of sotlon of a
desigmed dominant-negative protein sguinst a b-Z1P
transcription factor. Dominant-negative protein here
selers as A-ZIP, heteradimerizes will wild type b-
ZIP, This complex & more smble than the b-ZIP
bound o DNA. Once fermed, a hetesodimer
berween b-ZIP and A-ZIP cannot bind to DNA thus
knockmgout or bringing down the gene expression.

We have cloned the DNA binding domain and
leucime zipper region of b-ZIP33, b-ZIP10, and b-
ZIP 25 using Arabidopsis c-DMNA. Figore 3 shows
the amino acid sequences of these three b-ZIP
transcription factors. These are cloned in
prokarvotic expression system. The cloned genes
are expressed in BL21 LysE bacterial strain and
purified to 93% + purity, These protein samples

Arabidopsis thaliono seed-specific b-ZIP TFs

Basic Region
L.

. L L Ly . La
gabcdef gabodef gabcdef gabodaf gabode! gabodel

Arbipld
AtbIipds
AtbZipsl

ETTGE LEFITVE KEEFMLE NREEARE SARRRQE QTESOLET
GDADN GDFTDVE RENFMLE WRESARR SRRREQE QMMEFDT
EHRQEI DFTTDRRE TLERIIE WRVAAQR EFNEEVG QLGOLIN

Leucins zippar

LE A LT L LE

b L =3 L4
gakbcded gabcdef ml gabodef gabcde! gabcde! gabode! gabode! gabode! gabodaf

AtbIipld OTSDLET QUeDilc EESTLLE oLewand BYDEARY ol DEETEES BEEMEET TVREVTO MMPHLLO
Atbaipls QeNErDT QVGQIEA EEETLIN ELOTMNN EVDASAY DJRIERA DEETEET EEEEEE TVERCTG VNELOES
AtbZips3 QLCODLIN VEEEEN W TE gvDEAsE IEEEE= MEMEEA CASTLTD ELAESINE VLEGEE IScOALD

Flgure 3: Amine acid scquences of three seedsspecific b=Z1P teanseription factors cloned from e=DNA of Arubldopsis
thaliana, Levcine zipper amino acids see arvanged in heptads where a and d positions are oceupied by hydrophobic
amving aeids and e and g amino agids are typieally charged. Each heptad and imdividual anrino acids are color coded,
Omomd geeen he nd-s depict atiractive intersctiens due to the presenee of’ siclz charfnd mmine acids at e and

s, chul e Interactions are depleted by blue, Amino acld §s coded black If it Is charged or polar and

fﬂ&s a postien i heplad. Individual basic aminoacidin position e or g is depicied by red whereas it is blwe in case
ol agidie amimo asd,
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Use of a designed Dominant Negative to study seed maturation

in Arabidopsis

-

Hertaroadi mar s with B-71010 & 33

7N

B-IP10[BIWPSE  B-ZIP2S|BIPSH

P
0==0

Unlike siRNA one Dominant Negative can inhibit number of

related B-ZIP TFs

Figure 4: A schemadic depicting a possible mechaism of aetion of vur designed
dominant-negative ineflceting the genc expression of three seed specific b-ZI1Ps,

will be wsed for structural studies. As mentioned
above we have designed a protein that we hope
will interact preferentially with b-Z1P 53. 10 and
25, This will be accomplished by changing the
amino agids in € and g position of b-ZIP53 leucing
zipper.

Salient Achievements

1. Successful cloning and milligram
expression of b-ZIP33, 10 and 25 has been
achieved. They will be further studied using
EMSA and circnlar dichrolsin spectioscopy.

2, Unlike other knock owt technigoes like
siRNA one dominant negative ¢an inhibit
the function of number of transcripdion
factors.

Future Pesspectives

. Using biochemical, biophysical and cell
biolegy techniques an elaborate study will
be carried out 1o study the contribution of
individval amino acids n stability and
gpecificity of hewerodimers.

3.2 Biology of seed development in eustard
apple and litehi

Principal Investigator
Sudhir P, Singh

Co-lnvestigator
Shrikant Mantri

Research Fellows
Yogesh Gupia
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Ashish Kwmnar
Intraduction

The Annona squesnosa fruit develops from the
cluster of fertilized carpels, thus the ageregase
fruil contains several frvitlets. Each of the carpel
has a single anatropous ovule that could develop
into a single seed. A. sgramosa is an excellent
model for fruit development. To investigate the
molecular miechanism underlyimg fruit set m A,
sguamosa, the next-generation sequencing was
employed to profile early-stage frunl development
in two genotypes with contrasting number of
seeds in fruit.

Litchi chinewsis is another crop where
seedlessmess 15 a desieable trait. Some litehi
accessions, popularly known as ‘Seedless’ or
'Bedana', have seeds of very small size with well-
developed fleshy pulp, m comparison to the
common lchi cultivars. The ovule specifie
transcriptome is beng examined in the contrasting
acoessions of litchi to idewtify genes related to
small size of seeds.

Objectives

l. To examine transcriptome in developing
fruits of A. squamesa genotypes with
contrasting numberof seeds in fruit.

2. To examine transcriptome in developing
fruits of L. chimensis genotypes with
comntrasting size of seed in firuit.
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Te identify candidate pathways/genes'SNPs
refated with seedlessness in fruit crops,

Research Progress

Transcriptome sequencing of four RNA-seq
libearies, prepared from developing frudis at
0, 4, 8, and 12 days after pollimation (DAP)
im the two contmsting genotypes of A
squamosa, Silaphal (large number of seeds
int fruit) and NMK 1 {less number of seeds in
fruits). The average number of reads
preduced for each library was .24 million.
Average read lengih for each library was 650
base paws, Contigs with more than or equal
10 200 bp were selected for further analysis.
Contigs were mapped to apn-redundani
database {Table 1).

The Comtigs of different developmental
stages were further assembled into super-
contigs using CAP3, resulting 14921 and
14178 super-contigs in Sitaphal and NMK1,
respectively. The super-contigs were blast

against the nr database and that of closely
related species such as Strabery, Grape and
Peach (Table 2). This analysis revealed
about 3851 and 2542 contigs as specific to
Siitafal and NMK | genotypes, respectively.

Transeripts related to hormones were
determined in the transcriptome data by
BLAST search analysis using Arabidopsis
prolein sequences as query. Im both the
genotypes, 240 hormomal genes were
detected; few of them were genotype
specific which need o be further validated
{table 3

The analysis of ovule specific transcriptome
data in Litchi is in progress, The
transeriplional profiling of gemes velated
with seed maturation pathway is being
analyzed. Up=regulation of B3 domain
containing gene was noticed in the
developing avules of bold seeded genotype,
in comparison to the small seeded genotype
{Figwe 5). Further analysis is in progress.

Table 1: Summary oI RNA-seq data from developing fruits of two contrasiing 4. squmnese genotypes, Sitaphal and
NME L, at four developmeintal stages.

Genotype Developmental  Total Average Tatal Contigs  Awmotated Awmnona
stange Reads Read length  contigs  (>280bp) (>2Mbp)  specific
iDAF=days after oenes
pollination) {=200bp)
0 DAP 270 71 11872 10403 §176 2227
4 AP 198,268 637 2522 2074 (kb 266

Sitaphal 8 DAP 219057 695 671 6850 6023 B27
12 DAP 292,212 654 B0 7394 6512 B82

MK 0 DAP 258216 630 9085 8643 7400 1244
4 DAP 28784 650 12550 11004 038 1966
B DAP 27730 65 BUOR ot GHE3 B9k
12 DAP 143,649 610 2500 2078 1886 192

Table 2: Statistics of NMEK! and Sitaphal vnigenes with sequence maiches against public

proteindatabases

Databusy Comtigs (Sitaphal) Contigs (NMK1)
NCBI nr 10169 (68,155} L146B089%)
Grape proten 2187 (60.37%%) L1126 (78.47%:3
Peach protin S152 (61.33%) L1108 (78.34%)
Strawbesty protein 921 (61.77%) 11206 (79.03%)
Amwiona sp. specilic 3851 (25.80%%) 2542 {17.92 %)
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Table 3: Hormonal genes detecied in the contrasting genotypes A. sgramasa, using Arabidopsis prolein sequences

s queTy
Hormone Sitaphal NMK 1 Commun Total bormone Tosal hormose
specifie specific gene velated genes related genes in
pene sene detected in A, Arabidopsis thelione
S s
Auxin 7 8 4 39 156
ABA 1 1 28 30 38
GBE 3 2 17 22 33
Cyokiin 2 6 6 14 32
BR 8 4 a5 47 74
iii i“ ii ii ir ili iii C28
4 5
i ] B Bedana
.ﬁ s ® China
g 15
§
g 15 «
1
® g5
0
16DAP 20DAP 24DAP 2BDAP
Figure 5: Quantifscation of the level of transeription of
Bl domain containing gene in the developing ovules
(16, 24, 24 and 28 days aller anthesis (DAA)) of small
seeded (B: bedana) va bold sceded (C: chinak lichi
genolypes using semi-quantitaiive and veal-time PCR.
Salient Achievements Future Perspectives
l. Transcriptome sequencing has been 1.  The wamscription analysis of the genes

completed in the developing fruits of 4.
squamosc and in the developing ovulesof £,
chinensis, in the genotypes baving contrast
in sumber of seeds and size of seeds in the
fruit, respectively. Further analysis is in
Pragress.

Difference has been notified in the
expression patiern of B3 donrain containing
gene in small vs bold seeded Litehi. The
gene is known to regulate seed maturation
pathway during seed development in
Avabldopsis thallana. Further analysis is in
Progress,

3,

related to suxin, eytokinin, and gibberellins,
and crosstnlks among them during fruit and
ovale development in the contrasting
genotypes of A, squamoseaand L, elilnensis.

[dentification of SSR miccosatellite markers
and SNP detection in ihe contrasting
genotypes of A. squamosaand L. clinensis.

Identification of candidate pathways/genes
rebated with scedlessness in A squamosa
and L efsisensis.




1.3 Develapment of approaches fer the
medulation of trait through long distance

signalling

Principal Investigator
Sudhir P. Singh

Research Fellows
Anita Kumari

Introduction

The research praject anticipates establishing long-
distance wransmission of mobile signals in the
form of siRNAs to achieve gene silencing in
flowering tissues. It is desirable w0 develop
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Flgmre 61 Transgenke lincs expeessing Invened repeats
of FNO gene fragment (TNKOiv) (a) Wild Col0 plant (Tefit}
INOir expressing transgenic lines (right) (b siliques of
wild pland €¢) slliques ol iransgenic plant expressing
INOir i phivem (d) seeds of wild plant () seeds of
transgenic plant expressing INOie #n phloem {f) Total
seed weight of trmrsyenic lings expressing TNOir,
compared with GUS expressing iransgenic plands.
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wransgenic rootstacks for delivering silencing
signals in non-transgenic scions for the
modification of cconomically impaortant traits,
such as seedlessness, The majority of viral vectors
are unable to reach the apical meristem, which
limwits thewr use  functional analysis of genes in
flowertissues. The project also aims at designing a
viral vector which could achieve silencing of a
gene which express specifically in ovale, and thus
seed related traits can be targeted in non-
wransgenic mode.

Objectives

.  Establishiment of gene silencing in ovule of
wild scion grafied omio a reod=stock which
can transmit silemeing signals in the scion

2. Development of a viral vecior for gene
silencing inovule through leatinfiltration

Researchin Progress

. Silencing of reporter gene (widd) was

ohserved in flowering buds of scion by

sIRNAs delivered through rootstock.

Transgenic lines expressing siRNAs

constitutively and phloem- specific against

an inkegument specific gene, INO have been
raised and phenotype of timsgenmic plants
and seeds was observed by comparing with
wild plant {Col0). Several transgenic lines,
expressing dsRNA of INO gene were
observed to produce seedless siliques

{Figme 6).

3. The wild and transgenic (#idd) scion bave
been grafted on siRNA deliverable rooi-
stock. Small RNAs have been exiracted
from the developing buds of the scion to
examine transmission from root-stock to the
ovules of wild and transgenic {wid4) scion.

AT

Balore
Inoculation

infiltration

I [
| H

Figwre 7: The leaf infiltration of the viral vector resulted transeriptional silencing of wiald gene in flowering tissues.
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Sequencing of small RNAs has been
planmed,

4. A viral vector has been developed for
inducing gene silencing in flowering tissues,
Silencing was observed in flowering buds
after leaf wfiltration of e viral vector
(Figure 7).

Salient Achievements

. Silencing of reporter gene was achieved in
flowering tissues by siRNAs delivered feom
rook-stock..

2. Silencing of reposter gene was established
in flowermg tisswes by leafl infiliration of
vival vectors.

Future Perspectives

. Silencing of ovule specific gene by
silencing sigrals transmitted from modified
root-stock.

2. Silencing of ovule specific gene by leaf
infiliration of'a modified viral veciors.

3.0 RN A guided genome editing in plants

Principal Investigator
Santosh K Upadhyay

Intreduction

Speeific and cffective genome editing through
non-transgenie approaches is an area of high
prionily research for the improvement of food
crops. Several genome-editing technologies like
zing fmger nucleases (ZFN) and transcriplion
activator—like effector mucleases (TALEN) have
been deployed for targeted genome modifications,
but these are rather complicated in designing and
need protein engineering for each lasgel sequence.
Revently, a new technology based on type 1T
prokaryotic Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR) and
CRISPR=-associated protein {Cas) system has
been developed as an effective tool for genome
engineering. It is highly specific, inexpensive and
casy to enginecr, CRISPR consists of an array of
repeat sequences separated by spacer” sequences
which belong ko the targeted gene/genome, Along
primary transeript transeribes from CRISPR
arrays and gets processed infe shost CRISPR

46

RNAs (crRNAs). ofRNA consists of a conserved
repeat sequence and a variable spacer sequence
(guide) complementary to the target gene
sequence, The ribonucleoprotein complex formed
by short erRNA and Cas® protein binds o the
target sequence by base pairing and causes
sequence-speeific dsDNA cleavage. The presence
of a conserved sequence molil {NGG) known as
proto-spacer adjacent motif (PAM) at
F'downstream of target spacer sequence is also
reported as essentlal for eleavage. CRISPR-Cas
sysie has been demonstrated to work efficienily
for genome editing e bacteria, veast snd animal
systems and has been applied to planis recently.
Although, some nonspecific editing has been
reported. CRISPR=Cas system is very simple to
design, highly effective and can be improved for

specificity.

Objectives
1. To establish this sysiem in model and coop
plants,

2. To use this system for functional genomics
incrop plants.

3. Validatlon of system for non-transgende
mode of genome editing,

Research Progress

1. We established the application of CRISPR-
Cas mediated genome editing in wheat
(Frivicum aestivum} and Nicotiana
benthamiona. Mutations in inesitof
oxvgenase (Inox) ad plyioene desaturase
fpcls) genes im cell suspension culture of
wheat and pds gene in leaves of N,
benthamianawere achieved (Figure 8).

2. We developed a ol for the prediction of
CRISPR-Cas binding site in large genome
like wheat, The detection of CRISPR-Cas
binding sites is simple, need the direct
analysis of sequenges for the presence of a
specific ~23 nucleotide sequence including
NGG PAM at 3'end. An online tool is
available For the determination of CRISPR-
Cas binding sites, but it is limited to the
analysis of a very small number of sequences
and cannot modify according fo the users
need. Further, it is web based tool which
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depends upon internet connection and speed.
Therefore, a simple, easy to edit and high
throughpwt computational tool/seript is
required for the analysis of large dala sets on
the Jocal machine (Figure 9). We developeda
python based tool for high throughput
detection of specific CRISPR-Cas binding
site in huge nucleotide datasets, This tool is
compatible with all kinds of Windows, Mac
DS and Linws/Unix based operating

Py

L)
toanalyze ihe probable targed sife.

Future Perspectives

I. Development of universal vector for
CRISPR-Cas system for large scale
fumctional genomies studies.

2. Development of non=transgenic method for
crop improvement by complementing the
CRISPR-Cas genome editing wilh

Mendelian segregation.
ﬁuﬂammmmmmu:m STTETOCOTRA I'. . e TRALRATE AGASTAAATTAAR Wl Frye

AATTATTGATHECTACAR TRARGAAC T AT AAR, - s
ARTTATTGATGCTACARTCARGLANC TR CAM -~ 70 1

TERCRGATC AEAGCARAGTRAA
CUTRGRATT ARG TANRGC ANA

AR TR T TR SRR G = e e e crCNEAIRTORENSCARROCARS  Delien
ARTTATTRATECTACAATRARGEANCT AGTARR T AGATCABAGTAAAGAAA

AAT TATTGATGCTACAAT GAAGGAACTAIT ARN TG RGRTTRGAGTAARGT KRR
AATTATTGAYG += e nn s em s se s s s s s TTTOOGCAGATEAGRGEANAGT AR

AT TATTRATGC TR AAT GARM GLANTT ML A s el AR T CARS NE T RMNGAT R
ARTTATTOATGETACARTCRNGEE M™T ARG RAN. 3y DL ol R TF g LA Tl B

AATTAT TGATEC TACART GRAGARC TASCAAR =~ 711 LT e AT T AR A TR Tmveytion.
AATTATTRATECTACRA T GRAGEAMIT AST A o R RN TR - CRGRT T RG R
RAATTATTEATGCTACART GARGGARCT ACAAR -~ 7 77 1 70 T TE T ADGHDEFCT TOAOTG T BT RRAT T TG0

B 35 by debeiin C 14 b it

11 I'II!I h Illl-l'lF ulll 113173 : i wEln -n

Benthamiaita by CRISPR-Cas systent. (A) Allgmment of wild type and
sequences with indel a1 proadospacer | of pay gene. (B) and (C) show Simger
sequencing of selected deletion and insertion nmitants, respectiviehy.

systems, and wser fiiendly to the peophes
from non=-Bioinformatics background also,

We analysed the frequency of CRISPR=Cas
target site in avaikable wheat ESTs, More
than 90%; ESTs has shown the presence of
one o more probable target site, which
indicated a bright scope of gemome
engineering incrop improvemeni programs.

Salient Achievements

.

CRISPR-Cas system has been established
for genome editing in wheat, which can be
utilized In functional genomics and crop
improvement programs.

A high=throughput CRISPR-Cas binding
site prediction tool has also been developed
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Figure 9 An outline of swategy for CRISPR-Cas
binhing site prediction.
3. Biosynthetic pathway engineering and

suppression of negative regulators for crop
improvements in non-transgenic mode.
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3.1 Isolatien amnd characterization of new
insecticidal proteins foxic to whiteflies from
lower plasnd diversity

Principal Investigator
Santosh K Upadhyay

Intredwction

The insects that feast on crop plants cause a severe
Inss of yield and productivity, thereby affeciing
the agriculture economy of the country. Inseet
pesis ¢ost billions of dollars in the Torm of crop
losses and insecticides, and the firmers face an
ever present threat of insecticide resistance,
fueling a continual search for alternative pest
control strategies. Transgenic crops with
enhanced IMotic or abiotic stress tolerance have
shown promising contribution in achieving
greater crop productivity. Transgenic cotion
expressing Cry toxin of Bacillus tharingiensis has
tremendously increased the production as well as
the societal status of farmers i our country.
However, a concemitant increase in the
population of minor pests like aphids, whiteflies
anel others has demanded certain new approaches,
They create direct damage to the plant by feeding
on phloem sap as well as indirect damage by the
transmission of viruses. Further, they excrete very
high mwount of sugar on plant parts, which
promotes bacterial and fungal colonization. None
of the Bi-Cry proleins cause toxicity io sap
sucking pests. However, other proteins like
enzyme inhibitors, chitinases amd lectins can
provide some degree of resisiance to sap sucking
pests. The wdea to introduce novel gemes from
lower plant diversity can be a powerful ool
tackle the control of sap sucking pests.

Objectives

I,  CGenetic resource development of whiteflies
and isolation of new insecticidal proteins
encoding genes from lower plants.

2. Recombinant expression, purification and
characterization of insecticidal proteins,

3, Study of mechanism of inseeticidal action,
Research Progress

1. Transcriptome sequencing and eharacte-
rizatien of whitefly: Absence of genetic

48

information of whitefly (B. &abaci) hampers
several siwdies regarding their physiology
and insect pesi contiol programs. Therefore,
we performred transcriptome sequencing to
generate comprehensive genomie resource
and wsed for characierization. Aboud %3
million reads cansisting of ~8 Gb
transeriptome data were obtained using
Hlumina sequencing and assembled into
72716 unitigs with 592 bp of average length.
A total of 21129 unitigs was annotated at
stringent parameters by Blasix search
against NCBI non-redundant protein
database and protein sequences of Tribolium
castanesm {eonsidered as mode] msect), and
Acvrthosiphon pissm {closcst nscct to B
fabact). Annotated unitigs were mapped o
52847 gene ontology (GO) terms and 554
enzyme codes. These enzymes were mapped
o 131 Kyoto Encyelopedia of Genes and
Genomes (KEGG) pathways in different
combrnations. Expression profiling showed
vitellogenin, ribosomal proteins and NADH
dehydrogenase highly expressed genes and
they can be a potential targets for the control
of whiteflies by RNAL.

Sequence divergence and phylogenetie
amalysis: Sequence divergence and
phylogenetic analysis were performed nsing
the orthologous sequences between different
species of whiteflies. Orthologous
sequences were aligned and aligned regions
for ol species were extracied and vsed in
similarity and divergence analysis. The
average similarity of H biotype was 97.2,
97.1 and 97.8% with Middlk: East Asia
Minor-1 (MEAMI), Mediterrancan {MED)
and Asia Il 3 species, respectively.
Maximum similarity was 100% in all
combinations: however the minimum
similarity varied from 81 to 81.7% (Table 5).
We observed that the average divergence of
H biotype with MEAM1, MED and Asia Il 3
were 2, 1.95 and 0.92%, respectively. To
comfirm the accuracy of analysis, we had
also analyzed the divergemce between
MEAMI, MED and Asia i1 3. Similar
divergenee between MED / MEAMI
(0.87%), MED / Asiall3 (1.7%}) and




NATIONALAGRI-FOOD BIOTECHNOLOGY INSTITUTE

Table 4: Sumnary of the wiiteflies tramseriptome dada.

Tostal somnber of reads

Total mumber of clean reads afier removing adapier sequence and poly

A, Tand N sequences
Average read lengih

Total number of soaffolds after Abyss pair wise assembly
Total aumber of distnet sequences (unitigs) obualned after CAP3 assembly

Lomgest unitig

Smallest umitig

Mean length of unitigs

Number of annotated uniligs

Total GO terms obtained

Total KEGG pathway mapped

Total Enzymes code mapped to KEGG pathway

Munnber of unitigs showed Blast hit to symbionts gencine

3,828 866
B2.818,787

101 bp
1,324,517
72,716
12135 bp
150 bp

i
21129
2847
131

545

313

MEAMI ¢ Asiall3 {1.75%) was found as
reported in carlier stodics, which supports
the accuracy of our analysis. A phylogenetie
iree was also constructed using these
orthologous sequences, which showed tha
the MED and MEAMI were grouped
ogether as reported earlier, however H
biatype was grouped with Asia II 3.
Divergence between H biotype and Asia [T 3
{0.92%) was greater than the divergence
between MED and MEAMI ((L.87%).
Results indicated that these are independent

species.

Analysis of amine acid biosynthesis in
whitefly: 1 is well known fact that animals
kack the essential amino acid biosynihesis
pathways and get them from food sources.
Sap sucking insects take their food from
phloem sap of host plant, which contains
very less quantity of essential amino acids,

Therefore, these insects are mostly
depending on microbial symbionts for the
synthesks of essential amino acids. In retum,
insects provide nonessential amino acids and
several other supporis to symbionts.
Candidhainz Portiern aleveodidaram (CPA)
is repodted as the syimbiont for whitefly. We
analyzed the integration of amine acid
blosynthetic pathway in whitefly and its
symbiont. Genome sequence analysis of
CPA clearly indicated that the genes
respoasible for the synthesis of non-essential
aming acid are compleely absent, which
indicated the possibility of collaboration
with host insect for these amino acid.
Furiher, we found significant expression of
these genes in whitefly transcriptome data,
which probably compensate the requirement
of symbioni also. On the basis of mapping
and expression of the symbiont and insect

Table 5: Sequence diverzence between diffevent species of whiteflies

Species 1 Species 2 Divergenee (%)
& MED 1.95
H MEAMI 20
H Asiall 3 0.92
MED MEAMI Q.87
MED Agall 3 1.70
MEAMI Asinll 3 1.75
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related genes to the amine acids biosynthetic
pathways, we predicted the contribution of
each and proposed a hypothetical aminoe
acids biosynthetic pathway in whitefly. Our
results supported the insegration of both
partners and their complementation in
synthesis of essential and nonessential

observed most of the genes involve in the
biosynthesis of methionine, lysine and
histidine in symbiont, however, we could not
find the complete biosynthetic pathway for
these amdno acids in transcriptome and

genome data.

amino acids. Since, phloem sap is very poor 4. Collection of lower plant samples. RNA
source of essential amino acids and insects of] ':m“ %ﬁ;ﬁ'ﬂ;’ﬁ:mﬁ:}“} tmlzsm
are not completely unable to synthesize them o, and prior Be
(except threonine and methionine) as about the probability of exisience of
. i ticidal proteins, five lower plant
evident by the absence of relaled genes, |_n5ec ) lophytes
symbionts remain the only source to supply “Hmplz:;liﬂed‘"’"'ﬁﬁf am} ?: er;'d Sﬁﬁ
these amino acids to phloem feeding insect. t|1 i< .bm WE.H “41‘:1 i
We found the significant expression of Synticsis have been perto » WLLOR W
symbiont genes involved in synthesis of be used ﬁ?r the ?@plmcaimq and clonimg of
essential amino acid, which absent in probable insecticidal gencs in the later part
insect. Enzymes responsible for the ofthe study.
synthesis of argmine and tryptophan were Salient Achievemennts
completely encoded by the symbiont, I. A comprehensive transrip data of
however the last enzymes for the synthesis ' . .
of phenyl-alanine valine, leucine and $Myﬁ£&m}mhﬂehmndmlopcdum
isoleucine were absent as reported in the DT,
case of aphid symbiont. But these genes ane 2.  Comparison of orthologous sequences
available in insect with remarkable among different species of whiteflies
expression (Figure 10). Further, we
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Figure 10:; Association of host and symbiont gewes in amine acid biosymthetic
pathway in Bemisla sbact Pinkish and sky-blue cirele represents symbiont and

insect, respeciively
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indicated the significami divergence across
the species. Whitefly species present in our
coumiyy are sigaificantly diverse fvom the
spevies reported from another territory like
China.

Aming acids biosynthetie pathway analysis
showed the complementation between

imsect and its symbiont. Since, whiteflies are s

phloem fed, which lacks the several essential

amino acids; they need an alternative soaroe 3

as reported in case of aphid. Owr study i

dlemonstrated the contribution of host and

symbiont in amino acid biosynihesis, Insect 4.
e KX

51

provides most of the nonessential amino
acids to symbignt and m retum receives
essential amino acids.

Future Perspectives

1.

Detail characterization of transeript data of
whitefly symbiont.

Cloning of new insecticidal proteins
encoding genes from lower plants.

Recombinant expression, purification and
characterization of insecticidal proteins,

Sindy of mode ofinsecticidal action
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4.1 Effeet of millet consumption on high fat
diet induced changes in mice

4.1.1 Rote of mon-stavch dievary fibres from

millets in regulating adipogenesis: A

Hulrigenomic
Principal Investigator
Kanthi Kiran K.

Co-Investigators
Mahendra Bishnoi
Koushik Mazumder

Research Fellows
Mida Mumnaza
Siddiartha M. Sanna

Introduction

Excess caloris intske contributes for weight zain
and obesity. Obesity is associated with a low grade
inflammation, oxidaive siress, aliered adipose
tisswe sccretome and dysbiosis of beneficial gut
nicrisflonrn. As a result, dhironic abnormalities like
atherosclerosis, diabetes and ceriain forms of
eancer may be associated with obesity. Ant-
obesity medications have been shown to pose side
effects. Safe and alternate approaches are in high
demand. Consumption of whole grain (WG), plant
derived dietary molecules including polyphencls,
non-starch dietary fibers (NSDF), prebiotios and
probioiics have been shown to ameliorate obesity
and associated complications. Millets eome under
the category of whole grains and ave a rich source
of dietary fibers, proteins, energy, wimerals,
vitamins, and antioxidani polyphenols. Single
bieactive or synergistic effeet of bioactives in the
WG contributes for beneficial effects, In the
earlier report, we have shown that NSDF from
millets inhibited lipid accumulation in 3T3-L1
adipocyies. Here we report the effect of finger
millet bran or whole grain consumption on high
fat diet (HFD) induced changes in mice.

Objectives

1. Tounderstand the role of non=starch dictary
fibers {NSDF) and other bioactives from
millets in regulating adipogenesis using 3T3-
L1 cells.

¥

MNutrigenomie changes associated with
consumption of whole grain millet, NSDF
and other bioactives inhigh fatdiet fed mice.

Research Pregress

I.

Body weight, oral glucose teflerance test
(OGTT) and glucose elearanee: HFD
promoted body weight gain ol the end of 12
weeks as compared w normal diet (ND) fed
mice. HFD-BR fed mice showed a decrease
in body weight gain as compared to HFD
alone fed mice whereas HFD-WG
administered mice showed a non-significant
decrease in body weight gain. Food
consumption was not altered among
different groups. Rate of glucose clearance
was significantly decreased in serom in HFD
tod mite whereas sdmimistration of HFD-BR
significantly enhanced the clearance and no
significant change was observed in HFD-
WG ascompared with HFD alone fed mice.

Serum biochemical parameters: Total
chelesteral (TC), cholesteral esters (CE),
iree cholesterol (FC}, free fatly acids (FFAs),
LDL/VLDL-c were signficantly high and
HDL levels were significantly bow in the
HFD alone fed mice as compaved to ND fad
mice (Figure 1). Administration of HFD-BR
significantly prevenited increase in the levels
of TC, CE, FC, FFA and LDL/VLDL-¢ and
prevented the decrease in the levels of HDL-
¢ as compared to HFD fed miee (Figure 1).
HFD-WG administration significantly
prevented increase a TC and CE whereas
non-significantly decreased the levek of FC,
LDL/VLDL-c and FFA and no significant
change was observed in HDL-¢ levels as
compared to HFD fed mice {Figure 1).

Effect on visceral white adipose tissue
{(vWAT) gene expression: HFD non-
significantly up-regulated the expression of
DLK1, C/EBPa, PPARy and PLINI and
signifieantly lowered adipenectin
expression as compared to ND fed wice
(Figure 2). HFD-BR and HFD-WG
supplementation did net alter the expression
levels of PRIRy and CVEBPa. HFD-BR
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Fres cholesterc| Cholesterol eaters

Figure 1: Effect of HFD, HFD-BR and HFD-WG on
serem lipid profile, Ctl = Coniwod, HFD = High fiu
dict, BR = Bean, WG = Whole Grain, ns = non-
significant.

administration significantly increaged the
expression levels of DLK!, PLINI and
ADIPOQ as compared to HFD alone. HFD-
WG administeation significantly enhanced
DLE T and ADIPOQ expression as compared
to HFD fed mice (Figure 2). A non-
significant increase was observed in PLIN/
expression in HFD=WG supplemented mice
as compared to HFD fed nice (Figure 2).
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HFD significanily dows-regulated ACC and
GLUTY and enhanced FASN expression as
compared to ND fed mice (Figure 2). GLUT#
expression was significantly up-regulated
upon HFD-BR administration and E4SN and
ACC expression was down-regulated as
compared to HFD alone fed mice (Figure 2.
HFD-WG supplementation significantly
down-regulated the expression of ACC amnd
FASN whereas non-significantly increased
the expression of GLUTY (Figure 21 ACOXT
showed mereased expression in HFD-BR
and HFD-WG groups; however the increase
was not significant as compared to HFD or
MDD ted muce. HFD feeding signiticantly up-
regukated the expression of TNFo and iNOS
whereas non-significant increase was
observed in the levels of /L6 as compared to
ND fed mice. Administration of HFD-BR
significantly down-regulated their
expression levels whereas HFD-WG
sopplementation significantly down-
regulated the expression of TNFe and iNOS
and upregulated the expression of [L4 as
compared to HFD fed mice (Figure 2).

Effect on selected gwt microbial groups:
Lactobaeilfus, Bifidohacteria, Roseburia,
Akkermansia, Bacteroidetes and
Baciteroides-Preveielta abundances were
significantly decrcased and Enrerobacter
and Firmicwtes abundances were mcreased
upon HFD feeding as compared 1o ND
(Figure 3).

D WG

e LETTE! T Eumr
Tl T E Y

Figure 21 Eifcetol HF D, HFD-BR and HFD-WG consumpeion on geneexpression
in vWAT. Cil = Control, HFD = High fatdiet. BR = Bran. WG = Whole Grain
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Figure 3: Effeet of HFD, HFD-BR and HFD-WG consumption on relative
bactersal abundance in cavcum, CO==Conirol, HFD = High fat dict, BR = Brim,
WG = Whole Grain, BACT = Bacteroibetes, FIRM= Finmicutes, LAB=
Lactobacillos, BIF = Bifidobacteria, EmB= Enterobacter, ROS = Roseliwic,
BP = Bactemides Prevotella, Akk = Akkermsansia, vs =non-significanL

Salient Achievements

l. FM-BR prevenied body weight gain;
increased the HDL-¢ and decreased
LDL/VLDL=c levels.

2. Enhanced the expression of anti-adipogenic
markers in vWAT, reduced proinflammatory
status and brought prebiotic alterations in the
gt micraflora i high fai fed mice.

Future Perspectives

I. Effect of other millets on high fai dict
induced changes.

2. Roleof nonsstarch dictary fibers (NSDF} and
other bloactives from millets on
adipogencsis in vitro.

3. Nutrigenomic effects of NSDF and oiher

bivactives from millets using high fat diet
induced obeserodent modeals,

4.1.2 Transient Recepior Petential (TRP)
channel medinted modulation af adipogenesis &

obesity by dietary molecnles
Principal Investigator:
Mahendra Bishnoi
Co-lavestigator:

Kanthi Kiran K.
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Research Fellow:
Ritesh K Baboota

Intreduociion:

Curreni anti-obesity medicalions are
pharmacological agents which can reduce or
conirol weightby affecting one of the fundamendal
processes of the wekight regukition in human body
i.e. altering appetite, metabolism, o¢ consumption
of calories. All these medications, including
orlistal, rimonabant and sibutramine, have severe
side effects including depression, cily bowel
movemenis, cardiovascular concerns and
steatorthoea. The potential side effects profile of
these drugs is much moee than their beneficial
effects, suggesting the urgent need for
altemnatives, Over the years it has been seen that
best and most effective options for overweight and
obese individuals remain diet and physieal
exercise. Itis imporiant to have dietary regulations
to prevent ife sivie problems rather than to seavch
tor the treatment, Available litevature suggests that
sensory 1on channel receplor system, Transient
Receptor Potential (TRP} chamnels, are possible
candidates to regulase energy metabolism and
thermogenesis, which can lead to calorie
consumption and prevention of obesity via
different mechanisms. Common dietary
constituents like chilli pepper, black pepper,
clove, garlic, cimmamon, mint and their




constituents (capsaicin, piperine, eugenol,
allicin, cionamaldechyde, omega Falty acids,
menthol i) can modulate TRP chamnels. In this
proposal, we will understand the role of TRP
channels in adipogenesis. obesity and related
complications using in-vige and is-vive model
systems. Further, using the TRP channel ceceplor
system we propose W come up with dietary
constituents that can modulate the molecular
mechanism sssociated with the process of
adipogencsis,

Ohjectives

I. Determination of cxpression, fonction and
significance of TRP e¢hannels in
cemmercially available mouse
preadipocyies cell lines (3T3-L1). buman
preadipocyies (HPAD) and adipocytes
(HA) cells,

2. fn-vivo charcterization of the molecular
basis of adipogencsis and determination of
effect of TRP channel modulation on
adipogenesis and its associated changes.

3. Tostudy the effect of dictsry modulations of
TRP channels (TRPV |: capsaicin, piperine;
TRPAL: garlic, cinnamon; TRPMS:
menibol; TRPC1: omega-3 fauy acids and
others) on weighl gain, serum biochemisiry,
and adipose tissue genatype in a diet (high
Fatybased in vive mouse model ef obesity.

4. Developing diets/ special dietary
formalations consiiiuted of modulating food
components and sindy their effect on
adipogenesis, obesity and related
complications inhaman fnals.

Research Progress

Previously we found owt that multiple TRP
channed genes are expressed in mouse 3T3-L1
preadipocytes. Further, these channels ane also
expressed in murine white adipose tissue {WAT)
and brown adipose tissue (BAT ). These channels
are also present in human preadipocyies (high 1o
moderate expression: TRPY L, TRPCH, TRPCL,
TRPV4, TRPM2, TRPV3, TRPC4; low
expression: TRPM7 TRPM3, TRPMS, TRPVH,
TRPAIL). Critieal analysis of TRPVI, TRPAI
and TRPMS gene has shown decreased
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expression of these penes with adipoeyie
differentiation, suggesting the role of ihese
channels or permeable caleiwm thromgh these
channels i diffeventintion process (Annual
veport 2012-2013). Taking lead into the roke of
TRPVI, we initiated and completed in-vitvo
(3T3L1 preadipocyle ecell lines) and in-vive
{high fa1 diet (HFD)-induced weight gain model)
shudics forcapsaicin, a TRPV | agonist.

1. In-virre studiess TRPVI channels were
functiomally expressed m preadipocyies bul
not in adipocytes. Capsalein and RTX dose-
dependently increased Ca® influx in
preadipocyies which was prevented by
capsazepine, a TRPV] antagonist.
Capsaicin inhibited lipid accumulation at
tower doses (0L 1-1 pM)whereas it enhanced
accumulation at { 10-100 pM) higher doses.
TRPV1 gene expression was alo inereased
al lower doses and deereased at higher doses,
suggesiing ils relation with presence of
preadipocytes. Capsaicin (0.1=100 pM})
prometed major pro-adipogenic geme,
PPARy and some of s related downstream
genes, Capsaicin (1 pM) up-regulates anfi-
adipogenesis gemes. Further, capsalein at
lower dose significanily inereased brown Fat
cell marker genes during differentiation of
3T3-L1 preadipocyles into adipocytes. On
sinilar nofe, capsaicin adminisiration leads
to incrcase in browning specific gencs in
mice WAT. Global TRPFI ablation (i.p.
RTX administration) lkeads to no change in
body weight and increase in locomoior
activity.

2. In-vive stwdies: Oral adwinmistration of
capsaicin sigmficantly prevented weight
gain as compared to HFD-fed niice. Serom
keptin and TNFo was significantly increased
in HFD-fed mice in comparison (o comtred
mice. However, co-administralion of
capsaicin with HFD significantly prevented
this release. HFD significantly rased the
adipomectin level which was prevented by
capsaicin co-admanistration.

3. Effect of capsaicin on hypothalamic gene
expression: Immumofluorescence Tmaging
showed the widespread expression of
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TRPV] immunoreactivity in hypothalamus
and arcuate nuelews of mice. TRPFI was
expressed in hypothalamus of conivol mice
whereas its expression was significantly
down- regulated in HFD-fed mice. However,
capsaicin increased ils expression levels
gomparable to control in HFD-fed mice.
Anorectic genes such as UCN, PYY, RAMP3,
GRP. BDNF and CARTPT were significantly
down-regulated in HFD-fed mice as
compared to conirol group whereas itheir
expression was significantly enhanced in
HFDH capsaicin group. HFD significanily
increased the expression of orexigenic genes
like CNRI, GALRI, GHRL, ADRA2B, NPYIR
and (FHSR. However, their expression, except
for ADRA2B and NPYIR, was significantly
lowered in HFD+ capsaicin group. Mo change
was observed in NPY expression levels ln
HFD group whereas ils expression was
significantly increased i HFD+ capsaicin
group.

Capsaicin supplementadion on anorectle,
erexigenic and energy expenditure related
genes in viseeral WAT: Anorectic genes such
as BDNF, DRDIA, DRD2Z and PYY were
signifigantly up-reguliated in HFD group as
compared te control whercas significant
reduction in expression level was observed in
HFD+ capsaicin group. HFD significantly up-
regulated the expression levels of orexigenic
genes GALR, HOCRT and NRICT which upon
capsaicin administralion were significanily
degreased us compared to HFD group, No
significant change was observed in
expression levels of GHRL and HCRTRI in
HFD group as compaved to control but they
were significantly lowered in HFD-+ Cap
group. Energy expendimme related genes such
as ADCYAPIRI, ADIPOQ, ADIPORI,
ADIPOR2 and CPD were sigmificantly
reduced im HFD group as compared to control
group whereas capsaicin administration
slgnificantly raised their levels. Effeet of
capsaicin supplementation m HFD-induced
changes In expression levels of metabolie
genes ie. FASN, GPD! and ACOXT was
evaluated in sWAT and vWAT. HFD
significantly down-regulated the expression
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levels of all three genes in sWAT as well as in
vWAT except for ACOX! where no
significant change was observed. Capsaleln
supplementation significantly enhanced the
expression levels of GPDI and ACOXY in
sWAT and vWAT. FASN was significanily
increased in HFDH gapsasoin group in sWAT
whereas no significant change was observed
invWAT,

Effect of capsaicin supplementation on
“browning” senes in BAT, subentaneous
WAT and viscernl WAT: In BAT, HFD
significantly increased the expression of
“browning” genes as compared to control
animals whereas their expression levels were
further increased by capsaicin administration.
Similarly. in vWAT these genes were
significantly increased in HFD-fed mice but
no significant difference was observed in
capsaicin treated group as compared to
control group. Different trend in expression
levels of these genes was observed in sSWAT.
BDNF, NCOAI, PPARa and PTGS2 showed
similar pattern as that of BAT i.e. significant
increase in expression in HFD group and
fusther increase in HFD-Cap group whereas
LCPE, NRIPI, CIDEA, PGCla, MPAK |4
and SERT2 were sigmificanily down-regulated
i HFD group as compared to contral whereas
increased significantly in HFD+Cap group
{Figure4),

Effect of capsaiein on diffevent bacterial
groups in caecam: Enierobacteriaceas amd
Firmicutes abundance was significantly
higher in caccal contents of HFD=fed mice as
compared to control. Capsaicin
supplementation significantly prevented this
increase. Abundance of Akkermansia,
Bacteriodetes, Bacterovides Prevoiella was
significantly lowered in HFD group in
commparison to control. Sigmificant increase in
their abundance was observed in HFD+
capsaiein graup. Bifidobacreria and
Laciobaciflfus nbundance was significantly
increased i HFD group as compared to
control. Bifidobacteria further showed
significant decrease whereas Lacrobavillus
was found to be significantly higher in HFD+




NATIONALAGRI-FOOD BIOTECHNGLOGY INSTITUTE

capsaicin group as compared to HFD group.

In swmary, our de-vivo studies suggest that in
addition to ils well known effects, oral
adminisiration of capsaicin (a) modulaies
hrypothalamic satiety assockated genotype, (b)
alters gut-microbial composition, (¢} induces
“browning” genotype (BAT associated genes)
in subcuiameous WAT and (d} increases
expression of thermogenesis and
mitochondrial biogemesis genes in BAT

{Figure 5),

Safient Achievements

L.

2

Our in-vitro findings suggest the bidirectional
madulatory ole of capsaicin in adipogenesis.
Capsaicin inhibits adipogenesis m 3T3-L1 via
TRPV] activation and induces of brown like
genotype.

Ouwr in-wvive [indings sugeest that oral
administration of capsaicin modulates
hypothalamic satiety associated genatype,
alters gut-microbial composition, induecs
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Figure 4: Effect of capsaicin on HFD-induced chamges in browning genes
[mitachondyial biogenesis and thermogenesis related genes) in BAT, sWAT and vWAT,

Fignre 5 Schematie diagram that summarizes the propased mode of aetion of capsaicin in HFD induced obese
mice, Capsatein supplementaiion, v gastromiestinal TRPY] activation or vagal afTereni activation mduces
hypathakamic TRPY 1. Inhypothalamus i alters inorectic and ovexigenic genes, Induced hy pothakanmic activily
induces SNS activation which might be respomsible for imcreased thermogenesis in BAT and sWAT and
decremse in obesity markess in vWAT, Capsaicin can directly affect the gene chamges in vWAT and sWAT via
direct absorpteon into blood. Unabsorbed capsaicin lead ro beneficial alteration in gut microhial populatioss,
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"browning" genotype (BAT associated genes})
in subcutaneous WAT and increases
expression of thermogenesis and
mitochondrial biogenesis genes in BAT.
These findings provide evidence for novel
and imteresting mechanisms to explain the
anti-ahesity effect of capsaicin.

Future Perspectives

1. In-vifro stodies to understand the role of other
TRP channels (Le. TRPAL TRFMS, TRPVZ
and TRPCI) in adipogenesis and its
associated changes.

2. To study the effect of dietary modulations of
other TRP channels (TRPAI: garlie,
cinnamon; TRPME: menihol, TRPFCI1:
omega-3 fatty acids and others) on weight
gain, serum biachemistry, and adipose tissue
genotype 0 a diel (high fat) based i vive
mouse madel of obesity.

3. Preclinical and elinical follow-up of eapsaicin
studies.

4.1.3 Strucinral characterizavion of arabing-
xplans from millets and their biological wetivity
Principal Investigator

Koushik Mazumder

Research Fellow
Vandana Bijalwan

Iniraduefion

Millets, the staple foods for millions of people
across the world, are the chief source of seluble
dietary fiber. Epidemiclogical stndies have clearly
demonsirated that increased consumption of
soluble dietary fibers has been associated with a
veduced visk of cardiovascular discases wnd
diabetes. Many of the life sivle disorders and
chronie diseases are assocmted with oxidative
stress which is combined wiih free radical
formations.,

Phenaolic acids such as ferulic acid and other
hydroxy-cinnamic avids (HCA) exhibit very
strong antioxidand aclivily since they lerminate
flree vadical chain reactions. HCA in the bound
form are esierified o cell wall arabinoxylan
polysaccharides and influence their

physicochemical and functional propesiies. Move
interestingly, hydroxy-onmamic acid bound
arabinoxylans (HCA-AXs) as cell wall
component of the cercal grain exhibit stronger
antioxidant activities than free acids. Hence in the
present study, the variability im the fine structures
of the hydroxy=-cinnamic acid bound
arabinoxylans (HCA-AXs) from finger millet
{FM), kodo millet (KM), barnyard mallet (BM),
foxtall millet (FOXM), proso millet (PM) and
their antiaxidant activity will be evaluated vsing
& vitro model. The present study can be exploited
in preparing mutraceutical health foods based on
dietary fibers enriehed with HCA-AXs.

Objectives

1. [Isolation and purification of the HCA bound
arabinoxylans from the cell walls of various
Indian milleis.

2. Comparative structural characterization and
in vitro studies of the HCA bound neviral and
acklic armbinoxylans from various Indizn
millets to understaml the structure-function
relationship with respect to thewr antioxidant
potential.

Research Progress

I our stidies, we have standardized the protocol
of mild alkali extraction for isolation of HCA
bound arabinoxylans from five lndian millets,
0.3% KOH extraction was performed to avold the
de=esterification of the phenolic acids. The total
phenolics content of the extracied materials were
determined colorometically using folin's method.
The analysis demonstrated the total phenolics
content of KM and FOXM extract as ~13% and
5% respectively whereas the other millet extracts
{FM, BM and PM) showed phenclics content of
~8%-9a

The sugar compositional analysis of the extracted
materials was carried out using GC and GC-MS ag

alditol acetate derivatives. The analvsis showed
the presence of arabinose and xylose as major
constituents (~60-70%) in all the extracted
material together with glucose, galactose and
mannose asminor constituents (Figure 6).
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Figure 6: GC spectrom of the extracted HCA bowd arabinoxylas
from kedo millet. {Am: Ambinose, Xyl: Xylose, Inos: Inositol
timternal standard), Mann: Mannose, Gal: Galactose, Gle: Glucose),

The estimation of the bound phenolic acids were
performed by de-esterification of the exivacted
HCA bound AXs, purification and followed by
HPMLC analysis. The HPLC analysis showed the
presence of ferulic acid as major constituent
phenolic acid in FM extract (relative percentage
£9%) together with caffeic and para-couwmaric
acid as minor constituents (relative percentage 3
and 8 % respectively) whereas in KM extract all
the three phenolic acids i.e., caffeic, para=
coumaric and ferulic acid were present in
considerable smount {relative percentage 30%,
33% and 37% respectively). Both the BM and
FOXM extracts contammed only para=coumaric
{80%) and ferulic acid (2006, whereas PM extract
contain para-coumaric and ferulic acid in the
relative percentage of 56% and 44% respectively
{Figure 7).
FA

A
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Figure 7: HPLC profile of bownd hydroxy-cinnamic
acids In Finger{A) and Kodo millket{B). (CA: Caficle
adid, p-COA: p-Coumaric aeid, FA: Feralic acid)

The phenolic acids bound AXs were also
enzymatically hydrolyzed with endo-xykanase to

generate oligosaccharides, the oligosaccharides
wete analyzed by MALDI-TOF MS, the presence
of oligosaccharides bound to ferulic acid in finger
millet (PFA Ac al m/z 085, P FAAe at m/z 1051)
and  para-cowmaric acid together with ferulic
acid in barnyard millet (P p-COAAc, at m/= 837,
Pp-COAFAAc, at m/z 1013) confirmed the
covaknt ester binding of the Irydroxyl=cimmamic
acids to the arabinoxylans (P: Pentose, p-COA: p-
Coumaric acid, FA: Ferulic acid, Ac: Acetvl
group).

Currently, the role of fine structures of HCA
bound arabinoxylans from finger milles, foxuail
millet, kodo millet, bamovard millet, pyoso millet
and theirantioxidant activity were evaluated wsing
in virro assay (DPPH assay). The kodo millet
extract showed highest antioxidant activity of
4% ( 0.06) at a lower concentration of 100pug/ml
whereas finger millet exiract showed antioxidant
activity of 93% ( 0.05) at a concentration of
400psrml. Proso and barnyard miflet extract
exhibited moderate antioxidant activity of 69% (
0.11) and 63% ( 0.06) at concentration of
@00pg/ml respectively, whereas foxtail millei
extract exhibited lower antiaxidant activity of
37% ( 0.12) at a concentration of 700ug/ml
Although the tomal phenolics estimation data
indicated that the total phenolics content of the
FM, BM and PM extract were in the range of ~8-
9%, but the significand varistion in antioxidan
capacity was obsevved among FM, BM and PM
extracts which suggested that the variation in the
antioxidant activity is associated with the
compasitional and struchwal variabality of the
bound HCA and arabinoxylans.

The procedure is under pragress, in depth
structural analysis of the HCA bound
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drabinoxylan poly amd oligosaccharides will be
carried out wsing various analytical methods (GC-
MS, HPLC, MALDI-TOF-MS, ESI-MS/MS and
NMR). In futore, their vole vegulating oxudative
stress will be further extended using different in
vitro ossavs e, comet assay (SCGE) and HepG-2
cell lines,

Salient Achievements

1. The prelimiwary structural and i vifro studics
showed considerable differences in the
structure and anfioxidani polential of HCA
bound AXs from variows millet varieties,

2. Thedetailed sictoral characterization and in
vitro studies of the HCA bound arabimoxylan
poly and oligosaccharides are in progress
wsing various physico-chemical methods
(GC-MS, HPLC, MALDI-TOF-MS, ESI-
MS/MS and NMR) to establish their
structure-funetion relationship with respect o
antioxidantactivity.

Future Perspectives

1. Understanding the relationship between the
variability in the fine structores of the HCA
bound arabinoxylan poly and oligo-
saccharides and their amtioxidant potential,

2. Develop functiomal foods and nutraceutieals
with free radical scavenging and immuno-
enhanching additives agamst vavious lifestyle
diseases.

4.2 Iron alginate encapsulated fervic

saecharate microemusliens: Synthesis,
characterization and evaleatien

Prineipal Investigator
D, Mitin Kumar Singhal

Co=luvestigators
Dr Hariom Yadav

Dr Rajai Sandhir
Research Fellow
Kimmi Mukhija
Inireduciions

lron #s a vital mincral in the body which is
involved in many physiological functions but
primarily needed in the formation of hemoglobin.

Exvess of iron is stoved i the liver, spleen and
bone marrow as fesritin. In the blood stream, it is
bound to a specific camer protem, transferrin,
Insufficient iron avaskability during growth phases
or states of increased requirement results in iron
deficiency. Iron deficiency is the most commean
cawse of anemia in the world and continues to be
the mosi prevalent nuirlilonal anemia in
developing conmiries. Iron deficiency anemia is
charactevized by a defeot in hemoglobin synthesis,
resuliing in abnormally small {microcytic) RBCs
which contain a decreased amount of hemoglobin,

One approach te reduce the organoleptic apparent
problems and increasing the bicavailability is iron
encapsulation. Micreencapsulation can prevent
iron from interacting with the environment before
reaching the intestine. Iron salts are very reactive,
50 fhis proteotion ean avoid oxidation of the food
matrix and reduce side effects when the fortified
product is ingesied. Encapsulating fevric
seccharate with alginate having high nutritional
valug not only decreases the organoleptic
problems but incvease the iron bicavailabilily as
well, Alginate bio-adhesive as well as polyoation
ability can enhance the para cellular absorption
through the intestinal membrane. Ferric
sagccharate complexes with high absorbance
power and little organoleptic problems have been
selected as core and encapsulated with alginate.

Objectives

1. To synthesize and characterize alginate
encapsulated ferric saccharate miera-
emulsions.

2, To evaluate and compare fhe bicavailability
of irom n alginate encapsulated ferric
saccharate emulsions using Caco-2 cell lines.

3, To compare the ¢ffect af alginate
encapsolated ferric galactose microemulsion
{AFGM) and ferrie galactose complex (FGCY
on iton bioavailability and oxidative stress in
anemic animals,

Ressearch Progress

1. Synthesis and Characterization of
emubsions: (C)In brief, monasaccharide (D-
Glucose, D-Sarbitol, D-Fructese, D-
Mannose and D-Galactose s was suspended in
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methanal and sodium metdl was added in
small pieces with stirring, then methanolic
solution of anhydrous ron {111} chlonde was
added to give precipitate. After 3 hours, a
solid product was obtained by filtering
which was as purified by methanol and
acetone, dried wnder vacwum. These
reactlons resulted in formatlon of ferric
saccharate complexes: Ferric-Glucose,
Ferrie-Sarbitol, Ferrie-Fructose, Ferrie-
Mannose and Ferric-Galactose respeciively.
The perceniage of iron present in the
complexes was determined by inductively
coupled plasma mass spectrophotometer

the solid state of dwe parent higands, thus
resulting in a broad band 3390 + 10cm™. The
TEM analysis of microemulsions showed
thot most of the particles were nearly
spherical shaped and was present as
individual uniform entities rather than
agglomerates indicating their stability.
Average partlele size microemulsions were
in ihe range of B00=-1000 nm as measured by
the laser diffraction and zeta potential of all
the iren monosaccharide emulsions were in
the range of -20 to -34mV, confirm the
stability of microemuisions. All the
characterization is for AFGM summarized

(ICP-MS8). All the ferric saccharate in Figure 8.
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Figure 8: Chaacterization of Alginate encapsulated Ferric Glucose Nanoemulsion (AFGM) (A FTIR specira;
{B) TEM. (C) Particl size distribution

complexes were characterized by FTIR. The 2. Inevifre vesults: The bicavailability of iron
mean diameter and zeta potential of all with complexes in cells was significantly
microemulsions in the dispersion {with higher as compared to microemulsions may
appropriate dilutions) was determined vsing be because iron present in the complexes
laser diffraction technique (Mastersizer was in uncoated form and direcily avaikable
2000, Malvern Instruments, UK followed by to the cells, The MTT assay was meant for
analyzed microscopically wsing TEM. FTIR measuring the activity of living cells via
gpeciva of the complexes are indicative of mitechondrial dehydrogenases. The toxicity
the cleavage between extemsive shown by various iron compounds has been
intermolecular hydrogen bonds existing in shown in Figure 9. The toxicity of ferric
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Figure 9: The effect of alginse encapsulated ferrie mierocmmlsions
and festic sacchasate complexes oncell vianbility,
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saccharate complexes was found ta be very
high as compared 0 AFGM. However
among the commercially available products,
iron dextran and FeCl, show mininal
toxicity while FeSO, shown higher toxicity
against all alginate encapsulated fervie
saccharate microenmlsions.

In-vive results: The cesull of ieme repletion
study ind RBC gount is shown in the Figure
3. The hemoglobin of iron- deficient animals
was found w be decreased by 26.4% as
compared to control animals. AFGM
treatment increased hemoglobin of anemic
animals by 63.5% while FGC treatmennt
increased hemoglobin of ancome animals

16 4 B0 Dy
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Hemoglobin levels
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33.44% whioh indicates better
bicavaikability of encapsulaled iron in the

by,

Histopathological studies: In liver, control
animals showed normal morphology with
mormal distribution of cells around central
vein, Anemia resulted in moderate damage
to dhe liver having inflamed cells with
pramimnent miglel, AFGM  treated animals
showed normal liver morphology while
FGC treatment caused very high damage to
the liver resulted in high infiltvation of
macrophages and the kasic architect plan of
the cell radiates out from central vein was
completely destroyed (Figure 111
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Figure 18&: Effect of AFGN and FGC treatment on hemoglobin levels of
anemic animals. Values are expessed as Meanz50y n=5. ® Anemic significantly
different from comtrol, ‘Amemic-AFGN signifieantly diffevent from anemic and
¥ Anemic +FGC significantly differeat from anemic *//" (p<0.05).

only by 43.71%. The RBC count of Fe- 5. QRT PCR expression analysis: Our gene

deficient amimals was found to be 14.07%
less than that of control animals (Figure 10).
However, affer AFGM and FGC treatmant,
the RBC count of AFGM animals
significantly increased by 82.57% while that

of FGC treafed animals wos increased by

expression data shows that AFGM carrying
iron molecules delivered iron into the body
that was reflected with improved gene
expression profile of iron regulatory gencs
in fron storing cells withow any adverse
effects Figure 12,

. . . . .
Figure 11: H&E staining of lver at 20X (A) Control; (B) Control+AFGN: (C) Anemle: (D) Ancimic+AFGN &
(E)Anemig+FGC.
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Figuve 12: Effect of nono-cmulsion trestment on gene expression of iron homeoastasis genes in liver
tissmes afmice. Values are presented here mean of the valoes of wiplicate analvais and ervoe baes with SEM.

The results clearly indicate that microemulsions
prepared were adequate in shape, size and
stability with high encapsulation efficiency.
These microemulsiens were found 1o be belier
absorbed without any toxic effeets in caco-2 cell
lines. Thus, suggesting that micvoemulsions are
more effective in increasing iron bioavailability
as compared to iron in complex form. It is
evident ihat iron & imvolved in haemoglobin
formation winch is responsible for the alierations
in RBC eount. The results of the present study
demonstrate that iron supplementation as
microemulsion was more bicavailable and
effective in attenvating the alterations associated
with iron deficient anemia as eompared 1o iron
saccharabe complexes.

Salient Achlevements

I. Qur study suggested that iron
supplementation as alginate miroemulsions
were more bio-available and effective in
attenuating the alterations associated with
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won deficient anacmia,

Fwture Pevspectives
1. Siwdies will be inderiaken study the factors
influencing iron homeostasis.

2. Responsible gemes will identily for the
tangets of the nanoparticles wsed,

4.3 Investigate dietary constituenis te
vegulate iron homeostasis and their use
againstiren deficiency

Principal Investigator

Hariom Yadav

Research Fellows

Stanzin Angmeo
Shelley Sardul Singh

Iitroduetson

India &5 one of the couwntries with very high
prevalence of iron deficiency anemia in the
world, Almaest 58 per cent of pregnant women n
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Imidia are iron deficient and it is estimated that
iron deficiency anemia is the underlying cawse
for 20-40 per cent of matemal deaths in India.
India contributes #o0 about 80 per gent of the
maternal deaths due 10 anemia in South Asia.
Nutrifienal anemia s & major public healih
problem in India and is primarily doe to von
deficiency. The National Family Health Survey-
3 (NFHS-3) daia suggests that anemia is widely
prevalent among all age groups, and is
particularly high among the most vulnerable —
nearly 58 per cenl among pregnant wosnen, 5{
per cent among nan-pregnant non-lactatimg
women, 56 per cenl among adolesceni girls
(1519 years), 30 per gent among adolescent
boys and sround S0 per cent among children
under 3 vears of age.

The moreased prevalence of iren deficiency is
because of unavailability of adequate strategies
i combat iron deficiency in Indian population
and lack of complete knowledge about the
pathophysiology of irom homeostasis in Indians.
Majority of Imdian population depends om
vegetarian diet. Although, iron present in
vegetarian diet (non-heme) iron is less
bicavailable, thevefore increasing bicavailable
wron content m Tndran foods will be one of my
important futore research aspecis that my group
will establish at NABI. We will pursue these
goals with the close collaboration of various
scientists working on plant molecular biology
and genetics to inprove the varieties of cropsi.c.
wheat ta improve the iron bicavailability,

On the same time absorption of iren in humaa
body is tightly regulated by vartous feedback
mechanism(s) m homan body. Hepeidin s a
cemiral regulator of iron abserption in mammals,
and inhibits fron absorption as well as release
from iron storing cells i.e. intestinal epithelial
cells, macrophages, hepatocyies, when ivom s
needed (at the time of RBC formafion ). Hepcidin
binds with Ferroportin (an won transporter o
release intracellular irom) that lead to
degradation of Hepcidin-Ferroportin complex.
Therefore blocking imteraction of Hepeidin and
Ferroportin become one of the important targers
ko develop sirategies to combat irom deficiency.
Here our group is developmyg steategies o block
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the hepcidin-ferroportin interaelion using
natural and/ or diet derived bioactive compounds
o ameliorate iron deficient anemia.

Research Objectives

1. Analysis of hepcidin levels in different
egthnie papulations in India and its
correlation with prevalence of iron
deficiency.

e

Develop novel dietary compounds that can
inhibit expression of hepridin and improve

iron absorption and release,

3. Screen and find-out novel natural
compounds that can block fhe interaction of
hepcidin and fervoporting and can exhibit
benefictal effects against iron deficiency.

Research Progress

Interestingly, one of our meta-analysis study
indicaled that circulating hepcidin kevels ave
dramatically moressed in Indian population thaw
other countries, suggest that along wiih
consuming less bioavailable iron, there seems o
be blockage of iran absarption in Indians
through inereased hepeidin levels. Therefore,
my group has started the screemng of new
natural compounds present in food that oo
inhibit hepcidin expression and/or can block the
action of hepeidin, and we found certain
compounds that show potential actiom om
hepeidin target (Figure 131 Interestingly. we
also found that one of the selected compounds is
highly beneficial to invrense iron biogvailability

Figareld: Interaction of a selected compound with
hepeidin,
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in cell lines, mouse models as well as treating
anemia in mice models, Hence specifically my
group is targeting three sirategies to increase iron
absorption; 1) imcrease bioavailable iron content
in Indian foods. 2) decrease the hepeidin
expression and 3) inhibii hepcidin action wsing
matural compoamds.

My future goals in this direction is to establish
the novel compounds that can inhibit hepeidin
expression or block the action and incorporate
these campounds in Indian foods ke increase the
iron absorpiion, that can ultimately help to
combat with iron deficlency.

Safient Achievements

1. Arovnd 70,000 natural compounds library
have been screened using in-silico method
for hepeidin binding potential and one top
candidate have been selected for further in-
vitro and in-vivo experiments.

2. Selected compound has been further
investigated 1o amelioraie iron deficiency
and established to inhibit the hepeidin
action.

Fuature Perspectives

I. Compound(s) found from these
investigations will be highly significant for
potential to translate them againsi
amlioration of iron deficiency.

4.4 Establishment of probiotic therapy
against obesity and diabetes

Principal Investigator
Hariom Yadav

Project Assistant
Priyanka Chopra
Introduction

Obesity and diabetes is sssociated with excess
caloric inteke and reduced encrgy expenditure
resulting in a negative energy balance. The
complex metabolic pathogenesis has rendered
the current treatment meadalities imadeguate o
effectively combai these diseases. Diabeies
incidence has reached epidemic progomions and
childheod diabetes and obesity is on an alarming
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imcrease. Therefore, it is important to develop
safe, easily deliverable and economically viable
eatment alternatives for these diseases. Our
previous siudies provide datz supporting the
eandidacy of probioties as such a therapeutic
modality againsi obesity and diabetes, Probiotics
are live bacteria that colomize the gastrointestinal
iract and impart health beneficial effects.
However, their widespread prescription as
medical therapies is limited primarily due to
paucity in our understanding of thelr mechanism
af action. Our recent studies demonsirated thai
atiministration of a probiotic VSLES ¢an prevent
and treat obesily and diabeles in several mouse
models, VSL#3 suppressed body weighi gain
and insulin resistance via modulation of the gut
flora composition.
Research Ofjectives
1. Isolation and characterization of new food/
human origin probiotic strmns with anfi-
obesefanti-dighetic potential.
2 Explore the target genes of probiotics

action(s) and their carvelation with gut-flora
modulation.

3. Role of probiofics in preveniion of
chiliihood obesity and its mechanism of

action,

4. Pre=climcal and clinical efficacy of VEL#3
in weight loss studies.

Research Progress

Overall, our previous studies show that
probiotics (VSL#3) ireatment plays a vilal role in
maintenance of glucase homeostasis by
regulating the processes of insulin sensitivity
and adiposity. Our long terms goals are 1o
address following outstanding issuecs described
as specific aims:

1. We will isohate new probiotic strains
and establish them for therapeutic/
preventive poteniial for obesity and
imsulin resistance in long term search
for better probiotic strains. We will
determine how the new selecied
probiotic straing can reduce fhe

development of obesity’ diabetes and
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can play an important role in
mainienance of normal glucose
homeostasis.

2. Weexpeerthat probioties targets a setof
target ongans i.e. gut, brain and adipose
tissues, and genes in these tissugs
whose functionality influences glucose
homeostasis. At this point, though, the
identity of such target genes is
unknown and we will attempt to
uncover the general and tissue-specific
probiotics targets that regulate glucose
homeostasis and their corvelation with
probiotics mediated modulation of got
flara.

We will evaluate the pre-climical and
clinical efficacy of probiotics in weight
loss studies, will give an unique
opportunities to use probloties in
weight managenrent regimens and help
o fight agamst obesity and diabetes.

Probiotics ave known for varicus health benefits,
here we explored new role of probiotics in
amehoration of obesity and diabetes, O receint
studies Found thai feeding of selecied probiodics
1o, VSL#3 amcliorate vhesity and diabetes via
modulation of gut flora. [nterestingly, we first
time reported the mechanism of action of
probiotics to ameliorate obesity. Here we found
that administration of VSL#3 probiotics changes
the metabolomic profile into the gut of obese
mice through changing the composition of gut
flora. Particularly, short chain fatty acids i.e.
butyrate was significanily increased in VSL#3
fed mice compared to their control group.
Interestingly, increased butyrate stimulated the

Lo

fonction to ameliorate obesity and disbetes, On
the basis of these results, we isolated around 100
lactobacilli strains that can produce butyrate and
can be used for designing functional foods
against obesity and diabetes. Further, we
established the probiotic aiiribuies of these
sehected lactobaoilli isalates and among them we
selected iwo best probiotics and butyrate
producer lactobacilli. After 16sRNA sequencing
and characterization, we are using these
lactobacilll strains w develop funciional foods
ie. vogurt! dahi. In future we will establish the
anti-diabetic/obese effects of these strains s
well as functional foeds in mice models as well
as in human studies, Developing these strains
and functional foods will not only provide the
alternative and complementary options for obese
and diabetic people to better manage their health,
but will alse develop am wnigue model to
generate revenue for the instimte (NABI) and
DET.

Salient Achievements

l. In our investigations we first time
established that probiotics modulated gut
flora plays an important rale for
amelioration of obesity and diabedes.

2. In these smdies we found that probiotic
mediated gut flora modulation changes the
gut hormone axis that regulates energy
metabelism and contribute to reduce obesity
and dinbetes.

Future Perspectives

Developing new probiotic sirains that can
modulate gut-flora-metabolite-hormone axis o
reduce obesity and diabetes will have high

elucagon-like prodein-1 (GLP-1) secretion from iranslatable posential in [ndian marker.
intestinal L=cells and enhanced metabolic
- L
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COMPUTATIONAL BIOLOGY APPROACHES
FOR MARKER AND GENE DISCOVERY FOR
NUTRITION AND PROCESSING TRAITS
IN FOOD CROP GENOME
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5.1 Developwment of advanced algorithms,
databases, tools and pipeline for data mining
and comparative analysis of food ecrop
genomes, transcriptome awd small RNA based

regulation

Principal Investigators
Shrikari Subhash Mantri
loy K Roy

Project Scientist
Shailesh Sharma

Research Fellows
Ancop Kishor Singh
Sherry Bhalka

HPC apphcation support engineer
Parichit Sharma, CDAC-Pune

lntraduction

The function of newly sequenced gene can be
discovered by determining sequence homology

with known proteins, With thy advent of
Next Generation Sequencing (NGS)
Technologies it has now hecome possible 1o
study genes and their expression at genome
wide seale. Functional annotation of all the
genes i done by sequence similarity search
agmnst multiple protein databases, Such
genome and franscriptome annotation task is
compartationally very intensive and will ke
time in days for getting complete results.
Although many parallel mpi-enabled
bioinformaties applications are available in
the public doemain, rescarchers are reluctant
to use them due #o lack of expertise in Linux
command line and relevant programming
experience. With these limitations, it
becomes difficult for biologisis to use
supercamputers for accelerating annotation.
There is extreme need to develop new tools
to overcome these limitations and explore
other new big data opporbunities.

Objectives

l. To develop advanced algorithms,
databases, tools and pipelines for
aceelerating data mining and discovery.

2, To utilize rich source of publically
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available wheat genomic data {genome,
tramseriptome and epagenome and smallRNA )
for marker discovery and annotation of
unannotated’ hypothetical proteins.

To analyze in<house transcriptome data and
its comparative analysis,

To provide Bioinformatics suppori fo all
MIAjov projects.

Research Progress

We have developed WImpiBLAST, a user
friendly open source web interface for parallel
blast searches. It is implemented m Struts-1.3
using Java backbone and mws atop open
source Apache Tomeat Server. WImpiBLAST
supports seript creation and job submission
features and also provides a vobust job
management interface for system
admimistrators, It combines script creafion,
modification features with job monitoring and
management through Torque resource
manager on Linux based HPC cluster Figure 1.

Figure 1: Procedural workflow in WhmpiBLAST showing
initlation of mpiBLAST job. daput required at each stage
and validations done between siages to prevest invalsd data
from enbering into successive stages.
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The WilmpiBLAST web interface will help
biologists in HPC based large secale
annotation.

Comparative meta transcriptome analysis of
published wheat transcriptomes. Database
mairix of meta expression have been
developed using published wheai
tenseriptomes. Use Case: Data Mining for
Transcription Factors and Enzymes is
completed and expression heatmap of
clustered enzyme is show in Figure 2. This
exploration of massive amount of RNA-seq
data will help in idesdifying interesting gene
regulation patterns and also help in
formulating the hypolhesis which can be
followed wp by detailed analysis either
experimentally orcomputationally.

Snrall RNA regulation study: matire miRNA
digital expression profiling in developing
seed s being studied. The raw sequencing
daia of small RNA reads from Wheai, Rice
and Maize were colleeted from SRA database
available from NUCB] website
(htep:fwwwoancbialm.nih. gov/). Using
commandling BLAST, PERL and shell script.
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ranscripls per million values were computed
tor perfect matgh miRN A from databases. The
expression visualization of tissue specific and
species specific mature miRNA was done by
developing heat maps (Figure 3) using R-
language.

Salient Achievements

.

WimpiBLAST: A web interface developed
for mpiBLAST 1o help biologist in high
performance computing based large scale
annotation.

Integrated global wheat transcripiome
database developed using publicly available
transcriptomes for meta-analysis of
EXPression.

[n-house transcriptome data amalysis and
database development, Sequenceservers for
Wheat, Litchi and Annona Transcriptome
have been developed and released for in-
house data mining.

Small RNA regulation study: matwe miRNA
digital expression profiling in developing
seid is studied,

i
g
§
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g

Figure 2: Expression heatrap regions] and 2 show the enzymes expressed in seed
ialcuwrone and endosperm). 1{aj and 1{b) diffesentiates between the sct of enzymes highly
expressed in alewcone (samples SRR302777, SRRI0ZTTY, SRRIN27E1) and
endosperm({ SRR$02T78, SRRI02750, SRRH02782). Regions 3 and 4 show the enzymes
expressed in rools. Regions Sand 6 shows enzymes specifically expressed in flag leafl
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Figure 31 Highly expressing wheat miRNA having homology with published miRNA.

Future Pevspectives

1. Porting more mpi enabled application an
WimpiBLAST Framework. Analysis other
than anmotation viz. Assembly,

pelymorphism detection and digital
expression analysis would be accelerated
using HPC,

2. Development of comprehensive database of
in-howse transeriptome and other high
throughput studies.

1.2 Development of pipeline for annadation of
hypothetical proteins

Principal Investigator
Shrikani S. Maniri

Co-lnvestigator
Shailesh Sharma

Intraduction
Annotation s a process of embellishing raw
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DNA sequences with predictions of features
such as genes and transcription fackor binding
sites. Annotations are necessary to identify the
important gene functions and to enable
comparative amalysis. What is presently
available are the web servers which allows
publie submission of genomes for high qualiiy
automated annotation, Hawever, there have been
fewer options available for the open source tools
developed that allow users to assemble
sequences mnd to run aanotation on their own at
their genomic labz. DITYOWAA is a "do it in
your own way assembler and annotator ' arose
out of the desire of our group to be able to
assemble and annotate genomes of interest on
our own servers as soon as possible afler
generating raw sequence data.

Objective

To develop a highs-throughput assembly and
annotation pipeline specially for Frivicum

CTEST VIR,
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Research Progress

We are developing DITY OWA A which is written
in a high=level Python programming langeage
and uses BLASTx/n program, CAP3: third
generation DINA sequence assembly program,
22 differem biological databases, of which some
are homemade and sowne are publichy available, |
text search for blologieal pathways in a file
having Uniprot ids and biological pathways and
CNFpred1.66: A single-template protein
threading package wsing context-specific
information and Coaditional Neural Fields.
Installation and configuration of DHTYOWAA
pipeline require some basic knowledge of Linux
Unix and Python and it can be executed at the
command line. Many genomes can be annatated
simultaneowsly by renning in batch mode wsing
the cluster.

DITYOWAA s composed of steps that ave
executed in the specified order and each stepis a

Bioinformatic application which will analyze

CAPY-pO0 -0 16-21-1]
Hucisotide
of gene models —

sequences and produce output. Complete
glgorithm is of DITYOWAA is shown in Figure 4,

Safient Achicvements

1. With DIIYOWAA we annotated 40, 2679
and 212 hypothetieal gene models of
Triticume cesthvim, Orvza seilve and of
Arabidapsis thalionavespectively,

2. Additionally DIHYOWAA s providing
secondary amnd tertiary siructure of firsi
BLASTx hit protein sequences againsi
Protein non reductant database.

Diomain content in the proiein sequence is
included in the anmotation information.

Future Perspectives

. DIIYOWAA will be launched for the
research conmmunity through NABI's siee.

2. We will use DIYOWAA 1o study and
annotate genomes of oiher food crops inhigh
trowgh put way,

L
w

Figwe4; Pictorial representation of DITYOWAA al goviibim,
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1. ldentification of celiac disease epitopes in
Indian whea# cultivars and their modulation by
RNAI sl breeding approaches

Investigator: Monika Garg

CD is a T-cell mediated autoimmune enteropathy
caused by permanent intolerance 1o gluten
fraction of wheat or the homologous proteins from
barley or rve. Severe, immune-mediated damage
ie the jejuna mucosa (subiolal villous atvophy),
mduces symptoms of diarrhoea, vamiting,
abdominal pain, abdominal distension, failve to
thrive, weight loss, muscle wasting and mal-
absorption. CD has prevalence between 0.3 and
2% in world populations as well as north Indian
population. The only available treaiment for this
disease is the adherence fo a striot life-long gluten
free diet. Following a strict gluten-free diet is very
demanding, because gluten is 3 ubiquitous
additive in diverse foods. An approach that can
help in minimizing such risks is by the
development of wheal varieties with reduced
glaten=toxicity profiles, Within the frame work of
this projeet we will be working on

.. Comprehensive mapping of CD epitopes
(peptide variants) in wheat: We will identify
the non-immunogenie and immunogenic
peptide varianis on different genomes of
wheat, Transeriptomies studies and database
search and antibady based screening of wheat
cultivars will tell us about new vanants of
immunogenic epitopes, their chromosome
location and level of immunogenicity
associated with them.

il. Elimination of the selected peptides by
RNAL and accelerated breeding

appreaches: Silencing of selected

Normal

o
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immunogenic pepiides will be carried ot
using RNAI approsch, Avcelerated brooding
will help in transfer of desired variants feom
old wheat cultivars and wild species in
minimunt possible tinve.

2, Transfer and characterization of
anthacyanins from blue, purple amd biasck
grain eoloured germplasm to high vielding
Indian wheat cultivars

Investigatar: Moniks Garg

The existence of interesting genotypes of wheat
with a red, purple, blue and while bran color has
been reported in many scieific contributions.
Red and purple colors are due to catechin-tennin
and anthocyaning (mainly cyaniding=3-glycosiie)
respectively in the diploid periearp layer. Blue
color of ithe wheat grain is due to anithocyanins
(mainly delphinidin-3-glycoside) in the triphoid
aleuron layer. Plant anthocvanins and
phytochentieals can act as antioxidants and show
anti-inflammatory and anti-cancer, mfiaging
activity and prevent cardivascular discases and
type 2 diabetes. There is polential to use black,
pueple and blue colored wheats as novel
ingredient resources for the development of value
added products. Based on the potentlal of coloved
grains, several functional foods have been
developed from these whents, meluding purple
wheat bran mwuffins and antho-beer made from
purple grain wheat, soy sauce, vinegar, breakfast
cereal and instant noodles produced from black
grained wheat, and fine dried noodles made from
blue grained wheat. Within the frame work of this
project we will be working on

i. Tramsfer &l grain color from exotic
germplasm to high vielding Indian wheat

Celiac disease

Figure 1: Biopsy of small boweld showing cellac disease manifested by bluntlag of villl.
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Purple

e

Figure 2: Different gram colored wheat seeds.

enltivars: We arg uhilizing different exotic
germplasm to transfer blue, purple and black
grain color o high vielding Indian wheat
cultivars PBWSS0, PBWG2 1 and HD2947,

il. Characterisation of different anthocyanins
present in eolored wheat: We are isolating
and charactensing different anthocyanins
from exotic germplasm and breeding lines by
high resolufion mass spectroscopy.

iii. Stwdy of affect of colored wheats on human
health and development of different products
from coloved wheat,

3. ldentification, cloning and functional
eharacterization of myo-inesitol oxygenase
(MIOX) from wheat

Investigatar: Siddharth Tiwarl
Introduction

In the proposal we intend to vaderstand the
fumction of gene/s i wheat which may enhance
ascorbic acid biosynthesis and also decrease the

Myo-Inositol

mm
D
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concentration of phytic acid. Mye-inositol is
known as precursor for variety of low malecular
weight compounds including cell wall, phytic acid
and ascorbic acid biosynthesis. The whole process
for biosynthesis of eell wall components, phytic
acid and ascorbic acid is flux dependent. We
hypothesize, that if myo-inositol resources
channelize towsrds ascorbic acid biosynthesis
patlvway might be reduced total phytie acid and
enhance ascorbic acid biosynthesis in wheal
{(Figure 3). The targeted gene mvo-inositol
oxygenase (MFPOX] is a key enzyme in L-ascorbic
acid Biosvmthesis. associated with MIOX
pathway. Upon completion of the project we
anticipate transgenic wheat lines with low phytic
acid and high ascorbic acid contenis that mighi
have an increase iron absorption and
bioavailability. Within the frame work of this
praject we will be working on:

i. Identification and fenctional characterization
ofwheat MIOX,

ii. Over-gxpeession studies of TaMIOX in wheat
for trait development.

4. Exploratery work with applied objeetives:
Metabolic engineering fer enhanced
biosynthesis of providamin-A in Indian banana
frait

Investigator: Siddharth Tiwari
Introduction

DBT-BIRAC has fonded a multi-institutional
project entitled “Development and Transfer of
Technology from Queensland University of
Technology (QUT), Australia to India for

IP6 (Phytic acid)

= ¥ = = pCell wall biosvnthesis

D-G“umuu —3 L-Gulonic achd —3 - Ascorbic acid

Figure 3: Proposed hypothesis where M80Y gene will beoverexpressed and it
could lead # bigsynthesis of ascorbic acid. Simce we anticipate more fMux of
mve-inositol rowards ghuceronie acld svnthesds. this might leads o lowering
phyticacid coneeniration,
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Biofortification and Disease Resistance in
Banana”, Under this project, NABI iz undertaking
research an genetie transformation of two
commercial cultivars of Indian banana with
provitumim A gene constructs, provided by the
QUT, Australia. However, the scope of research
work is limited o the gene construets provided by
the QUT and transformation of only two dessert
cultivars while no leads are eurrently available on
the prospective resulis in terms of enbanced
expression level of PVA and ultimately fhe
bicavailability in Indian population. Therefore,
there is a need to initiate exploratory research to
further discover genes and promoters to enhance
the carotenoid biosynthesis in the fruit pulp. In this
proposal we will explore the possibility of Indian
germplasm screening for the identification,
isolation and characterisation of genes and
prometers involved in high carotemoid
biosynthesis in banana. The efficacy of
biofortified bamana supplementation in reducing
vilamin A deficiency in cell linefanimal model
will be established. The suecesskul achievement of
milestones of this project will be translated into a
produet in the form of provitamin A rich
biofortifeed Indian banana, Within the frame wark
ofthis project we will be working on:

1. Exploration of carotenaid-rich banana
cultivar/specics considering the carotenoid
profile in Indian germplasm.

2, [Identification, isolation and characterization
of carotenoid biosynthesis pathway genes
(viz., phytoene synthase, lycopene fi-cyclase,
DOXP synthase etc.} and froit specific
promoters from high PVA containing Indian
variety.

3. Development of tramsgenic lines using
construct/s Tor pro-vitamin A biofortification.
Expression analysis in plant and ratoon crops
of selected lines

4. The selected hiofortified lines will be

evaluated for agronomical praciice by
conducting multi=-location field trials,

5. The promoiion of GM banana for adaptaiion
by farmers will be taken up in fhe final slage.

5. Application of dictary fibers as edible fruit
eoating materials

Investigator: Koushik Mazumder
[ntraduction

Warer soluble polysaccharides provide thickening
effect can be wsed as aliernative 1o ihe syniheiic
coaling materials to extend the shelf life of fruits
and menataining the sewsory quality and safety of
several food products. Currenly, only few
carbohydrate based coaling materilas are
availbale mainly from cellulosg and ehitosan, but
due to their poor misture barrier properly these
coating materilas are mot much effective.
Therefore in the present study, a wovel stacgy to
the structuraly modify carbohydrates
{polysaccharuides) by deravatization o improve
their physical, physicochemical properties such as
vicosity, mistore barrier property will be adopted,
s0 U can be used as efffective coating materials for
fresh firuits. Within the frame work of this project
we will be working on:

1. Chemical modification of polysaccharides
{(xylans, galactomannans) to their
correspondiag deeivatives such as
carboxymethylated, acetylated and fatty acid
esterified derivatives using various chemical
reactions.

2. Determation of physical properties of the
modified carbohydrates such as viseoslty,
maisture barrier property and fGlm forming
ability using wvarious physico-chemieal
methods.

3, Appligation of the derivatized carbohydrates
on fresh fruits to extend thew shelflife.

i S
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COLLABORATIONS & NETWORKING

NABI and Ceniral University of Punjab. Bathinda signed a MOLU on Marvch 28th, 2013 for the
promation of quality research and high end research progranwmes between two institutes,

A MOU was signed with Nafiomal {nstitute of Pharmaceutical Education and Research (Mohali},
Indian Institute of Scientific Education and Research (Mohali), Post Graduate Institute of Medical
and Education Research (Chandigarh), Panjab Umiversity (Chandigarl), Central Scientific
Instroments Organization (Chaadigarh), Indian Insiiivie of Techmology {(Ropar) and Punjab
Agriculee University (Ludhianad on November 26th, 2012 to establish a Bioscienoe Cluster at
Meohali.

NABland Punjab Technical University, Jalandhar signed a MOU on October | 9th, 2012 to promote
academic and research inkeractions in the areas of science & technology to intensify the high priarity
programmes.

NABI and National Research Cenire for Likchi (NRCL), Muzalfarpur, Bihar sigaed a MOU on
September 16th, 200 2 to share R&D facilities and carry out joint research projeces.

NABIand Pumgab Agricubivwal University, Ludhiana signed a MOU on August 1dih, 2012 fo jointly
cairy out research in the areas ofagriculture and allied sclences.

NABIand NIPER signeda MOU on February 27, 2012 to mndertake joint research work in the area of
muial interest besides imparting iraining o stafl, stwdents and technieal personnel within the area of
cooperation.

The following MOUs were signed with two Universities in neighbowhood to catalyse networking,

R&D gollaborations, human resouree development and award of degree fo students who pursue
Ph.Dresearchai NABL

(1) MOU with Punjab University, Chandigarh on May 27th, 2011.

{iiy MOU with Gura Jambeshwar University of Science & Technology, Hissar on March 29ih,
2001,

The followmg three MOUs were signed with Canadian mstituies, for co-operafion in S&T on
November 24th, 2010,

(1) MOU with National Research Coungil, Plant Biotechnology Institute, Saskatoon,
{iiy MOU with University of Saskatchewan, Saskatoon.
{iii) MOU with Genome Praivie, Saskatoon.
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EXTRAMURAL GRANTS AND FUNDINGS

S.No. Project Title of the Project Funding
Investigator Agency

1. Dr. Sudhir P, Singh A novel strategy for developing scion plants of desired | SERB, DST.
phenotype by using an RN A1 delivening rootstock. Govi. of India

z Dr. Siddharth Transfer and evalumtion of Indian banana with Pro- | Biotechnology

Tiwari Vitamin A (PVA) constructs, This project is a part of the |Industry Research
multi-institutional core project entitled development and [Assistance Council
transfer of technology from Queensland University of (BIRAC),
Technology (QUT), Austrabia to India for biofortification | Department of
and disease resistance in banana. Biotechnology,

Govt of India

3. | Dr Ajay K. Pandey Metabolic engineering of phiytic acid pathway to Department of

enhance iron bicavailability in wheat. Biotechnology,
Giovt, of India

4. Dr. Kanthi Kiran K. Effects of finger millel and kodo millet arabinoxylan on | Department of
adipogenesis and associated inflammatory markers- a Biotechnology,
nutrigenomic Study Govt, of India

5. | Dr. Kanthi Kiran K. A nutrigenomic study to assess the role of polyphenols | SERB, DST,
from Efeusine coracana (finger millet) and Paspalum | Govi of India
serabiculatum (kodo millet) on the regulation of
adipogenesis.

6. Dr. Mahendra Bishnol | Sudies of transient receptor potential (TRP) channel SERB, DST.
mediated modulation of adipogenesis and obesity by | Govi. of India
dietary molecules,

7. | Dr. Mahendra Bishnoi - | Nutrigenomic approach to understand the role of TRP | Department of

Pl Dr. Kanthi Kiran - channel activating food components in adipose tissue | Biotechnology,

Co-Pl

inflammation.

Giovi, of India

8. | Dr. Koushik Mazumder | Variability in the fine structures of feruloyl arabinoxylans [ SERB, DST,
from Indian millet varieties and their consequence onanti- |  Govt. of India
oxidant activity,

9. | Dr. Sukhvinder P Singh| Metabolomics approach to discovery and validation of | SERB. DST,
biomarkers for artificial fruit ripening induced through Govt. of India
prohibited and acceptable ripening elicitors,

10. | Dr. Monika Garg Identification of celiae disease epitopes in Indian wheat | Department of
cultivars and their modulation by RNAi and breeding | Biotechnology.
I].FPTIJE.ﬂhI:S. 'Gﬂ"-"l. lﬂf India

Il. | Dr. Monika Garg Chromosome specific wide hybridization for SE‘EHB- DST,
improvement of bread making quality of wheat. Govt. of India

12. | Dr. Siddharth Tiwari Identification, cloning and functional characterization of SERB, PST_-
myo-inositol oxygenase (MIOX) from wheat. Govt. of India

13. | Dr. Hariom Yadav Development of Novel components for treatmentand type | SERB, DST,
2 diabetes Govt. of India

il &
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Participation in National/International Conference/Workshops:

1.

10.

1L

12.

13!

Dv. Santosh K. Upadhyay was nominated to present his research work at Indian National Science
Academy, New Delhi, on April 25%, 2013 for INSA Young Scientist Award 2013,

Dv. Sukhvinder P. Singh, was invited 1o deliver a salk on “Curtailing postharvest losses of fresh
worfieultural produce for feeding the processing industry™ at Mational Conference on Linking
Growth Drivers of Food Processing Indwstries; Market. Retails, Quality with Food Safety and Skills
organized by the ASSOCHAM India on June 24" 2013, Chandigarh.

D Monika Garg was invited to deliver a 1alk on “Experiences in using green houses™ at National
Workshop on “Climaie Controlled Greenhpuse for Agricultural Research”™ arganized by CDAC
Mohali(Punjab}on July 11*, 2013,

Dv. Siddharth Trwari, was invited for a Natiomal Workshop on “Climate Controlled Greenhouse for
Agricultural Research™ organized by CDAC Mohall (Punjab) on July 117, 2013. The title of the talk
was “Management of Transgenic and Tissue Culiure Raised Plants in Green House™,

Dr. Sukhvinder P. Singh, was mvited to deliver a talk on “Stakeholder-Driven Postharvest Research
and Outreach in Indin™ at National Conference on Postharvest Management of Horticultural Produce
in India organized by Amity University, Noida, UP on August 307 2013.

D Sukhvinder P. Singh, was inwited to deliver a alk on “Phyiosanitary Requirements for Fresh
Mamgo Fruit: Opportunities and Challenges for India in High Value Markets™ at the VI International
Confevence on managing quality in ¢hains (MOQUIC-2013) erganized by the Cranficld University
and Ineernational Society for Hortieultural Sefence {ISHS) al Bedford, United Kingdom (UK) during
September 25", 2013.

D Siddbarth Tiwari, organized and attendant Intemnational Workshop on Bamana transformation
and tracker software umder the BIRAC-QUT Bamana biofortification project from 15" -
20"September, 2013 at NABI.

Dr. Swkhvinder P. Singh attended a "Master Class on Bio-Entreprencurship-Accelerating
[nnovations ko Markeiphce” at National Institute of Immunology (N1, Delhi during Sepiember 20™
"23‘“1.1“134

Dir. Joy K Roy and Dr, Monika Garg, attended the 11 Intemational Symposium on Rice Functional
Genomics (ISRFG) held during November 20" -23%, 2013at New Delhi.

D Sukhvinder P. Singh, delivered a talk on “Metabolomics Applications in Quality and Safery of
Fresh Fruits” at workshop on Metabolomics using high resolution mass spectrometer organized by
the ABSciex at Centre of Excellence, ABSciex Indin, Gurgaon, India during November 25" =26,
2013,

Sh. Sheikant Mantwi, attended the first annual }CT meet for autonomous institwie of DBT held on
November 29" -30°, 2013, st NIBMG, Kalyani, West Bengal.

Dv. Mahendra Bishnol, attended and made an oral presemtation at XX World Congress on Parkinson's
Disease and Related Disorders held ot Geneva, Switzerland during December 8” -13th, 2013,

Div. Shailesh Sharma, was invited to present his fopic on “Emerging Trends in Agn Bioanformatics
(ETABY", organized by the Directorate of Wheat Research, Kamal during Decembey 167 =17, 2013,




15.

17.

18.

19.
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Dr. Samtosh K. Upadhyay, visited Sanjay Gandli Post Graduste Institute of Medical Sciences,
Lucknow during December 26th -28th, 2013, to participate in INSA anniversary meeting and receive
INSA Young Scientisi Award 2013,

Dr. Mahendra Bishnoi attended and chaired a session at 11th Amnunal Conference of International
Society of Heart Research (Indian Section) held at National [nstitule of Pharmacewtical Education
undl Research (NIPER), Mohali during Febroary 8th-9th, 2014,

Dir. Joy K Roy, participated and delivered a lecture in a national conference on “The Science of
Omics for Agriculiveal Productivity: Future Perspectives™ held at G. B. Pant University of
Agriculture & Technology, Pantnagar, during March 4th -6th, 2014,

Dr. Sudhir P. Singh, was invited io deliver a talk in a National Conference on “The Science of Omics
for Agrecultural Productivity: Future Perspectives™, organized at GB Pant University of Agriculture
& Techmology. Pantnagar, during March 4" -6, 2014. The title of the talk was "[ron accumulation in
wheat grains and molecular studies ko enhance fis bio-availability.

Dr. Sukhvinder P. Singh, Dr. Kanthi Kiran K. and D, Siddhavth Tiwari, paiticipated in a "BIRAC
Roadshow & Workshop for Promotion af Bio-Science Industry in Punjab™ organized by Punjab State
Coungil for Science & Technology (PSCST) in eollaboration with BIRAC and Indian School of
Basiness (1SB) from March 5 -6", 2014 at 1SB, Knowledge City, Sector 81, Mohali.

Dr. Sukhvinder P. Singh, was invited to deliver a talk on *Fuoiure Trends in Postharvest Science:
‘Omics’ Applications”™ during invited kectures series on 'Recent Developments and Advancements in
Fruit Science, organized by the Department of Fruit Science, Punjab Agricultural University,
Ludhiana on Mareh 28", 2014.

International visitors to NABI

I

An European debegation comprising of represemtatives from three major Agri-Food biotech clusters
of Europe i.e. Parco Teclmologico Padano {Lombardy, laly}, Agropolis Intemational { Languedoc —
Roussillon, France) and Oost NV (Food Valley Wageninghen, Netherlands) visited NABI on May
27", 2013 toexplore the possibilities of future collaboration.

A delegation from the USA comprising of representatives of Postharvest Education Foundation
(Drs. Lisa Kitinoga, Pairick Brown, and Lizanne Wheeler) and Agribusiness Associates, Inc.
(Gurbinder Gilly visited NABI on August 0™, 2013 to explore the opportunities of future
collaborations.

An international workshop on banana transformation & tracker software was organised, during
September 15%-20", 2013 under the BIRAC, India - QUT, Australia Banana Biofortification Project.
The mecting and workshap was attended by the participants of BIRAC, New Dolhi; QUT, Australia;
MNABI, Mohali; BARC, Mumbai: NRCB, Trichy; ITHR, Bangalore and TNAU, Coimbatore.
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A, Membess of NABI Society

Sh. Jaipal Sudini Reddy

Hon'ble Minister of Science and Technology snd

Earth Sciences,

Ministry of Science & Technology and Earth
Seiences,

Government of India, New Delhi

{(Prestdent)

Dr. K. VijayRaghavan
Secretary,

Department of Biotechnology,
Ministry of Science & Technology,
New Delhi

{Chairman)

Ms Anuradha Mitra

Finanmcial Advisor,

Council of Scientific and Industrial Research,
New Delbi

D N, Sathyamurthy

Director,

Indhian Institute of Science & Education
Research,

Mlohali

Dy V. Prakash

Former Director, CFTRI

Distinguished Scientist,

Council of Scientific and Industrial Research,
Mysore
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Dr. B. Sesikevan

Former Director,

Mational Institwte of Nuotrition.
Hyderabad

Dr. S Nagarajan
Formrer Chairperson,

Protection of Plant Varieties and Farmers' Righis

Authority,
Mew Delkd

Dr. Rajesh Kapur

Advisor,

Department of Biotechnology,
New Delhi

D Rakesh Tuli

Executive Director,

Mational Agri-Food Biotechnology Instiinie,
Molwh

{ Member Secretary)

(& Feb'I0 to 30" Sept' 13)

Prof. Akhilesh Kumar Tvagi

Executive Director,

Nation] Agri-Food Bigkechnglogy Institute,
Mohali

(Member Sevretary)

(1" October'1 3 to till date)
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B. Governing Body

Dr. K. VijavRaghavan

Secretary,

Department of Biotechnology,
Mimistry of Selence & Technology.
New Delhi

(Chairman}

Ms Anuradha Mitra

Fimaneial Advisor,

Council of Seientific and Industrial Research,
New Delhi

Dr. Manju Sharma

{Farmer Seeretary, DBT)

President & Executive Director,
[ndian Institute of Advanced Research,
{ujarat

Dr. C.R. Bhatia

Former Secretary,

Department of Biotechnology,
New Delbu

Dr. Ashok D.B. Vaidya

Research Direcior,

Kasturba Health Society Medical & Research
Cenire,

Mumibai

Dr. B, Sesikeran

Former Director,

Mational Institute of Nutrition,
Hyderabad

Dr. N. Sathivamurihy

Diirecior,

Iedian Institute of Science & Education
Rescarch,

Mohali

Dr B, Siva Kumar

Former Director

Matiomal Institute of Nutrition,
Seconderabad

¥, S, Nagarajam
Former Chalrperson,

Prowection of Plant Varletles and Farmers' Rights

Authoriry.
New Delh

Dr. R.S. Paroda
{Former Director General — [CAR)

Trust for Advancement of Agriceltural Sciences,

Mew Delhi

Dr. N.K. Ganguly

{Formerly Divector General- KCMR),
Distinguished Professor of Biotechnology,
Translational Health Seienee & Technology
Trestitute,

New Dl

Dir. LS. Pai

{Fornrer Director= LTICT)

Execotive Directos,

Pretein Foods & Nulrtion Development
Association of India ,

Mumbai

Dr. V. Prakash

Former Divector, CFTRI

Distinguished Scientist,

Council of Scientific and Industrial Research,
hivsore

Dr. Rajesh Kapur

Advisor,

Department of Biptechnplogy,
Ministry of Science & Technology,
New Dell

Dir. Joy K. Roy

Scientmst- D,

National Agri-Food Biotechnobogy Institute,
Maohali

Dr. Sukhvinder P, Singh

Sciemtist- C,

Mational Agri-Food Biotechnology Institute,
Maohali

Dr. Vikas Rishi

Scicmtist= E,

Mational Agri=Food Biotechnology Institute,
Mohali

D Rakesh Tl

Executive Director,

National Agri-Food Biotechnology Institute,
Maohali

{Member Secretory)

(8" Feb'10 1a 30" Sept’ 13)

Prof. Akhilcsh Kumar Tyagl

Execotive Divector,

National Agri-Food Biotechnalogy Institute,
Maohali

{ Member Secretery)

(" Ocrober']3 1o wHl date)
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C. Finanee Committes

Dr. K. VijayRaghavan

Secretary.

Department of Biotechnology,
Ministry of Science & Technology,
New Delhi

(Clasiveman)

Ms Anuradha Mifva

Financial Advisor,

Council of Scientific and Indwstrial Research,
New Dielhi

D Rakesh Tuli

Excentive Dircotar,

National Agri-Fond Biotechnology Institute,
Mohaii

(8" Febh'id to 307" Seps* 13}

Prof. Akhilesh Kuwar Tyagi
Executive Director,
National Agri-Food Biotechnology Institute,
Mohali
(1" Qctober’i3 to sill date)

Dr. Rajesh Kapnr

Advisor,

Diepartment of Biotechnology,
Minisery of Seience & Technobogy,
New Delhi
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Dr. R.S Sangwan

Chief Executive Offlcer

Centre for lnnovative and Applied
Bioprocessing

hohali

Dr. Vikas Rishi

Sciendist= E,

National Agri-Food Biotechnology lostituie,
Kohali

Dr. Joy K. Roy

Scieniist- D,

Nafiowal Agri-Food Biotechnobogy Instituie,
Meohalil

Sh. Skrikant Seblash Mantri
Sciemtist= C,

Natiomal Agri-Food Biotechnology Instituie,
Mahali

Sh. Sameet Versm

Finance Officer,

Matiowal Agri-Food Biotechnology Instituie,
Mohali

{Non-Member Secretary)
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. Seientifie Advisory Committee (SAC)

Dr. R.S. Paroda

(Foomer Direclor General — ICAR)

Trust for Advancement of Agriculural Scienees,
New Delhi

(Chairmesn)

D. C.R. Bhatia
Former secretary,

Department of Biotechnology.
Mew Delhi

Dr. Deepak Pental
Former Vice Chancellos.
University of Delhi,
New Delhi

Dy, B. Siva Kumar

Former Divecior,

National Institute of Mutrition,
Secunderabad

Dr. ¥, Prakash
Former Divector, CFTRI

Distinguished Scientist,
Council of Seientific and Industrial Research,

Mysowe

Dy Ineran Siddigi

Scientist,

Centre for Cellular & Molecular Biology,
Hyderabgd

Dr. Akshay Kemar Pradhas
Professor,

Department of Genetics,
University of Delhi,

New Delhi
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Dr. Anura V., Kurpad

Dean,

St Jolim's Medieal College,

Bangalwru

Dr. H.P.S. Sachdev

Senior Consultami (Paediawles),

Silaram Bhartia [nstitute of Science & Research,
New Delhi

Dr. G. Venkateshwara Rao
Former Divector,
Ceniral Food Technological Research Institute,

Mysaore

Dr. Arun Sharma

Ouistanding Scientist (Food Technology),
Bhabha Atomic Research Cenlre,
Mumbai

Dr. Rajesh Kapur

Advisor,

Depariment of Biotechnology,
Ministry of Science & Technology,
New Delhi

Dr. Rakesh Tali

Executive Director,

MNational Agri-Food Biotechnology [nstitute,
Mohali

(8" Feh'10 ta 317" Sepr’ 13}

Prof. Akhilesh Kusmar Tyagl

Executive Director,

National Agri-Food Biotechnology Institute,
Mohali

(1" October'13 to till date)
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E. Pragrame Advisory Committee (PAC): Agri-Biotechnology

Dr. C.R. Bhatia

Former secretary,

Depantment of Biotechmology,
New Delin

{Chairman)

Dr. Kailash Chander Bansal

Dircctor,

Natiowal Burcan of Plant Geneties Resources,
Mew Delhi

Dr. G.K. Garg

Direcior, ITR

Krishidhan Research Foundation Py, Lid,
Aurangabad Raad,

Jalna

Dr. Sunil K. Mukherjee

Sciendist,

Imternational Centre for Genetie Engineering &
Biotechnology,

New Delhi

D, Kiran K. Sharma

Principal Scientist (Cell Biolagy)
[miernational Crops Research Instituie for the
Semi=Arid Tropics,

Hyderabad
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D T. Mohapatra

Director,

Central Rice Research [nstioie,
Cuttck

Dy. Ramesh Sonti

Depuly Direclor,

Centre for Cellular & Molecular Biology,
Hyderabad

Dr. Ashok K. Singh
Sr. Sciemtist & Programme Leader (Rice),
Division of Genetics,

Inchim Agricultural Research Institute,
New Delhi

Dr. Rajesh Kapur

Advisor,

Department of Biotechnology,
Ministry of Science & Technology,
New Delhi

Dr. Rakesh Tuli

Executive Director,

Mational Agri-Food Biotechnelogy Institute,
Mohali

(& Feb'10 1 30° Sept” 13

Prof. Akhilesh Kumar Tyagl

Executive Director,

National Agri-Food Biotechnology Institute,
Mahali

(1" October'l3 1o till daze)
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F. Programe Advisory Commitéee (PAC): Food and Nutrition Biotechnology

Dr. V. Prakash

Former Divector, CFTRI

Distinguished Seientist,

Centre Food Technological Research Institute,
Mysore

(Chairman — Food Biotechnalogy)

Dr. B. Siva Kumar

Former Director,

MNational Institute of Mutrition,
Secenderahad

{Chariman — Nutrition Biotechnology)

Dr. Appu Rao

Scientist,

Central Food Technology Research Institute,
Mysore

Dr. V.K. Batish

Emeritus Scientist,

Meolecular Biology Unil,

National Dairy Research [nstitute,
Kamai

Dr. K. Madhavan Nair
Depuily Director,

MNational Institute of Mutrition,
Hyderabad

Dr. 8.K. Roy

Emeritus Professor & Consultant FAO
Indian Agriculiwal Research Institute,
New Dellu
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Dy, H.LS, Sachdev

Senior Consultani { Paediairies),

Sitaram Bhartia Inste of Science & Research,
New Delhi

Dr, H.N, Mishra

Professor,

Agriculture & Food Engincering Department,
Indian Institute of Technology,

Kharagpur

Dr. Bhupendar Khatkar
Chairman,
Deptartment of Food Technology,
Guru Janbheshwar University of Science &
Technology,
Hisar

Dr. M.C., Varadraj

Chael Scientist,

Central Food Technological Research Institute,
Mysore

D, Rakesh Tuli

Executive Director,

National Agri-Food Biotechnology [nstitute,
Mohali

(8" Feb'10 to 30" Sepr’ 13)

Prof. Akkilesh Kasar Tyagi

Executive Director,

National Agri-Food Biotechnology Instituse,
Mohah

(1" Ocrober'l 3 to till daee)




€. Building Committee

Dr. V.8, Chauhan
Direcior,

NATIONAL AGRIFOOD BIOTECHNOLOGY INSTITUTE

Intermational Centre for Genetie Enginecring and

Biotechnology.
New Delhi
{Chairman)

Dr. Rakesh Tali
Executive Director,

Matiowal Agri-Food Biolechnology Institute,

Mohali
(8" Feb'l0 to 3" Sept’ 13)

Prof. Akhilesh Kumar Tvagi
Executive Director,

Natiowal Agri-Food Biotechndogy Institute,

Mohali
(' Octaber'l 3 to till dave)

Dr. RS, Sangwan
CEO,
Bioprocessing Unit,
Mohali

Dr. R.S. Khandpar
Director General,

Pushpa Gujral Science City,
Chandigarh

. Rajesh Kapur

Advisot.

Diepartmient of Biotechnology,
Ministry of Science & Technology,
New Delhi
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Er. N.K. Verma

Chief Engimeer,

Coumeil of Scientific and Industrial Research,
MNew Delhi

Ms. Anuradha Mitra

Financial Advisor,

Council of Scientific and ladusisial Research,
New Delhi

Sh. Sreeshan Raghavam
Joint Secretary,

Department of Biotechnology.
New Delhi

D, Jagdeep Singh

Additional Direetor,

Department of Higher Education,
Chandigarh

Dr. K.K. Kasl

Former Chief Town Plamnes,

Greater Mohali Area Development Authority,
Chandigarh

Dr. A, Vamsi Krishna
Seientist - C,

Department of Biotechnology,
New Delhi

Sh. Virendra K. Bawerjee

Administrative Officer,

Natiowal Agri-Food Biotechnology Institute,
Meohali

o






 NATINALAGRMAODMIOTECHNOLOGYINSTITUTE. @

RESEARCH PUBLICATIONS







NATIONAL AGRI-FOOI BBOTECHNOLOGY INSTITUTE

2014

1.  Awmbalam P, Kondepudi KK, Nilsson I, Wadstrim T and Ljsngh A{2014}3, Bile enhances cell surface
hydrophobieity and biofilm formation of bifidobacteria. Appl Biochem Bioteehaol. 172(4): 1970-
g1,

2. Baboota RK, Murtaza N, Jagtap 8, Singh DP, Kaur J, Boparai RK, Premkumar LS, Kondepudi KK
and Bishnod M (201 4). Capsaicin-induced wanseriptional changes in hypothalamus and alterations
in gut microbial cownt in high fat diet fed mice. Journal of Nutritional Biochemistry fin press).

3. Bishooi M, Khare P, Kondepudi KK and Premkumar LS (2014), Rele of TRPVI in acquired
diseases: therapeutic potential of TRPV | modulators. lnvited Book Chapler (in press).

4.  Garg M, Yonaka M, Tanake H and Tsujimoto H (2014). Wtrogression of usefil gencs from

Thivopyremn intermediun o wheat for improvement of bread-making quality. Breeding Science.
133:327=324.

5.  Kondepudi KK, Bishnoi M, Podili K, Ambalam P, Mazemder K, Muriaza N, Babooia RK and
Bopaval RK (2014). Dietary polysaccharides for the modukation of obesity via benefioiul gt
wmicrabial smanipulation. CRC Publications. fin Press).

6. KuwmarJ, Gunapati S, Kumar I, Kuwari A, Kemar A, Tuli Rand Singh SP (2014). Virus induced gewne
silencing wsing & modificd betasatellite: a potential candidate for fimetional genonries of crops,
Archives of Vivology. DOT 10,1 007/50070501 d=2039=x,

7. KumarJ, Kumar I, Singh SP and Tuli R.(2014). Association of satellites with a mastreviros in natoeal
infection: complexity of Wheat dwarf Tndia vires disease. Journal of Virology, 88¢12):7093-T104,

8. Sharma S and Upadhyay SK (2014). Functional charackerization of expressed sequence tags of bread
wheai (Triticen aestiviun} and analysis of CRISPR binding sites for targeted genome editing.
American Journal of Bioinformratics Research (in Press),

9.  Singh SP and Sami MK (2014). Postharves! vapour heal treatmeni as a phytosanitary measure
influences the aroma volatiles profile of mange fruii. Food Chemisicy (in press).

10.  Singh SP, Saim MK, Singh J. Pongener A and Sidhu GS (2014). Prebarvest application of abseisic
acid promotes snthocyanins accumulation in pericarp of Bitchi fruit withowt adversely affecting
postharvesi quality. Postharvesi Biology and Techaology {in press).

11, SinghA, Mantri 5, Shaowa M, Chaudhury A, Tuli R and Roy J (2014). Genome=wide transcriptomge
study in wheat identified candidate genes related to processing quality, majosity of them showing
interaction {guality x development) and having temporal and spatial distributions, BMC Genomics,
15:29.

12, Thakur N, Upadhyay SK, Chandrashekar K, Verma PC, Singh PK and Tuli R (2014). Enhanced
whilefly resisiance in transgenic tobacce planis expressing dsRNA of v-ATPased gene, PLoS ONE
%3 eB7235.

2813

1. Daxit 5, Upadhyay SK, Singh H, Verma PC and Chandrashekar K (2013). Enhanced methanol
production in plants provides broad spectrum insect resistanee. PLoS ONE, B( 11} e 79664,

2. Kumar ), Singh SP, Kumar A, Khan JA and Toli R (2013). Recombination study wsing Radish leaf
curl virus isolates. African lournal of Microbiology Research. 7: 3542-3546.
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Khan JA, Kwwar J, Thakur PD, Handa A and Jarial K {20131 First repost of a ‘Candidatus

Phytoplasma ziziphi-related strain associated with pench decline disease in India, Journal of Plant
Paihology. 95{S4y: 76.

Kumar J, Gunapati S, Singh SP, Gadee R, Sharma NC and Tuli R {2013} Molecular characierization
and pathogenicity of a carrot (Daucus carora) infecting begomovirus and associmted betasatcilite
from hudia. Virus Research. 178: 478-485.

Srivastava R, Rai KM, Srivastava M, Kumar V, Pandey B, Singh SP, Bag SK, Singh BD, Tuli R and
Sawant SV (2013), Distinct role of core promoter architecture in regulation of light mediated
responses in plant genes. Molecalar Plant DOL: 10,1093 /mpsst 146,

Singh SPand Terry LA (201 3). Recent advances in storage technologies for firesh fruiis. Advancesin
Food Science and Nutrition. Vol. 2, Wiley, MA, USA391-412,

Upadhyay SK, Dhxit 8, Sharma 8, Singh H, Kunwar ), Verma PC and Chandrashekar K (2013). siRNA
machinery in whitefly (Bemisia tabesei). PLoS ONE 8 (12): e83692,

Upadhyay SK, Kumar I, Alok A and Tuli R {20131 RNA guided genome editing for multiple target
gene mutaioms in wheal. Genes Genomes Genelics. 3: 2233-2238,
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I. Research Faculty
S.No | Name | Designation | Date of Joining
| Regular Faculty

| Prof Akhilesh K. Tyagi Executive Director 01-10-2013
2 Dr. Rakesh Tuli Former Executive Director 08-02-2010
3 Dr. Vikas Rishi Seientist E 01-03-2012
4 Dr. Jov K. Roy Schentist D 09-08-2010
5 Dr. Ajay K. Pandcy Scientist [ 14-11-2011
6 Dr. Siddharth Tiwari Scientist € 28-07-2010
7 Sh. Shrikant Subhash Mantri Scientist C 18-08-2010
] Dr. {Ms.) Monika Garg Scientist C 30-11-200110
9 Dr, Sukhvinder P, Singh Scientist C 06-12-2010
1 | D Kanthi Kiran K. Scientist € 02-09-2011
1] Dr. Mahendra Bishnoi Scientist C 16-12-2011
12 | Dr Koushik Mazumder Scientist C 01-402-2012
13 Dir. Witin K. Singhal Secientist € 02-03-2012

Comtractual Faculty

14 | Dr. Shailesh Sharma Project Scientist 02-01-2012
15 | Dr. Sudhir P. Singh Project Scientist 16-01-2012

16 | Dr. Hariom Yadav Romalingaswami Fellow 14-12-2012

17 | Dr. Samtosh Kumar Upadhyay DST-INSPIRE Fellow 01-03-2013

18 Dr. Ashutosh Pandey Project Scientist (4-12-2013

IL. Technical and Engineering Supgort
8. No | Name Designation Date of Joining
1 Sh. E. Subramanian Computer Operalior 27402-2010
2 M. Ankrin Gupta Senior Technical Assistant 22-02-2011
3 Sh. Jagdeep Singh Semor Technical Assistant 01-03-2011
4 | Sh. Sukhjinder Singh Senior Technical Assistant 23-02-2012
(Computers)

5 Sh. Jaspreet Singh Assistant Engineer I 9-03-2012
f Sh. Sushnnt Vitsa Assistant Engineer 02-04-2012
7 Dr. Mainpal Singh Sentor Technical Assistant 24-12-2012
E Sh. Atul Kesarwani Senior Technical Assistant 21-01-2013
9 5h. Kamalendra Senior Technical Assistant I18-03-2013

10 | Sh. Pankaj Pandey

Semor Technical Assistant

29-04-2013
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I, Adminkstration
S.No| Name Designation Date of Joining
| Sh. Rattan Lal Sharma Associate Director 23-5-2011
i Accounts and Finance)
2 Sh. 5. Knishnan Store & Purchase Officer 10-03-2010
3 Sh. Virendru K. Banerjee | Administrative Officer 21-02-2013
4 Sh. Suneet Verma Finance Officer 15-09-2011
5 Sh, Sabir Ali Executive Assistant ( Administration) 21-01-2011
L Ms. Hema Rawat Executive Assistance { Accounts) 01-04-2011
7 Sh. Vishal Kumar Management Assistant {Accounts) 08-09-2011
B Sh. Ashish Arora Management Assistant (Admin.) 15-06-2012
9 Sh. Arun Kumar Management Assistant 21-06-2012
{Public Relation)

10 | Ms. Anukiran Sabharwal Library Assistant 19-12-2012

IV. Human Reseurce Development

i. Research Schelars

S.No | Name Area of Research Awarding

University/Instituie

Srtudents enrolled for Pl D degrees:

1 | Sh. Jitendra Kumar Development of virus induced gene
silencing vector and its application
in studying gene function in wheat
( Tritictm aestiviim )

Barkatullah University,
Bhaopal, MP

( Thesis submitted)

2 | Sh. Yogesh Gupia Gene discovery for seedlessness
in Annong specics,

Panjab University,
Chandigarh, Punjab

3 | Ms. Anuradha Singh | Expression analysis of starch
biosynthesis pathway genes and
their effects on starch quality.

Ciuru Jambheshwar
University of Science
& Technology, Hisar,
Haryana

4 | Sh. Rohit Kumar Allelic variation in puroindolines in
Indian wheat cultivars, their
association with hardness and
starch granule properties.

Panjab University,
Chandigarh, Punjab

5 | Sh. Anshu Alok Cloning and fanctional
characterization of myo-inositol
oxygenase (MIOX) from wheat
{Trivictm aestiviam)

Barkatullah University,
Bhopal, MP

6 | Ms Anita Kumari Modulation of scion through gralfl
transmissible signals from
rootstock, using Arabidopsis
thaliana as a model system

Ciuru Jambheshwar
University of Science &
Technology. Hisar,
Haryana

7 | Ms. Monica Sharma | Genomic characterization &
biochemical analysis of genes
involved in phenylpropanoid
pathway & their effect on nutritional
& processing qualitics of wheat.

Panjab University,
Changigarh, Punjab

8§ | Sh. Ritesh Kumar Studies on modulation of UIET Panjab
Baboota adipogenesis, obesity and related University,
complications by capsaicin Chandigarh

—T lm
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S.No | Name Designation Date of Joining
| Sh. Jitesh Kumar Senior Research Fellow 09-09-2011
2 Ms. Manpreet Kour Saini Jumior Rescarch Fellow 09-09-2011
3 5h. Kaushal Kumar Bhati Junior Research Fellow 14-11-2011
4 Sh. Raja Jeet Junior Rescarch Fellow 12-03-2012
5 Sh. Ashish Kumar Pathak Junior Rescarch Fellow 0%-08-2012
6 Ms. Sipla Aggarwal Junior Research Fellow 16-08-2012
7 Sh. Prateek Jain Junior Rescarch Fellow 31-08-2012
8 Mas. Stanzin Angmo Junior Research Fellow 11-02-2013
o Ms. Shivani Sharma Junior Research Fellow 12-02-2013
10 Sh, Shashank Singh Junior Rescarch Fellow 22-02-2013
11 Sh. Vishnu Shukla Junior Research Fellow 25-02-2013
12 Ms. Mandeep Kaur Junior Research Fellow 18-03-2013
13 Ms, Shivani Junior Rescarch Fellow 11-05-2013
14 Ms. Shelley Sardul Singh Junior Research Fellow 16-07-2013
15 Ms. Nida Murtaza Junior Research Fellow 2507-2013
16 Ms, Parul Upadhayay Junior Rescarch Fellow 0]-08-2013
17 Sh. Ancop Kishore Singh Gurjar | Junior Research Fellow 05-08-2013
[§: Sh, Aman Kumar Jumor Rescarch Fellow 05-08-2013
19 Sh. Koushik Shah Junior Rescarch Fellow 05-09-2013
20 Sh. Dhirendra Pratap Junior Research Fellow 11-09-2013
21 Ms. Yachna Jain Junior Research Fellow 19-09-2013
23 Sh. Pragyanshu Khare Junior Research Fellow 23-09-2013
23 Sh. Siddhartha M. Sharma Junior Research Fellow 25-09-2013
24 Ms. Harsimran Kaur Junior Rescarch Fellow 26-09-2013
25 Ms. Vandana Junior Research Fellow 14-10-2013
26 My, Mavnest Kaur Junior Research Fellow 28-01-2014
Py Sh. Nand Kishore Sharma Junior Research Fellow 29-01-2014
28 Sh. Pankaj Kumar Junior Research Fellow 25402-2014
29 Sh, Usman Ali Junior Research Fellow 13-03-2014
il. Project Assistants
S.No | Name Designation Date of Joining
| Sh, Vikrant Sharma Project Assistant 01-04-2013
2 Sh. Prateek Kumar Project Assistant 16-09-201 3
3 Ms. Meenakshi Chawla Project Assistant 28-01-2014
iii. Tramees
S.No | Name Designation Date of Joining
| Ms. Gurpreet Kaor Trainee 05-07-2013
2 Ms. Pankhuri Mittnl Trainee 05-07-2013
3 Sh. Chopade Devidas. V Trainee 05-07-20113
4 Ms. Harmanjit Kaur Trainee 05-07-2013
5 Ms. Achla Sharma Trainee 05-07-2013
LS Ms. Shefali Roy Trainee 05-07-2013
| Ms. Ankita Singla Trainee 05-07-2013
8 Ms. Privanka Kumar Trainee 05-07-2013
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Celebration of Independence Day: August 15", 2013

HATIORAL AQN . FOOD BISTECHNOLOGY 1eTTY
Ll =g Ny S T —

Dir Rakesh Tuli, Executivie Director, NABL aad Dy, RS Sangwim, CEG, BPU
hoised the Watlonal flag at NABI Interim Facility and addressed the siadf,

Independence Day eclebratlons at the MABI [nterlm Faellity.




NATIONAL AGRI-FOOD BIOTECHNOLOGY INSTITUTE

Visitors to the Institute (European Delegation) = May 27", 2013

European delegation comprising of representatives from three major Agri-Food biotech chusiers of
Europe L.e. Parco Technelogico Padane (Lombardy, Italy), Agropelis Intemational (Languedoc -
Roussillon, Feance) and Oovst NV (Food Valley Wageninghen, Netherlands) visited NABI to

explore the possibililies ol fulure callaboraion,
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Event/Workshop Organized at Institute

The brainsiomvinig session eniitled "Postharvest Stability of Farm Produce™ was organized by
Mational Agri-Food Bistechnology Institute (NABIL Mohali on May 8°, 2013, The session was
chalred by Prof K. L. Chadha. Presldent. The Hortlewltural Soclety of Indla and Former-DDG (Hort),
ICAR. The session was atended by highly aceomplished vesearchers, academia and indusiry
representatives fram aceoss the coumiry. The eminent pasticipants including D, C.R. Bhatia, Forrer
Secretary, DBT: Dr. PV, Sane, Foemer Director NBRI & advisor to Jain Irrigation Pst Lid: Dr.
Rajesh Kapoor. Advisor, DBT: Dy R.K. Pal, Director ICAR-NRC on Pomegranate, and Dr. Rekha
Simghal, Head, ICT, Mumbai attended the session,

An international workshop on banana fransfomation & tracker soflwave was organised, during
September 15" -20°, 201 3 under the BIRAC, lndia - QUT, Avstralia Banana Bisfortification Project.
The mecting and workshop was sttended by the pasticipants of BIRAC, New Delhi: QUT, Australia;
MABI, Mohali; BARC, Mumbai; NRCB, Trichy; ITHR, Bangaloreand TN AL, Coimbatore.
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Republic Day Celebrations at NABI: January 26", 2014

MABI staff, cedebrating the Republic day with their family members at NABI compus.
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Fourth Foundation Day: February 20", 2014

Mational A g7 Frod Rireebinobegy bnatftate (NARD

L IEATIHNS [RAY

First row fram left: Dr. R.S Sangwan, CECQ), CIAB: Prof. Akhilesh K. Tyagih Execotive Direcsor,
NABI:

D, Dianakar M, Salunke, Dwector, RCE, Dr, Rakesh Tuli, Former Execulive Director, MART and
Dy Vikas Rishi, Sci-E, NABI

Div. Dirzaboar M. Salunke, was the Chief Guoeston the occasion.

Secomd row from left: Prof. Akhilesh K. Tyagi. lighting the lamp and addressing the gathering.

Thivd row lirom lefi: D, Vilkas Risha, givimng ibe vole of thanks,
Guests visuing the lab after the fumction

e .
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FINANCIALS

UK Mehta &r Associates

Chartered Accountants
904, Sector 40-A, Chandigarh - 160036
Phone: 0172 - 2629622, 98143012113
E - mail : ukmehtas@gmeil.com

AUDITOR'S REPORT

We have examined the PBalance Sheet of NATIONAL AGRI-FOOD
BIOTECHNOLOGY INSTITUTE, Mohali as on 31* March 2014 and the Income &
Expenditure Account for the year ended on that date, which are in agreement with the
books of Accounts maintained by the said Institution.

We have obtained all the Information and Explanation which to the best of our
knowledge end belief were necessary for the purpose for our Audit In our opision,
proper books of account have been kept at the head office at Mohali so far as appears
from our examination of the books and other record adequate for the purposes of our
audit, subject to the comments given below:

=—Nil-—

In our opinion and to the best of our information and according to the explanations given
tir us, the said accounts give a true and fair view subject to the following:

i In the case of Balance Sheet of the state of the above named Institution’s
affairs as at 31" March 2014.and

ii) In the case of income and expenditure accounts of the Surplus of the above
named Institution for the year ended 31 March 2014,

The preseribed particulurs are annexed hereto.

for U.K. Mehta & Associates

S {U.K Mehta) FCA

Datesd: 08.07.2014
Place: Chandigarh M. Mo, - 092636
FRN - 01338IN
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NATIONAL AGRI-FOOD BIOTECHNOLOGY INSTITUTE
C-127, Phase VIII, Industrial Area, S.A.S. Nagar,
Mohali-160071, Punjab, INDIA









C-127, Industrial Area, Phase 8, Ajitgarh (Mohali), Punjab, India - 160071
EPABX: +91-172-2290100, Fax: 0172-4604888
Website : www.nabi.res.in
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