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Preface
Global climate change is clearly visible in the form of frequent heat waves, recurring
droughts and erratic rainfall patterns in many parts of the world over the last decade.
Uneven distribution of rainfall leading to both drought and floods in different regions
is a major constraint to maintain production stability in India. Hence, there is a need to
design climate resilient crop varieties for specific regions of the country. The precise and
accelerated tailoring of a crop requires extensive genetic and genomic resources for gene
discovery, allele mining, new molecular markers, introgression of traits from wild to elite
cultivars, and genetic engineering of crops. The ICAR-NRCPB has been leading the way in adapting as well as
devising frontier technologies to assist crop improvement. The Centre is focusing on development of genetic
and genomic resources in five major crops namely rice, wheat, mustard, pigeonpea and chickpea. It is also
collaborating with other institutions for development of genomic resources in flax, jute, mango, guar, tea and
coconut.
In rice, major effects QTLs for yield and spikelet fertility under reproductive stage heat stress were
identified using recombinant inbred population of Nagina 22/IR64. Detailed analysis of a herbicide tolerant
rice mutant HTM-22 identified a single AHAS gene encoding acetohydroxy acid synthase as the candidate
gene for tolerance to herbicide imazethapyr. Wild rice germplasm freshly collected by NRCPB from different
regions of India was evaluated for germination under water and accessions were identified with high level of
tolerance to flooding during germination. These were crossed for transfer of this trait into elite rice cultivars.
A comprehensive review on the status of research on different kinds of flooding tolerance in rice was published
in international journal, Plant Cell Physiology.
Contrasting wheat genotypes for nitrogen-use efficiency and its component traits N-uptake efficiency
and N-utilization efficiency were identified by three successive years of field trails under N-optimum and
N-deprived doses. For understanding the role of C:N metabolism, the gene sequences of eight enzymes involved
in N (NR, NiR, GS, GOGAT, GDH) and C (PK, CS and ICDH) metabolisms were cloned from contrasting genotypes.
Gene expressions for these enzymes were studied in diverse wheat genotypes at three different growth stages.
Phenotyping of wheat genotypes was carried out using stable N-15 isotopes as N source to study genotypic
variation of nitrate influx under inducible and non-inducible N conditions to evaluate N-uptake efficiency.
Differential gene expression was also studied in salt-tolerant Indian wheat landrace Kharchia local.
Over 300 Brassica genotypes were screened against virulent strains of stem rot (S. sclerotiorum) to find
novel sources of resistance. Large-scale re-synthesis of B. juncea was undertaken and total 78 lines with
enhanced fertility and variability are at advanced generations of amphidiplodization. A yellow sarson line
‘NRCPB rapa 8’ was identified as potential parent for bypassing the embryo rescue step during re-synthesis of
B. juncea. Based on three years phenotyping data, two brassica lines, AB03 and BN114 have been identified with
consistent resistance to the stem rot disease.
A 62K genic-SNP chip has been designed and fabricated for high-density genetic fingerprinting, QTL
mapping and breeding applications in pigeonpea (C. Cajan L. Millsp). A comprehensive epigenetic landscape of
pigeonpea was prepared by whole genome bisulfite sequencing. Sterility mosaic disease (SMD) of pigeonpea
is a serious constraint to pigeonpea production. It is associated with two distinct emaraviruses PPSMV-1
and PPSMV-2, with genomes consisting of five and six negative sense RNA segments, respectively. Sequence
analysis of 23 isolates of PPSMV-1 and PPSMV-2, collected from ten locations representing six states of India
revealed considerable sequence variability. Diagnostic multiplex RT-PCR assays were developed to detect and
distinguish these viruses. Transcriptome analysis at different developmental stages of Helicoverpa armigera
larvae fed on insect resistant wild and susceptible cultivated pigeonpea plants was carried out and genes
showing differential expression due to change of host were identified across the larval stages. Further,
iii
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ten transgenic pigeonpea events harboring cry2Aa, and 7 events harbouring cry1AcF with <10% damage by
H. armigera have been identified. RNAi strategies, hpRNA and artificial mircoRNA-mediated targeting of H.
armigera acetylcholinesterase gene, Ace1, were devised and successfully tested in transgenic tobacco against
H. armigera.
Genotyping-by-sequencing was used for large-scale SNP discovery and genotyping of 192 recombinant
inbred lines of an intraspecific mapping population Pusa362/SBD377 with contrasting chickpea parents for
drought related traits. A saturated intraspecific genetic map was developed with over 3000 SNPs markers
on eight linkage groups, and 10 QTLs were identified for drought tolerance. A genome wide survey of MATE
family genes in chickpea led to identification of 50 genes encoding MATE transporters in the chickpea genome.
Cis elements and salt responsive gene expression pattern of a subgroup of CarMATE genes were analyzed and
CarMATE6 was identified as a candidate for salt tolerance in chickpea. This study gives first insight on chickpea
MATE family genes and their potential role in response to abiotic stress.
A significant achievement during 2016-17 was the sequencing of the genome of dark jute (Corchorus
olitorious) Indian variety, JRO-524 (Navin), with prediction and annotation of 57,087 protein-coding genes.
During the year, nineteen NRCPB staff (12 scientists, 6 technical and 1 administrative personnel) received
training at different national institutes of repute. Being integral part of the postgraduate school of IARI,
NRCPB offers courses in the discipline of Molecular Biology and Biotechnology (MBB). Currently, 35 Ph.D.
and 13 M.Sc. students are registered in MBB. Seven Ph. D. and six M. Sc. students were awarded with doctoral
and master’s degree, respectively. The Centre is proud of Dr. Anshul Watts for winning the prestigious ‘IARI
Gold Medal’ for Ph. D. The centre also trained more than fifty students from different institutions across the
country for their project work in molecular biology and biotechnology.
Under the flagship programme of Indian Government, “Mera Gaon Mera Gourav”, NRCPB has adopted six
villages in Bulandshahr district of Uttar Pradesh to bridg the gap between lab to land. Scientists and technical
officers of the institute visited the villages and interacted with farmers. NRCPB also provided seeds of mustard
variety, Pusa Jai Kishan, and rice varieties, Pusa 1460 and Pusa 1612, to the farmers of the six villages.
The annual report is a compendium of the activities and achievements of entire NRCPB family. I thank
all the NRCPB staff for their contributions. My special thanks to Dr. D. Pattanayak, Dr. Monika Dalal, Dr.
Subodh K Sinha, Dr. Rohini Sreevathsa, Dr. Naveen C. Gupta, Dr. Amolkumar U Solanke, Dr. Amitha Mithra
Sevanthi, Dr. Deepak S. Bisht and Dr. Rampal S. Niranjan for their help in compiling and editing of the annual
report. I am grateful to Dr. T. Mohapatra, Secretary DARE and Director General, ICAR, Dr. J. S. Sandhu, Deputy
Director General (Crop Sciences) and Dr. D. K. Yadav, ADG (Seeds) for their constant support and help in
overall functioning of the institute.

Date: June 2017
New Delhi
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Executive Summary
The committed and sustained efforts of the ICARNational Research Centre on Plant Biotechnology
(NRCPB) in conducting basic, applied, strategic and
anticipatory research for crop improvement have
culminated into high standard genetic discoveries,
which are aptly reflected in quality publications and
patent applications during the year 2016-2017. Salient
achievements of the Centre in under six major research
programmes: (i) Genomics and molecular markers
in crop plants, (ii) Biotechnological applications
for pulses improvement, (iii) Biotechnological
approaches for Brassica improvement, (iv) Adaptation
of wheat to climate change induced abiotic stresses,
(v) Improvement of nitrogen use efficiency in cereal
crops, and (vi) Bioprospecting of novel genes and
promoters; and contributions of the Centre in human
resource development (HRD) during the year are
given below:
For allele mining of agronomically important genes
in wild rice germplasm, total 641 wild rice accessions
had been collected from different eco-geographical
zones of the country and these were evaluated for
anaerobic germination under water submerged
conditions. In total, 45 accessions were found with
high germination percentage under anaerobic
condition. Crosses were made for introgression
of genes for submergence tolerance, anaerobic
germination and salinity tolerance from selected wild
rice accessions into the cultivated rice varieties. Allele
mining for DREB2A in 96 rice genotypes revealed that
majority of the SNPs are present in exonic region
followed by 3ꞌ UTR, intron and, 5ꞌ UTR.
In an effort to identify useful genes for adaptation
to different stresses in the highly adapted Indian
upland rice cultivar of Aus group, Nagina 22 (N22),
inbred line (RIL) population of more than 1000
lines had been developed from N22/IR64 cross.
Furthermore, a large population of over 100,000 EMS
mutant lines of N22 had also been developed for the
gene discovery purpose. A subset of 278 N22/IR64 F8
RILs was used to map QTLs for reproductive stage heat
tolerance in rice. A 5K SNP array on Illumina Infinium
platform was used for genotyping of the parents and
RILs. A major QTL for heat stress suspetibility index for
yield, qSSIY5.2, was identified explaining 21.9% of the
phenotypic variation and another major QTL for heat

stress tolerance index for spikelet sterility, qSTIPSS9.1,
was identified explainnig 16.05% phenotypic variation.
Molecular dissection of a stable true breeding rice
mutant, HTM-22, tolerant to imazethapyr herbicide,
revealed that this novel trait is governed by a single
dominant gene, AHAS, encoding acetohydroxy acid
synthase. Three drought tolerant rice mutants were
identified from the N22 EMS-mutagenized population
of approximately 100,000 M2 plants.
Evaluation of candidate reference genes of
Oryza coarctata for qRT-PCR analysis under different
stress conditions revealed that actin and eukaryotic
initiation factors-4-alpha were the most stable
reference genes and could be used for normalisation
and accurate quantification of the expression of
target genes. Additionally a comprehensive pipeline
has been developed for discovery of lncRNA (Long
non- coding RNA) from the RNAseq data.
Allele mining for Pb1 (Panicle Blast 1) gene in 55
diverse rice accessions identified novel alleles with
higher expression levels, which could be utilized in
rice breeding programme for panicle blast resistance
in rice. Whole genome sequencing of a xa13 compatible
rice bacterial leaf blight [Xanthomonas oryzae pv oryzae
(Xoo)] strain using PacBio RS II single molecule real
time (SMRT) chemistry revealed variations that could
be responsible for immense plasticity in genome to
IS elements which form majority of the genome. The
full-length sequences for TALe genes of the strain
had been delineated. Comparative genome analysis
revealed more similarity with Phillipine strain than
Japanese or Korean Xoo strains. A pair-end Illumina
genomic library of R. solani strain AG1-1A (Kapurthala
strain) was made and sequenced. Genome assembly is
in progress.
In an effort to identify genes for salt toelrance
in well known Indian wheat variety Kharchia local,
transcriptome expression in Kharchia local at anthesis
stage in response to long-term salinity stress was
analysed using Illumina Hiseq. Functional validation
of the differentially expressed genes showed that they
may be involved in imparting tolerance to salinity
stress. Stress mediated transcriptional regulation of
orthologs of five root related genes, such as BRX, MIZ1,
ARF7, CRL1 and NAC1, was analyzed in three diploid
accessions of wheat representing AA, BB, and DD
ix
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genome under two levels of osmotic stress (5% PEG
and 10% PEG). The study revealed that BRX, MIZ1, CRL1
and NAC1 were induced under mild osmotic stress.
Evaluation of seed priming with phytohormones
salicylic acid and cytokinin was carried out in wheat
and positive modulation of heat inducible gene,
TaSkp1, was recorded under high temperature stress
in field grown conditions. Transcript expression
profiling of two heat responsive genes in a panel of
zinc-rich wheat ideotypes under field conditions
indicated role of zinc in heat stress management.
Two drought responsive genes, CaM (calmodulin)
and DREB2A (dehydration responsive element
binding) from pearl millet were cloned in a binary
vector and transformed into Arabidopsis. Transgenic
Arabidopsis plants harbouring PgDREB2A gene showed
better growth under mannitol (150 mM), abscisic acid
(5 µM) and NaCl (150 mM) treatment as compared
to wild type. To analyze the spatio temporal
regulation of TaMIZ1 (MIZU KUSSIE1) gene related to
hydrotropism, four promoter deletion constructs
were made in binary vectors. A full length promoter
construct was transformed into Arabidopsis and its
expression was confirmed by histochemical GUS
assay in T2 plants. For validation of gene function
a protocol for Agrobacterium mediated regeneration
and transformation protocol for bread wheat using
immature embryo explants was optimized. In plantaapical meristem wheat transformation was carried
out with gene constructs (pCAMBIA1300U) harboring
different genes (ZnNAC, ZnLEA, PgCRT, TapAPX, TaCpn60,
PgP5CS, EcDREB, EcBAG, TaDREB, TaMYB, PcHsp17.9,
TaGPx, , ZnGolS1, CspA, CspB) and the transgenics T1
seeds were harvested.
The contrasting wheat genotypes for different
component traits of nitrogen-use effciency
(NUE) including N-Uptake Efficiency (NUpE) and
N-Utilization Efficiency (NUtE) and overall NUE itself
had been identified by three successive years of field
trails under optimum and two deprived N doses.
Towards understanding the role of C:N metabolism,
the gene sequences of eight enzymes involved in N
(NR, NiR, GS, GOGAT, GDH) and C metabolism (PK, CS
and ICDH) were cloned and sequences were deposited
in GenBank. Gene expression of these enzymes were
studied in nine diverse wheat genotypes in three
growth stages viz. 1st, 2nd and 3rd month after sowing.
NR gene up-regulated till 2nd growth stage whereas a
few genotypes showed down regulation at 3rd stage.
All other N-metabolizing enzyme expression varied
among the genotypes and also during their growth
stages. PK, CS and ICDH involved in carbon metabolism
to supply skeleton for N-assimilation showed

x

upregulation under N-stress, except a few genotypes
in ICDH at 3rd stage. The TaDof1 (a transcription factor
which regulates the transcripts encoding proteins/
enzymes involved in providing C-skeleton and in
NUE) expression was studied in four diverse wheat
genotypes at different growth stages. The expression
of TaDof1 was upregulated during initial N-stress.
However, as stress increases beyond a limit, the
TaDof1 expression started decreasing. Phenotyping of
selected wheat genotypes were carried out using stable
N-15 isotopes as N source to study genotypic variation
of nitrate influx under inducible and non-inducible N
conditions to evaluate N-Uptake Efficiency.
Full length coding sequence of wheat ATI
(causative agents that mediate intestinal inﬂammation
by binding to toll-like receptor 4), CM3 was cloned
from HD2967 and sequenced. Whole genome bisulfite
sequencing developed a complete epigenetic
landscape of pigeonpea. The methylome map was
created for the sterile and fertile inbreds. Differentially
methylated regions were identified between the
contrasting parents and novel information on the
epigenetic regulation of fertility restoration had been
characterized.
Salt stress induced amino acid profiling using
HPLC showed higher levels of all the amino acids
other than glycine and cysteine in salt stressed
roots and shoot samples. Using LC/MS data 55 DoF
transcription factor family proteins were identified in
both control and salt stressed conditions with almost
half were down- and remaining were up-regulated in
salt stressed condition.
Tissue wise ionomic analysis of fertile and sterile
line of pigeonpea was conducted. Elemental profiling
was done using ICP-OES and high-throughput ICPMS. The data obtained from both the tools showed
significant correlation. Expression of ions in terms
of quantification was observed for macro as well as
microelements. Tissue specific elemental distribution
was made and study was further narrowed down on
the basis of tissue specific expression of Fe (for leaf)
and Cu (for bud). Further bioinformatic tools were
applied to find out the Fe and Cu cofactor interacting
genes using transcriptome data of pigeonpea.
Differential gene expression analysis showed that
756 and 203 genes associated with Fe and 54 and 15
genes associated with Cu cofactor were up and down
regulated, respectively.
Sterility mosaic disease (SMD) of pigeonpea is a
serious constraint for cultivation of pigeonpea in India
and other South Asian countries. SMD of pigeonpea
is associated with two distinct emaravirus species,
Pigeonpea sterility mosaic virus 1 (PPSMV-1) and
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Pigeonpea sterility mosaic virus 2 (PPSMV-2), with
genomes consisting of five and six negative sense RNA
segments, respectively. Sequence analysis among 23
isolates of PPSMV-1 and PPSMV-2, collected from
ten locations representing six states of India. Both
PPSMV-1 and PPSMV-2 revealed considerable
sequence variability. Further sequence analyses
indicated the presence of reassortment of RNA4
between isolates of PPSMV-1 and PPSMV-2.
Additionally, the sixth RNA segment (RNA6),
previously reported to be associated with only
PPSMV-2, was also associated with isolates of
PPSMV-1. Diagnostic multiplex RT-PCR was
developed to detect and distinguish PPSMV-1 and
PPSMV-2. Further analyses showed that PPSMV-1
and PPSMV-2 frequently occur as mixed infections.
Transgenic pigeonpea harboring Bt ICPs genes,
cry1AcF and cry2Aa, were developed in order to
combat pod borer (Helicoverpa armigera), one of the
major insect pests of pigeonpea. Analysis of the
transformants in advanced generations identified
promising transformants with superior bioefficacy
against the target pest. The events were evaluated
under contained and confined conditions in a screen
house for their performance against the deliberate
challenging of H. armigera. Based on two challenge
experiments, 10 events with cry2Aa and 7 events
with cry1AcF had been identified as promising with
<10% damage by the pest.
Host-delivered (HD) RNAi strategies, hpRNA
and artificial mircoRNA – mediated targeteting of
Helicoverpa armigera acetyl cholinesterase gene,
Ace1, were devised and successfully tested in
transgenic tobacco for resistance management
against polyphagous insect-pest, H. armigera. HDRNAi transgenic tobabcco lines demonstrated high
to moderate level of resistance. Stunted growth and
mortality were observed in H. armigera larvae fed on
hpRNA transgenic tobacco leaves. Developmental
deformity was observed in H. armigera larvae fed on
Ace1-amiRNA transgenic tobacco leaves. Continuous
feeding of larvae on Ace1-amiRNA transgenic tobacco
leaves resulted in the development of defective adults
having abnormal wings structure. Genes and miRNAs,
expressing differentially in different developmental
stages of H. armigera on differential host feeding,
were identified by transcriptome sequencing. About
1992 differentially expressing genes were identified
between the differentially fed larvae. A heat map
was generated for the differentially expressing genes
based on the identified transcripts, and a volcano
plot was plotted to depict the expression levels of the
identified differentially expressing transcripts.

A genome-wide analysis of Hsfs gene family in
chickpea resulted in the identification of 22 Hsfs
genes in chickpea in both desi and kabuli genome.
q-PcR expression analysis of Hsfs under heat stress
at pod development and at 15 days old seedling stage
showed that CarHsfA2, A6, and B2 were significantly
upregulated in both the stages of crop growth and
other four Hsfs (CarHsfA2, A6a, A6c, B2a) showed
early transcriptional upregulation for heat stress at
seedling stage of chickpea.
Genotyping-by-Sequencing approach was used
for the large scale SNP discovery and simultaneous
genotyping of 192 recombinant inbred lines (RILs) of an
intraspecific mapping population (Pusa362 x SBD377)
of chickpea contrasting for drought related traits. The
genotyping information generated from the reference
based high quality polymorphic SNPs was compiled
to construct one of the most saturated intraspecific
genetic maps of chickpea placing approximately
3000 SNPs on eight linkage groups. The genotyping
data of mapped SNPs on the intraspecific linkage
map was integrated with the field phenotyping data
of RIL mapping individuals and parents for the two
drought related traits [Relative Water Content (RWC)
and Membrane Stability Index (MSI)] resulting in the
identification and mapping of 10 QTLs associated
with the drought traits.
Genome- wide survey of the MATE family genes
in chickpea led to the identification of 50 MATE genes
encoding MATE transporters from the chickpea
whole genome. Cis elements and salt responsive
gene expression pattern of a subgroup of CarMATE
genes were analyzed and CarMATE6 was identified as
a candidate for salt tolerance in chickpea. This study
gives a first insight on chickpea MATE family and
their potential roles in chickpea response to abiotic
stresses specifically salt stress.
Host delivered dsRNA-mediated resistance
management against Indian mustard aphid (Lipaphis
erysimi) was hypothesized. Several potential genes
had been identified which are being evaluated for
their efficacy in mediating RNAi based resistance
against mustard aphids. An elicitor was identified
which activates jasmonate based defense response in
mustard in response to aphid infestation. The global
gene expression activated by this elicitor was studied
which indicated possible application of the elicitorencoding gene in augmenting general defense in
mustard.
Lectins from chickpea and mung bean and
protease inhibitor protein from urd bean were
expressed in vitro and tested for their efficacy against
aphids in a synthetic diet along with mannose binding
xi
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snowdrop lectin protein as standard. It was observed
that the legume lectins which have more specificity
against complex sugars were as good as snowdrop
lectin and their genes could be deployed for the
development of transgenic crops resistant to aphids.
The transgenic lines of Brassica juncea developed
using chickpea lectin transgene were challenged with
adult female aphids in the laboratory as well as in
the net house. Some of the lines showed reduction in
fecundity by 49- 90%. Full length cDNA sequences of
marker genes encoding pathogenesis-related proteins
(PRs) involved in salicylic acid (SA) and jasmonic
acid (JA) defense signaling pathways were isolated
from B. juncea and further characterized. BjPR genes
share similar protein sequence identities as well as
conserved domains of known PR proteins from other
crucifers as revealed by BLAST algorithms, domain
prediction and phylogenetic analyses.
Expression profiling of BjPR genes were
investigated after hormonal treatments. Pretreatment with salicylic acid (SA) and jasmonic acid
(JA) stimulators downregulated each others signature
genes suggesting an antagonistic relationship
between SA and JA in B. juncea. After ABA treatment,
SA signatures genes were downregulated while JA
signature genes were upregulated. The introgressions
of disease resistance gene(s)/QTLs for Alternaria
blight resistance were identified in IL’s lines of B.
juncea from wild species using Diplotaxis erucoides
specific molecular markers. Genetic diversity among
65 Indian mustard necrotrophic pathogen, Sclerotinia
sclerotiorum, isolates from ten different geographic
regions of India were analyzed using genome-wide
distributed SSR markers. All these isolates were
grouped into 3 distinct clusters based on SSR analysis.
The association studies showed that cluster groupings
or genetic distance of S. sclerotiorum populations from
mustard were distinctly related to the geographical
origin diversity. The phylogenetic pattern obtained
revealed a high heterogeneity of genetic composition
and suggested the occurrence of clonal and sexual
reproduction of S. sclerotiorum on Indian mustard in
the areas surveyed. About 300 Brassica germplasm
including wild relatives and different species were
screened with the virulent strain of S. sclerotiorum
isolate. In detached leaf and stem inoculation assay,
a few lines were observed tolerant to the stem rot
disease. Two lines, AB03 (RH1222-28) and BN114
showed consistent resistance to the disease in
consecutive three years of screening and these lines
are being utilized for further molecular analysis.
Large scale resynthesis of B. juncea were undertaken
by inter-crossing between B. rapa and B. nigra to

xii

enhance the genetic diversity of B juncea. Total 78
lines (RBJ-1 to RBJ- 78) were developed which showed
comparably enhanced fertility and variability in
advance generation of amphidiplodization. One
B. rapa variety, Yellow sarson (NRCPB rapa 8), was
screened and identified which enabled in-vivo seed
recovery by bypassing the embryo rescue procedures
following hybridization with B. nigra. It helps in the
efficient resynthesis of B. juncea and can be a potential
parent for resynthesis of B. juncea. Co-transformed
(CENH3-RNAi+GFP-CENH3 rescue) lines were crossed
with untransformed and GFP-CENH3 rescue lines to
check chromosome elimination. Several abnormal
phenotypes were found in the crossed progenies. Out
of 189 crossed progenies analyzed, 30 were showing
alteration in chromosome number. Out of 30, one
progeny was found to be haploid containing 18
chromosomes.
The genome sequencing of Indian jute (Corchorus
olitorious) variety JRO-524 (Navin) was accomplished.
The draft genome of JRO-524 (Navin) has a size of
377.3 Mbp, and a total of 57,087 protein-coding genes
were predicted and annotated for their putative
functions. Role of Aquaporins was investigated in
fiber development of flax (Linum usitatissimum).
Plasma intrinsic protein (PIPs) showed higher level of
expression in stem during vegetative stage followed
by green capsule stage. Orthologs search of aquaporins
in Linum species identified forty-nine aquaporins
in L. bienne thirty-nine aquaporins were found in L.
grandiflorum and nineteen AQPs were observed in
L. leonii. Whole genome expression profiling of wild
type and OsSHMT3 overexpressing Arabidopsis plant
under salinity stress was conducted to understand the
role of SHMT 3 and its regulatory network in salinity
tolerance in plants. Standard Operating Protocols
(SOP) for Genetic fidelity testing of tissue culture
raised plants are developed for potato, sugarcane and
banana plants using ISSR marker system.
With regards to HRD activities, nineteen
NRCPB staff (12 scientists, 6 technical staff and 1
administrative staff) received training from different
national institutes of repute in 2016-17 under
HRD programme. Thirty five Ph. D. and 13 M. Sc.
students registered in the discipline of Molecular
Biology and Biotechnology in 2016-17. Seven Ph. D.
and six M. Sc. students were awarded with doctoral
and master’s degree, respectively. Dr. Anshul Watts
had been conferred with IARI Gold Medal for his
accomplishments in Ph. D. More than fifty students
from different universities and institutes across
the country were trained in various aspects of
biotechnology at the centre.
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ICAR-NRCPB

N

ational Research Centre on Plant Biotechnology
(NRCPB) is the premiere research institution of
the Indian Council of Agricultural research (ICAR),
engaged in molecular biology and biotechnology
research. The Biotechnology Centre, established
in 1985, as part of the Indian Agricultural Research
Institute (IARI), was upgraded to a National Research
Centre on Plant Biotechnology in the year 1993, with
a vision to impart the biotechnology advantage to
the National Agricultural Research System (NARS).
The NRCPB has acquired, in the past, an excellent
infrastructure in terms of equipment and other
physical facilities and also a high degree of scientific
competence. Development of transgenic crops for
biotic and abiotic stress management, exploitation of
heterosis through marker and genomic approaches,
marker assisted selection and molecular breeding
of major crops for productivity and quality
enhancement, search for novel genes and promoters
for efficient native and transgene expression are the
major activities taken up by the centre. There is now
considerable emphasis on structural and functional
genomics of crop species such as rice, pigeonpea,
chickpea, cotton, tomato and wheat in the centre.
In addition to research, the centre is contributing
significantly to competent human resource
development by way of offering regular M. Sc. and

Ph. D. programmes by partnering with PG School,
IARI.
In order to develop strong inter-and intrainstitutional linkages for promoting and
strengthening plant biotechnology research in the
ICAR system, the Centre has been identified as the
lead centre. It has established strong linkages with
various research institutes in the country including
ICAR, CSIR, State Agricultural Universities and
CGIAR institutes like ICRISAT. The center is now
placing considerable emphasis on the development
of products, processes, patents and research
publications in journals with high impact factor.
It also encourages and practices Public-Private
Partnership (PPP) mode for commercializing the
products of genetic engineering.

Mandate
•

Basic plant molecular biology research for
understanding molecular basis of biological
processes

•

Coordination and capacity building for devising
tools and techniques of biotechnology and
genetic engineering for crop improvement

Staff Strength of the Centre
Staff

Sanctioned

Filled

Vacant

Scientific

33+1

33

0+1

Technical

14

08

06

Administrative

18

10

08

Skilled Supporting Staff

01

-

01

Total Strength

67

51
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(Rs. In lacs)

Financial Statement 2015-16
Plan
Allocation
Capital

Non-plan
Utilization

Allocation

Utilization

40.00

39.76

9.00

6.65

Establishment

00

00

690.23

677.47

Pension & other
retirement benefits

00

00

73.92

73.81

Travelling Allowances

-

-

4.00

4.00

Research and
Operational Expenses

166.00

166.03

95.00

95.00

Administrative Expenses

206.00

205.94

148.00

145.88

Miscellaneous Expenses

3.00

3.07

8.08

8.23

Total

415.00

414.80

1028.23

1011.04

Revenue

Resource Generation
Sales of Farm Produce

-

License Fee

-

Leave Salary and Pension Contribution

-

Interest Earned on Short Term Deposits

38.28

Income Generated from Internal Resource Generation (Trg.
etc)

5.41

Miscellaneous Receipts

14.93

Total

58.62

Fund Received through Externally Funded Projects
Externally Funded Projects
Consultancy Projects
Total

xvi

509.48
509.48
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Research Achievements
• Genomics and Molecular Markers in Crop
Plants
• Biotechnological Applications for Pulses
Improvement
• Biotechnological Approaches for Brassica
Improvement
•	Adaptation of Wheat to Climate Change
Induced Abiotic Stresses
• Improvement of Nitrogen Use Efficiency in
Cereal Crops
• Bioprospecting of Novel Genes and Promoters
• Honorary Scientists’ Projects
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Genomics and Molecular
Markers in Crop Plants
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High resolution mapping of QTLs for heat
tolerance in rice using 5K SNP array
(NK Singh, Shanmugavadivel PS, Amitha Mithra Sevanthi,
Chandra Prakash, Ramkumar MK and T Mohapatra)
Heat stress is one of the major abiotic threats to
rice production, next to drought and salinity stress.
Heat stress at reproductive stage leads to abnormal
pollination leading to floret sterility, low seed set
and poor grain quality. Identification of QTLs and
causal genes for heat stress tolerance at flowering
is expected to facilitate breeding for improved heat
tolerance in rice. F8 recombinant inbred lines (278
lines) derived from a cross between Nagina22 and
IR64 was used to map the QTLs for heat tolerance.
Based on ‘days to 50% flowering’ data of the RILs,
staggered sowing was done to synchronize flowering
in order to impose heat stress at uniform stage.
Phenotyping for heat tolerance was carried out
using the controlled heat phenotyping facility at
IIWBR, Karnal. Using the Illumina infinium 5K SNP
array for genotyping the parents and the RILs made
high resolution mapping possible. The chromosomewise details of polymorphism survey are presented
in Fig. 1.1. By inclusive composite interval mapping
(ICIM) approach, a total of five QTLs for stress
tolerance (STI) and stress susceptibility index
(SCI) for yield and percent spikelet sterility were

identified. One QTL each for SSI and STI of percent
spikelet sterility and two and one QTLs for SSI and
STI for yield, respectively were mapped on four
different chromosomes, namely 3, 5, 9, and 12 with
phenotypic variation explained ranging from 6.37 to
21.29% (Table 1.1; Fig. 1.1). The qSSIY5.2 was major
QTL identified in this study for yield explaining
21.29% of the phenotypic variation while qSTIPSS9.1
was the major QTL for percent spikelet sterility with
16.05% phenotypic variation. Of these five QTLs, two
high effect QTLs, one novel (qSTIPSS9.1) and one
known (qSTIY5.1/qSSIY5.2), were mapped in less
than 400 kbp genomic regions, comprising of 65 and
54 genes, respectively. Analysis of physical positions
of the identified QTLs revealed that qSTIY5.1/qSSIY5.1
was in a small interval of 331 kbp on chromosome
5 and qSTIPSS9.1, was located in an interval of 394
kbp on chromosome 9. STI for yield had two digenic
interactions involving a common SNP (7118) from a
locus encoding dehydrogenase (LOC_Os04g52280).
One of these interactions involved a SNP (8401) from
the major and common QTL identified in the study,
qSTIY5.1/qSSIY5.2. The two major QTLs identified here
can be employed directly for crop improvement by
marker assisted selection (MAS) after development
of suitable scorable markers for breeding of high
yielding heat tolerant rice varieties.

Table 1.1: QTLs for heat stress indices identified in RIL mapping population derived from N22 and IR64
Trait Name

QTL name

Chromosome Physical
position (Mb)

Interval (Kb) LOD
Score

PVE (%)

Additive
effect

STI for % spikelet
sterility

qSTIPSS9.1

9

16.75-17.14

393.828

4.21

16.05

-1.25

SSI_ for % spikelet
sterility

qSSIPSS12.1

12

9.06 - 9.90

840.288

3.88

6.37

-0.33

STI for yield per plant

qSTIY5.1

5

25.45-25.79

331.586

4.55

9.01

0.07

SSI for yield per plant

qSSIY3.1

3

23.52-24.59

1067.507

4.04

6.45

-0.08

SSI for yield per plant

qSSIY5.1

5

25.45-25.79

331.586

3.51

21.29

-0.14
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Allele mining for agronomically important
genes in wild rice germplasm and stress
tolerant landraces of rice growing in the hot
spots
(NK Singh, Vandna Rai, Balwant Singh, Nisha Singh,
Kabita Panda and Bikram Pratap Singh)
A total of 614 accessions of wild rice have
so far been collected from different state of our
country under this project. Out of 614 accessions, 58
accessions were obtained from NBPGR, New Delhi
Fig. 1.1: Chromosome-wise polymorphism survey using 5K SNP
array and polymorphic SNPs in Nagina22 x IR64 mapping population.

Evolutionary insights based on SNP
haplotypes of domestication related genes
(NK Singh, Vandna Rai, Nisha Singh and Balwant Singh)
Haplotype
networks
and
phylogenetic
relationships in a diverse set of genotypes including
Indian O. nivara / O. rufipogon wild rice accessions and
representative varieties of four rice cultivar groups
based on pericarp color (Rc), grain size (GS3) and eight
different starch synthase genes (GBSSI, SSSI, SSIIa,
SSIIb, SSIIIa, SSIIIb, SSIVa and SSIVb). Aus cultivars
appear to have the most ancient origin as they shared
the maximum number of haplotypes with the wild
rice populations, while Indica, Japonica and aromatic
cultivar groups showed varying phylogenetic origins
of these genes (Fig. 1.2).
Fig. 1.2: (A) Haplotype
network of rice Rc gene:
A total of four haplotypes
were
generated
representing the pericarp
color. H3 is the ancestral
haplotype of wild rice.
Size of each circle is
proportional to haplotype
(allele) frequency. To
determine the origins
and dispersal of these
mutations in Rc gene, 179
diverse rice cultivars were
examined. Color coding
represents different varietal
groups (Red-Wild rice,
Blue-Indica, Black-Aus,
Green-Aromatic, MagentaJaponica). (B) Haplotype
based phylogenetic tree
of Rc gene constructed
using 179 diverse rice genotypes was separated into four major
distinct groups. Color coding represents different varietal groups
(Cyan-Pro-Indica, Orange-Pro-Aus, Red-Mid-Gangetic, Blue-Indica,
Black-Aus, Green-Aromatic, Magenta-Japonica).

2

Fig.1.3: Representation of wild rice collection site. A, B:
Alongside of farmers’ field; C: Collected seed sample with
accession name; D: Inside city from Odisha, India.
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while the remaining 556 accessions were collected
from different districts of Andaman and Nicobar
Islands, Assam, Bihar, Chhattishgarh, Goa, Gujrat,
Himachal Pradesh, Madhya Pradesh, Odisha, Tripura,
Uttar Pradesh and Uttarakhand. All the information
regarding collection such as village, block, district,
state, longitude and latitude from where the
accessions were collected and characterization of
particular accessions is stored in a database (nksingh.
nationalprof.in:8080/iwrdb) developed under this
project.
Two expeditions were made in the year 2016
and a total of 55 accessions from seven districts of
Odisha namely, Balasore, Cuttack, Ganjam, Jajpur,
Keonjhar, Khurda and Puri (Fig. 1.3), two accessions
form Srikakulam district of Andhra Pradesh and nine
accessions from eight district of Tripura state were
collected. The collected accessions are maintained
for seed multiplication and characterization.

tolerant to anaerobic germination which is suitable
for flooding stress encountered during germination
in rice. To analyze and validate submergence
tolerance, accessions phenotyped in previous
years were re-screened in the year 2016. Eighteen
accessions including 14 submergence tolerance and
two tolerant (Sambha Mahsuri sub1 and Swana Sub1)
and two susceptible checks (Sambha Mahsuri and
Swarna) were screened (Fig. 1.4).

Fig.1.4: Survived rice plants after 21 days of deep submergence
at phenotypic facility.

(NK Singh, Vandna Rai, Balwant Singh and Manoj ML)

Introgression of genes for climate resilience
from wild rice into modern high yielding rice
cultivars

Of the 614, total 483 accessions were phenotyped
for anaerobic germination and characterized based
on survival percentage with respect to appropriate
control and checks. Out of the 483 accessions
analyzed for germination under water, 45 were highly

In order to introgress identified tolerance source
from wild rice into cultivated, genetic crosses were
made (Fig. 1.5) with high yielding cultivated rice

Phenotyping of wild rice accessions for
different abiotic stress

(NK Singh, Vandna Rai, Balwant Singh, Manoj ML and
Sarita)

Fig.1.5: Picture depicting rice hybridization. A: making of genetic cross; B: recipient parents bagged with butter paper; C: developing F1 seeds
in a crossed panicle.

Table 1.2: Rice BC1 seeds produced by backcrossing of F1s with recurrent parent during Kharif 2016
S. No. Crosses made between F1s of the crossed and during Abiotic stress traits selected
Kharif-2016
1
Pusa Basmati1509 x NKSWR70
Anaerobic germination and submergence tolerance
2
Pusa44 x NKSWR134
Anaerobic Germination
3
IR64 x NKSWR173
Salinity
4
Pusa44 x NKSWR 242
Salinity and anaerobic germination
5
Sarjoo52 x NKSWR 242
Salinity and anaerobic germination

3
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(Table 1.2 and Table 1.3). A total of 11 crosses were
made for different abiotic stress related tolerance
traits including anaerobic germination, submergence
tolerance, drought and salinity stress. BC1 progenies
were developed for five crosses for traits including
anaerobic germination, submergence tolerance and
salinity tolerance
Table 1.3: Rice crosses made for different abiotic stress
tolerance during Kharif 2016
S.N. Crosses

Abiotic stress traits selected

1

Pusa44 x O. nivara 336681 Anaerobic germination

2

Pusa44 x O. nivara 330644 Drought and submergence

3

IR64 x O. nivara 330644

Drought and submergence

4

Pusa44 x NKSWR03

Drought

5

Sambha Mahsuri sub1 x
NKSWR03

Drought

6

Pusa44 x NKSWR07

Drought

7

IR64 x NKSWR70

Drought

8

IR64 x NKSWR173

Salinity

9

Pusa44 x NKSWR173

Salinity

10

Pusa Basmati 1509 x
NKSWR173

Salinity

11

IR64 x NKSWR242

Salinity

Allele mining for DREB2A in Indian rice
accessions
(Amitha Mithra Sevanthi, Amolkumar U Solanke,
Sreeshma N, Ramkumar MK and Sasmita Pattnaik)
DREB is a transcription factor which is upregulated under osmotic stresses such as salt,
moisture and cold stress. Among the 31 DREB genes
known so far in rice, DREB2A is reported to be the
most important one under drought stress. Allele
mining of DREB2A gene associated with drought
tolerance in Indian rice collections was carried out
in a panel of 96 rice genotypes with the objective
of understanding the allelic variation in DREB2A, if
any, and validating their expression under moisture
deficit stress. Full length of DREB2A gene (4.8 Kb) was
amplified using five pairs of overlapping primers and
sequenced. Eighty-nine genotypes with complete
and quality sequences were used for further analysis.
A total of 398 unique positions had SNPs in DREB2A.
High number of SNPs was found in exons followed by
3’ UTR, intron and 5’ UTR (Table 1.4). Tranversions
were more frequent than transitions except in 5’
4

UTR. In splice variant 1 and 2 of DREB2A (SV1 and
SV2), 39 and 33 SNPs which created nonsynonymous
SNPs leading to amino acid substitutions were
found. Expression profiling of 10 selected genotypes
exhibited significant up regulation in expression
level of SV1 variant under drought stress in seven
genotypes. Satti genotype showed 25 fold up
regulation of SV1 under drought stress.
The 96 genotypes were evaluated in two
replications each under irrigated conditions and
drought stress conditions at IARI farm and Rainout shelter respectively. Data on plant height (PH),
flag leaf length (FLL), number of productive tillers
(TN), panicle length (PL), chlorophyll content, 1000
grain weight and relative water content (RWC)
were recorded under both irrigated control (IC)
and drought stress (DS) conditions. Significant
positive correlation was observed among length
based characters under IC. PH was the important
variable under IC followed by panicle length (PL)
whereas under DS, TN was the most important
variable. Length based characters explained 42% of
the variation under IC while 48% of the variation was
explained by RWC, chlorophyll content and grain
weight under DS (Fig. 1.6). Rice accessions, Shonth
and IC 305692 had higher PL, FLL (flag leaf length)
and 100 seed weight under DS as compared to IC
and hence potential material for further molecular
and agronomic characterization. Upland tropical
japonica variety, Azucena exhibited consistent better
performance under both IC and DS.
Table 1.4: Number of SNPs found in DREB2A gene amongst
89 Indian rice accessions
Particulars

5’
UTR

Exon

Intron

3’ UTR

Total

Length of the
region (bp)

399

825

625

2973

4822

Number of
SNPs

13
(3.26)

127
(15.4)

34
(5.44)

151
(5.08)

325
(6.74)

Number of
transitions

10
(76.9)

49
(38.58)

14
(41.18)

68
(45.03)

141
(43.38)

Number of
tranversions

3
(23.1)

78
(61.42)

20
(58.82)

83
(54.97)

184
(56.62)

Number of
InDels

2
(0.05)

20
(2.42)

0 (0)

51
(1.72)

73
(1.51)
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Fig. 1.6: Trait correlations and the principal component analysis of the traits under the treatments, irrigated control (IC) and drought stress (DS).

Allele mining for agronomically important
genes in wild rice germplasm and stress
tolerant landraces of rice growing in the hot
spots
(Vandna Rai, NK Singh, Balwant Singh, Shefali Mishra,
Neha Jain and Pragya Mishra)
A cache of genetic diversity that is accessible
for the improvement of yield stability resides in
the germplasm of crops and their wild relatives
that grow in wide geographical and climatic ranges.
Therefore, we need to explore climate-resilient
crop genotypes within natural genetic resources to
find novel genes and alleles for desirable traits. In
rice, the majority of genetic variation in the genus
Oryza still lies untapped in wild relatives. Intensive

breeding efforts have contributed to the narrowing
of the gene pool by concentrating favourable alleles
already selected during early domestication.
Collection and molecular characterization of wild
rice genotypes
Total 55 accessions from seven districts of Odisha,
two accessions from Srikakulam district of Andhra
Pradesh and nine accessions from eight district of
Tripura state were collected.
The web portal database was designed (nksingh.
nationalprof.in:8080/iwrdb). The database contains
614 accessions of wild rice germplasm from NBPGR,
New Delhi while the Andaman and Nicobar Islands,
Assam, Bihar, Chhattishgarh, Goa, Gujrat, Himachal
Pradesh, Madhya Pradesh, Odisha, Uttar Pradesh and
Uttarakhand. This database contains information
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on geographical location like village, block, district,
state, longitude and latitude from where the
accessions were collected.

Expression and functional characterization
of serine hydroxy methyltransferase (SHMT)
gene from salt tolerant rice
(Vandna Rai, NK Singh, Balwant Singh, Shefali Mishra,
Neha Jain and Pragya Mishra)
Serine hydroxyl methyltransferase (SHMT) is an
essential enzyme, which plays important roles in a
variety of biological processes including metabolism,
purine and pyrimidine biosynthesis, and generation
of activated one-carbon (C-1) unit which are utilised
in methionine and purine metabolism. No reports

are available on role of SHMT in salt stress tolerance
in plant system. We have been characterising this
gene through gene and protein expression studies in
salt tolerant rice cultivar and overexpressing of rice
SHMT gene (OsSHMT) through genetic transformation
in Arabidopsis thaliana. Whole genome expression
profiling was done for WT and OsSHMT3 Arabidopsis
after NaCl stress (Fig. 1.7).
The real time PCR for some signature genes
responsive to salt stress were also done and
interestingly SOS1, HKT1;5, NHX1, SAMS, PGDH1 and
PGDH2 were induced in OE3 and OE5 lines and the
expression is very high in OE5 under salt stress
condition. To see the behavior of SHTM1, SHMT2,
PGHDH1, PGDH2, NHX1 and SOS1 genes the microarray
data were downloaded from NCBI and expression

Fig. 1.7: Effect of salinity on gene expression profiling of WT and OsSHMT3 over expressing (OE3) arabidopsis. Seedlings (14-d-old)
were transferred to 100 mM NaCl for 24 hours. Whole seedlings were used for RNA extraction. Venn diagram shown for (A) upregulated and (B) down-regulated genes in WT and OsSHMT3 transgenics. Heat map was constructed for expression profiling (C).
Interaction network using String software was created for differentially expressed genes of OsSHMT3 over expressing Arabidopsis
(D) where each node represents all the proteins produced by protein-coding gene locus and edges represents protein-protein
association means proteins jointly contribute to share the function.
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of these particular genes were analyzed in various
abiotic stresses.

Allele mining of Panicle blast 1 (Pb1) gene
in Indian rice accessions
(Amolkumar U. Solanke, Amitha Mithra Sevanthi, Sharani
Chaudhury, Vishesh Kumar and Sonam)
Rice is one of the most important staple food
worldwide. It ensures calorific demand for almost
one-fifth of the population. Throughout its life span
rice faces various biotic and abiotic challenges.
Among all, rice blast, especially panicle blast, is the
deadliest disease which account for a huge loss in
terms of economic yield. Though various control
mechanisms, like chemical and physical controls
are available, the most efficient method is the
development of inbuilt resistance through R-gene
introgression, which make the plant itself to fight
against the stress. Till date very few R-genes are
cloned for blast resistance and only one gene i.e.
Panicle blast 1 (Pb1) is cloned and characterized for
panicle blast resistance. To exploit the sequence
diversity of Pb1 gene, we carried out allele mining
into 55 diverse rice accessions.

Pb1 allele along with its promoter is amplified and
sequenced from 55 Indian accessions (Fig. 1.8). All 55
rice accessions used are from 5 rice species namely, O.
sativa cv. indica, O. nivara, O. barthii, O. rufipogon and O.
glaberrima. Out of 55 accessions, large set was grouped
into O. nivara (24), followed by O. sativa cv. indica (17),
7 in O. barthii, 4 in O. rufipogon and 3 in O. glaberrima.
All identified alleles are species specific and more
different towards 5’ end of the gene. In expression
analysis of 12 rice accessions, Tetep, WR2, WR398,
WR401, WR430 (panicle blast resistant genotypes)
were showing higher expression in panicle than leaf
which can be fairly correlated with phenotypic data.
Expression of this gene is more in panicle tissue in
resistant accessions, suggesting its role in panicle
blast resistance. Expression of Pb1 in susceptible
lines (HP2216, CO39, WR8, WR299, WR397, WR440
and WR446) are either lower in panicle or similar to
leaf tissue, which shows no contribution of this gene
in panicle blast resistance in these accessions (Fig.
1.9). Final confirmation of its role can be done only
by complementation study in susceptible lines. This
study contributed to identify a few selected alleles of
Pb1 gene with higher expression which can be used
in breeding programme for panicle blast resistance
in rice.

Fig. 1.8: Representation of specific grouping of Pb1 alleles in selected 55 rice accessions using ClustalW.
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Fig. 1.9: Panicle blast resistant rice genotypes (Tetep, WR2, WR398,
WR401 and WR430) showing higher expression of Pb1 in panicle.

Screening rice germplasm for low-light
tolerance
(Prasanta K Dash, Rithu Rai, Bhagawan Bharali and MJ
Baig)
Low-light during kharif season is an important
stress for rice grown in eastern India. In eastern
and NE regions of India, due to over-cast sky
in kharif season, only about 50% of the bright
sunshine hours are available for growth of rice
that leads reduction in harvestable yield. The
stress is aggravated as photophilic rice plants are
adapted to environments where light is abundant
and are sensitive to low light irradiance as well as
competition from neighboring vegetation. In high
light irradiance photo-morphogenic growth in rice
ensures optimum photosynthesis and source-sink
partitioning of photosynthates that lead to enhanced
yield. Thus, an effort was carried out to collect
rice genotypes tolerant to low-light conditions
and systematically investigate the mechanisms of
tolerance to light stress in rice. For this hundred
rice genotypes were screened at NRRI, Cuttack and
AAU, Jorhat and evaluated for their adaptability to
low light environment under two light regimes i.e.
open (100%) and 75% light intensity by putting Agro
shade nets (Fig. 1.10). The leaf samples at vegetative
stage were collected for genomic analysis from all
the genotypes viz. tolerant check Swarnaprabha and
susceptible check, IR-8 and IR-64. Based on yield at
harvest, the varieties were screened/shortlisted for
further analysis. The contrasting genotypes will be
re-evaluated in the forthcoming kharif season.
8

Fig. 1.10: Screening of rice genotypes at (A) NRRI, Cuttack and (B)
AAU, Jorhat under agro-shade nets for their evaluation to low-light
tolerance.

Maintenance, characterization and use of
EMS mutants in an upland variety Nagina22
for functional genomics in rice
(Amitha Mithra Sevanthi, Prashant Kale, Ramkumar MK,
Prashant Khandwal, Neera Yadav and NK Singh)
Genetic characterization of the herbicide tolerant
mutant
A stable and true breeding rice mutant, HTM-N22
(HTM), tolerant to herbicide, Imazethapyr, from an
EMS-mutagenized population of approximately
100,000 M2 plants of an upland rice variety, Nagina 22
(N22) was identified by TNAU. Analysis of inheritance
of herbicide tolerance, carried out at TNAU and IARI,
in a cross between Pusa 1656-10-61/HTM showed
that this trait is governed by a single dominant gene.
Bulked segregant analysis (BSA) using microsatellite
markers revealed that RM 6844 on chromosome
2 located 0.16 Mbp upstream of AHAS (LOC_
Os02g30630) co-segregated with herbicide tolerance.
Cloning and sequencing of AHAS (LOC_Os02g30630)
from the wild type, N22 and the mutant HTM and their
comparison with reference Nipponbare sequence
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revealed several Single Nucleotide Polymorphisms
(SNPs) in the mutant, of which eight resulted in
nonsynonymous mutations. Molecular analysis and
protein modeling of the AHAS sequence from HTM
was carried out at NRCPB. Three of the eight amino
acid substitutions (at positions 30, 50 and 627) were
specific to the HTM when compared to WT and
Nipponbare, while eight changes (at positions 11, 67,
71, 293, 318, 357, 400 and 643), could be ascribed to the
differences in subspecies – japonica vs. aus genotypes
(i.e., Nipponbare). Interestingly, at three positions
(118, 146 and 569) the amino acids in HTM were
identical to the Nipponbare but different from WT.
At positions 81 and 152, the amino acid substitutions
in HTM were completely different from references,
WT as well as japonica. Thus, the non-synonymous
mutations in positions 30, 50 and 627 which were
exclusively different between HTM and WT as well
as those different from both WT and Nipponbare
(81 and 152) were considered as potential causal
mutations. S627 is a known mutation in ALS gene in
other crops while all other changes are novel. G152A
was found to alter the hydrophobicity (Fig. 1.11) and
abolish an N myristoylation site in the as revealed
by motif prediction studies Out of these, three amino
acids. This latter mutation is so far not reported in
any of the crop plants and weeds, thus making HTM
identified in the current project, a novel resource for
herbicide tolerance in rice. A CAPS marker was also
designed for MAS based on the SNP changes between
the mutant and the wild type.

Fig. 1.11: Hydrophobicity chart of rice WT (upper panel) and
HTM (lower panel). The differences in hydrophobicity are denoted by
red circle.

selected mutants were subjected to drought at field
and rain-out-shelter facility (ROS) in the year 2016.
Agronomic characters such as plant height, panicle
length, and flag leaf length were recorded (Table 1.5;
Fig. 1.12). Average reduction was observed in all the
mutants a when compared with N22 however, three
mutants (SM131, 98-1, SM3) showed comparatively
less reduction in all three parameters. These mutants
will be studied further for their drought tolerance
mechanism.

Evaluation of putative drought tolerant mutants for
drought stress imposed at reproductive stage
In the previous year screening mutants from the
mutant, for drought tolerance was reported. Around
40 promising mutants were selected based on the
leaf rolling and leaf drying after screening. All the

Table 1.5: Performance of the selected mutants for agronomic traits under irrigated and drought conditions
Trait/
Parameter

Plant Height
Irrigated

Drought
(Field)

Drought
(ROS)

Irrigated
l

Drought
(Field)

Drought
(ROS)

Irrigated

Drought
(Field)

Drought
(ROS)

Average

108

96

88

25

20

21

35

29

30

Range

84-135

62-121

45-116

22-30

14-26

12-28

28-41

20-35

20-38

S.D. ±

12

13

14

2

2

3

4

3

5

Panicle Length

Flag leaf length
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Flag leaf length

Fig. 1.12: Flag leaf length of the selected rice material evaluated along with Nagina 22 under irrigated and drought conditions.

Identification and evaluation of candidate
reference genes of Oryza coarctata for
qRT-PCR analysis under different stress
condition
(Tapan K Mondal, Soni Chowrasia and Harmeet Kaur)
Oryza coarctata is the only halophytic species
in the genus, Oryza (Fig. 1.13). Interestingly, it
can tolerate salinity up to 40 ds/m at both of its
vegetative stage as well as reproductive stage. It
has unique morphological, biochemical, anatomical
as well as physiological adaptations through which
it can survive under saline submerged conditions.
It is considered to be a rich source of salinity stress
responsive genomic resources. The selection of
suitable reference genes and its validation with
target stress-responsive gene through quantitative
real-time (qRT)-PCR is important for understanding
the gene expression. In this study, eight candidate
genes, namely ubiquitin-2, histone-3, tubulin alpha,
tubulin-beta, glyceraldehyde-3-phosphate dehydrogenase,
eukaryotic initiation factors-4-alpha, cyclophilin and
actin were studied. The expression level of these
genes were analyzed under different abiotic stresses
such as heat, cold, drought, salinity, abscisic acid
and saline submerged condition for various time
periods starting from 1h min to 96 h. The gene
expression of these candidate genes were analyzed
through various statistical algorithms, namely,
Bestkeeper, Normfinder, Genorm and Refinder
along with commonly used basic statistical tools.
The analysis revealed that actin as well as eukaryotic
initiation factors-4-alpha are the most stable genes
whereas glyceraldehyde-3-phosphate dehydrogenase
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and ubiquitin-2 are the least stable under the various
stresses. Further, alcohol dehydrogenase and DREB 2A
were used as stress marker gene. Therefore, these
genes will be useful to study the gene expression
of this species using qPCR, northern hybridization
techniques.

Fig. 1.13: Oryza coarctata. A: Adult plants growing in the pot;
B:Flowers on the same plant.

Discovery of salinity responsive long-noncoding RNAs of rice at reproductive stages
(Tapan K Mondal, Priyanka Jain, Samreen Hussain and
Himanshu)
Long non-coding RNAs (lncRNAs) have recently
emerged as an important molecule of the eukaryotic
gene expression in every domain of life including
biotic and abiotic stress with its regulatory role.
Soil salinity stress is an important limitation for a
cultivation of rice. To study the metabolic regulation
of lncRNAs in rice plants, the computational pipeline
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was developed to identify and functionally classify
the potential lncRNAs. Here, lncRNAs were identified
from RNAseq data. This transcriptomic data was
generated from the flag leaf and roots of Horkuch, a
salt tolerant genotype at reproductive stage and IR29, a salt sensitive genotype at reproductive stage,
under control and salinity stress. By applying several
stringent criteria, we identified putative 1626 and
2208 lncRNAs in root and leaf tissue, respectively.
The lncRNAs in the root and leaf tissues were
functionally annotated and some of them were
expressed differentially under salinity stress. For
an example, in Horkuch, 18 and 19 lncRNAs were
found to be differentially expressed under salinity
stress in root and leaf tissue, respectively. Similarly,
in IR-29 cultivar, 28 and 32 lncRNAs were found to
be differentially expressed upon salinity stress in
root and leaf tissue, respectively. Expression pattern
of randomly selected lncRNAs was verified by qPCR
analysis. Based upon their genomic origin, 1079, 45
and 473 lncRNAs in root tissue were categorised as
lincRNAs, NAT and sense, respectively while leaf
tissue showed 1452, 67 and 6 lncRNAs as lincRNAs,
NAT and intronic, respectively. Both root and leaf

the clones. However, this strategy posed hurdles
in generating entire accurate sequence of a TALe
gene, besides being difficult and time-consuming.
Therefore, this year, whole genome sequencing by
single molecule real time (SMRT) cells of PacBio
RS II was taken up as an alternative approach
for delineation of TALe repertoire of the xa13
compatible Xoo isolate IX280. The genome consists of
circular chromosome of 4,944,063 bp and a plasmid
of 59,000bp. The general features of the genome are
presented in Fig. 1.15a. The notable observation is the
enormity of IS elements (red) in the genome as well
as the proportion of genome including coding genes,
IS elements which have been further pseudogenized
by insertion of new IS elements as represented in the

tissue lincRNAs were more evenly distributed
across chromosomes (Fig. 1.14 A and B). The
few lncRNAs were predicted as a precursor for
miRNA and siRNA molecule, while some as target
mimics of known miRNAs involved in various
regulatory functions. These results underpin several
functions of lncRNAs in rice species involved in salt
stress and unfolded the opportunities for functional
characterization of individual lncRNA in future
studies. The modulated expression of lncRNAs
in salinity indicated their putative role in stress
response in rice.

Whole genome sequencing
compatible Indian Xoo isolate

of

xa13

(Rithu Rai)
Taking into account the determinative role of
TAL effectors and its targets in rice-Xanthomonas
interaction, my research work aims to identify and
characterize the TAL effectors from a Xoo strain
knocking down xa13 mediated resistance to BLB.
Working towards this aim, we had constructed
a subgenomic library and screening for TALe
genes yielded 42 positive clones. Sequencing them
individually had delineated sequences for four of

Fig. 1.14: Distribution of lncRNAs along each chromosome. A: left
side: Leaf tissue; B: Right side: Root tissue.
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third ring from outside in Fig. 1.15a. This explains
the volatility of genome and tendency to mutate and
adapt to new selection pressures posed by resistance
genes in cultivation. The sequence analysis revealed
twenty TALe genes distributed in seven clusters on
chromosome. None of the TALe genes were found
on the plasmid. The delineation of Repeat Variable
Diresidues (RVDs) sequences encoded in the central
repeat region, which govern the specificity of a TALe
gene to its target (Fig. 1.15b) revealed presence of
three tale genes with aberrant repeats (>34 amino
acids in a repeat). The comparative analysis of TALe
genes as well as whole genome with other Asian
Xoo strains has uncovered novel TALe genes and
similarity to isolate from Philippines.

rice, AG1-1A, is the causal agent of sheath blight
disease (ShB) which causes heavy yield losses in
rice producing areas worldwide. Yield losses upto
20% have been reported for lowland rice in Asia.
The major bottleneck in combating ShB is the lack of
identified resistant donor cultivar in rice. Although
no variety is found to be completely immune to ShB,
varying level of resistance do exist. So far, many ShB
resistant QTL’s have been identified and mapped
in rice. However due to complexity in resistance
expression and variability in disease manifestation
across different environments the breeding for
resistant cultivars is challenging. Therefore, in
order to devise novel strategies for controlling R.
solani infestation and to understand the molecular
mechanism of host pathogen interaction, efforts
are underway to sequence the genome of AG1-1A
(Kapurthala strain). A single pair end library of insert
length approximately 200 bp has been sequenced
by using Illumina sequencing technology. The
assembly is currently in progress. Once the genome
will be assembled few more libraries of different
insert length will be sequenced to achieve complete
genome coverage with fewer errors.

Draft genome of Corchorus olitorius cv.
JRO-524 (Navin)
[Nagendra Kumar Singh, Tilak Raj Sharma, Ajay Kumar
Mahato, Sangeeta Singh, PK Jayaswal, K Bahadur, S
Pattnaik, N Singh and AM Sevanthi (in collaboration with
D. Sarkar, ICAR-CRIJAF)]

Corchorus olitorius L. (2n = 2 × = 14), commonly

Fig. 1.15: (a) Circular representation of Xoo isolate IX280 genome.
Rings outside to inside illustrate protein coding genes (forward
strand), protein coding genes (reverse strand), pseudogenes, IS
elements/transposases, TAL effectors, GC content and GC skew (b)
RVD sequences of TAL effectors encoded in IX280 genome.

Genome sequencing of rice sheath blight
pathogen, Rhizoctonia solani AG1-1A
(Deepak Singh Bisht, Tapan K Mondal and Ila M Tiwari)
R. solaniis a soil borne basidomycetes fungus
known for its necrotrophic life style. The R. solani
species complex is divided into 14 anastomosis
group- AG1 to AG13 and a ‘bridging isolate’ AGBI.
Among all the AGs a subgroup of AG1, AG1-1A, is
known to be a destructive pathogen for economically
important crops like rice, corn, and soyabean. In
12

known as dark jute is an important ligno-cellulosic
bast fibre crop with >80% acreage of jute growing
areas of the world. Grown in tropical lowland areas,
it produces one of the strongest vegetable fibres
and is only next to cotton in terms of production.
Besides yield enhancement, there is an urgent need
to develop dark jute varieties with quality fibre in
terms of fibre fineness and tensile strength and lowlignin content using genomics-assisted breeding
approaches. We sequenced the leading Indian
jute variety JRO-524 (Navin), which represents an
admixture of both African and Indian gene pools.
The draft genome of Corchorus olitorious cv. JRO-524
(Navin) has a size of 377.3 Mbp, and we predicted a
total of 57,087 protein-coding genes and annotated
their functions. We identified a large number of 1,765
disease resistance-like and defense response genes
in the jute genome. The annotated genes showed the
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highest sequence similarity with that of Theobroma
cacao followed by Gossypium raimondii (Fig. 1.16).

Seven chromosome-scale genetically anchored
pseudomolecules were constructed with a total
size of 8.53 Mbp and used for synteny analyses
with the cocoa and cotton genomes. Like other
plant species, gypsy and copia retrotransposons

are the most abundant classes of repeat elements in
jute. The raw data of this study are available in SRA
database of NCBI with accession number SRX1506532.
The genome sequence has been deposited at DDBJ/
EMBL/GenBank under the accession (LLWS01000000).

Role of aquaporins in fibre development in
flax
(Prasanta K Dash, SM Shivraj and Rithu Rai)
Cardinal role of aquaporins (AQPs) in fiber
development in flax was investigated that revealed
PIPs exhibit higher level of expression in stem during
vegetative stage followed by green capsule stage. To
discern role of individual member of these intrinsic
proteins (TIP, PIP and NIP) global expression profiles
of 51 AQP genes was carried out by analyzing RNA-seq
data (Fig. 1.17). The results of RNA-seq data analysis
were congruent with expression signatures observed
in microarray data-set obtained earlier. The majority
of PIPs showed higher level of expression across
thirteen different tissues. All NIP homologs showed
lower accumulation in different tissues compared to
other family members. Among TIPs, TIP3 members
(LuTIP3-1, LuTIP3-2 and LuTIP3-3) showed gradual
increase in expression from globular stage of embryo
to mature embryo stage during seed development in
flax. The expression was also calculated in terms of
fold change of AQPs in different tissues in comparison
to root. Similarly, in other plant species such as
soybean, rice, Arabidopsis and Medicago, expression
of TIP3s specific to seed tissue was observed. The
pattern of TIP3s expression gradually increased from
early stage of seed development to maturation was
commonly observed in all species analyzed.
Differential expression of genes at apical and
basal region of flax stem was delineated from a priori

Fig.1.16: Genomic syntenic relationships of C. olitorius (2n = 2x = 14)
with T.cacao (2n = 2x = 20) and G. raimondii(2n = 2x = 26).

Fig. 1.17: RNA-seq analysis of Indian flax cultivar T397 reveal
high accumulation of PIPs aquaporins and low expression of NIPs
aquaporins across multiple tissues including stem.
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available RNA-seq data. Comparison of expression
pattern of AQPs in apical and basal region of flax stem
identified eighteen AQPs with two-fold transcript
enrichment in apical region compared to basal
region. It was observed, 18 AQPs were differentially
expressing in the tissues and they comprised of seven
PIPs, five TIPs, five NIPs and one XIP. Among different
sub-family of MIPs, members of PIP subfamily, PIP24, PIP2-5 and PIP2-7 showed higher expression levels
with 12, 11 and 5.3-fold respectively in AR compared
to BR.



  
     


  

  
   
  
  
   
   
   

  
 



 
  
   
   
   
  
   
  
  
  
  
 
 
 
 
 
 
 










 
 
 
 
 
 
 
  
  
  
  
   
   
  
   
   
  
 
 


     
   
   



    
   

  


  
 
 


    




  
  
   
   
   
  
  
  
  
  
 
  
 
 
 
 
 
 









 
 
 
 



  
  
  
 
   
  
  
  
 

  
  
  
  
 
  
 

  
 

 










 

 
 
 

 
 
 
  

  
  
  
   
   
  
   
 
 








 
 
 
 
 
 

  
  
  
  
 
  
   
   
  
 


Further, RNA-seq data from three different Linum
species such as L. bienne, L. grandiflorum and L. leonii
from short read archive (SRA) at NCBI were analysed
with an aim to identify orthologs of aquaporins (Fig.
1.18). Our result revealed that forty-nine aquaporins
are present in L. bienne while thirty-nine aquaporins
were found in L. grandiflorum and nineteen AQPswere
observed in L. leonii. Amongst forty-nine aquaporins
found in L. bienne, twenty-nine were PIPs, twelve
were TIPs, five were NIPs, two were SIPs, and one
was XIP. Expansion of PIP specific family members
was observed in L. bienne with twenty-nine PIPs
as compared to sixteen PIPs in L. usitatissimum.
Comparable number of PIP family members with
fifteen and eleven PIPs was also observed in L.
grandiflorum, and L. leonii respectively.

Fig. 1.18: Aquaporins orthologs from L. bienne, L. grandiflorum and
L. leonii and the phylogenetic tree of identified AQPs.
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Standard operating protocols (SOP)
development for genetic fidelity testing of
tissue culture raised banana, sugarcane,
potato and date palm plants
(Amolkumar U Solanke, Amitha Mithra Sevanthi, TR
Sharma, Devanna, Pratima Sharma, Prashant Singote
and Kirti Arora)
ICAR-NRCPB is a referral centre under
National
Certification
System
for
Tissue
Culture Raised Plants (NCS-TCP) with the
responsibility to develop a set of markers as well
as marker systems for genetic fidelity testing of
the mother plant and its tissue culture multiplied
progeny. Last year we have standardized and
screened ISSR markers for genetic fidelity testing
of potato, sugarcane and banana. This year finalized
Standard operating protocols (SOPs) for same crops
and also standardized IRAP (Inter retrotransposons
amplified polymorphism) markers in sugarcane.
We also developed ISSR marker system for date
palm. Date palm (Phoenix dactylifera L. Arecaceae)
(2n=2x=36) is a dioecious fruit bearing tree, with
a very slow growth rate and a long reproductive
phase. Palm trees are an excellent candidate for
cultivation in harsh climatic conditions of arid and
semi-arid regions of the world due to their high
tolerance to environmental stresses where no other
crops give economic returns. This fruit crop also
has the potential of generating good income and
foreign exchange from unproductive tracts. Date
palms are commonly propagated by offshoots as this
maintains the genetic integrity of the cultivars. But
applications of in vitro methods of propagation in
date palm also enhanced the chances of somaclonal
variations. Therefore, we initiated standardization
for PCR based screening of ISSR primers in date
palm using a set of six date palm genotypes received
from Gujarat. Out of 100 ISSR primers screened, 32
primers could show PCR amplification. Among the 32
PCR amplified primers, 9 primers were polymorphic
among the six date palm genotypes(Fig. 1.19). Totally
12 polymorphic bands were identified from 9 ISSR
markers (UBC_818, 825, 826, 827, 836, 845, 850, 851
and 855).
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Fig. 1.19: ISSR profiling of six date palm genotypes using UBC primers. M: 1 Kb Ladder, 1-6 date palm genotypes.

Plant genome databases
(TR Sharma, Amolkumar U Solanke and Akshay Singh)
Upgradation and maintenance of two databases,
PlantGenomeDB and Gene Information System
Database (GISD) for various crop plants have been
regularly performed. In this data, data of different
sequence types like EST, GSS, Genomic, cDNA,
STS, HTG and Unigene for the different crops was
downloaded from the www.ncbi.nlm.nih.gov and
other databases in the FASTA format. FASTA format
was then converted into the tab delimited format
by using the PERL scripts and finally the data was
uploaded and updated into the local database,

PlantGenomeDB with the help of Mysql. A total of
3,00,24,959 sequences are entered in PlantGenomeDB
at the front end and there are total 3,02,14,316 entries
at both front and back end. In the existing database,
PlantGenomeDB contributes maximum entries
followed by Gene Information System database (Fig.
1.20). In PlantGenomeDB the total data present is
represented in seven categories of crops, such as
Cereals, Vegetables, Oilseeds, Legumes, Fruits, Fibre
and Others. In the present dataset, major part of the
database is represented by ESTs and GSS sequences,
whereas HTGs and STS sequences contributed least
to the dataset (Fig. 1.21). Year wise distribution of
15
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crops and number of entries in PlantGenomeDB is
showing in Fig. 1.22. Total number of crops available
in Gene Information System Database (GISD) is 70
and total number of gene entries in this database at
present is 31,20,333 (Fig. 1.23).

Fig. 1.21: Distribution of different data sets among the seven
categories of crops available in the Plant Genome DB. Y axis is the
number of sequence entries in each case.

Fig. 1.22: Year wise growth in Plant Genome Database at NRCPB.

Fig.1.20: Graph at the left side shows the number of crops % in
different databases and graph on the right side shows total number of
entries available in each database.

Fig. 1.23: Crop wise distribution of genes and its percentage in Gene
Information System Database.
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Design and validation of a 62K SNP
genotyping chip of pigeonpea

Table 2.1: Summary of the pigeonpea 62K genic-SNP
genotyping chip for Affymetrix platform

(NK Singh, V Rai, S Singh and AK Mahato)

S.
No.

Gene
Category

Gene in
Identified Genes
SNPs SNP per
reference raw SNPs included in the gene in
set
in chip chip the chip

1

AGCP

192

13,979

161

1,697

2

SCP

10,064

430,380

4,317

24,876 5.8

3

CSCSP 5,899

130,439

4,326

27,426 6.3

4

DRDRP 874

48,387

747

7,375

9.9

5

MCP

96

22,477

80

679

8.5

17,125

645,662

9,631

62,053 6.4

Pigeonpea (Cajanus cajan L. Millsp.), also known
as red gram, ‘Arhar’ or ‘Tur’ is a member of the
family Fabaceae. Its centre of origin is in the eastern
part of peninsular India, where it was domesticated
along with rice and other legumes. More than
eighty-five percent of the world pigeonpea is
produced and consumed in India. Paucity of highdensity genetic map makes identification of trait
associated QTLs very tough and time-consuming
job. Single nucleotide polymorphism (SNP) is the
most abundant DNA sequence variation present in
the plant genomes and is responsible for many trait
expressions in the genome. Under the Department
of Biotechnology (DBT), Indo-Swiss Collaboration
in Biotechnology (ISCB) program ~235 Gbp (47.2X
genome coverage) of re-sequencing data were
generated on 46 diverse pigeonpea cultivars using
Illumina sequencing platform for the identification
of SNPs for the development of genic-SNP genotyping
chip, which can be used for genetic mapping and
diversity analysis in pigeonpea. Total 17,125 singlecopy genes were predicted and identified from
unpublished second draft genome pigeonpea (655
Mbp). Using bioinformatics approaches 645,662 high
quality SNPs were identified in the 17,125 genes. After
filtration according to the Affymetrix customized
chip parameters and on the basis of p-convert score
(>.6) we were finally left with 62,053 SNPs in 9631 of
these genes, which were used for fabrication of 62K
pigeonpea SNP genotyping chip (Fig. 2.1). The chip
has on an average 6.4 SNPs per gene which will allow
analysis of gene haplotypes and their association
with agronomic traits. A summary of the fabricated
62 K SNP chip of pigenopea is show in Table 2.1.
The 62K SNP chip was validated on
AffymetrixGeneTitan SNP genotyping platform
using a set of 96 diverse pigeonpea cultivars. The chip
produced a very high sample success rate of hundred
percent and average SNP call rate of 99.37 per cent
due to its unique design based on single copy genes.

Total

10.5

AGCP= agronomically important cloned pigeonpea genes; SCP=
single copy pigeonpea genes; CSCSP= conserved single copy genes
between soybean and pigeonpea; DRDRP= disease resistancelike and defense response genes of pigeonpea; MCP= multi-copy
pigeonpea genes

This chip has wide applications including generation
of ultra high-density genetic map, fingerprinting,
genetic diversity analysis, association mapping and
phylogenetic studies in pigeonpea, which ultimately
would lead to accelerated pigeonpea varietal
improvement.

Fig. 2.1: Pigeonpea 62K SNP chip with capacity to genotype 96
samples at a time.

Development of a high-density intraspecific
SNP linkage map of pigeonpea
(NK Singh,TR Sharma, RS Raje, Amitha Mithra SV,
K Gaikwad,S Arora, AK Mahato, S Singh, P Mandal,
S Bhutani, S Dutta, G Kumawat, BP Singh and R Yadav)
Pigeonpea is a major food legume cultivated in
semi-arid tropical regions of the world including
17
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the Indian subcontinent, Africa, and Southeast
Asia. It is an important source of protein, minerals,
and vitamins for nearly 20 per cent of the world
population. Due to high carbon sequestration and
drought tolerance, pigeonpea is an important crop
for the development of climate resilient agriculture
and nutritional security. However, pigeonpea
productivity has remained low for decades because
of limited genetic and genomic resources, and
sparse utilization of landraces and wild pigeonpea
germplasm. We have developed a high-density
intraspecific consensus linkage map of eleven
pigeonpea chromosomes comprising 932 markers
that span a total map length of 1,411.83 cM (Fig. 2.2).
The consensus map is based on three different linkage
maps that incorporate a large number of single

nucleotide polymorphism (SNP) markers derived
from the next generation sequencing data, using
Illumina GoldenGate bead arrays, and genotyping
by restriction site associated DNA (RAD) sequencing.
The genotyping-by-sequencing enhanced the
marker density but was met with limited success due
to lack of common markers across all the genotypes
of mapping population. The integrated map has
547 bead-array SNP, 319 RAD-SNP, and 65 simple
sequence repeat (SSR) marker loci. We also showed
here correspondence between the NRCPB linkage
map and published genome pseudomolecules of
pigeonpea. The availability of a high-density linkage
map will help improve anchoring of the pigeonpea
genome to its chromosomes and mapping of genes
and quantitative trait loci for useful agronomic traits.

Fig. 2.2: The consensus linkage map of 932 markers that are both common and unique to the three pigeonpea mapping populations. QTLs
for plant height (PH), maturity time (MT), number of pods (PD), number of primary branches (PB), and number of secondary branches (SB)
are indicated by different colored bars. Green, blue, red, orange, and magenta colored bars represent the QTLs for PH, MT, PD, PB, and SB,
respectively.
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Functional genomics of the pigeonpea CMS
system derived from A2 cytoplasm (Cajanus
scarabaeoides)
(Kishor Gaikwad, NK Singh, Alim Junaid, Tanvi Kaila,
Swati Saxena, Pawan CK, AR Rao and Himanshu)
Development of the draft methylome map of
pigeonpea
DNA methylation is an important heritable
landmark that confers epigenetic changes in hybrids
and has fascinated plant biologists and breeders
over the years. Although, occurrences of epigenetic
changes have been documented thoroughly in rice
and maize hybrids, such investigations have not
been reported in pigeonpea. Genome-wide CG, CHG
and CHH methylation profiles of two pigeonpea
inbred lines and their F1 hybrid were developed (Fig.
2.3). We also report on the methylation patterns in
the genes and transposable elements in pigeonpea.
Identification of differentially methylated regions
(DMR) and analysis of the methylation levels in these
loci revealed remarkable differences between the
sterile parent and the fertile hybrid. By comparing
the whole transcriptome data with the complete
genome bisulfite sequencing data, we were able to
identify several DMR associated with differentially
expressed genes that are known to play a role in
fertility restoration. Further, a negative correlation
between gene expression and CG methylation in
inbred parents and F1 hybrid was observed. We also
identified lncRNAs in Pigeonpea and observed that
the methylation levels were higher in their gene-

Fig. 2.3: A circos plot representing chromosome wise distribution of
mCG, mCHG, mCHH, gene, transposons and FPKM (outer to inner)
in 303R inbred line. Green to red color relates to lower to higher
methylation density in a 100 Kb window.

bodies compared to flanking regions. The results
provide an understanding of epigenetic changes and
their role in regulating gene expression in pigeonpea
hybrids.
Allele mining of the key mitochondrial genes involved
in sterility trait completed for both the fertile and
sterile inbreds
About 30 exons belonging to various genes of the
oxidative phosphorylation pathways were amplified
and sequenced. The data obtained was superimposed
with that of the transcriptome data and few
changes were observed. The data is important for
identification of any altered or edited gene that
could be shown to be associated with cytoplasmic
male sterility in pigeonpea.

Effect of salt stress on ion contents in
seedlings of pigeonpea
(Vandna Rai, NK Singh, Neha Jain, Nisha Singh and Sufia
Farhat)
Na+ and K+ contents were quantified in root
and shoot tissue of pigeonpea after NaCl stress for
7 days. Na+ contents increased in root throughout

Fig. 2.4: Intracellular (A) Na+ and (B) K+ ions in pigeonpea
seedlings. Seeds were sown in different concentrations of NaCl
(0 to 200 mM) and after one week germinated seedlings were
harvested. Ions were analysed in root and shoot separately.
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however, in shoot this trend was observed till 150
mM NaCl. There was not much variation detected for
K+ content and it was always higher in shoot tissues
(Fig. 2.4).
Salt stress induced amino acid profiling
Since pigeonpea is an important source of
protein the amino acid was also quantified using
HPLC in control and NaCl stressed root and shoot
of germinated seedlings. Other than glycine and
cysteine all the amino acids were increased in
salt stressed roots and shoot samples. Methionine
could not be detected in roots of control sample.
The highest increase was in level of aspartate (Asp,
4 fold) followed by tyrosine (Tyr), leucine (Leu),
phenylalanine (Phe) and serine (Ser) in roots.
However, decrease was observed for glutamine (Gln)
followed by valine (Val) and cysteine (Cys) in root.
In shoot tissues increase was found for Ser (2 fold)
followed by Phe and Leu (Table 2.2).

salt stress condition. Further phylogenetic tress was
generated for Dof family proteins with rice, soybean
and Arabidopsis. Three groups was found for Dof
protein and group III again sub-grouped into two
groups. Noticeably majority of Dofs were close to
Glycine max Dof proteins (Fig. 2.5).

Table 2.2: Free amino acid content in control and salt stressed
root and shoot of seedlings
Root

Shoot

con

NaCl

con

NaCl

ASP

338.4245

1504.628

950.1204

1442.497

THR

958.8867

1230.779

1133.203

1259.442

SER

1055.801

2339.937

1150.928

1920.656

ASN

9852.005

17322.74

0

0

GLN

1736.04

294.5005

730.9748

300.7541

GLY

178.9639

263.3486

332.95

246.9262

ALA

348.7929

669.1142

751.2227

961.6278

VAL

3350.786

2195.682

5313.556

5011.444

CYS

942.4774

584.7453

707.1044

857.8364

Met

0

21.56059

157.6434

318.1196

ILE

322.0421

416.0275

859.0257

982.7425

LEU

93.58642

216.7749

216.9208

342.3455

TYR

22.95455

61.04128

53.84428

69.88102

PHE

304.793

733.6774

833.2964

1399.388

Total

19505.55 27854.55

13190.79

15113.66

Identification of DoF transcription factor family
proteins
Among 55 proteins which were identified in both
control and salt stressed conditions, with almost
half were down- and 50% were up-regulated in salt
stressed condition Dof transcription factor family
proteins were identified. In shoot 13 Dofs and in
root 11 Dof (Table 2.3) proteins were suppressed in
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Fig. 2.5: Comparative phylogenetic tree of all Dof proteins from
soybean, Arabidopsis, rice and pigeonpea.

Table 2.3: List of Dof proteins present in pigeonpea
Shoot
(Gene ID)

Column1

Column2

Gene name

Length of amino acids

A0A0B5JAE0

Dof5

257

A0A0B5JHT1

Dof11

293

A0A0B5JL37

Dof19

212

A0A0B5J5R3

Dof22

262

A0A0B5JAE5

Dof23

281

A0A0B5JFD9

Dof24

242

A0A0B5JL43

Dof27

200

A0A0B5J5R6

Dof29

56

A0A0B5JAF1

Dof34

158

A0A0B5JFE5

Dof36

235

A0A0B5JHU1

Dof38

225

A0A0B5JAE0

Dof5

257

A0A0B5JFD2

Dof7

260

A0A0B5JHT1

Dof11

293

A0A0B5JL37

Dof19

212

A0A0B5J5R3

Dof22

262

A0A0B5JAE5

Dof23

281

Root (Gene ID)
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Shoot
(Gene ID)

Column1

Column2

Gene name

Length of amino acids

A0A0B5JFD9

Dof24

242

A0A0B5JHT6

Dof25

186

A0A0B5JL43

Dof27

200

A0A0B5J5R6

Dof29

56

A0A0B5JHU1

Dof38
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Pigeonpea viruses: characterization of viral
genome, their genes and transgenic control
Basavaprabhu L Patil, Meenakshi Dangawal, Ritesh
Mishra
Sterility mosaic disease (SMD) of pigeonpea is
a serious constraint for cultivation of pigeonpea
in India and other South Asian countries. SMD of
pigeonpea is associated with two distinct emaravirus

Fig. 2.6: Genome organization of Pigeonpea sterility mosaic virus.

species, Pigeonpea sterility mosaic virus 1 (PPSMV-1)
and Pigeonpea sterility mosaic virus 2 (PPSMV-2),
consisting of five and six genomic RNA segments,
respectively (Fig. 2.6). Both of these viral species
with negative sense segmented RNA genome are
taxonomically classified into the genus Emaravirus.
The recently published genome sequences
of both PPSMV-1 and PPSMV-2 are from a single
location, Patancheru in the state of Telangana in
India. However, here we present the first report of
sequence variability among 23 isolates of PPSMV-1
and PPSMV-2, collected from ten locations
representing six states of India. Our studies showed
that the isolates of both PPSMV-1 and PPSMV-2
are present across India and exhibit considerable
sequence variability (Fig. 2.7). Further sequence
analysis indicated the presence of recombination
and reassortment among the corresponding RNA
segments of both PPSMV-1 and PPSMV-2 isolates
(Table 2.4). The sixth segment (RNA6), previously
reported to be associated with PPSMV-2 alone,was
also found to be associated with the isolates of
PPSMV-1 (Fig. 2.8). A diagnostic multiplex-RTPCR technique was developed for detection and
differentiation of these two emaravirus species
(Fig. 2.9). These studies demonstrated that the
isolates of both PPSMV-1 and PPSMV-2 frequently
occur as mixed infections in both North and South
India (Fig. 2.10).

Table 2.4: Summary of unique recombination breakpoints in the isolates of PPSMV-1 and PPSMV-2 as detected by the
Recombination Detection Program v.4.16 (RDP4), using seven different methods RDP, GENECONV, BOOTSCAN, MAXIMUM
CHISQUARE, CHIMAERA, SISCAN, 3 SEQ. The P-values of all the seven methods are given; Non-Significant P-values are
indicated as NS. Parents of the interspecies recombinations are marked in bold fonts.
PPSMV genomic Segment

RNA 1

RNA 2

RNA 4

RNA 5

Recombinant Isolate

PPSMV-1
Bihar

PPSMV-1
Pune

PPSMV-1
Mahagaon

PPSMV-2
Patancheru

Recombination Breakpoint

5403-5495 nt

554-1550 nt

862-1178 nt

1228-1398 nt

453-688 nt

Parent
Isolates

Major

PPSMV-1
Mahagaon

PPSMV-1
Patancheru

PPSMV-1
Kalaburagi

PPSMV-1
Kalaburagi

PPSMV-2
Bihar

Minor

PPSMV-2
Patancheru

PPSMV-1
Kalaburagi

PPSMV-1
Delhi.1

PPSMV-1
Patancheru

PPSMV-1
Kalaburagi

RDP

8.710 x10-07

NS

4.794x10-08

1.432x10-10

NS

GENECONV

3.152x10

1.811x10

NS

1.820x10

1.877 x10-05

BOOTSCAN

NS

6.993 x10-03

4.917x10-02

1.134 x10-10

1.748 x10-06

MAXI
CHISQUARE

NS

6.874 x10-04

2.057 x10-02

1.043 x10-03

1.556 x10-04

CHIMAERA

NS

2.252 x10-04

NS

9.874x10-04

6.743 x10-03

SISCAN

2.912 x10-08

2.404 x10-06

3.634x10-06

3.692 x10-06

1.886 x10-10

3SEQ

1.454x10-09

5.609 x10-06

3.969 x10-02

NS

2.209 x10-04

P-values
for 7
recombination
detection
methods
of RDP4

-07

-02

-09

PPSMV-1
Bihar
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Fig. 2.8: RT-PCR amplification for detection of the sixth genomic
segment RNA6 from pigeonpea leaf samples collected from different
locations of India, infected with different isolates of PPSMV-1 and
PPSMV-2 or their mixed infections. The PPSMV (1 or 2) species
infecting each sample is indicated at the bottom of the gel.

Fig. 2.7: Map of India showing the distribution of the isolates of
PPSMV-1 and PPSMV-2 and their mixed infections or reassortments
in different geographical locations of India.

Fig. 2.9: Multiplex-RT-PCR for detection and differentiation of
PPSMV-1 and PPSMV-2 isolates from SMD affected pigeonpea leaf
samples from different locations of India.

Fig. 2.10: Phylogenetic analysis of the nucleotide sequences of RNA3 and RNA4 segments and the amino acid sequences of nucleocapsid protein
(NP) encoded by the RNA3 segment and the putative movement protein (MP) encoded by the RNA4 segment of PPSMV-1 and PPSMV-2 along
with corresponding sequences of selected emaraviruses. The accession numbers for each PPSMV-1 and -2 isolates and the emaravirus isolates
are given in the parenthesis. The analysis was carried out using the neighbour-joining algorithm and the p-distance-nucleotide substitution model
in MEGA6, using 1000 bootstrap replicates. However for phylogenetic trees involving amino acid sequences Poisson-model was used. Bootstrap
values greater than 70% are given on each node of each branch and the scale bar represents 0.05 substitutions per nucleotide position for RNA3
and RNA4 nucleotide sequences and 0.2 and 0.1 substitutions per amino acid position for NP and MP sequences, respectively.
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Tissue-wise ionomic analysis of fertile and
sterile pigeonpea
(Sandhya Sanand and Kishor Gaikwad)
Ion accumulation is an intricate process that
influences almost every aspect of plant growth,
development and survival. The main aim of
conducting this experiment was to investigate the
ion concentrations in various tissues of A, B and R line
of pigeonpea, since ion homeostasis play critical role
in plant metabolism and various cellular biochemical
pathways.
High-throughput elemental profiling
Tissue samples of A, B and R line were collected
from net house and after washing and drying in
microwave oven at 65°C, the dried samples were
grinded and subjected to digestion using strong acid
like HNO3. After dilution, samples were introduced
into machine for analysis (Fig. 2.11). Tissue elemental
analysis was performed using ICP-OES and further
validated by ICP-MS. The data obtained from both
the tools showed significant correlation. Standard
31 multielement, was used for ICP-MS, while 24
multielement standard was used for ICP-OES
analysis. It was found that among macro-elements,
the order of expression (quantification) was Mg> K>

Ca> Na, while among micro-elements, the order of
expression in terms of quantification was Fe>Mn>
B> Zn> Cu> Mo. Other macro-and micro-elements
were observed in very small quantities. Differential
ion estimation in leaves and bud was also performed.
Among quantified elements the leaf specific ions were
Fe, Mn, and Ca while bud specific ions were Zn and
Cu. However, while comparing the three-different
lines, the concentration of Fe and Mg was lower and
higher respectively in B line as compared to A and R
line. It has been reported that Cu plays a vital role in
differentiation and elongation in shoot bud tissue of
plant and if it is present in less or negligible amounts,
the bud will be abnormal, small and sick. Therefore,
further downstream analysis of two elements, i.e. Fe
and Cu and their association, was carried out using
bioinformatics tools.
Bioinformatics analysis
Firstly, the extraction of Uniprot ID’s of cofactors
interacting gene in Glycine max (reference genome)
from Uniprot KB database (Uniprot.org) followed by
differential expression analysis using transcriptome
data of leaf and bud tissues of A and R lines was
performed. These extracted ID’s from G. max were
further confirmed from transcriptome data of A and
R line in two tissues viz., leaf and bud in pigeonpea

Fig. 2.11: Ionomic analysis of pigeonpea. Dried leaves and buds of pigeonpea (left); sample processing, digestion at higher temperature, dilution
and analysis using ICP-OES (right).

Fig. 2.12: Multielement analysis using Inductively Coupled Plasma- Optical Emission Spectroscopy. A: Macro elements; B: Microelements.
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Total genes
w.r.t Fe cofactor

Total genes in
A & R line

Total genes
w.r.t Cu cofactor

Total genes in
A & R line

Fig. 2.13: Differential gene expression analysis of Fe and Cu interacting genes in pigeonpea.

using BLAST. Total 6299 (46.3%) and 422 (5.5%) genes
were found to be specifically related to Fe and Cu
cofactors, respectively, after extracting the gene
IDs from the reference genome. Moreover, after
comparing from transcriptome data of pigeonpea,
total 963 and 69 genes were found to be common
(Fig. 2.13).
Differential gene expression analysis, and gene
ontology
In Fe, out of 963 genes 756 genes were found to
be up regulated while 203 were found to be down
regulated. Similarly, in Cu out of total 69 genes, 54
genes (1.2%) were found to be up regulated and 15
genes (0.4%) were found to be down regulated. Gene
ontology result showed total 28 Fe and Cu interacting
genes involved in mitochondrial oxidative
phosphorylation eg., NADH dehydrogenase,
succinate dehydrogenase, cytochrome C oxidase,
Cytochrome P450 Oxidase and ATP synthase etc. In
conclusion, Fe and cu cofactor interacting genes have
been identified. Further Validation of enzymes/gene
involved in mitochondrial oxidative phosphorylation
are under process.

in planta transformation strategy. Further, a robust
sand-based screening strategy was also designed for
the high throughput identification of the putative
transformants. Based on the rigorous preliminary
integration, expression and bioefficacy analysis
against H. armigera, 28 cry1AcF and 54 cry2Aa events
were selected as promising. Following analysis of the
selected events in advanced generations, we have
now identified stable homozygous lines with 80-100%
mortality against H. armigera. After analysis in T3
generation, 8 cry1AcF (cv. TTB7) events and 15 cry2Aa
(cv. Pusa 992) events were short listed as superior.
The focus of this year was evaluation of these events
under screen house conditions following deliberate
challenging by H. armigera for the identification of
superior events.
Based on two experiments, where the plants
were developed under soil as well as pot conditions,
10 events with cry2Aa and 7 events with cry1AcF
have been identified as promising (Fig. 2.14 and
2.15). These events have also demonstrated stable
integration and expression of the transgenes by
various molecular analyses (Fig. 2.16).

Development of transgenics in pigeonpea for
resistance to pod borer with Bt insecticidal
proteins (ICPs)
(Rohini Sreevathsa, Debasis Pattanayak, Maniraj R, Nikhil
Ramkumar and Shweta Singh)
The main aim of the programme was to tackle
pod borer in pigeon pea with Bt ICPs using transgenic
technology. In this direction, two ICPs, cry1AcF
which is a chimeric gene with cry1Ac and cry1F
domains and cry2Aa were introgressed separately
into pigeonpea by following tissue cultureindependent Agrobacterium tumefaciens-mediated
24

Fig. 2.14: Event evaluation trial of the pigeonpea transgenic plants
carrying cry1AcF and cry2Aa under screen house conditions.
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Fig. 2.15: Performance of the pigeonpea transgenic plants in the screen house trial under soil and pot grown conditions.

Fig. 2.16: Molecular analysis of the pigeonpea transformants.
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Host-delivered RNAi mediated resistance
management of polyphagous insect-pest,
Helicoverpa armigera

(Debasis Pattanayak, Rohini Sreevathsa, Era Vaidya
Malhotra,TR Sharma, Ravi Prakash Saini, Sandeep
Jaiswal, Venkat Raman, KP Singh and RS Niranjan)
hpRNA-mediated resistance against H. armigera
The polyphagous insect pest, H. armigera, is a
detriment to production of many crops in India. Hostdelivered RNAi-mediated silencing of H. armigera
acetylcholinesterasegene, Ace1, was employed for
imparting resistance to this insect pest. A 643 nt
region corresponding to 1258-1900 cDNA sequence
of Ace1 was selected for development of inverted
repeat (IR) gene construct. The targeted Ace1 cDNA
region was RT-PCR amplified from H. armigera total
RNA using two specially designed primer pairs for its
ligation in sense and antisense orientation. Potato
granule-bound starch synthase (GBSS) 13th intron of
105 nt was PCR amplified from potato genomic DNA.
The inverted repeat Ace1 gene construct (IR-Ace1),
developed by ligation of the cDNA fragment in sense
and antisense orientation and intervened by GBSS
intron, was put under the transcriptional control
of CaMV 35S promoter, and the binary vector,

pBI121::IR-Ace1, was used for plant transformation
(Fig. 2.17).
Leaf disc explants of tobacco (Nicotiana tabacum
L.), cv. Petit Havana, were transformed employing
Agrobacterium-mediated
genetic
engineering
technique, and 31 putative transformants were
generated. Fourteen Ace1 RNAi tobacco transgenic
lines were obtained after screening of putative

Fig. 2.17: Map of RNAi binary vector, pBI121::IR-Ace1.

Fig. 2.18: Detached leaf bioassay of Ace1 RNAi tobacco lines with 2nd instar larvae of H. armigera. 4a, 8c, 20, 10 and 18 are independent Ace1
RNAi tobacco lines and C, non-transformed control tobacco.
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transformants by PCR and RT-PCR. Detached leaf
insect bioassay was performed for analyzing the
efficacy of Ace1lines against H. armigera larvae. Five
out of 14 transgenic tobacco lines demonstrated high
to moderate level of resistance against H. armigera
larvae based on leaf damage and insect mortality
(Line 4a, 8c, 10, 18 and 20) (Fig. 2.18). Reduction of
steady state level of Ace1 mRNA in H. armigera larvae
fed on Ace1 RNAi tobacco leaves was determined by
semi-quantitative RT-PCR. ß-actin gene was used as
internal control. Many fold reduction in steady state
level of Ace1 mRNA was observed in larvae fed on
transgenic tobacco leaves compared to that in larvae
fed on non-transformed control tobacco leaves.

The H. armigera resistant tobacco transgenic lines
carried two to four copies of the transgene (Fig. 2.19).
Northern blot analysis confirmed the production
of siRNA in the IR-Ace1 transgenic tobacco lines
indicating that Ace1 dsRNA has been processed into
siRNAs targeting H. armigera Ace 1 gene (Fig. 2.20).
Artificial microRNA (amiRNA) mediated resistance
against H. armigera
The coding sequence of H. armigera Ace1 gene
(HaAce1) was retrieved from NCBI andused for the
synthesis of artificial microRNAs. A single amiRNA
of 21nt length, free from any off target effect
was selected on the basis of desired parameters.
For generating artificial microRNAs in the plant,
backbone of Arabidopsis microRNA, miR164b, was
used. Precursor amiRNA, pre-miR164b:Ace1amiRNA
was synthesised through PCR, using a set of
overlapping primers. After PCR amplification,
amplified product of 113bp was obtained which
was first cloned onto pUC19 vector and then onto
plant transformation vector pBI121 vector. The final
amiRNA expression cassette had CaMV35S promoter,
113bp precursor amiRNA (pre-miR164b:Ace1amiRNA)
and NOS terminator (pBI:amiR-Ace1) (Fig. 2.21).

Fig. 2.19: Southern analysis of IR-Ace1 RNAi transgenic tobacco
lines. WT, non-transformed control tobacco; Lines 4A, 8C, 10, 18,
20; transgenic tobacco lines. Numbers on the left indicates size of
the band in kb.

Fig. 2.21: Map of binary vector for host-delivered amiRNAmediated silencing of H. armigera Ace-1 gene.

Fig. 2.20: Northern blot showing siRNA production in Ace1 transgenic
tobacco lines. Lanes: 1, control tobacco; and 2- 6, independent Ace1
RNAi transgenic tobacco lines. Arrow shows the presence of siRNA
in the range of ~21nt.

About twenty two putative transformants,
generated
through
Agrobacterium-mediated
transformation of leaf-discs, were screened
employing PCR and RT- PCR, and the selected
transgenic lines were analysed for their insecticidal
27
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Fig. 2.22: Reduction in the body size of H. armigera larvae continuously fed on transgenic plants during long duration bioassay.Thirty synchronous
second instar larvae were fed on two transgenic lines and vector control leaves continuously till their active feeding stage (one larva per plate).
Larvae fed on transgenic lines were significantly smaller than the vector control fed larvae. (A) Larvae fed on vector control leaves. (B) and (C)
Larvae fed on transgenic lines.

activity through detached leaf feeding bioassay (Fig.
2.22).Growth reduction of 40-60% was observed in
the case of transgenic fed larvae over vector control
fed larvae (Fig. 2.23). In an extensive bioassay of 20
days duration the maximum mortality of 40% was
observed in H. armigera larvae fed on transgenic

lines. Continuous feeding of larvae on transgenic
lines resulted in the development of defective
adults having abnormal wings structure (Fig. 2.24).
Northern blot analysis confirmed the presence 21 nt
long amiRNA in the transgenic Ace1 amiR lines (Fig.
2.25).

Fig. 2.23: Reduction in the body size of H. armigera larvae fed on transgenic plants. (A) Left panel: Larvae fed on vector control leaves; Right
panel: Larvae fed on transgenic lines. (B) The growth of larvae fed on transgenic leaves was significantly impaired as compared to control. One
way ANOVA test was used to perform statistical analysis of the data. *** Statistically significant at P<0.05. The test was repeated three times.
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Fig. 2.24: Evaluation of transgenic tobacco lines for resistance against H. armigera through detached leaf long duration bioassay. Thirty second
instar larvae of H. armigera were fed continuously on each transgenic lines and vector control separately (one larva per plate) till their active
feeding stage. (A) The H. armigera larvae died at different developmental stages with higher percentage of larval mortality in transgenic lines
compared to vector control. (B) Higher percentage of defective adults was obtained upon feeding on transgenic lines. (C) Larvae fed on transgenic
lines were metamorphosed into defective adults whereas control fed larvae metamorphosed into normal adults. Upper panel: Normal adults
developed from vector control fed larvae; Lower panel: Defective adults developed from transgenic fed larvae.

Fig. 2.25: Detection of HaAce1 gene specific amiRAce1 in RNAi
transgenic tobacco lines. Northern blot analysis of small RNAs
isolated from vector control and RNAi tobacco transgenic lines with
DIG end labelled probe of 21 nt complementary to amiRAce1. Upper
panel (C): Hybridization signal was detected in the transgenic lines
whereas no signal was detected in vector control (VC); Lower panel
(C): Total small RNA as loading control from the same lines; EW:
Empty well, P: Positive control.

Identification and characterization of
miRNAs in pod borer (Helicoverpa armigera)
(Era Vaidya Malhotra, Debasis Pattanayak, Rohini
Sreevathsa, Sourabh Tyagi and Venkat Raman)

Identification of genes and miRNAs expressing
differentially in different developmental stages of
H. armigera on differential host feeding was carried
out. Twelve samples of H. armigera larvae collected
after feeding separately on insect resistant wild and
susceptible cultivated pigeonpea plants were used
for transcriptome sequencing. The larvae showed
prefential feeding on cultivated pigeonpea leaves,
with a significant increase in body weight and length
with every advancing instar. While, larvae fed on
wild pigeonpea showed lesser growth along with an
increase in the length of each successive instar, in
comparison to larvae fed on Pusa 992 (Fig. 2.26 a and
b). Transcriptome sequencing of the larval samples
generated a large number of reads for each sample.
The de novo assembly generated 79,963 transcripts
when all isoforms were considered, with a total GC%
of 41.11. The data was analysed to identify instar
specific genes, along with differentially expressing
genes. On comparison of gene expression between
the differentially fed larvae, 1992 genes were found
to be differentially expressing. A heat map was
generated for the differentially expressing genes
based on the identified transcripts (Fig. 2.27). A
volcano plot was plotted to depict the expression
29
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Larval growth in cm

levels of the identified differentially expressing
transcripts (Fig. 2.28).
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Fig. 2.26a: Difference in larval length between larvae fed on wild and
cultivated pigeonpea.

Fig. 2.26b: Difference in larval weight between larvae fed on wild and
cultivated pigeonpea.

Genome-wide analysis identifies chickpea
(Cicer arietinum) heat stress transcription
factors (Hsfs) responsive to heat stress
at the pod development stage
(Pradeep Jain, Pooja Chowdhary, Parameswaran and
Srinivasan)
The heat stress transcription factors (Hsfs) play
a prominent role in thermotolerance and eliciting
the heat stress response in plants. Identification and
expression analysis of Hsfs gene family members in
chickpea would provide valuable information on
heat stress responsive Hsfs. A genome-wide analysis
of Hsfs gene family resulted in the identification of
22 Hsfs genes in chickpea in both desi and kabuli
genome. Phylogenetic analysis distinctly separated
12 A, 9 B, and 1 C class Hsfs, respectively (Fig.
2.29). An analysis of cis-regulatory elements in the
upstream region of the genes identified many stress
responsive elements such as heat stress elements
(HSE), abscisic acid responsive element (ABRE) etc.
In silico expression analysis showed nine and three
Hsfs were also expressed in drought and salinity
stresses, respectively. The normalized read counts
of transcripts available in the CTDB were retrieved
for the analysis. There are 16 Hsfs for which the read
counts were converted into heat map and analysed
(Fig. 2.30). We also performed semi-quantitative PCR
analysis of Hsfs for five different tissues collected

Fig. 2.27: Differentially expressed transcripts in different developmental
stages of H. armigera larvae after feeding on two different host plants,
i.e. wild and cultivated pigeonpea.

Fig. 2.28: Differential expression level of transcripts between larvae
fed on wild and cultivated pigeonpea plants.
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Fig. 2.29: Neighbour-joining phylogenetic tree of Hsfs from
chickpea, Arabidopsis and Medicago performed in MEGA 6
program. Yeast Hsfs (ScHsfs) was used as anoutgroup. Numbers in
the tree represents the bootstrap values of the nodes and branches.
Classes and subclasses of Hsfs are given on the side of the tree with
bars delineating the specific groups the specific groups.
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Fig. 2.30: Heat map expression levels of chickpea Hsfs in different tissues. Normalized read counts obtained from the chickpea transcriptome
database were used to construct the heat map. GS germinating seedlings, SAM shoot apical meristem, YL young leaves, FB1 4-Flower
bud stages, FL1 to 4-Flower stages. S shoot, R root, YL young leaves; M mature leaves; F flower.

from the field grown plants (Fig. 2.31). For example,
CarHsfA1b and HsfB2a were expressed in all the four
tissues except in the shoots. Q-PCR expression
analysis of Hsfs under heat stress at pod development
and at 15 days old seedling stage showed that
CarHsfA2, A6, and B2 were significantly upregulated
in both the stages of crop growth and other four Hsfs

Fig. 2.31: Semi-quantitative PCR expression analysis of chickpea
Hsfs in different tissues collected at pod development stage in field
conditions. GAPDH2 was used as an internal control gene. Band
intensity corresponds to 35 PCR cycles. S shoot, R root, F flower, P
pod wall and G grain.

(CarHsfA2, A6a, A6c, B2a) showed early transcriptional
upregulation for heat stress at seedling stage of
chickpea (Fig. 2.32). The subclasses of Hsfs identified
in this study can be further evaluated as candidate
genes in the characterization of heat stress response
in chickpea.

Fig. 2.32: Quantitative real-time expression analysis of chickpea
Hsfs.(a) The fold change expression of CarHsfs during heat stress at
pod development stage. The expression in control sample was taken
as 1. The control and stress samples are represented with different
patterns. Arrows represent the standard error. *indicates significance
at 95% confidence interval and p value less than 0.001 using T test.
(b) The fold change expression of CarHsfs in six different time points
during heat stress at seedling stage. The time points 0 min, 15 min, 1,
3, 6 and 24 h are represented in different patterns. The expression in
0 min was taken as 1. Arrows represent the standard error.
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Generation of high-density linkage map and
mapping of QTLs associated with drought
traits in chickpea
(Pradeep Jain, Pooja Chowdhary, Parameswaran and
Srinivasan)
Genotyping-by-Sequencing approach was used
for the large scale SNP discovery and simultaneous
genotyping of 192 recombinant inbred lines (RILs)
of an intraspecific mapping population (Pusa362 x
SBD377) of chickpea contrasting for drought related
traits. GBS libraries were prepared and the raw 100 bp
single end sequence reads were subjected to quality
assessment, filtering of high quality sequences and
mapping using GBS analysis pipeline of Tassel v 4.0.
A total of 35502 raw SNPs were discovered which
after stringent filtering revealed 20101 high quality
SNPs considering 20% minor allele frequency and
20% missing call rate (Table 2.5). The genotyping
information generated from the reference based
high quality polymorphic SNPs was compiled to
construct one of the most saturated intraspecific
genetic maps of chickpea placing approximately
3000 SNPs on eight linkage groups. The genotyping
data of mapped SNPs on the intraspecific linkage
map was integrated with the field phenotyping data
of RIL mapping individuals and parents for the two
drought related traits [Relative Water Content (RWC)
and Membrane Stability Index (MSI)] resulting in the
identification and mapping of 10 QTLs associated
with the drought traits (Fig. 2.33 and Fig. 2.34).

Fig. 2.33: Location of QTLs associated with MSI on the genetic linkage
map of chickpea developed from the cross PUSA362 X SBD377.

Table 2.5: Raw and filtered SNPs along with the number of
genes distributed on eight chromosomes of chickpea
Chromosome No of Genes Raw SNPs

Filtered SNPs

Chr 1

3060

5047

2854

Chr 2

2231

3123

1763

Chr 3

2759

4202

2374

Chr 4

3469

6010

3359

Chr 5

3165

4866

2828

Chr 6

3764

5676

3171

Chr 7

3096

4636

2568

Genome-wide analysis of multidrug and
toxic compound extrusion (MATE) gene
family in chickpea (Cicer arietinum L.)

Chr 8

1439

1950

1192

(MS Nimmy, Pradeep Jain and Srinivasan)

Total

22983

35502

20101
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Fig. 2.34: Location of QTLs associated with RWC on the genetic
linkage map of chickpea developed from the cross PUSA362 X
SBD377.

Salt responsive genes belonging to MATE efflux
proteins reportedly play a significant role imparting
salt tolerance to plants. Multidrug and toxic
compound extrusion (MATE) family genes function in
protecting cells against oxidative stress and bile salts
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and may be part of the SOS system. Genome- wide
survey of the MATE family genes in chickpea led to
the identification of 50 MATE genes encoding MATE
transporters from the chickpea whole genome which
were denominated as CarMATE1- CarMATE50 based
on their physical locations. These CarMATE genes
were unevenly localized on chickpea chromosomes
with a maximum of 11 genes on chromosome four
and a minimum of two on chromosome 5. The
chickpea MATE proteins consisted of 146-619 amino
acids and 3 to 12 transmembrane helices whereas
in Arabidopsis, the lengths of MATE proteins range
from 400 to 700 amino acids and most with 12 TMs
indicating there are more variations within the
chickpea MATE family compared with Arabidopsis.
Using the full-length protein sequences of the 83
MATE transporters, including the 33 previously
reported plant MATE proteins and 50 chickpea MATE
proteins, we constructed a maximum likelihood
(ML) tree (Fig. 2.35). These MATE proteins could
be classified into four primary clades (subfamilies)
comprising 12 smaller subgroups. The functions
of chickpea MATE proteins could be inferred from
the known MATE transporters according to their
phylogenetic relationships. A subgroup consisting of
six MATE genes was randomly picked from different
clades for salt responsive gene expression analysis.
Seven stress - responsive cis elements such as ABRE,
ARE, HSE, MBS, TCA elements were identified in
the 1500bp upstream region of these six CarMATE
genes (Fig. 2.36). ABRE element is important in ABA
signalling and plant response to high salinity and

Fig. 2.35:The phylogenetic tree of chickpea MATE family. The
phylogenetic tree was constructed by using MEGA 6.0 the Maximum
Likelihood (ML) method.

drought is present in four CarMATEgenes. Differential
gene expression analysis of these six CarMATE
genes in response to salt stress revealed the role of
CarMATE6 as the candidate gene for salt tolerance
in chickpea whose relative transcript abundance
increased at 6 and 24 h after salt treatment with
more fold changes in the salt tolerant than the
salt sensitive chickpea cultivar (Fig. 2.37). Motifs
in the six chickpea MATE proteins were identified
(Fig. 2.38). This study provides a foundation to
further investigate the functions of chickpea MATE
genes including the candidate gene for salt tolerance
in chickpea.

Fig. 2.36: Stress-responsive cis- elements in the six CarMATE genes. The cis-elements in the 1500 bp upstream regions of the six CarMATE genes
were predicted using the PlantCare database, and shown in colored boxes with their names and positions (relative to the start codon) inside.

33

ICAR-NRCPB ANNUAL REPORT 2016-17

Fig. 2.37: Quantitative RT-PCR analysis of six MATE genes of
chickpea in response to salt stress of 80 mM NaCl at 6 and 24h time
interval. GAPDH gene was used for normalization. The expression
level of genes in control sample was used as calibrator to calculate
fold change.

Fig. 2.38: Protein motifs of six chickpea MATE are shown as colored boxes. The scale on the bottom may be used to estimate the length of motif
(unit:amino acid).
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Development of aphid resistance in Indian
mustard

Transgenic B. juncea expressing dsRNA of a key
metabolic enzyme

(Ramcharan Bhattacharya, Raghvendra Aminedi, Deepa
Bhat, Murali Krishna Koramutla and S Subramanian)

In our earlier reports it has been stated that,
the potentiality of MpDE4A as potential target gene
in aphid based on the results of diet based bioassay
which resulted in ~75-80 % of aphid mortality. For
assessing application potential of the strategy
several transgenic tobacco plants were developed
expressing the desired dsRNA. In insect bioassay
these transgenic tobacco resulted in significant
reduction of aphid fecundity followed by aphid
mortality. Following the encouraging results from
model system, this year, we have developed several
independent transgenic B. juncea lines expressing
the dsRNAs under CaMV35S promoter. The tissueculture raised transgenic plants were hardened on
soilrite and transferred to transgenic glasshouse
for further analysis (Fig. 3.1A). The presence of the
transgene was confirmed by PCR using different
combinations of primer pairs (Fig. 3.1B). To check
for the expression of the desired dsRNA, RT-qPCR
was performed using the RNA from independent
transgenic lines. Interestingly, the level of dsRNA
was significantly variable among the independent
transgenic lines (Fig. 3.1C). Based on the RT-qPCR
analysis, the lines 2, 3 and 15 were scored suitable for
further insect bioassay. Further insect bioassay and
molecular analyses for the RNAi-mediated effects on
gene-expression in aphid is under progress.

Indian mustard (Brassica juncea L. Czern) is one of
the chief oilseeds crops of the country. A major biotic
stress in this oilseed crop is damage due to aphids,
which are sap sucking hemipteran insect-pests. The
major challenge in developing aphid resistance in the
cultivars of B. juncea has been the lack of resistance
source within the crossable gene pool. Therefore,
one of the major research objectives being pursued
at this centre is devising biotechnological strategies
for developing resistance to aphids in mustard. In
the recent years, RNAi mediated gene silencing
emerged as a potential way to develop insect
resistance in crops. In this strategy, gene silencing of
essential aphid-specific genes mediated through host
delivered dsRNA has been hypothesized. However,
for development of transgenics by expressing specific
dsRNAs, identification of potential target gene(s)
in aphid is essential. As a result of our continuous
efforts over the last three years, we have identified
two aphid genes, which were proven to be important
for survival and reproduction of the aphids and
amenable to dsRNA mediated gene silencing.

Fig. 3.1:Evaluation of transgenic B. juncea lines expressing MpDE4A dsRNA.(A)Transgenic B. juncea plants growing in transgenic net house;
(B) PCR analysis of the B. juncea lines. Lane M, 1kb ladder (ThermoScientific); Lane 1-26: Desired amplification of ~550 bp from the putative
transgenic plants; Lane W, non-transformed B. juncea; (C) RT-qPCR analyses of dsRNA-expression in independent transgenic lines of B. juncea.
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RNAi mediated testing of new target genes for
developing resistance against aphids
Unlike majority of insects, mustard aphids
reproduce
parthenogenetically.
An
aphid’s
embryonic development starts before its mother’s
birth and as a result aphids have short generation
time. Nymphs can reach maturity in five days.
Because of their unusual behaviour of reproduction
the crop damage can reach to severity. Selection
of specific RNAi target genes of aphids would be
essential for effective utilization of the strategy.
Unavailability of genomic information on mustard
aphid, constrained screening of diverse RNAi
targets in aphids. We have screened databases of
various closely related aphid species for identifying
putative genes involved in aphid parthenogenesis
and development. Initially we have shortlisted a
few gene sequences from A. Pisum (pea aphid) and
in silico analysis revealed their putative function in
the aphid developmental stages. Expression of the
selected genes in three different growth stages of
L. erysimi viz. nymph, 3rd instar, and female adult was
evaluated by qRT-PCR. Five differentially expressed
genes were analyzed for their predicted effect
on aphid mortality and fecundity. Four of them,

significantly down or up-regulated in different stages
of aphid, were selected for feeding assay through
supplementing dsRNA in diet. Interestingly, some
of the dsRNAs induced significant mortality and
inhibitory effect on fecundity in aphids within 72 h
of feeding compared to aphids fed with only diet (no
dsRNA) (Fig. 3.2). However, such effect varied with
the dsRNAs targeted to different genes. The bioassay
result demonstrated LePG1, LePG2, and LePG3 as
potential dsRNAs that can effectively down regulate
the expression of the target gene, so as to give more
than 60% mortality and significant fecundity in
feeding aphid population. Furthermore, attenuation
in expression of the targeted genes was validated by
qRT PCR (Fig. 3.3).
An endogenous elicitor of defense response in
Indian mustard
An endogenous elicitor of defense response has
been identified in Indian mustard. For understanding
the potential of the elicitor in diverse defense related
and other pathways in plants analysis of transcription
profile of the elicitor treated plants were undertaken.
In B. juncea information on annotated genome
sequences is limited and microarray chips are not

Fig. 3.2: Artificial diet based bioassay. A) 5-days old aphid released in small petri plate to feed on artificial diet supplemented with dsRNA. B)
Mortality of the reared aphid recorded at 24h, 48h, and 72h after their release. C) Reproduction of aphids when fed on diet with dsRNA of different
target genes.
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Fig. 3.3:Expression analysis of the targeted gene in aphids reared on artificial diet by qRT-PCR. Real time expression showing
significant down regulation of the target gene in aphids reared on diet supplemented with dsRNA of A) LePG1, B) LePG2, C) LePG3.

available. On the other hand, the elicitor triggered
a biological response in Arabidopsis also (Fig. 3.4).
Therefore, Arabidopsis microarray chips ATH1
genome array Affymetrix Gene Chips (Affymetrix
Inc., Santa Clara, CA, USA) were used for identifying
the elicitor-responsive transcripts.
Fold change absolute (FCA) values were calculated
for each transcript in the elicitor-treated sample
with its respective water treated control. The genes
showing >2.0-fold change in expression and <0.05
P-value were considered for functional classification
according to Gene ontology. A total of 1658 genes
were significantly expressed, among which 838 genes
were up-regulated and 821 genes were found to be

Fig. 3.4: Elicitation of peroxide accumulation in Arabidopsis
leaves by the B. juncea-elicitor. For visualization of H2O2
accumulation, leaves were incubated in 1 mg/ml of
diaminobenzidine (DAB) solution for 8h and then decolorized.

down regulated. Based on their putative functions,
differentially expressed genes were grouped into 14
GO subcategories. The percentages of up- and down
regulated genes belonging to each category are
listed in Fig. 3.5. For further validation of microarray
data, qRT-PCR was performed to assay transcript
levels of the selected defense responsive genes. For
validation of the microarray data, the expression of
18 up-regulated genes were analysed by qRT-PCR
for their quantitative expression. These 18 genes
were categorized into three categories, namely,
redox-signalling genes (Fig. 3.6A), stress responsive
genes (Fig. 3.6B), and genes related to secondary
metabolite synthesis (Fig. 3.6C). qRT-PCR analysis

Fig. 3.5: Functional categorization of differentially expressed genes in Arabidopsis
in response to elicitor application. The transcripts with ≥2 fold change and P-value
correction ≤0.05 were considered as up-regulated transcripts and genes with
≤-0.5 fold change and P-value correction ≤0.05 were considered as downregulated genes. Based on gene ontology total transcripts were categorized in
to 14 groups as shown in the histogram. The functional categories are A, Other
cellular processes; B, Other metabolic processes; C, Developmental processes;
D, Response to abiotic or biotic stimulus; E, Other biological processes; G,
Response to stress; H, Transport; I, Transcription, DNA-dependent; J, Unknown
biological processes; K, Protein Metabolism; L, Signal transduction; M, DNA or
RNA metabolism; N, Electron transport or energy pathways.
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Fig. 3.6: Quantitative RT-PCR based validation of transcriptional activation shown by the defense genes (in Arabidopsis) in microarray data.A)
Redox-signalling genes; Monodehydroascorbate reductase (MDHAR), 2-Oxoglutarate-dependent dioxygenase (2OG), Electron carrier/ protein
disulfide oxidoreductase (GRX480), Protein disulfide isomerase (ATPDIL2), Atypical cyshisricthioredoxin 5 (5ACHT5), Glutathione transferase
(GSTU6),B) Stress responsive genes; Chitinase (CHYT), Serine-type endopeptidase inhibitor (ATTI2), Disease resistance family protein (DRFP),
Trypsin inhibitor (STKP), Plant defensin 1.4 (PDF1.4), Heat shock protein (HSP20), C) Genes related to secondary metabolite synthesis; Nitrile
specificer protein 3 (NSP3), Myrosinase-associated protein (GDSL), Nitrilase3 (NIT3), 4-Coumarate:CoA ligase 5 (4CL5), Cinnamoyl-CoA
reductase (CCR2), Phenylalanine ammonia-lyase (PAL1).

confirmed that the expression of all the eighteen
genes were BjEli1 responsive. Although the relative
values of fold induction were not similar to those of
microarray data but a similar trend was observed.
Reference gene selection for qRT-PCR studies in
phloem feeding mustard aphid, Lipaphis erysimi
qRT-PCR has rapidly gained importance as
a robust method for studying gene expression
because of its high sensitivity which reduces RNA
requirement to ng level and convenience in large
throughput. Commonly, Housekeeping genes such as
18S rRNA, ACT1, EF-1a, GAPDH, UBI, RPSs, RPLs and TUB
are used as reference genes for normalization of qRTPCR data in insect gene expression studies. On the
contrary, several recent reports have demonstrated
the differential expression of some commonly
used reference genes under different experimental
conditions. In fact, none of the reference genes
were found to stably express and are suitable for
a particular cell and tissue, and/or under various
experimental conditions.
However, appropriate reference genes are not
known in case of L. erysimi. We have evaluated 11
candidate reference genes for their expression
stability in 21 samples of L. erysimi subjected to various
regimes of experimental treatments. Unlike other
studies, we validated true effects of the treatments
on the samples either by gene-expression study of an
associated marker gene or by biochemical tests (Fig.
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3.7). In the validated samples, expression stability
of the reference genes was analysed by employing
four different statistical softwares like geNorm,
NormFinder, BestKeeper and deltaCt. Drawing
consensus on the results from different softwares,
we recommend three best reference genes 16S, RPS18
and RPL 13 for normalization of RT-qPCR data in L.
erysimi (Fig. 3.8). This study provides for the first time
a comprehensive list of suitable reference genes for
mustard aphid and demonstrates the advantage of
using more than one reference gene in combination
for certain experimental conditions.

Fig. 3.7:Treatment validation of biomolecular markers and biochemical
tests. (A) Variation in AP-1 expression among four developmental
stages; (B-C) MYR activation in aphids due to ingestion of sinigrin at
different doses and for different duration; (D) Activation of Hsp83 by
temperature stress; (E) Honeydew secreted by aphids on artificial diet
detected by Ninhydrin assay; (F) Honeydews in starved aphids.
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and lack of knowledge of the genetics of the trait.
Genetic engineering with insect resistant transgenes
such as lectins and protease inhibitors seems to be the
fastest adopted technology in modern agriculture.
In vitro expression of lectin and protease inhibitor
protein
PCR amplified 828 bp Cicer arietinum (Chickpea)
and Vigna radiata (Mung bean) lectin genes and 475 bp
Vigna mungo (Urd bean) protease inhibitor gene was
cloned in pET301/CT-DEST C-terminal fusion vector
using Gateway cloning system and transformed
into E. coli BL21 DE3 pLysS cells for its optimum
expression. Chickpea and mung bean lectin proteins
of ~30 kDa each and ~25 kDa Urd bean protease
inhibitor protein was expressed, when induced with
different mM (0.25-1.5) IPTG concentrations after 5
hours and 4 hours of incubation, respectively at 37°C
(Fig. 3.9 & 3.10). The proteins were run on the 12%
SDS-PAGE. These were purified using Ni-NTA Fast
Start kit (QIAexpress) and used for Aphid bioassay.

Fig. 3.8: Variation in transcript levels of AP-1, MYR and Hsp83
when different reference genes and their combinations are used in
normalization. Fold change in AP-1, MYRand Hsp83 transcripts in
aphids subjected to treatments of developmental stage (A), sinigrin
(B) and temperature stress (C), respectively.

Cloning, validation and characterization of
insecticidal genes from legumes in mustard
(Rekha Kansal, Puja Singh and Poonam Tiwari)
Brassica juncea is the most important oilseed
crop occupying large acreage. India stands first
in the acreage but third after China and Canada in
production. The average yield per hectare is low as
compared to other countries. The yield is stated to be
low as among other factors like rain-fed cultivation
and resource scarce regions, it is heavily infested by
aphids. The avoidable yield losses due to aphids are
up to 50 percent and in extreme conditions, it could
be as high as 78%. Aphid infestation is controlled by
spraying agrochemicals of systemic mode of action
but they are highly cost intensive and are also a
major threat of their incorporation in dietary chain.
Breeding for genetic resistance against aphids has so
far not been possible owing to the non-availability of
resistance source within the crossable germplasms

Fig. 3.9: 12%SDS-PAGE of the induced protein of Vigna radiata lectin
with different mM IPTG concentrations at 37°C after 5hrs.Lane 1: Low
molecular weigt protein marker, Lane 2: Non transformed BL21 cells,
Lane 3: Transformed BL21 cells uninduced, Lanes 4-9: Transformed
BL21 cells induced with different concentrations of IPTG expressing
30 kDa proteins.

Fig. 3.10: 12% SDS-PAGE of the induced protein of Vigna mungo
protease inhibitor with different mM IPTG concentrations at
37°C after 4hrs. Lane 1: Low molecular weight protein marker,
Lane 2: Non transformed BL21 cells, Lane 3: Transformed BL21 cells
uninduced, Lanes 4-6: Transformed BL21 cells induced with different
concentrations of IPTG expressing 25 kDa proteins.
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Aphid bioassay in artificial diet
The purified proteins were used at three different
concentrations in the artificial liquid diet. Full adult
females of the aphid L. erysimi were used in multiple
sets. Polycarbonate Petri plates, which were used as a
bioassay cage, were perforated for air passage at the
bottom. Full adult female aphids were released into
the plates, and the upper edges of the plates were
covered with fully stretched parafilm. The synthetic
diet mixture (200ul), supplemented with different
concentrations of chickpea, mung bean lectin and
urd bean PI (0.1, 1 and 5 ppm), were dispensed on
the stretched parafilm membrane. Another Parafilm
membrane was stretched onto this, to make a pouch.
Snowdrop lectin, which is a mannose specific lectin
was used as a standard protein. For control plates,
only artificial diet was added instead of the expressed
lectin and PI proteins. Three replications for each
dose were used. Data was recorded on the numbers of
adults survived, number of nymphs produced and the
transition of adults to winged form at a 24h interval
for 96h. The lectin and PI proteins were found to be
most effective at 5ppm concentration (Fig. 3.11) and
were comparable to the mannose specific snowdrop
lectin. The surviving aphids also included the winged
forms. The fecundity was very low compared to the
control aphids feeding on the diet only. This opens
the possibility of using legume lectins and protease
inhibitors as a natural aphid control agent.

control plants.Transgenic plants of Brassica juncea
cv. Pusa Jaikisan and Varuna showed significant
resistance against aphids Lipaphis erysimi. In the
detached leaf disc assay, up to 90 and 96% mortality
of Lipaphis erysimi adult was noticed after 6 days in
Varuna and Pusa Jaikisan respectively (Fig. 3.12).
About 80% natality reductions in population were
observed in transgenic leaves of plants over control
plants (Fig. 3.13).

Fig. 3.12: Aphid bioassay showing % mortality using detached leaf of
control and T2 generation of developed transgenic lines of Brassica
juncea cv. Pusa Jaikisan using chickpea lectin gene construct.

Fig. 3.13: Aphid bioassay showing natality number using detached leaf
of control and T2 generation of developed transgenic lines of Brassica
juncea cv. Pusa Jaikisan using chickpea lectin gene construct.

In-planta aphid bioassay of developed transgenic
lines using chickpea lectin gene

Fig. 3.11: Aphid bioassay using synthetic diet mixed with snowdrop
lectin protein as standard and purified expressed chickpea lectin
protein at 5ppm concentration.

Detached leaf bioassay of developed transgenic
lines using chickpea lectin gene
Transgenic plants were evaluated for resistance
against aphids by detached leaf disc bioassay and
further confirmed by in-planta bioassay. Aphids
were released (10 aphids/ disc) on leaf discs placed
on solidified agar (1%) in Petri plates and mortality
recorded after six days. Survival of aphid was also
analysed on leaf discs prepared from transgenic and
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The mustard seeds of T2 generation developed
using chickpea lectin gene construct were sown in
the pots as per the guidelines in triplicate. In inplanta bioassay transgenic plants were evaluated
against aphid (L. erysimi) by challenging with adult
female aphids (10 on the upper and 10 on the lower
leaf blade) on the 10th leaf of transgenic and control
plants of B. juncea cv Varuna and Pusa Jaikisan
(Fig. 3.14a) and observations were recorded after
every 4 days till 12 days. The percent decrease in
aphid population build-up was calculated. Reduction
in aphid population after six days on different lines
was 49- 90% (Fig. 3.14 b & c). This implied that the
legume lectin can be deployed and exploited for its
anti-aphid activity in the crop plants.
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a)

b)

c)

Fig. 3.14: In planta aphid bioassay.(a) Set up for in planta assay using
clip cage (b) aphid colonization on control plant (c) aphid colonization
on transgenic plant.

Isolation and characterization of pathogeninducible genes and promoters, and
development of fungus (Alternaria)-resistant
transgenic Brassica juncea plants
(Anita Grover, Sajad Ali, Nayankanta NMC and Sandhya
Rawat)
Phylogenetic and structural analysis of BjPR genes
from B. juncea

In India alone, mustard is cultivated around 6
million hectares and is projected that by 2020, 41
% of total demand for oilseed will solely be met by
this crop. Unfortunately, productivity of this crop
is hampered by a variety of biotic (mainly fungal
diseases) and abiotic (drought and salinity) stresses
which leads to significant yield losses. To protect
themselves, plants use multidimensional approaches
such as morphological, biochemical and molecular
defense responses that allow them to survive under
such conditions. One of the approaches that plants
respond to biotic and/or abiotic stress factors is in the
accumulation of a heterogeneous group of proteins
like pathogenesis-related proteins (PR proteins)
and are generally considered to be part of multiple
defense systems in plants. Currently, PR proteins
have been grouped into 17 families with diverse
functions; some of these are PR1 (Unknown), PR2
(β-1, 3-glucanase), PR3 (chitinases), PR572 (thamautin
like), PR9 (peroxidases), PR12 (plant defensins) and
PR13 (thionins). However, little is known about PR
gene family in B. juncea.
The cDNA sequences of BjPR1, BjPR2 and BjPR5
were isolated from SA-induced B. juncea cDNA library
while as BjPR3, PR12 and PR13 were isolated from JAinduced cDNA library. The sizes of cDNA sequences
of BjPR genes ranges between 137-1041 nucleotides.
BLASTP analysis revealed that the deduced amino
acids of BjPR genes were closely related to PR
proteins of 218 Brassicaceae family. The phylogenetic
relationship of BjPR1 protein with its homologs from
other plants revealed that they were closely related
to PR1 proteins of B. rapa, B. napus, B. nigra and S.
parvula (Fig. 3.15a). Similarly, BjPR2, BjPR3, BjPR5 and
BjPR12 clustered within the clade containing their
respective homologs from B. napus, B. oleracea and B.
rapa (Fig.3.15b-e). Phylogenetic analysis also showed
that BjPR13 protein was closely related to PR13
proteins of B. napus and B. oleracea and Arabidopsis
(fig.3.15f). Phylogenetic analysis of BjPR proteins
with other homologs reported from different
plants, indicating that they may share a common
ancestor and perform similar functions. The
accession numbers, molecular weight, isoelectric
point, predicted coding sequences, 225 protein
size and In silico subcellular localisation of BjPR1,
BjPR2, BjPR3, BjPR5, BjPR12 and BjPR13 proteins are
mentioned in (Table 3.1).
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Table 3.1: BjPR proteins along with their accession numbers, molecular weight (M.wt.), isoelectric point (PI), CDS and protein
length and subcellular localization
Protein

Accession
numbers

M. wt.
(KDa)

PI

CDS length
(bp)

Protein
length (a.a)

Subcellular localization

BjPR1 (Unknown)

ABC94641

17.53

7.07

661

161

Vacuole

Bj-PR2 (β,1-3 glucanase)

ABC94639

38.08

9.13

1041

346

Vacuole

BjPR3 (Chitinase)

ABQ57389

17.03

4.82

468

155

Vacuole.

BjPR5 (Thaumatin)

ABX10753

11.65

5.98

341

114

Cell wall. Cytoplasm

BjPR12 (defensin)

AHB85724

8.93

8.47

243

80

Vacuole.

BjPR13 (thionin)

ABO71662

4.44

4.10

137

45

unknown

Fig. 3.15: Phylogenetic relationship of BjPR proteins of B. juncea with other PR proteins from plant species. A. thaliana (At), B. napus (Bn),
B.nigra (Bni), B. oleracea (Bo), B. rapa (Br), Camelina sativa (Cs), Capsella rubella (Cr), Leavenworthia alabamica (La), Oryza sativa (Os),
Raphanus sativus (Rs), Sisymbrium irio (Si), Schrenkiel laparvula (Sp), Thellungiella halophila (Th), Thellungiella salsuginea (Ts), Vitis vinifera
(Vv). (a) Phylogenetic analysis of BjPR1, (b) BjPR2, (c) BjPR3, (d) BjPR5, (e) BjPR12 and (f) BjPR13 protein sequences with its homologs from
other plant species obtained from Brassica and NCBI databases. The Phylogenetic trees of BjPR 800 proteins were constructed by Neighbour
Joining method using MEGA7.0 software with 1000 bootstrap.
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Expression profiling of BjPR genes in response to
SA, JA and ABA
Phytohormones are essential not only for
plant growth and development but also plays vital
role in the stress tolerance. Plants respond to
environmental cues through a complex network
of signalling cascades which are mainly regulated
by small molecules called hormones such as, ABA,
ET, JA and SA that interact synergistically and/or
antagonistically to each other. PR genes are generally
considered as the molecular indicators of the SA and
JA signalling pathways in model plants. In model
plant Arabidopsis, SA and JA exert antagonistic
interactions to each other, there have been reports
that these pathways also act synergistically. To
further investigate the hypothesis of synergistic or
antagonistic relationship in B. juncea, expression
profiling of SA and JA signature genes was studied after
hormonal treatment (Table 3.2). Upon SA treatment,
transcripts of PR1, PR2, PR5 increases dramatically
while as PR3, PR12 and PR13 decreases (Fig. 3.16A)
which were similar to the findings observed in
Arabidopsis. On the other hand, JA upregulates
PR3, PR12 and PR13 but down-regulates SA marker
genes PR1, PR2 and PR5 (Fig.3.16B). These results
are consistent with previous reports observed in
Arabidopsis and suggest that the known antagonistic
relationship between SA and JA in the model plant
Arabidopsis was also observed in B. juncea during
early hours of hormonal treatments. Generally, ABA
not only plays a central role in abiotic stress signal
transduction, but also has been shown to function
during pathogen infection and onset of plant immune
response. To further understand the role of ABA in
B. juncea defence response, the expression of key
Table 3.2: Differential gene expression profiling of BjPR
genes in response to hormonal treatments
Gene Name

SA

JA

ABA

BjPR1

+++

--

-

BjPR2

++

--

-

BjPR3

--

BjPR5

++

--

-

BjPR12

--

+++

+

BjPR13

--

++

+

+++

++

‘+’ to ‘+ + +’ strong up-regulation, ‘+-’ low expression ‘-’ weak to
‘- -’ strong down-regulation

immune genes (BjPR genes) after ABA treatment was
studied. It was revealed that exogenous application
of ABA suppressed the transcriptional upregulation
of SA marker genes PR1, PR2 and PR5 in B. juncea at
all time points (Fig. 3.16C) which suggests that ABA
and SA interacts antagonistically in B. juncea.

Fig. 3.16: Expression analysis of BjPR genes after hormonal
treatments. 10 days old B. juncea plants were treated with (A) SA
(1 mM) (B) JA (100 µM) and (C) ABA (50 µM). Leaf samples were
harvested at different time points for RNA isolation. Control plants for
each treatment were treated with sterile distilled water containing equal
amount of solvent used for hormone preparation. SE for each bar is
shown. Treatments bars marked by an asterisk are significantly greater
than untreated (controls) (P < 0.05).

Validation of pathogen-inducible chitinase promoter
from B. juncea in Arabidopsis
A 2.5kb class IV chitinase promoter of this
gene was isolated earlier from B. juncea by genome
walking (accession no KF055403.1). For validation,
chitinase promoter was fused to the GUS gene,
and the resultant construct was then introduced
into Arabidopsis plants. Histochemical analysis of
T2 transgenic Arabidopsis plants showed higher
GUS activity in leaves after fungal infection,
wounding and JA treatment but weakly by SA
(Fig. 3.17). GUS activity was seen in meristematic
tissues, young leaves, seeds and at the base of the
siliques (Fig. 3.18).
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a

b

c

d

Fig. 3.17: Gus expression in the leaf of transgenic Arabidopsis plants containing the BjChp promoter, 24 h after A. brassicae infection, treatment
to SA and MeJA and wounding. a) Gus expression of control (untreated transgenic leaf) b) expression in A. brassicae inoculated transgenic leaf
c) expression in the transgenic leaf after 2mM SA treatment d) in the transgenic leaf after 100µ MeJA treatment.
a)

b)

c)

Fig. 3.18: Histochemical Gus analysis of transgenic BjChpT2 Arabidopsis plants in different tissues and stages of plant development. a) Transgenic
Arabidopsis seeds showing green color, b) Gus expression in the leaves and meristematic tissues of transgenic seedlings c) Gus expression seen
in the receptacle part of flower and seen in the base of the siliques and on the leaf.

Introgression of genes for Alternaria
tolerance from wild species into Brassica
juncea
(Mahesh Rao, RC Bhattacharya, SR Bhat, NC Gupta,
Rohit Chamola, Naveen Singh, Lakshman Prasad, Usha
Pant, AK Tewari, Naresh Vasupalli and Nanjundan)
Continuing last year’s experiment to introgress
gene(s) for tolerance to Alternaria brassicae from wild
species, about 232 individual plant progenies selected
in 2015-2016 from ICAR-NRCPB, Delhi based on
artificial screening and at GBPUAT, Pantnagar under
natural hot spot conditions, were grown with control
(resistant) and susceptible genotypes and some wild
species at both the locations during 2016-2017. The
natural screening at Pantnagar was conducted in
collaboration with Department of Genetics and Plant
Breeding & Department of Plant Pathology, GBPUAT,
Pantnagar. Disease scoring was done on a score of
0-9 (where 0 is resistant and 9 is most susceptible)
for each line and individual resistant plants were
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selected. A total 56 individual plants were selected
which showed high degree of resistance/tolerance.
Leaf sample were collected from these plants for
molecular analysis. In general, resistance level in
progenies of this year was higher than those recorded
in the previous year’s suggesting that the selection
has been effective. For artificial screening, the
progenies were grown at ICAR-NRCPB, New Delhi in
polyhouse and in vivo screening was performed using
one isolates of Alternaria brassicae (AC-7) in 2016-2017.
In vivo inoculations were performed by leaf wounding
(three leaves per plant) and the scoring was done on
0-5 scale (where 0 is highly resistant and 5 is highly
susceptible) on the basis of size and number of fresh
spots developed on whole plant. Samples were
collected according to experimental requirement for
molecular analysis.
Samples collected last year were tested
for introgression of gene (s) from wild species
using Diplotaxis erucoides-specific molecular markers
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developed in-house. The parental polymorphism
was performed (Fig. 3.19) and the primers showed
polymorphism between the parents and specific
amplification in wild species were used to check the
introgression in the IL’s lines (Fig. 3.20).

development of the advance generation to improve
its yield and quality traits. The B. rapa germplasms
were inter-mated and F1 were grown at ICAR-NRCPB,
Delhi in main season 2016-17 and used for the
resynthesis of B. juncea.

Fig. 3.19: Parental polymorphism using D. erucoides specific STS
primers.1: Diplotaxiserucoides, 2: Brassica juncea, L: DNA ladder.

Fig. 3.20: Gel electrophoresis confirming introgression from wild
species in IL’s of mustard using D. erucoides specific polymorphic
STS marker.P1: Diplotaxiserucoides; P2: Brassica juncea; 1-23: IL’s
individuals and M: DNA ladder.

Also, the back crosses were performed using
BC1F1 of Eru-rapa x B. juncea with B. juncea. In this
year, the crossing and embryo rescue were started
using B. tournefortii with B. rapa and B. juncea with the
objective to transfer the gene(s) from wild species to
cultivated ones and a few plantlets from these cross
were obtained. The F1 will be further established by
chromosome doubling and later it will be used as
bridge species to transfer the gene (s) to B. juncea.
In off-season 2016, the selected introgression
lines (ILs) with B. rapa, B. nigra and few wild species
were grown at IARI, regional station, Wellington,
TN for advancement of generation. As, we know
that Wellington is well recognized as hot spot for
white rust disease in rapeseed and mustard. So, the
screening of the germplasms and genetic material
were also performed in natural condition against
white rust. Two B. rapa var. Toria germplasm (rapa
12 and rapa15) and Eru-rapa (amphidiploids of the
D. erucoides and B. rapa) were resistant against the
particular isolates of the white rust disease (Fig.
3.21). From IL’s lines progenies 15 individual plants
from different IL’s lines with good plant type and
one whole line (ERJ-IL-55) were completely resistant
to the white rust. These selected resistant plants
were selfed and also crossed with PM-30 for the

Fig. 3.21: Off-season crop in 2016 at IARI, Regional Station,
Wellington, TN. (a-b) field view; (c) white rust susceptible plant leaf
and (d) white rust resistant plant leaf.

Sclerotinia stem rot/white mold disease
management in Indian mustard (Brassica
juncea)
(NC Gupta, Amos Samkumar, Mahesh Rao, RC
Bhattacharya, Lakshaman Prasad and Pankaj Sharma)
Sclerotinia sclerotiorum (Lib.) de Bary is a
ubiquitous phytopathogenic fungus which has the
broadest host range of any known plant pathogen.
It is polyphagous and nearly affects more than 400
species of 275 genera which includes cruciferous
vegetables like cabbage and cauliflower, tomato,
potato, sunflower, soybean, lettuce and also
predominantly affects major oilseed crops such as
canola and Indian mustard (Brassica rapa and Brassica
juncea). Since the genetic improvement of Sclerotinia
resistance in Brassica sp. was a poorly researched
topic and resistance germplasm for this disease is
not identified yet, hence more emphasis has to be
given to understand the molecular basis of defence
response for developing resistance trait in oilseed
Brassica sp.
Genetic diversity analysis in 65 isolates of
S. sclerotiorum isolates by using the genome-wide
distributed SSR markers
S. sclerotiorum isolates obtained from the ICARDRMR, Bharatpur were used for association studies
by using the 25 set of genome-wide distributed SSR
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markers. The data set of DNA markers obtained
from all the isolates with SSR primers (Fig. 3.22) was
scored as either 0 or 1 based on presence and absence
including all the allelic variations into consideration
and analysed with UPGMA by the NTSYS 2.0 software
and a dendrogram (Jaccard’s coefficient) was
constructed (Fig. 3.23).

Based on the observation of the topology of the
dendrogram, major branches of dendrogram were
assigned a Roman numeral and categorized into
three major groups (Fig. 3.23). Group, I consisted
of 59 isolates from distinct locations with 65% of
genetic similarity. Group II comprised of 2 isolates
exhibited 64% genetic similarity whereas Group III

Fig. 3.22: Simple sequence repeat(SSR) polymorphism assay in S. sclerotiorum isolates with 25 pairs of genome-wide distributed primers.(A)
ESR1,(B) ESR2, (C) ESR3 and (D) ESR4.M-100bp DNA ladder and lanes 1-25 are the PCR amplicons by each primer.

Fig. 3.23: Unweighted pair group method with arithmetic mean (UPGMA) dendrograms showing the genetic relationship between the 65 isolates
of Sclerotinia sclerotiorum based on SSR markers and their pathogenicity.
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consisted of 4 isolates with 73% similarity. At 80% of
genetic similarity coefficient, Group I was
divided into seven subgroups with 33 isolates in
subgroup IA, 2 isolates in subgroup IB, 7 isolates in
subgroup IC, 4 isolates in subgroup ID, 6 isolates in
subgroup IE, 4 isolates in subgroup IF and 3 isolates
in subgroup IG. Group II and III was consists of 2 and
4 isolates with 64% and 73% of similarity coefficient,
respectively.
The analysis of population dynamics of S.
sclerotiorum is an essential part of understanding
how the emerging mechanisms are involved in
pathogen distribution across different geographic
regions. Based on the molecular characterization of
S. sclerotiorum isolates, it is evident that the isolates
from Brassica juncea in Rajasthan, UP, Punjab and
Haryana states had a high level of diversity and were
grouped in two and three clusters determined by the
SSR markers. The distribution of the isolates indicated
no sign of the tendency toward the formation of
clusters with respect to a province, showing that
occurrence of specific population distribution
restricted to a specific location.One prominent detail
in the dendrogram was the distribution of highly
virulent isolates, two from UP and one isolate from
each Rajasthan and Punjab had clustered into IA
sub-clade whereas another highly virulent isolate

from Rajasthan were clustered in clad III. The most
remarkable feature in the clustering was observed
in clad II, III and sub-clad IE, IF, IG included only
virulent or highly virulent isolates and had at least
one representative isolate from almost all the states
included in this study.
Screening of the B. juncea germplasm and its
wild relatives for Sclerotinia stem rot resistance/
tolerance
In crop season of 2016-17, approximately 300
Brassica lines (Table 3.3) including different genera
and species were analysed in field conditions at IARI
farm for the SR tolerance. Three putative tolerant
lines of B. juncea obtained from DRMR, Bharatpur,
were also re-evaluated and observed RH1222-28/
AB03 line showed higher resistance (Fig. 3.24) than
the other two tolerant lines (Chinese EC597328 and
Australian EC597314). Rohini (NRCHB-101; Fig. 3.24)
was used as a susceptible check to quantify the
tolerance level in the evaluated germplasm. Other
accessions like B2, BN114 (Fig.3.24), BC115, ER118,
and OC120 were also observed having a significant
level of tolerance to Sclerotinia stem rot/white
disease and these lines are being further taken into
evaluation under controlled conditions at National
Phytotron Facility of IARI.

Table 3.3: Resistance assessment to S. sclerotiorum among ~300 accessions in Brassica species. Promising lines for SR
tolerance bears less than 2.5 cm lesion length and disease incursion not hampering their yield parameters
S. No.

Brassica Germplasm

No. of accessions

Location

Promising lines

1

B. juncea

127

IARI field

RH6, RH9, PJK122-1 & -3

2

Resynthesized B. juncea

19

IARI field

RBJ 1, 5 & 10

3

Eru-Rapa B. juncea selection

40

IARI field

ERJS 5, 10, 19, 39 & 40

4

B. juncea mutant

7

IARI field

Nil

5

EC Lines of B. juncea

52

IARI field

EC 2, 14, 17, 18, 19, 27,
30 & 33

6

B. rapa

12

IARI field

B2, 7

7

B. nigra

37

IARI field

Nil

8

B. napus

1

IARI field

BN114

9

B. carinata

1

IARI field

BC115

10

Crambeabyssinica

43

Net House, NRCPB

Nil

11

Eruca sativa

7

Net House, NRCPB

ES75

12

Crop Wild Relatives (CWR)

29

Net House, NRCPB

LS25, SA27
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AB03 and BN114 lines are relatively resistant to
white mould disease in both the leaves and stem as
compare to the susceptible check NRCHB101. Arrow
represents the severity of disease development on
the stem after 15 days of inoculation.

Fig. 3.24: Detached leaf assay and stem inoculation assay with
S. sclerotiorum isolate ESR-1.

A total 80 germplasms of Brassica wild relatives
were screened for resistance to S. sclerotiorum
infection using stem (Fig. 3.25) and detached leaf
assays (Fig. 3.26). Accession no. LS25, SA27, and
ES75 showed a promising result in stem assay by
developing no lesion after 15 days of inoculation.

Fig. 3.25: Bar diagram of stem inoculation assay in promising lines to assess the susceptibility to Sclerotinia stem rot disease after 15 days of
inoculation. Three individual plants at the flowering stage as biological replicates were inoculated with 72 hrs old ESR1 mycelial inoculum.Relative
susceptibility in all the biological replicates of individual lines was calculated with the formula Relative Susceptibility = V/Vcontrol, where V is the
lesion length and Vcontrol was o.3 in the case of EC17.

Selected donor lines after re-evaluation for the
Stem rot resistance, will be used for the development
of pre-breeding population to introgress the
resistance/tolerance trait into the leading variety of
Indian mustard.

Resynthesis of B. juncea
(Mahesh Rao, NC Gupta, SR Bhat and Naveen Singh)

Fig. 3.26: Bar diagram of detached leaf assay in promising lines
to assess the susceptibility to white mould disease after 72 hrs of
inoculation. Two leaves from each plant of individual lines in triplicate
were inoculated with three days old ESR1 mycelial inoculum.Relative
susceptibility in all the biological replicates of individual lines was
calculated with the formula, Relative Susceptibility = V/Vcontrol, where
V is the lesion length and Vcontrol was o.3 in the case of EC17.
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The experiment started in the year 2012-13
to enrich the genetic resource of B. juncea through
resynthesis using the progenitor species has made
significant headway. This year we obtained total 78
individual events of resynthesis of B. juncea (RBJ1 to
RBJ-78) from eight different crosses. Few of them
were developed using embryo rescue and few were
developed using the special B. rapa line screened
& identified at ICAR-NRCPB, Delhi followed by
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amphidiploidization. RBJ74 to RBJ-78 were developed
using three-way cross.The lines RBJ-1 to RBJ-32 were
in second generation of evaluation and from RBJ-33
to RBJ-78 were in first year of evaluation. About 20
new events were also developed which is in first year
after colchicine treatment but having less amount
of seed due to pollen sterility were subjected for
the multiplication of seeds and generation advance
by bud pollination and selfing. These new lines
have variability in agronomic features with respect
to plant habit number of secondary and tertiary
branches, number of siliques on main axis, number
of siliques/plant, plant height, leaf colour, seed size
etc. (Fig.3.27).

Genetic engineering of CENH3 to develop
haploid inducerline
(Anshul Watt, SR Bhat, Rohit Chamola and Sunil Kumar
Singh)
Co-transformed lines were crossed with wild
type or singly transformed lines to check the haploid
induction rates of these lines. Interestingly, many
plants with abnormal phenotype were observed
in progenies involving co-transformed line such
as reduction in plant height, rosette like structure
emerging from the axil of the flower, silique size
reduction, stem thickness reduction, leaf size
reduction, and flower abnormality (Fig. 3.28).

Fig. 3.27: Resynthesis of B. juncea: representative photos of variations occurred in resynthesized B. juncea lines.

The new crosses were started in previous years
(2014-15) using three-way cross {B. rapa x B. rapa)
x B. nigra} were treated with colchicine followed
by bud pollination for amphidiplodization of the
amphihaploid plants. Many events were obtained
from the total ten cross combinations which will
be further advanced and evaluated in the coming
years. The new three way cross were attempted this
years and the seeds were harvested which will be
amphidiploids next years.

A total 140 progenies were analysed out of which
112 showed 0.99 DI. Ten progenies showed >1 DI
and were estimated to carry 38-40 chromosomes.
Remaining 18 progenies had DI ranging from 0.80 to
0.97, which indicated aneuploids with chromosome
number ranging from 29 to 35 (Table 3.4).
For further confirmation of chromosome
numbers, mitotic preparations were made using leaf
meristematic tissue and stained with acetoorcein.
Chromosome counts in untransformed B. juncea
showed 2n=4X=36. Three plants (33-2, 31-1, 35) had
33 chromosomes (2n-3) while another three plants
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(26-1, 11-1, 17-1) showed 2n=27, while in 15-2 and
27-2 it was found to be 24 and 25, respectively.
Interestingly, one plant (13-2), which was weak and

male sterile, had 18 chromosomes exactly half the
diploid number of B. juncea (Fig. 3.29). The results of
the progeny analyzed are summarized in Table 3.5.

Fig. 3.28: Abnormal phenotypes observed in progenies of various crosses. A-Dwarf plant (on right) B-Plants with rossettes in axil, C- Magnified
view of B, D- short silique, E, F- Plant with lean stem, G, H- Silique showing seed abortion, I- Plant with small leaf size, J-L- Inflorescence with
abnormal flowers, M- Multiple fused siliques.
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Fig. 3.29: Cytology of axial leaf bud cells showing variation in number of chromosomes in crossed progenies.

Table 3.4: Summary of flow cytometry analyses of various
progenies
Progeny

UT

Sample

DI

Estimated chromosome number

27-1

390

328.9

0.84

30

27-3

402.1

381.8

0.95

34

27-7

394.3

380.2

0.96

35

29-1

396.9

374.3

0.94

34

29-2

394.7

384.8

0.97

35

29-7

396.5

390.9

0.99

35

30-1

393.6

347.5

0.88

32

31-1

398.0

362.1

0.91

33

31-4

397.8

418.2

1.05

38

31-5

391.6

427.4

1.09

39

32-3

406.4

392.3

0.97

35

33-2

408.5

378.2

0.93

33

35

408.8

376.0

0.92

33

50-1

411.5

437

1.06

38

50-2

390.5

439

1.1

40

51-2

399

422

1.05

38

51-3

395

443

1.12

40

55

410

439

1.07

38

57

405.5

433

1.06

38

66-1

413.5

443

1.07

38

66-2

398

441

1.10

40

68-5

401

375

0.93

34

69

409

399

0.97

35

70-1

409

375

0.91

33

70-2

398.5

320

0.80

29

70-3

400

360

0.9

32

75

401

378

0.94

34

77

407.5

378

0.92

33

Table 3.5: Summary of results of progeny analysis of various
crosses
Cross

Seeds Seeds
sown germinated
(%)

# Plants
with
altered
morphology
(%)

# Plants
with chromosomal
alteration
(%)

Co-transformed (#2) 153
X Untransformed

98 (63) -

22 (14.37)

GFP synthetic-CENH3 50
(#38) tailswap X Cotransformed (#2)

33 (66) 8 (24)

7 (21)

Co-transformedX
30
GFP synthetic-CENH3
tailswap

22 (73) 2 (9)

1 (4.5)

GFP syntheticCENH3 tailswap X
Untransformed

40

36 (90) 0 (0)

0 (0)

Overall

273

189
(68.72)

30 (19.61)*
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Adaptation of Wheat to Climate
Change Induced Abiotic Stresses
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Isolation and characterization of drought
responsive genes from Pearl millet
(Pennisetum glaucum)

plates having kanamycin selection (50 mg/ml). One
month old putative transgenic Arabidopsis plants
were screened for the presence of transgene using

(Jasdeep Chatrath Padaria and Rajendra Meena)
Pearl millet (Pennisetum glaucum), is highly
tolerant to various abiotic stresses and hence, it
is a genetic resource for abiotic stress responsive
genes. Stress responsive genes were identified from
a SSH library developed in pearl millet using two
contrasting genotypes, Pennisetum glaucum cv. 841B
(drought tolerant) and P. glaucum cv. 411B (drought
susceptible). Based on qPCR studies, two stress
responsive genes i.e.CaM (Calmodulin) and DREB2A
(dehydration responsive element binding) that were
differentially expressed under drought stress were
selected for further isolation and characterization.
CaM (2577 bp) gene was amplified from P. glaucum cv.
841B. It was cloned in the binary vector pRI101-AN
DNA at SalI and BamHI sites (Fig.4.1).

Fig. 4.2:Amplification and cloning of DREB2A from Pennisetum
glaucum.(A) Construct map of pRI-101AN-PgDREB2A. (B) PCR
amplification of DREB2A and Restriction digestion of construct
pRI-101AN-PgDREB2A to confirm the cloning of DREB2A.

Fig. 4.3: Screening of putative transgenic Arabidopsis plants. A) using
HptII specific primers and B) PgDREB2A specific primers.

NptII primers and PgDREB2A gene specific primers
(Fig. 4.3).
Fig. 4.1:Amplification and cloning of CaM from Pennisetum glaucum.
(A) Construct map of pRI-101AN-PgCAM. (B) PCR amplification of
CaM and Restriction digestion of construct pRI-101AN-PgCaM to
confirm the cloning of CaM.

Similarly DREB2A (1002bp) was isolated from P.
glaucum cv. 841B and cloned in the binary vector
pRI101-AN DNA at SalI and KpnI sites (Fig. 4.2). The
construct were transformed into Agrobacterium and
subsequently used for transforming Arabidopsis
by floral dip method. The T1 seeds harbouring
PgDREB2A were harvested and screened on MS
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The 25 days old PgDREB2A Arabidopsis transgenics
were subjected to different treatments by
transferring them to media containing mannitol
(150 mM), abscisic acid (5 µM) and NaCl (150 mM), for
different time intervals (8 days, 16 days and 24 days).
Wild type plants were used as control throughout
the experiment. PgDREB2A transgenic plants showed
better growth in different media containing mannitol
(150 mM), abscisic acid (5 µM) and NaCl (150 mM) as
compared to wild type plants (Fig. 4.4, Fig. 4.5 and
Fig. 4.6).
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Fig. 4.4: Effect of mannitol (150 mM) on transgenic Arabidopsis
overexpressing PgDREB2A.

Fig. 4.6: Effect of salt stress (150 mM NaCl) on transgenic Arabidopsis
overexpressing PgDREB2A.

Genetic transformation of wheat
conferring tolerance to heat stress

for

(Jasdeep Chatrath Padaria, Akhilesh Kumar, Harinder
Vishwakarma, N Prabhakaran, Ayushi Garg and C
Ramakrishna)

Fig. 4.5: Effect of exogenous ABA (5 µM) on transgenic Arabidopsis
overexpressing PgDREB2A.

Under NICRA project (National Innovativeness
in Climate Resilient Agriculture), GPX gene from
Triticum aestivum cv. Raj3765 was isolated and fused
with a chloloroplast targeted transit peptide, the
cassette was cloned in binary vector pCAMBIA1300-U,
under the control of maize ubiquitin promoter (Fig.
4.7). The developed construct will be used for genetic
transformation of wheat cv. HD2967 and cv. HD2894.
In planta- apical meristem wheat transformation
was carried out with independent gene constructs
(pCAMBIA1300U) for different genes (PgCRT,
TapAPX, TaCpn60, PgP5CS, EcDREB, EcBAG, TaDREB,
TaMYB, PcHsp17.9, TaGPx, ZnGolS1, CspA, CspB) in Rabi
season (2015-16) and the T1 transgenics seeds were
harvested. The T1 transgenics seeds were screened
for hygromycin (50mg/ml) resistance and the
hygromycin resistant plants were grown to maturity
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(Fig.4.8). The surviving T1 putative transgenics are
being analyzed for stable transgene integration by
Southern hybridization.

Fig. 4.7: Construct map of pCMBIA1300U-TaTP-GPX, TP, transit
peptide; GPX, Glutathione peroxidise.

strong tool for sustainably alleviating adverse effects
of abiotic stresses in wheat crops. In particular, the
significance of salicylic acid (SA) has been increasingly
recognized in improved plant abiotic stress-tolerance
via SA-mediated control of major plant-metabolic
processes. Priming improves germination rate and
seed vigor under various abiotic stresses. Hence, seed
of a popular variety of wheat HD2967 were primed
with SA with and without heat stress and data on
eleven morphological and physiological parameters
were collected. Analysis revealed that chlorophyll
content, plant height, shoot/root architecture and
germination percentage were higher in SA along
with heat exposure. Flag leaf width, number of tiller
/plant, length of ear head, number of grain/ear head
were higher in SA treatment alone (Fig. 4.9).The
results indicate potential role of the phytohormones

Fig. 4.8: Screening of putative wheat transgenics (T1) based on
hygromycin resistance.

Combating terminal heat stress in wheat
With ensuing global climate change high
temperatures are becoming an important limiting
factor of yield and quality and crops will have to
adjust to even higher temperatures in the near
future. The grain-filling stage is critical to the yield
and quality of wheat and is also very sensitive to
high temperatures. High-temperature fluctuations
decrease grain plumpness, starch content, and
protein accumulation, impacting both yield and
quality. Thus heat stress and specifically terminal
heat stress is one of the top most research priorities
in wheat crop today. Most of the plant growth
regulators have been implicated to play significant
role in heat stress tolerance via various mechanisms.
Towards isolating and functionally characterizing
role of individual hormone in modulating heat stress
response, we studied their effect on wheat under
heat stress.

Phenotyping of field grown wheat after
salicylic acid priming in response to heat
stress
(Sharmistha Barthakur, Shyamananda Arambam and
Sushma Khomdram)
Phytohormones have been recognized as a
54

Fig. 4.9: Various morphological traits determined in post primed plants
with different treatments. NP-non primed, SA-salicylic acid, SA+HT,
HT-heat treated.
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A

B

Fig. 4.10: Comparative transcript expression profiling of TaSKP1 in flag leaf and post anthesis spikelets under ambient and high temperature
stress. Top: Different stages of wheat tissue used for transcript expression profiling; For relative quantification, least expressed value of Salicylic
acid + Heat treatment d (SA+HT) was taken as one for flag leaf (A) and Heat treatment (HT) ambient temperature was taken as one for post
anthesis spikelet and relative fold changes in expression were calculated for the remaining.

salicylic acid in alleviating high temperature
stress. Transcript expression profiling of TaSkp1,
a component of ubiquitin mediated proteasome
system, showed enhanced expression under primed
condition under heat stress (Fig. 4.10).

Effect of cytokinin on high temperature
stress response in Indian bread wheat
(Sharmistha Barthakur and Praful Jaiswal)
Global increase in ambient temperature is a
critical factor affecting plant growth. Stay-green, a
key trait of wheat, can not only increase the yield
of wheat but also can increase its resistance to heat
stress during active photosynthesis. Terminal heat
stress or stress during reproductive and grain-filling
reduces plant photosynthetic capacity through
metabolic limitations and oxidative damage to
chloroplasts with concomitant reductions in dry
matter accumulation and grain yield. Plant hormone
cytokinin plays a key role in the stimulation of
cell division, nucleic acid metabolism, stay-green
trait and senescence and root-shoot interactions,

particularly under stress. To identify and assess
the effects of kinetin on high temperature stress in
wheat during seed germination, seedling growth
and generative stages, kinetin was applied to seed
of popular wheat variety HD2967 for specific period
and exposed to heat stress during seed germination
as well as in grain filling stages under temperature
controlled environmental chambers and field
conditions using heat trap. Results have shown
that chlorophyll content and plant height, no. of
tiller, flag leaf length, width and length of ear head
increased in treated samples (Fig. 4.11). In addition,
high temperature during the grain-filling period also
not only affected yield positively but also increased
the grain-filling rate and 1,000-grain weight under
invigorated condition. Cytokinin treatment could
retain the levels of chlorophyll in the photosynthetic
apparatus in wheat after heat treatment.
Induced expressions of heat responsive gene SKP1
was also observed (Fig. 4.12). These results suggest
that the increase in grain content under heat stress
was due to certain signaling pathways modulated by
cytokinin.
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A
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D
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Fig. 4.11: Chlorophyll content and morphological variation observed in non primed control (NP), Heat treatment (HT), Cytokinin and Cytokinin
with heat treatments.

A

B

Fig. 4.12:Transcript expression profiling of TaSKP1 gene under various primed and non primed treatments under ambient and high temperature
condition in flag leaf and post anthesis spikelets.

Transcript expression profiling of two
heat responsive genes in a panel of zinc
rich wheat ideotypes under field grown
conditions
(Sharmistha Barthakur and Sushma Khomdram)
Micronutrient zinc plays very important role
in plant metabolism by influencing the activities
of several enzymes like hydrogenase, carbonic
anhydrase, carbohydrate metabolism, maintenance
of the integrity of cellular membranes, protein
56

synthesis, regulation of auxin synthesis and pollen
formation etc. Zinc has the capacity for water uptake
and transport in plants and also reduces the adverse
effects of short periods of heat stress. To genetically
analyze role of zinc in combating terminal heat
stress, we started with expression profiling in
five zinc rich ideotypes ST34, DPW621-50, ST56,
ST60 and ST61, the modulation of two earlier
characterized heat responsive genes from wheat viz
WRKY10 (transcription factor) and TaSKP1 (essential
component of ubiquitin ligase) in flag leaf and at
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post anthesis stages. Towards this, samples were
collected from an ongoing experiment in the fields
of division of Agronomy, ICAR-IARI, New Delhi. The
results showed enhanced and induced expression
of TaWRKY10 transcripts in ST34, DPW621-50, ST60
and ST61 in flag leaf and increased induction in
ST34 and ST56 varieties at post anthesis stages. In
case of TaSKP1 highest modulation was observed
in ST34 variety in flag leaf and ST60 variety in post
anthesis stages (Fig. 4.13). Thus the alteration of
TaWRKY10, a Zn-finger transcription factor and
TaSKP1, S-phase kinase associated protein-1 points

out to the involvement of these two heat inducible
regulatory genes in certain Zn modulated signaling
pathways under heat stress. This is being further
investigated.

Optimization of Agrobacterium mediated
transformation and regeneration protocol
for bread wheat using immature embryo
explants
(Sharmistha Barthakur and Praful Jaiswal)
Wheat is one of the most widely grown food crops

A

B

C

D

Fig. 4.13: Comparative transcript expression profiling of TaSKP1 in flag leaf and & post anthesis spiklets in a panel of Zinc rich varieties. For relative
quantification least expressed value in DPW621-50 was taken as one and relative fold changes in expression were calculated for the remaining
cultivars (A,B).Comparative transcript expression profiling of TaWRKY10 in flag leaf and post anthesis spiklets. For relative quantification least
expression value in ST56 was taken as one for flag leaf and ST61 for post anthesis and relative fold changes in expression were calculated for
the remaining cultivars respectively (C, D).

Fig. 4.14:Flow chart showing various steps in regeneration of wheat plants using immature embryo as explants.
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in the world equally important for calorie, protein
as well as its various nutritional qualities and baking
property. Till date there is no universal standard
protocol for wheat transformation. However
various reports abound in the literature for genetic
engineering of wheat using various explants as well
as transformation methods. Another drawback in
wheat transformation is its genotypic response
variability. Towards developing heat tolerant bread
wheat, we have standardized a protocol using
immature embryo of Indian popular cultivar HD2967,
collected some days after post anthesis. Various
culture conditions and components were optimized
and a full regeneration protocol was established
from immature embryo to mature plant and seed
grain collection (Fig. 4.14).The same protocol had
been used to transform the explants with a heat
responsive gene cloned from wheat earlier in the
laboratory. Plants are being raised and molecularly
evaluated, with results indicating development of an
efficient transformation protocol for bread wheat.

Transcriptome analysis for understanding
the salt tolerance mechanism in Kharchia
local
(Kanika, Mahesh Mohan Rao Mahajan and Etika Goyal)
Kharchia local wheat is known for its ability to

tolerate salinity stress and is a valuable resource for
deciphering the mechanism of salt tolerance. We
have sequenced the transcriptome of Kharchia local
wheat at anthesis stage in response to long term
salinity stress using Illumina Hiseq. Bioinformatic
analysis of the transcriptome data of the Kharchia
local wheat under salinity stress was carried out
(Fig. 4.15 and 4.16).
ACL (Control Library Anthesis Stage) and
ATL (Treatment Library Anthesis Stage) libraries
were compared to study the expression pattern
of various genes in response to salinity stress.
Out of 74,106 assembled unigenes, nearly
3,197 unigenes were found to be differentially
expressed between the two libraries. In total,
1,398 unigenes were categorized as upregulated
and 1,799 as downregulated in ATL as compared
to ACL. 3,333 unigenes were found to be treatment
specific while 1,284 unigenes were found to be
control specific (Fig. 4.17). Out of 3,197 DEGs,
1,562 unigenes exhibited homology to nr protein
database. The DEG exhibited a range of change in the
expression pattern (Fig. 4.17). These unigenes were
mainly involved in various metabolic processes,
including signal transduction, ROS homeostasis,
ion transport, phytohormone, compatible solute
and flavonoid biosynthesis. Functional validation

Fig. 4.15: COG analysis of the unigenes of Kharchia local obtained by transcriptome analysis.
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of salinity stress responsive genes NHX1 and SOS1
cloned from Kharchia local in Arabidopsis showed
that transgenics Arabidopsis carrying NHX1 and SOS1

genes individually were able to withstand salinity
stress better as compared to wild type Arabidopsis
(Fig. 4.18).

Fig. 4.16: GO classification of the unigenes of Kharchia local obtained by transcriptome analysis.

Fig. 4.17: A) Differentially expressed genes under control and
salinity treatment in Kharchia local leaves at anthesis stage; B) the
expression pattern of the unigenes in Kharchia local as calculated
from transcriptome data.

Fig. 4.18: Arabidopsis plants growing in MS medium supplemented
with 150 mM NaCl, Wt- Wild type S1- Transgenics carrying SOS1
gene N3 -Transgenic carrying in NHX1 gene.
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Cloning and characterization of MIZ1
(MIZU-KUSSEI 1)from wheat
(Monika Dalal and Sneha Tiwari)
Roots exhibit tropic responses and orient
themselves in response to environmental cues such
as gravity, light, physical contact, and moisture
gradients. Such developmental plasticity in roots is
of vital importance for plants adaptation to stressful
environment and may have significant impact
on yield of the plant. Under current scenario of
climate change when occurrence of drought stress is
predicted to be more frequent and of high intensity,
the ability to sense moisture and extract water
from the deeper layers of soil will be of paramount
importance. The ability of roots to grow and orient
in the direction of moisture gradient is known as
hydrotropism. MIZ1(MIZU-KUSSEI 1) is the first gene
which is characterized for hydrotropic response in
Arabidopsis. It codes for an uncharacterized protein

with domain of unknown function (DUF617). To
understand the spatio-temporal regulation of this
gene in wheat, a homolog of MIZ1 was identified in
wheat genome and a 1.5 kb region upstream to coding
sequence of MIZ1 gene was identified. To analyze the
role of different cis elements four promoter fragments
that is one full length promoter (1.5 kb) and three 5’
deletion fragments (1.2 kb, 0.94kb and 0.57k b) were
amplified from wheat genotype Raj3765 (Fig. 4.19a).
The amplified fragments were cloned into TA vector
and confirmed by sequencing. The fragments were
further cloned into binary vector having GUS reporter
gene (Fig. 4.19b) and transformed into Agrobacterium
strain GV3101. The full length promoter construct
was transformed in to Arabidopsis (Fig. 4.19c) and
its expression was confirmed by histochemical GUS
assay in T2 plants (Fig. 4.19d). The preliminary result
revealed that promoter is expressing in both root
and shoot. Detailed analysis of full length promoter
will be carried out in T3 plants.

Fig. 4.19:Cloning and characterization of TaMIZ1 promoter fragments from wheat. (a) Amplification of promoter fragments of TaMIZ1 by PCR; (b)
Confirmation of binary vector harboring TaMIZ1 promoter fragments by restriction analysis; (c) Transformed Arabidopsis plants in phytotron; (d)
GUS histochemical assay of T2 plants harbouring TaMIZ1 full length promoter. M, 1kb molecularweight marker.

60

ICAR-NRCPB ANNUAL REPORT 2016-17

Osmotic stress induced root growth and
regulation of root genes in progenitors of
wheat
(Monika Dalal and Sneha Tiwari)
The hexaploid wheat (T. aestivum L.) is evolved
from the hybridization between diploid progenitors
namely T. urartu (A genome), Aegilops tauschii (D
genome) and Ae. speltoides (closest to B genome).
These diploid wild species are potential resources
for various agronomic traits including abiotic stress
tolerance. However, these species have not been
explored for the root traits under drought stress
conditions. Therefore, a study was initiated to
characterize these untapped genetic resources and
understand the role of different progenitor genomes
in RSA. In our previous study, seedlings of nine
accessions of diploid wheat (three accessions each
representing A, B and D genomes) were subjected
to two levels of osmotic stress viz. -0.5 (S1) and -1.48
bars (S2) for 10 days. The root traits such as primary
and total root length, diameter and surface area were

recorded. The accessions with AA genome showed
higher root length followed by DD and BB genomes.
This year, homologs of five root related genes i.e.
BRX, MIZ1, CRL1, NAC1, and ARF7 from Arabidopsis
and rice were identified in wheat genome and
their stress mediated regulation was analysed in
three diploid accessions representing AA, BB and
DD genome. The expression levels of BREVIS RADIX
(BRX), a transcription factor modulating root length
was significantly up regulated in T. monococcum A2
accession which showed significant increase in total
root length and primary root length under osmotic
stress (Fig. 4.20). Osmotic stress up regulated MIZUKUSSEI1 (MIZ1) in three of the accessions analyzed
which is consistent with its inductive response
under abiotic stress in Arabidopsis. Crown root less 1
(CRL1) and NAM/ATAF/CUC 1 (NAC1) genes were also
up regulated by osmotic stress (Fig.4.20). Detailed
analysis of stress mediated regulation of these genes
would help understand the molecular mechanisms
of stress induced root growth in wheat.

Fig. 4.20: Expression of genes in root tissue of diploid species under osmotic stress conditions. Relative expression (2-DDct) of A) BRX; B) ARF7;
C) CRL1; D) NAC1; and E) MIZ1. T. monococcum accession A2, Ae. speltoides accession B3, and Ae. squarrosa accession D1 were subjected
to two levels of osmotic stress viz. 5 % PEG (S1, -0.50 bars), and 10 % PEG (S2,-1.48 bars) after 48 h of germination. Seedlings treated with
water served as control. Error bars represent n=3.
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Molecular genetic mechanism of inductive
root growth in wheat
Monika Dalal
To study the molecular genetic mechanism of
drought tolerance and inductive root growth in
wheat genotypes, a mapping population of Raj3765X
HD2329 having 2350 lines was planted in off- season
nursery at Dalang maidan, HP (summer Nursery
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of IIWBR, Karnal). The same population Raj3765X
HD2329 (F4) was again planted in rabi season at IARI
fields for generation advancement. Second mapping
population of C306 X Kharchia with 300 lines is
being developed for mapping of QTLs for drought
tolerance. These lines (F3) were grown in IARI field
for generation advancement.
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Improvement of Nitrogen Use
Efficiency in Cereal Crops
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Identification of most contrasting genotypes
responsive to nitrogen stress

Cloning genes of the key enzymes involved
in nitrogen metabolism

(Pranab Kumar Mandal, Subodh Kumar Sinha and
Karnam Venkatesh)

(Pranab Kumar Mandal, Subodh Kumar Sinha, Monika
Dalal and Gayatri)

From the 300 genotypes with diverse level of
nitrogen use efficiency (NUE), which were grown
at IIWBR Karnal with optimal (150kg N/ ha) and
N-stressed (N deprived field for three successive
years), 60 genotypes were shortlisted. These 60
genotypes were grown for consecutive two years
under various level of nitrogen ranging from 0 kg
applied to 150 kg applied nitrogen (fertilizer). After
analyzing the data of all the three years, two most
contrasting genotypes under bread as well as durum
wheat were identified for NUE. Incidentally, most
contrasting two genotypes were common for both
N-uptake as well as N-utilization. In addition, two
genotypes were identified one of which are very good
N-uptaker and the other one is highly responsive
to nitrogen. All the six genotypes are gown under
controlled condition in pot for further studies on
N-metabolism (Table 5.1).

Genes of eight key enzymes, five of them are
involved directly (NR, NiR, GS, GOGAT and GDH)
and three of them are involved in supplying carbon
skeleton (PK, CS and ICDH) for N-assimilation, have
been cloned from HD 2967 (a promising NUE wheat
genotype). The sequences were from coding region
(CDS), and some of them were full length whereas
some are partial. So far seven gene sequences have
been submitted to NCBI GenBank, details are given
in Table 5.2.

Table 5.1: Selected wheat genotypes for different component
traits of NUE
Genotype

NUpE

NUtE

NUE

NUE-1

Low

Low

Low

NUE-2

High

NUE-3

Good

High

High

NUE-4

N-responsive (High @ Higher N)

Gene expression profiling of the key
enzymes controlling nitrogen metabolism
in the diverse wheat genotypes at different
growth stage
(Pranab Kumar Mandal, Subodh Kumar Sinha, Amita
Choudhary and Gayatri)
Nine diverse wheat genotypes (namely WH-542
and GW-322 were high N-responsive genotypes; HS277 and WH-147 were high N use efficient; Sujata
and VL-401 were poor N use efficient; Kharchia had
least N uptake and utilization ability; Kalyansona
and HD-2967 are two very popular varieties of past
and present respectively with respect to NUE were
grown in N-deprived soil in large sized pots along
with control (Fig. 5.1). Samples were collected from

Table 5.2: Summary of gene sequences cloned and submitted to NCBI
S.No.

Gene

Accession No.

Amplicon size

CDS Type

1

Nitrate reductase (NR)

KY214455

1504 bp

Full

2

Nitrite reductase (NiR)

KY244026

1809 bp

Full

3

Glutamine synthetase2 (GS2)

KY640323

1502 bp

Full

4

Glutamate dehydrogenase (GDH)

KU869729

1401 bp

Partial

5

Pyruvate kinase (PK)

KU877880

718 bp

Partial

6

Citrate synthase (CS)

KU821107*

1500 bp

partial

7

Isocitrate Dehydrogenase (ICDH)

KU821106*

1234 bp

Full

* Reported for the first time in wheat

63

ICAR-NRCPB ANNUAL REPORT 2016-17

three different growth stages (one, two and three
months after sowing the plants) for gene expression
profiling of key N-metabolizing enzymes. NR gene
up-regulated till 2nd growth stage, whereas a few
genotypes showed down regulation at 3rd stage.
All other N-metabolizing enzymes expression
varied among the genotypes and also during their
growth stages. PK, CS and ICDH involved in carbon
metabolism to supply-skeleton for N-assimilation
showed upregulation under N-stress, except a few
genotypes in ICDH at 3rd stage (Fig. 5.2), though their
level of expression was stage specific.

Fig. 5.1: Pot experiment with selected diverse genotypes.

Fig. 5.2: Over expression of enzymes involved in C-skeleton supplying
for N-assimilation under N stress at one month growth stage.

Studying the morphological parameters, plant
pigments and key enzyme controlling nitrogen
metabolism in the diverse wheat genotypes at
different growth stage
Chlorophyll, carotenoids, soluble protein at all
three growth stages were measured from the fully
mature leaves (at 3rd stage it was from flag leaf).
Also, the eight enzyme assays have been completed
for third stage (3 months after sowing) during this
reporting period. Both chlorophyll and carotenoid
content in the leaves got reduced at all three growth
64

stages. However, there were insignificant changes
with few exceptions. Total soluble protein content
increased in a few genotypes under N-stress at 1st
stage, but the changes were non-significant in other
two growth stages with exception.

Expression analysis of TaDof1 under
nitrogen deprived condition in diverse wheat
genotype
(Pranab Kumar Mandal, Subodh Kumar Sinha and Alka
Bharati)
It has been reported that Dof1 transcription
factor controls the NUE in plant by ensuring optimum
C-skeleton supply to accommodate ammonia for
assimilation of amino acids. The TaDof1 expression
was studied in four diverse wheat genotypes with
respect to their N-use efficiency under N-deprived
condition at different growth stages. It was found
that the TaDof1 expression upregulated during
initial stress up to certain extent. When the stress
increased, the TaDof1 expression decreased (Fig. 5.3).
Partial sequence (440 bp out of 875 bp) in the coding
region, mainly the C-terminal end, showed more
than 99% homology among the genotypes.

Fig. 5.3: TaDof1 expression over the period.

Transcriptome and QTL approach to
understanding and towards enhancement
of NUE in rice
(Pranab Kumar Mandal, Subodh Kumar Sinha, Amitha
Mithra Sevanthi, Akanksha Tyagi and Apoorva Bhatnagar)
Transcriptome approach was adopted to identify &
validate responsible genes: IR 64 and N-22 (identified
under NICRA project at IIRR) were subjected to
N-stress condition and transcriptome were analysed
(root & shoot tissues). Preliminary QC results indicate
that quality scores and volume of data generated
(minimum 40MB/sample) is satisfactory (Table 5.3).
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Table 5.3: Summary of transcriptome profile under N stress
condition
Comparison

Up-regulated

Down-regulated

IN R Vs. NN R

239

366

IN+S Vs. NN+S

210

393

IN-R Vs. NN-R

259

354

IN S Vs. NN S

119

268

+

-

+

-

Cloning of amylase trypsin inhibitor CM3
gene and their expression analysis in
different wheat progenitor during grain
development
(Pranab Kumar Mandal, Subodh Kumar Sinha and Megha
Kuashik)
Wheat ATIs are considered causative agents
that mediate intestinal inﬂammation by binding
to toll-like receptor 4. Under the project entitled
‘Exploration for the development of wheat with low
immunogenic gluten, full length coding sequence of
wheat ATI CM3 has been cloned from HD2967, and has
been submitted at National Centre for Biotechnology
Information with GenBank Accession No. KY274454.
Different wheat progenitors are grown in NRCPB
net house to study the ATI gene expression during
the grain filling stages (Fig. 5.4). Samples from the
different progenitors, durum wheat as well as bread
wheat have been collected for further study. Bread
wheat showed gradual decrease in ATI expression
during its grain development (Fig. 5.5).

Fig. 5.5: Bread wheat showing the gradual decrease in ATI CM3
expression during grain development.

Precise phenotyping for nitrate uptake
efficiency in selected wheat genotypes
(Subodh Kumar Sinha, Pranab Kumar Mandal and
Akanksha Tyagi)
In order to understand genetic diversity in
inducible and non-inducible high affinity nitrate
transporter activity and the effect of different
root system architecture on nitrate uptake among
different wheat genotypes, precise phenotyping
for nitrate influx using N-15 labelled N source were
carried out under both hydroponic and pot condition.
The total N accumulation in root and shoot tissues
of all genotypes grown under normal and N limited
conditions were measured. In hydroponic condition
seedlings were subjected for nitrate induction (I)
and non-induced (NI) condition, then subjected for
nitrate uptake solution containing 4mM and 0.04mM
nitrate (Fig. 5.6 A&B). All genotypes were also

Fig. 5.4: Spikelets with developing grains in different wheat genotypes.
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grown in pot for 21 days under normal (4mM) and
N-deprived (0.04mM) nitrate concentration and then
A

B

the N content was measured to observe genotypic
differences among genotypes for N-uptake (Fig.5.7).

Root

Shoot

Fig. 5.6: Total N concentration (%N) in root (A) and shoot (B) in different wheat genotypes grown under
hydroponic condition and subjected for induction (I) and Non-induction control (NI).

Fig. 5.7:Total N concentration (%N) in root and shoot in different wheat genotypes grown under pot
condition for 21 days under normal (8 mM) and stressed (0.08 mM) NO3- condition.
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Bioprospecting of Novel Genes
and Promoters

Isolation and characterization of insecticidal
genes from native Bacillus thuringiensis
isolates
(Sarvjeet Kaur, Rakesh Kumar Narula and Udita Pushpad)
Bacillus thuringiensis (Bt) is an aerobic, sporeforming Gram-positive bacterium that produces
insecticidal crystal proteins (Cry) and vegetative
insecticidal proteins (Vip), which have specific
toxicity towards target insect pests of different
insect orders. The cry- and vip-type genes have been
deployed in Bt-transgenic plants for crop protection.
Transgenic cotton expressing cry1Ac gene has shown
good level of protection from Helicoverpa armigera
(cotton bollworm). The area under cultivation of
transgenic crops has been steadily increasing. Since,
there is possibility of development of resistance to
currently deployed genes, novel insecticidal genes
are required to delay the onset of development of
resistance in target insects. Bt isolates have been
recovered from diverse habitats in India and cry- and
vip-type genes have been isolated in our laboratory.
Construction of plant transformation vector carrying
synthetic cry2Af2 gene
A plant-preferred codon-optimized synthetic
(Gene Script, USA) cry2Af2 gene was cloned into
pBinAR plant transformation vector. The native form
of this gene (NCBI Accession No. GQ866915) was
isolated from a B. thuringiensis isolate recovered from
sorghum grain dust in Guntur, Andhra Pradesh, and
found to be toxic to H. armigera (cotton bollworm).
The strategy used for cloning was to excise out
truncated cry1Ac18 gene from recombinant vector
pK4 (carrying the 1.8 kb truncated cry1Ac18 gene
in pBINAR vector) by restriction with BamH1 and
Sal1 restriction enzymes and purify the 12 kb
pBINAR vector by gel extraction (Qiagen, Germany).
Similarly, the synthetic cry2Af2 gene was excised
from pUC57 recombinant vector by restriction with
BamH1 and Sal1 restriction enzymes, and purified
by gel extraction (Fig 6.1a,b). This gene was ligated
to gel purified pBINAR vector and transformed into
chemically competent Escherichia coli strain DH5α
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cells. Fourteen putative recombinant clones were
analyzed by colony PCR using specially designed
primers for the amplification of 1.8 kb product
corresponding to cry2Af2 gene and a recombinant
clone was identified (Fig. 6.2). Further analysis of this
clone is in progress.

Fig. 6.1a: Agarose gel electrophoresis of pUC57-cry2Af2 vector
restricted with BamH1 and Sal1 enzymes. Lane 1: DNA 1 kb ladder,
Lanes 2-5: double digested vector.

Fig. 6.1b: Agarose gel electrophoresis of pBINAR-truncated cry1Ac18
vector (pK4) restricted with BamH1 and Sal1 enzymes. Lanes 1 and 5:
DNA 1 kb ladder, Lanes 2-4: double digested pK4 vector.
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productivity. The commonly used nematode control
strategies have their own limitations. Of late, RNA
interference (RNAi) has become a popular approach
for development of nematode resistance in plants.
Transgenic crops capable of expressing dsRNAs,
specifically in roots for disrupting the parasitic
process, offer an effective and efficient means of
producing resistant crops.

Fig. 6.2: Analysis of 14 putative recombinant clones by colony PCR.
Lane 1: 1kb GeneRuler DNA ladder; Lane 2-16: 14 putative clones;
Lane 17: pBINAR DNA used as a negative control; Lane 18: cry2Af2pUC57 DNA used as a positive control.

Selection of promising native Bt isolates toxic to
H. armigera
Cultures of 4 Bt isolates: SK-758, SK-783, SK793 and SK-958, isolated from different sources,
phylogentically typed by16S rRNA sequencing (NCBI
accession no. KX595328, KX595331, KX595329 and
KX595330), carrying potentially useful cry genes and
toxic to H. armigera, have been submitted to ICARNBAIM for registration.

Bioprospecting
Promoters

of

Novel

Genes

and

(PK Jain and Anil Kumar)
Root-knot
nematode
(RKN), Meloidogyne
incognita, is an obligate, sedentary endoparasite that
infects large number of crops and severely affects

Over the years we have identified nematoderesponsive and root-specific (NRRS) promoters
by using microarray data from public domain and
known conserved cis-elements. A set of 51 NRRS
genes was identified which was narrowed down
further on the basis of presence of cis-elements
combined with minimal expression in absence of
nematode infection. The comparative analysis of
promoters from the enriched NRRS set along with
earlier reported nematode-responsive genes, led
to the identification of specific cis-elements. The
promoters of two candidate genes were used to
generate transgenic plants harboring promoter GUS
constructs and tested in planta against nematode.
Both the promoters showed preferential expression
upon nematode infection, exclusively in the root in
one and galls in the other.
Deletion analyses of a nematode-responsive rootspecific promoter was carried out and 85 bp minimal
promoter was identified which conferred nematoderesponsiveness in almost all the galls formed in
nematode-infected plants (Fig. 6.3; Table 6.1).

Fig. 6.3: Schematic illustration of promoter::GUS constructs. The full length nematode-responsive root-specific promoter (1500 bp), and different
deletions of promoter, namely, Del-B (930 bp), Del-C (372 bp) and Del-D (85 bp) were fused to the GUS gene in binary vector and mobilized in
Arabidopsis plants. The transgenic plants were evaluated for GUS staining after root-knot nematode infection. The GUS stained plants for each
deletion construct can be seen in front of each deletion construct.
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Table 6.1: GUS assay in different tissues in different deletion constructs of nematode-responsive root-specific promoter
Construct Name
& Size

GUS expression in different tissues

No of GUS+
galls/
Total number
of galls

% of GUS + galls

Root

Shoot/leaves

Galls

Complete root

3P Del A [1.5 kb]

+++

-

+

-

219/378

57.9

3P Del B [930 bp]

+++

-

+

-

190/346

54.9

3P Del C [372 bp]

+++

-

+

-

231/419

55.13

+++++

-

+

-

421/421

100

3p Del D
[85 bp]
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Honorary Scientists’
Projects
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Introgression of resistance to Alternaria
brassicae
from
Sinapis
alba
to
Brassica juncea via somatic hybridization
(Preetesh Kumari and SR Bhat)

showed clear development of necrotic spots and
yellowing at the site of inoculation after four days of
challenge whereas S. alba and somatic hybrids did not
show any disease symptom (Fig. 7.1). A similar result
was recorded under field conditions. These results
clearly show that the resistance against A. brassicae
is dominant and can work in B. juncea nuclear
background. The hybrids along with parents were
late sown (December) so that their flowering and
seed set coincides with rising temperature in March.
Seed set was recorded during 01 to 15 April when
maximum and minimum ambient temperatures
were 40.2 °C and 16.6 °C, respectively. No seed set was
recorded in B. juncea whereas S. alba gave seed set till
maximum temperature was 33 °C. In contrast hybrids
continued seed set until maximum temperature was
40.2 °C. Thus, somatic hybrids appear to possess high
temperature tolerance superior to the donor parent
S. alba.

The protoplast fusion experiments were
conducted between B. juncea and S. alba to introgress
resistance for leaf blight disease caused by Alternaria
brassicae (Berk.) Sacc. and other desirable traits. After
successful somatic hybridization, three hybrids were
confirmed by cytology, SSR analysis and Southern
blotting for mitochondrial constitution. The two
hybrids (2n= 60) were found symmetric i.e. have total
genome of both parents while H3 somatic hybrid
(2n=96) has double genome of B. juncea and one
genome S. alba. The H1, H2 and H3 somatic hybrids
showed intermediate morphological characteristics
of their parents (B. juncea and S. alba). However, H3 was
morphologically closer to B. juncea while H1 and H2
were more alike and had more pronounced features
of S. alba. The hybrids had angular
stem with deep grooves and was
covered with prominent trichomes
as in S. alba. The stem of hybrids
exuded whitish sticky fluid when
challenged upon temperature and
water stress (Fig. 7.1). The hybrids
were very vigorous and taller [211
(H3) - 313 (H1) cm] than the parents
(S. alba-251 cm, B. juncea-157 cm).
All three hybrids showed very high
pollen fertility (>95%) and good
seed set. The silique of somatic
hybrids had the characteristic beak
(1.12 - 1.14 cm) as in S. alba. S. alba
mitochondrial genome carries
a variant of the male sterility
inducing orf108 upstream of the atpA
gene which was also detected in
somatic hybrids suggesting that the
hybrids might carry recombinant
Fig. 7.1: Somatic hybrid of B. juncea and S. Alba. A: Somatic hybrid plant in field; B: Somatic
mitochondrial genome.
hybrid showing 60 chromosomes at mitosis; C: Somatic hybrid PMC at meitotic metaphase;
In detached leaf assay, B. juncea D: Seed formation in hybrid (left) and S. alba (right) under temperature stress; E: Secretion of
sticky fluid in drought; F – H: Alternariya blight screening in H1, H2 and B. juncea.
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Human Resource Development

NRCPB has been actively engaged in teaching
and training post graduate students of P.G. School
IARI as the teaching discipline of Molecular Biology
and Biotechnology since its inception. Currently 35
Ph.D. and 13 M.Sc. students are registered in the
discipline of Molecular Biology and Biotechnology

at the Centre. Seven Ph.D. and six M.Sc. students
were awarded the doctoral and master’s degree,
respectively, in the previous year. Dr. Anshul Watts
had been conferred with IARI Gold Medal for his
accomplishments in Ph.D.

Students on roll in the discipline of Molecular Biology and Biotechnology during the Academic Session 2016-17.
S.No

Name of the student

Chairman

M. Sc. Students
1.

Ms. Bablee Kumari Singh (20704)

Dr. Amitha Mithra Sevanthi

2.

Mr. Soham Choudhary (20705)

Dr. Monika Dalal

3.

Mr. Sumit Jha (20706)

Dr. Amolkumar U. Solanke

4.

Mr. Sougata Bhattacharjee (20707)

Dr. S. Barthakur

5.

Ms. L. Ashakiran Devi (20708)

Dr. Rhitu Rai

6.

Mr. Abinash Biswajit Shetty (20709)

Dr. P. K. Dash

7.

Mr. Niladri Barman (20837)

Dr. Monika Dalal

8.

Mr. Sourav Kumar Das (20838)

Dr. Amitha Mithra Sevanthi

9.

Mr. Bipratip Dutta (20839)

Dr. Amolkumar U. Solanke

10.

Ms. Shaziya Sultana (20840)

Dr. S. Barthakur

11.

Mr. Akash Paul (20841)

Dr. Subodh Kr. Sinha

12.

Mr. Sunil Ningombam (20842)

Dr. Jasdeep C. Padaria

13.

Ms. Taku Monya (20843)

Dr. Rhitu Rai

Ph.D. Students
1.

Mr. Ravi Prakash Saini (10013)

Dr. T. R. Sharma

2.

Mr. Rajendra Prasad Meena (10018)

Dr. Jasdeep C. Padaria

3.

Mr. Deepak V. Pawar (10153)

Dr. N. K. Singh

4.

Ms. Antara Das (10154)

Dr. Kishor Gaikwad

5.

Mr. Prashant Yadav (10155)

Dr. Anita Grover

6.

Mr. Lianthanzauva (10313)

Dr. R. C. Bhattacharya

7.

Mr. Alim Junaid (10314)		

Dr. Kishor Gaikwad

8.

Mr. Albert Maibam (10315)

Dr. Jasdeep C. Padaria

9.

Mr. Mahajan Mahesh Mohanrao (10316)

Dr. Kanika

10.

Mr. Rakesh Kumar Prajapat (10317)

Dr. Rekha Kansal

11.

Mr. Vinod Kumar Jangid (10318)

Dr. Anita Grover

12.

Ms. Anupma (10319)

Dr. Sarvjeet Kaur

13.

Mr. Manoj M.L. (10495)		

Dr. N.K. Singh
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S.No

Name of the student

Chairman

14.

Mr. Sudhir Kumar (10496)

Dr. R. C. Bhattacharya

15.

Ms. Shruti Sinha (10497)		

Dr. Kishor Gaikwad

16.

Ms. Shikha Dixit (10498)		

Dr. Anita Grover

17.

Mr. Panazade Kishor Prabhakar (10500)

Dr. Jasdeep C. Padaria

18.

Ms. Priyanka (10501) 			

Dr. Kanika

19.

Mr. Pawan Sitaram Mainkar (10549)

Dr. Rekha Kansal

20.

Mr. Kamble Viraj Gangadhar (10550)

Dr. Sarvjeet Kaur

21.

Mr. Sandeep Jaiswal (10639)

Dr. Debasis Pattanayak

22.

Ms. Sarita Kumari (10640)

Prof. N.K. Singh

23.

Mr. Lalbahadur Singh (10696)

Dr. P.K. Jain

24.

Ms. Priyanka Singh (10697)

Dr. T. Mohapatra

25.

Mr. Chetan Kumar Nagar (10720)

Dr. P. K. Mandal

26.

Ms. Sharani Choudhury (10836)

Dr. R.C. Bhattacharya

27.

Ms. Parichita Priyadarshini (10837)

Dr. P.K. Jain

28.

Ms. Jyotsana Tilgam (10838)

Dr. Debasis Pattanayak

29.

Ms. Sreeshma N (10839)

Prof. N.K. Singh

30.

Ms. Alka Bharati (10840)

Dr. P. K. Mandal

31.

Mr. Kishor Uttamrao Tribhuvan (10841)

Dr. Kishor Gaikwad

32.

Mr. Kuldeep Kumar (10842)

Dr. Kishor Gaikwad

33.

Mr. Deepanshu Jayaswal (10843)

Dr. Rekha Kansal

34.

Mr. Mahendra C(10844)

Dr. Kanika

35.

Ms. Gamage Dona Gaya Chaturani (10918)

Dr. Anita Grover

Degrees awarded in the discipline of Molecular Biology and Biotechnology during the Convocation held in February, 2017
S.No.

Name of the Student and Chairperson, Advisory
Roll No.
Committee

Thesis Title

1.

Bhupendra Singh Panwar
(10059)

Dr. Sarvjeet Kaur

Isolation of cry gene(s) from Bacillus thuringiensis (Bt)
isolates recovered from diverse habitats in India for the
control of lepidopteran insect pests

2.

Mr. Anshul Watts* (9858)

Dr. S. R. Bhat

Cloning and characterization of CENH3 in Brassicaceae
towards generation of haploid inducer line in Brassica
juncea

3.

Mr. Parmeshwaran (9712)

Dr. P. K. Jain

Cloning and characterization of heat stress responsive
genes from chickpea (Cicer arientinum L.)

4.

Mr. Chandra Prakash
(9862)

Dr. N. K. Singh

Identification and molecular mapping of moisture
deficit stress responsive genes in rice (Oryza sativa L.)

5.

Mr. Senthil K. M. (9861)

Dr. K. C. Bansal

Gene discovery and allele mining for thermotolerance
in wheat using transcription analysis

6.

Mr. Shanmugavadivel P. S
(9860)

Dr. N. K. Singh

Molecular mapping of heat responsive genes in rice
(Oryza sativa)

7.

Ms. Archana Kumari (9863) Dr. T. R. Sharma

Ph.D.

Isolation of sheath specific and Rhizoctonia solani
responsive promoter from rice.
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S.No.

Name of the Student and Chairperson, Advisory
Roll No.
Committee

Thesis Title

1.

Ms. Parichita Priyadarshini Dr. P.K. Jain
(20569)

Expression profiling of microRNAs in wilt-resistant and
susceptible genotypes of chickpea

2.

Ms. Alka Bharati (20570)

Dr. Pranab Kumar Mandal

Expression analysis of TaDof1 gene under nitrogen
deprived condition in contrasting wheat genotypes

3.

Ms. Sharani Choudhury
(20571)

Dr. Amolkumar U. Solanke Allele mining of Panicle Blast 1 (Pb1) gene in Indian rice
accessions

4.

Ms. Sreeshma N (20572)

Dr. Amitha Mithra
Sevanthi

Allele mining for DREB2A gene associated with drought
tolerance in Indian rice collections

5.

Ms. Jyotsana Tilgam
(20573)

Dr. Debasis Pattanayak

Combinatorial silencing of acetylcholine esterase and
20-Hydroxyecdysone receptor genes for gram pod borer
(Helicoverpa armigera) resistance

6.

Mr. Awakale Pramod
Atmaram (20574)

Dr. Monika Dalal

Cloning and expression analysis of BREVIS RADIX (BRX)
gene from diploid species of wheat exhibiting better
root traits under osmotic stress

M Sc.

*IARI Gold Medal in 2017
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Scientific Staff

Area of Interest

Prof. N. K. Singh
nksingh@nrcpb.org

Different aspects of structural, functional and comparative genomics with
special emphasis on rice, wheat, pigeonpea, tomato and Rhizobium; mapping
genes for yield and quality traits in rice, wheat and pigeonpea; high resolution
mapping of loci for salinity tolerance and grain characteristics in rice

Dr. T. R. Sharma
trsharma@nrcpb.org

Structural, functional and comparative genomics of plant and plant pathogens;
mapping, cloning and functionally validation of disease resistance genes and
QTL in rice; development of DNA markers and various databases

Dr. Sarvjeet Kaur
dr_sarvajeetkaur@yahoo.com

Isolation and characterization of quorum quenching genes from Bacillus
thuringiensis and other bacteria for plant disease control; isolation of Cry1- and
Cry 2-type genes from native B. thuringiensis isolates from diverse habitats in
India for development of transgenic crops

Dr. Anita Grover
anitagrover@hotmail.com

Plant-fungus interaction using Brassica juncea- Alternaria brassicae system,
isolation of defence genes and development of transgenics of B. juncea for
increased resistance to Alternaria blight

Dr. Rekha Kansal
rekhakansal@hotmail.com

Isolation of genes encoding lectins, protease inhibitors and amylase inhibitors
from legumes, like chickpea, pigeonpea, peas and mothbean, for imparting
improved tolerance to sucking insect pests (Lipaphis erysimi)

Dr. Sanjay Singh
sanjay_singh777@yahoo.com

Marker assisted introgression of gene(s)/QTLs for resistance to Bipolaris leaf
spot (Bipolaris sorokiniana) in wheat

Dr. J.C. Padaria
jasdeep_kaur64@yahoo.co.in

Cloning and characterization of abiotic stress responsive genes from different
tolerant plant systems as Penniseteum, Zizyphus and Prosopis for development
of transgenic wheat adaptable to climate change induced abiotic stresses

Dr. Pranab Kumar Mandal
pranabkumarmandal@gmail.com

Molecular and biochemical basis of nitrogen use efficiency in wheat

Dr. Debasis Pattanayak
debasispattanayak@yahoo.co.in

Pod borer resistance management employing host-delivered RNAi,
development of RNA-based gene silencing tools for crop improvement and
functional genomics,and deciphering RNAi pathways as development and stress
regulators

Dr. R. C. Bhattacharya
ramcharan99@yahoo.com

Identification and mobilization of genes conferring resistance to insect
herbivores and fungal pathogens into the elite crop cultivars through
development of transgenics, identification of defence related signal peptides
and molecular characterization of systemic wound signalling in plants

Dr. Pradeep Kumar Jain
jainpmb@gmail.com

Isolation of plant genes and promoters for important traits like drought,
temperature, blight and wilt in chickpea employing functional genomics

Dr. S. Barthakur
sbthakur@yahoo.com

Isolation and functional characterization of genes and promoters for genetic
engineering for abiotic stress tolerance in plants

Dr. K. Gaikwad
kish2012@yahoo.com

Development of genomic resources including deep transcriptome analysis in
crops; molecular analysis on abiotic stress, particularly salinity and thermotolerance, in rice and pigeonpea

75

ICAR-NRCPB ANNUAL REPORT 2016-17

Scientific Staff

Area of Interest

Dr. Kanika Kumar
kanika@rediffmail.com

Abiotic stress management in plants through the microbes associated
with them by exploiting PGPRs, role of microbial genes in reducing the
concentration of stress ethylene in plants, structural and functional genomics
of Mesorhizobium ciceri

Dr. Monika Dalal
monika@nrcpb.org

Functional genomics for abiotic stress tolerance especially drought and salinity
stress in wheat

Dr. Vandana Rai
vandnarai2006@gmail.com

Discovering new genes and alleles for drought and salinity tolerance in rice and
wheat using transcriptomics, proteomics and metabolomics

Dr. Subodh Kumar Sinha
subsinha@gmail.com

Molecular analysis of nitrogen use efficiency in wheat and microRNA-mediated
regulation of nitrogen metabolism

Dr. Rohini Sreevathsa
rohinisreevathsa@gmail.com

Meristem-based in planta transformation for biotic stress tolerance using
different insecticidal proteins (ICPs) from Bacillus thuringiensis

Dr. Prasanta K. Dash
pdas@nrcpb.org

Isolation of insecticidal genes and promoters from Indian legumes,
manipulating pathways for yield enhancements

Dr. B.L. Patil
blpatil2046@gmail.com

Molecular analysis of plant viruses infecting different crop plants, RNAi and
epigenetics for manifestation and management of plant viral diseases

Mr. R.S. Jaat
rsjaat@gmail.com

Genomics and molecular markers

Dr. Rhitu Rai
rhitunrcpb@yahoo.com

Molecular characterization of plant pathogenesis and plant disease resistance
mechanisms

Dr. Navin Chandra Gupta
guptanc@nrcpb.org

Molecular and bioinformatics approaches to comprehend the role of novel
genes and promoters, development of transgenic mustard with high oil content

Dr. Amitha Mithra Sevanthi
amitha@nrcpb.org

QTL mapping for grain traits and abiotic stress tolerance in rice using SSR and
SNP markers

Dr. Amolkumar U. Solanke
amolsgene@nrcpb.org

Genomics and transgenics to understand biotic and abiotic stress tolerance

Mr. Ramawatar
ram_nrcpb@nrcpb.org

Functional genomics to understand the role of non-coding RNA in plant
pathogen interaction and disease development

Dr. Dinabandhu Behera
aumreetam@rediffmail.com

Structural, functional and comparative genomics of crop plants

Mr. Mahesh Rao
amritkushinagar@gmail

Improvement of Brassica spp. using tissue culture, molecular marker, wide
hybridization and gene introgression approaches

Ms. Nimmy M.S.
nimmybiotech@gmail.com

Isolation and characterization of abiotic stress responsive gene(s) and
promoter(s) from chickpea

Dr. Deepak Singh Bisht
deebisht@gmail.com

Molecular identification of resistance and susceptibility genes in riceRhizoctonia solani system

Dr. Anshul Watts
Watts_086@yahoo.com

Development and maintenance of genetic stocks for heterosis breeding in
Brassica juncea

Dr. Era Vaidya Malhotra
vaidya.era@gmail.com

Identification and characterization of microRNAs in gram pod borer

Dr. Sandhya
biochemsandhya@gmail.com

Functional genomics for waterlogging tolerance in pigeonpea
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ICAR Emeritus Scientist

Prof. Srinivasan
Dr. S. R. Bhat

DBT Ramalingaswamy Fellow

Dr. Ajay jain

Technical Staff

Administrative Staff

Sh. Ram Niwas Gupta

Mr. Rajesh Kumar Sharma

Sh. R. K. Narula

Sh. Mohan Singh

Dr. Krishan Pal

Sh. Krishan Dutt

Smt. Sandhya Rawat

Sh. A.K Jain

Smt. Seema Dargan

Sh. B.S. Dagar

Dr. Rohit Chamola

Smt. Sangeeta Jain

Dr. Pankaj Kumar

Sh. Vipin Kumar

Dr. Rampal Singh Niranjan

Smt. Rekha Chauhan
Mr. Rajesh Kumar Pal
Mr. Kunal Mann
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Training and Capacity Building

Details of training attended by the NRCPB staff during 2016-17
S. No.

Name

Subject Area

Duration

Host Institute

Scientific staff
1.

Dr. J.C. Padaria

Training programme organised by
Bionivid on handling of NGS Data.

Two days
(25 -26 July, 2016)

NRCPB, New Delhi

2.

Dr. Kanika

Training programme organised by
Bionivid on handling of NGS Data.

Two days
(25 -26 July, 2016)

NRCPB, New Delhi

3.

Dr. Amolkumar
Solanke

Training programme organised by
Bionivid on handling of NGS Data.

Two days
(25 -26 July, 2016)

NRCPB, New Delhi

4.

Dr. SV Amitha Mithra

Training programme organised by
Bionivid on handling of NGS Data.

Two days
(6-8 July, 2016)

NRCPB, New Delhi

5.

Dr. Anita Grover

Transcriptome Analytics (ReSequencing & De-Novo). By Bionivid
technology, Banglore

Two Days
(12-13 October 2015)

NRCPB, New Delhi

6.

Dr. Era Vaidya
Malhotra

Winter school on “Genomics and
Phenomics for Enhancement of Crop
Nutrient Use Efficiency”

21 Days
1-21 September 2016

NRCPB, New Delhi

7.

Dr. Era Vaidya
Malhotra

Metabolic Pathway Engineering for
Nutritional Enhancement and Food
Safety Analysis

17 August, 2016

IARI, New Delhi

8.

Dr. Deepak Singh
Bisht

Bioinformatics and Compututional
Biology

10 Days
1-10 August, 2016

DBT, New Delhi

9.

Dr. Sandhya

Professional attachment training
(PAT)

Three months
1 June 2016 to 8
September 2016

Yu-IOB, Manglore and
ICGEB, New Delhi

10.

Dr. Basavaprabhu L
Patil

In vitro double stranded (ds)-RNA
synthesis technology for the control
of Plant Viruses -

Two months
Athens, Greece.
16 Dec 2016 to 15 Feb
2017

11.

Dr. Nimmy M.S.

Computational Approaches for Next
Generation sequencing (NGS) Data
Analysis in Agriculture.

21 Days
8-28 February 2016

12.

Dr. Sarvjeet Kaur

Application of Bioinformatics Tools in 3 Days
Agriculture
6-8 March, 2017
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Technical staff
1.

Dr. R. S. Niranjan

Intellectual Property Rights in
Agriculture

21 Days
12 August 2016 to 01
September 2016

IARI, New Delhi

2.

Dr. R. S. Niranjan

Metabolic Pathway Engineering for
Nutritional Enhancement and Food
Safety Analysis

17 August, 2016

IARI, New Delhi

3.

Dr. R. S. Niranjan

Networking: Basics and Management

6 Days
25 – 30 July 2016

IASRI, New Delhi

4.

Dr. Pankaj Kumar

Networking: Basics and Management

25 – 30 July 2016

IASRI, New Delhi

5.

Dr. Rohit Chamola

Competence enhancement
programme in soft skill and
personality development

10 Days
1-10 June 2016

NAARM, Hyderabad

6.

Mr. Ram Niwas Gupta

Competence enhancement
programme in soft skill and
personality development

10 Days
1-10 June 2016

NAARM, Hyderabad

Pension & other retirement benefits.

4-7 April 2016

ISTM, New Delhi

Administrative staff
1.

Mr. Kunal Maan

#HRD Fund Allocation and utilization:

Total HRD fund allocation for 2016-17
(Lakh Rs.)
Plan

Non Plan

Total

4.00

3.00

7.00

Actual Expenditure for 2016-17
(Lakh Rs.)

% Utilization

4.71

67.28
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Other Activities

Vigilance Awareness Week

Hindi Workshop

NRCPB observed Vigilance Awareness Week from
31 October to 5th November 2016. Project Director,
NRCPB administered the pledge to the staff on 31st
October, 2016. An essay writing competition was
organised on 3rd November 2016 on the topic “Public
Participation in Promoting Integrity and Eradicating
Corruption” for all staff of ICAR-NRCPB.

Following four Hindi workshops were conducted
in 2016-17.

st

S.N. Date

Quarter

Guest Speaker

1.

25-05-2016 April- June

Mr. Ashok Selvatkar

2.

29-08-2016 July – September

Mr. Keval Krishan

3.

08-12-2016 October- December D. T. R. Sharma

4.

04-03-2017 January-March

Prof. Anil Rai

Hindi Activities 2016-17
Hindi Pakhwada
Competitions in Hindi essay writing, technical
work writing, declamation, poetry, recitation and
noting and drafting were conducted for the staff of
the NRCPB as part of Hindi Pakhwada 2016 from 1529th September, 2016.

National Unity Day- (Rashtriya Ekta Divas)
On the occasion of Sardar Vallabhbhai Patel’s
birthday, National Unity Day was observed in the
institute on 31st October 2016 and all the staff of the
the institute took National Unity Pledge.
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Swachha Bharat Abhiyaan
ICAR-NRCPB celebrated Swachhta Divas as a
part of Swachhta Abhiyan on 2nd October 2016 and
a cleanliness drive was taken by the staff of the
Institute.

Celebrated Swachhta Pakhwada from 16-31 October
2016
Centre observed Swachhta Pakhwada, a special
drive on Swachha Bharat Abhiyan from 16th to 31st
October 2016. This pakhwada started with the
Swachhta Oath and Vriksha Ropan (Tree Planting).
There were different competitions organized on
Swachhta including Bhashan Pratiyogita on ‘Swachhta
-  Swasth ebam Samridh Bharat ki Pragati ka Pahala
Kadam’. During this period various activities were
taken up every day. The Swachhta Awareness

Various activities carried out during Swachhta Pakhwada

campaign was carried out by the staff of ICAR-NRCPB
led by the Project Director.
Agriculture Education Day
A team of NRCPB staff along with the Professor
visited Sarvodya Kanya Madhyamik Vidyalaya, on
03.12.2016, located at Pusa Campus on Agriculture
Education Day. Staff members of ICAR-NRCPB
interacted with the students about agriculture, its
importance and contribution of women in agriculture.
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and DSIR/CSIR) and Ministry of Earth Sciences was
held at CSIR-National Physical Laboratory (NPL)
Campus, New Delhi during 7-11 December, 2016. The
mega science and technology expo attracted a huge
gathering especially school students. NRCPB staff
actively participated in stall arrangement, poster
presentation and distributed newsletters, pamphlets
of different crop varieties developed at NRCPB.

Mera Gaon Mera Gaurav
NRCPB participated in India International Science
Festival
India International Science Festival, a joint event
of Ministry of Science and Technology (DST, DBT

ICAR-NRCPB organized Kisan Divas at Nekpur
Village (U.P.) under the innovative initiative “Mera
Gaon Mera Gaurav” programme on 18.10.2016. A team
of ICAR-NRCPB Scientists and technical officers along
with the Project Director interacted with around
60 farmers of four villages – Nekpur, Shahpurkala,
Shreyal, and Jawa in the district of Gautam Budha
Nagar, U.P. and provided farmers with required
information, knowledge and advisories. A “Kisan
Sangoshthi” was also organized at this occasion
in the Nekpur village. During this programme, the
Project Director distributed the seed of mustard
variety, ‘Pusa Jai Kisan’ to the farmers.

Activities carried out in the selected villages by NRCPB Staff
Team

Visit to village

Goshthis/ Interface
meetings conducted

No. of
visits

No. of
farmers

No. of goshthis/
No. of
Title of demonstration No. of
interface meetings farmers
demonstrations

No. of
farmers

5

20

06

53

Mustard variety Pusa
Jai Kishan

18

18

Team
5
1,2,3,4,5,6,

35

03

37

Paddy Varieties Pusa
1460 & Pusa 1612

09

09

Team
12,3,4,5,6,
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Demonstrations and seed production of mustard variety Pusa Jai Kishan at farmers’ field

Initial Stage

Flowering stage

Maturity Stage

Demonstrations of rice varieties Pusa 1460 & Pusa 1612

Farmers and scientists interaction held at
ICAR-NRCPB
Fourteen farmers accompanied by Program
Co-ordinator and Project managers of ISAP (Indian
Society of Agribusiness Professionals) from districts
of Dadari and Bulandsahar. Uttar Pradesh and three
districts of Rajasthan viz., Bundi, Baran and Sawai
Madhopur visited our institute on 07 and 17, March,

2017. With a brief introduction of farmers and NRCPB
Staff members, Dr. Sanjay Singh, Principal Scientist
& Nodal Officer, briefed the house about the purpose
of the meeting. Subsequently, Prof. N. K. Singh,
Project Director, NRCPB addressed the gathering and
interacted with farmers and made them aware about
the NRCPB research activities and various policies
of Government of India namely, Pradhan Mantri
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Fasal Bima Yojana, Soil Health Card Scheme, e-NAM
(National Agriculture Market) and Pradhan Mantri
Krishi Sinchayee Yojana. He also encouraged farmers
to adopt practise of custom hiring of machines and
value addition of the farm produce for increasing
their overall agriculture driven income. He also
talked about the specific problems related to crops
like rice, wheat, mustard, pulses, coriander, fennel
and garlic. The NRCPB scientific staff interacted with
farmers and suggested appropriate solutions of their
problems raised by them. Project Director, NRCPB
advised the farmers to avoid excess use of fertilizers,
proper irrigation practices and to take initiatives for
forming of Small Help Groups. The discussion ended
in a healthy note and farmers were satisfied with the
suggestions and inputs by the NRCPB staff.

Krishi Unnati Mela
NRCPB staff participated in Krishi Unnati Mela
held at IARI, New Delhi on 15 to 17 March, 2017.
NRCPB staff and students actively participated in stall
arrangement, poster presentation and distributed
newsletters, pamphlets of different crop varieties
developed at NRCPB. A huge gathering,especially of
farmers and school students, at the NRCPB stall.

TV Talk
A TV talk and live demonstration of rice variety
Pusa improved Basmati 1 (Pusa 1460) was given by
Dr. Sanjay Singh. He informed that the variety has
important features of bacterial leaf blight (BLB)
resistance, good yield and quality.
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Sports
Staff members of NRCPB participated in ICARZonal Sports of Central Zone hosted by ICAR-IARI,
New Delhi from 8-11 November 2016. Mr Kunal Mann
bagged three Gold Medals in 400 meter race, 800
meter race, 1500 meter, one Silver Medal in javelin
throw and one Bronze Medal in discuss throw. Dr.
P. K. Dash received Silver Medals in shot-put and
discus-throw. Mr Kumal Mann also bagged the best
Athlete Trophy of the ICAR-North Zone. So far, this is
the best performance by NRCPB and Director, NRCPB
has congratulated the entire sports contingent of the
institute.
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Recruitments/Promotions/
Retirements

Recruitments

Promotions

1. Dr. Sandhya, Scientist, joined ICAR-NRCPB
after completing her training at ICAR-NAARM,
Hyderabad on 8th April 2016.

1. Dr. Monika Dalal and Dr. Kanika Kumar were
promoted to Principal Scientist through CAS.

2. Dr. R. C. Bhattacharya, Principal Scientist,
ICAR-NRCPB, assumed the charge of Professor,
Molecular Biology and Biotechnology on 26th
April 2016.
3. Mr. Rajesh Kumar Sharma joined ICAR-NRCPB
as Senior Administrative Officer on 18th May
2016 after getting transferred from ICAR-CIRG,
Mathura.
4. Dr. Tapan Kumar Mondal, Senior Scientist, joined
ICAR-NRCPB after getting transferred from ICARNBPGR, New Delhi, on 1st July 2016.
5. Mr. Kunal Mann, LDC, joined ICAR-NRCPB after
getting transferred from ICAR-CIFE, Mumbai, on
8th August 2016.
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2. Dr. Rhitu Rai, Dr. Subodh K. Sinha, Dr. Rohini
Sreevathsa, Dr. B.L. Patil were promoted from
Senior Scientist PB- III to Senior Scientist PB-IV.
3. Dr. Amitha Mithra Sevanthi and Dr. Amolkumar
U Solanke were promoted to Scientist, Senior
Scale.

Retirement
1. Mr. H. C. Upreti, Chief Technical Officer
superannuated from Service on 30th April 2016.
2. Mr. Ravinder Rishi, Asst. Chief Technical Officer
superannuated from Service on 28th July 2016.
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Project Title

Date of Start Date of
Completion/
ongoing

Principal
Investigator

Name of Associates

Genomics and molecular markers in
crop plants

1st April,2012

Dr. Kishor Gaikwad

Dr. N. K. Singh

31st March, 2017

Dr. T. R. Sharma
Dr. Vandana Rai
Dr. P. K. Dash
Dr. Rhitu Rai
Dr. Amitha Mithra Sevanthi
Dr. Amolkumar U. Solanke
Mr. R. S. Jaat
Mr. R. A. Nagar
Dr. Deepak S. Bisht
Dr. Sandhya
Dr. Pankaj Kumar

Biotechnological applications for
pulses improvement

1 April, 2012 31 March, 2017
st

st

Dr. Debasis
Pattanayak

Dr. P. K. Jain
Dr. Kishor Gaikwad
Dr. Vandana Rai
Dr. Rohini Sreevathsa
Dr. B. L. Patil
Dr. M. S. Nimmy
Dr. Era Vaidya Malhotra
Dr. K. P. Singh
Dr. R. S. Niranjan

Biotechnological approaches for
Brassica improvement

1st April, 2012

31st March, 2017

Dr. R. C. Bhattacharya Dr. Anita Grover
Dr. Rekha Kansal
Dr. Navin C. Gupta
Dr. Mahesh Rao
Mr. Anshul Watts
Mrs. Seema Dargan
Dr. Rohit Chamola
Mrs. Sandhya Rawat
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Project Title

Date of Start Date of
Completion/
ongoing

Principal
Investigator

Name of Associates

Adaptation of wheat to climate
change induced abiotic stress

1st April, 2012 31st March, 2017

Dr. J. C. Padaria

Dr. Sanjay Singh
Dr. S. Barthakur
Dr. Kanika
Dr. Monika Dalal

Improvement of nutrient use
efficiency in cereal crops

1st April, 2012 31st March, 2017

Dr P. K. Mandal

Dr. Subodh Sinha
Dr. Monika Dalal
Mr. R. N. Gupta

Bioprospecting of novel genes and
promoters

1st April, 2012 31st March, 2017

Dr. Sarvjeet Kaur

Dr. J. C. Padaria
Dr. P. K. Jain
Dr. A. Dinabandhu
Mr. Rakesh Narula
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Externally Funded Projects

S.
No.

Funding agency

Project Title

Principal
Investigator

Budget
(Rs. in lakh)

1.

DBT

Maintenance, characterization and use of EMS mutants in
an upland variety Nagina22 for functional genomics in rice
– Phase II

N. K. Singh

260.00

2.

ICAR
(Norman Borlaug
Award)

Introgression of genes for climate resilience from wild rice
into modern high yielding rice cultivars

N. K. Singh

150.00

3.

DBT

Establishment of National Rice Resource Database

N. K. Singh

92.708

4.

IRRI

Stress tolerent rice for Africa and South Asia (STRASA)

N. K. Singh

75.00

5.

DBT

From QTL to variety: marker assisted breeding of abiotic
stress tolerant rice varieties with major QTLs for drought,
submergence and salt tolerance

N. K. Singh

588.00

6.

ICAR
(National Professor
Project)

Allele mining for agronomically important genes in wild rice N. K. Singh
germplasm and stress tolerant landraces of rice growing in
the hot spots

250.00

7.

DBT

Improvement of pigeonpea for plant type pod borer
resistance and moisture stress tolerance

N. K. Singh

224.15

8.

DBT

Referral lab for NCS-TCP project on genetic fidelity testing

T. R. Sharma

85.00

9.

ICAR

CRP on genomics for guar and black gram

T. R. Sharma

1350.00

10.

ICAR

Molecular genetic analysis of resistance to panicle blast and
sheath blight of rice

T. R. Sharma

195.00

11.

ICAR-NPTC

Bioinformatics and comparative genomics

T. R. Sharma

167.00

12.

DBT

Puccinia triticina genomics network on de novo genome
sequencing, fitness, variation and pathogenicity

T. R. Sharma

571.47

13.

ICAR- NPTC

Development of Alternaria-resistant mustard

Anita Grover

50.00

14.

ICAR- NPTC-

Development of aphid resistant transgenic Brassica

Rekha Kansal

58.33

15.

DBT

Cross talk between phosphorus and iron in the maintenance
of nutrient homeostasis in plants

Ajay Jain

63.90

16.

ICAR-NICRA

National initiative for climate resilient agriculture

J. C. Padaria

120.00

17.

DBT

Design and construction of a strong promoter for
constitutive overexpression of NifA gene in Azotobacter
vinelandii

J. C. Padaria

36.704

18.

ICAR-NFBSFARA

Phenomics of moisture deficit and low temperature
tolerance in rice

P. K. Mandal

405.00

19.

CIMMYT

Improving productivity of wheat through enhanced
Nitrogen use efficiency

P. K. Mandal

26.60
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S.
No.

Funding agency

Project Title

Principal
Investigator

Budget
(Rs. in lakh)

20.

DBT

Identification and characterization of peptides in selected
wheat t cultivars which are less immunogenic to patients
with Celiac disease

P. K. Mandal

24.508

21.

ICAR- CRP on
Biofortifcation

Exploration for development of a wheat with low
immunogenic gluten

P. K. Mandal

138.00

22.

ICAR- Incentivizing
Research in
Agriculture

Genetic modification to improve biological nitrogen fixation

P. K. Mandal

1290.00

23.

ICAR-NPTC

Amelioration of cold induced sweetening in potato

D. Pattanayak

65.03

24.

DST

Crop plants which remove their own major biotic
constraints

R. C.
Bhattacharya

140.72

25.

ICAR-NFBSFARA

Common basis of defence induction in rice and mustard
against sucking and gall insect pests

R. C.
Bhattacharya

63.55

26.

ICAR-NASF

Characterization, mapping and transcriptome analysis of
seed protein, β-carotene and mineral contents in chickpea
(Cicer arietinum L.)

P. K. Jain

85.00

27.

ICAR-NASF

Identification and molecular tagging of gene(s) controlling
P. K. Jain
resistance to chilli leaf curl virus infection in chilli (Capsicum
annuum L.)

39.00

28.

ICAR-NPTC

Development of transgenic wheat for terminal heat stress
tolerance

Sharmishtha
Barthakur

40.00

29.

ICAR-NASF

Modeling network of gene response to abiotic stress in rice

Kishor Gaikwad 69.00

30.

ICAR-NPTC

Finishing of pigeonpea genome and functional genomics of
fertility restoration

Kishor Gaikwad 10.00

31.

ICAR-CRP on
Genomics

Decoding the genomes of guar and black gram for the
identification of important genes

Kishor Gaikwad 110.00

32.

ICAR-NASF

Understanding cellular and genetic mechanisms and
identifying molecular markers for seed viability in soybean

Kishor Gaikwad 59.84

33.

DBT

Phenomics and genomics of ragi

Kanika

107.348

34.

ICAR-NPTC

Development of wheat transgenics with enhanced tolerance
to drought

Monica Dalal

33.00

35.

DBT

Structural and functional genomics study of deepwater
adaptations of local rice land races of Assam

T. K. Mondal

24.47

36.

DBT

Generation and comparative analysis of salinity responsive
miRNAs and miRNA-mediated pathways of halophyte
(Oryzacoarctata) and a tolerant glycophyte (Oryza sativa cv
Nonabokra)

T. K. Mondal

60.60

37.

National Tea
Research
Foundation, Tea
Board, Kolkata

Decoding tea(Camellia sinensis) genome for identification of
commercially important genes

T. K. Mondal

116.00

38.

DBT

Root specific reduction of cytokinin to enhance root biomass P. K. Dash
and seed yield in rapeseed (Brassica campestris)
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S.
No.

Funding agency

Project Title

Principal
Investigator

Budget
(Rs. in lakh)

39.

ICAR-NPTC

Bast fibre yield in flax

P. K. Dash

248.46

40.

ICAR-NASF

Understanding the mechanisms of tolerance to low-light
intensity in rice

P. K. Dash

216.50

41.

ICAR-NASF

Transgenics for pod borer resistance in chickpea and
pigeonpea

Rohini
Sreevathsa

142

42.

ICAR-NPTC

Herbicide tolerance in cotton

Rohini
Sreevathsa

46.1

43.

DBT-ISCB

Improvement of Pigeonpea for plant type, early maturity,
pod borer resistance and moisture stress tolerance

Rohini
Sreevathsa

95.90

44.

ICAR-NPTC

Virus resistant transgenic Papaya

B. L. Patil

132.3

45.

BIRAC-BIPP

A novel micro RNA-induced gene silencing strategy for
development of pest & disease tolerant cotton plants

B. L. Patil

96.0

46.

DBT

Identification and functional characterization of key
virulence determinants from Indian Xoo strains knocking
down xa13 mediated resistance

Rhitu Rai

39.30

47.

DBT

Sequencing of Xanthomonas oryzae pv oryzae pathotypes for
better management of bacterial leaf blight disease in rice

Rhitu Rai

64.87

48.

ICAR

Study on Sclerotinia sclerotiorum with emphasis on
management of Sclerotinia rot

N. C. Gupta

27.87

49.

ICAR-NPTC

Jute genomics

Amitha Mithra
Sevanthi

10.27

50.

DBT

Referral centre for genetic fidelity testing of tissue culture
raised plants (NCS-TCP)

Amol Kumar U.
Solanke

71.37

51.

ICAR-CABin

RiceMetaSys: Understanding rice gene network for blast
resistance and drought tolerance through system biology
approach

Amol Kumar U.
Solanke

9.24

52.

DST-ECR

Molecular dissection of mechanism of resistance to sheath
blight in rice

Dr. D. S. Bisht

36.60
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Technology
Commercialization and IPR

The mandate of the Institute Technology
Management Unit relates to registration of patents,
facilitation of contract research projects and
commercialization of IPR enabled technologies of
the centre through Public- Private Partnership.
The following activities were undertaken by the
ITMU during the year 2016-17.

Patent applications filed: Four
a. Complete Patent Applications:
The following three complete patent applications
were filed for India patent rights by NRCPB:
1. Polynucleotide fragments for expression of genes
in plant in response to pathogens and wounding
(Application No. 2245/DEL/2015) on 22nd July,
2016.

3. Material Transfer Agreement (MTA) for
cry1AcF:OcsT and cry2Aa genes gene has been
signed with Telangana State Agricultural
University Hyderabad on 12.08.2016.
4. Material Transfer Agreement (MTA) for EPSPS
gene has been signed with Assam Agricultural
University, Jorhat, Assam on 14.09.2016.
5. A Memorandum of Understanding (MoU) has
been signed for R & D promotion in partnership
mode between ICAR-DMAPR, Anand, ICARNRCPB, New Delhi and Priyamvada Birla Institute
of Life Sciences (PBILS), Satna, M.P. on 24.10.2016
to carrying out joint research programmes in the
areas of mutual interest in Genomics of Medicinal
and Aromatic Plants through externally funded
projects.

2. Peptide elicitor of insect and pathogen defense
in Brassica. (Application No.201611026697) on 4th
August, 2016.
3. Promoter from Gossypium hirsutum L. for
enhanced expression of foreign genes in late boll
developmental stages of cotton. (Application No.
2977/DEL/2015) on 23rd August, 2016.
b. Provisional Patent Application:
The following provisional patent application was
filed for India patent rights by NRCPB:
1. A novel Finger millet bzip polynucleotide
associated with better growth and multiple
stress tolerance. (Application No. 201611036819)
on 27th October, 2016.

II. MTAs / MoUs signed:
1. Material Transfer Agreement (MTA) with
ICGEB, New Delhi pertaining to sharing of rice
mutants developed at NRCPB has been signed on
27.05.2016.
2. Material Transfer Agreement (MTA) for LOC_
Os11g47510 gene has been signed with Indian
Institute of Maize Research, Pusa Campus, New
Delhi on 30.05.2016.
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6. A Memorandum of Understanding (MoU)
has been signed with National Tea Research
Foundation, Tea Board Govt .of India at Kolkata
on 18.11.2016 for doing structural genomics of
tea.
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Awards and Honours

• Dr. Jasdeep C. Padaria received Outstanding
Scientist Award -2016 of Academic Research
Journals (India) at 4thInternational Conference
on Recent Advances in Agricultural and
Horticultural Sciences, 30-31 December 2016;
Jodhpur, Ralasthan, India.

• Dr. N. C. Gupta bagged Best Poster
Presentation Award for “TS-2: variability
in oxalic acid production among different
geographical isolates of Sclerotinia sclerotiorum”
in International Seminar on Oilseed Brassica
(ISOB 2017), SIAM, Jaipur, Rajasthan, India.

• Dr. Jasdeep C. Padaria bagged Second Prize
for oral presentation in National conference
on Climate change and Agricultural production
-Adapting crops to climate variability and
uncertainty; Bihar Agricultural University,
Sabour, India.

• Dr. N. C. Gupta received “Fellow Award”
from Society for Applied Biotechnology,
Tamil Nadu, India.

• Dr. B. L. Patil was awarded two months
Visiting Faculty Fellowship by European
Union’s Erasmus Mundus Action-2 BRAVE
programme, to work at Agricultural
University of Athens, Athens, Greece, during
2016-17.

• Dr. Nimy MS bagged Second Prize for oral
presentation in National conference on “Climate
change and agricultural production -adapting
crops to climate variability and uncertainty”;
Bihar Agricultural University, Sabour, India.
• Dr. Anshul Watts received IARI Merit
Medal Award for the year 2016-2017 for the
outstanding work carried out during Ph. D.
research.

93

17

ICAR-NRCPB ANNUAL REPORT 2016-17

Visits Abroad

•

Prof. N. K. Singh visited United States to attend Plant and Animal Genome Conference (PAG XXIV) held
at San Diego, US from 13th to 18th January, 2017.

•

Dr. Rithu Rai visited Philippines to attend 5th International Conference on Bacterial Blight of Rice held at
Manila from 17th to 19th October, 2016.

•

Dr. Rohini Sreevathsa, Dr. Era Vaidya and Dr. Sandhya visited Functional Genomic Centre, Zurich (FGCZ)
University, Switzerland, for proteomic workshop as part of Indo-Swiss collaboration in Biotechnology.

•

Dr. B. L. Patil visited Agricultural University of Athens, Athens, Greece, for two months during 2016-17
under Visiting Faculty Fellowship by European Union’s Erasmus Mundus Action-2 Brave Programme.
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Linkages and Collaboration

The centre has an active and close collaboration
with other ICAR institutes and State Agricultural
Universities. NRCPB is instrumental in providing
gene constructs for transgenic development
targeting biotic and abiotic tolerance and quality
improvement. It also plays a pivotal role in
developing genomic resources, both functional
and structural, for a variety of crop species. The
scientists at the centre work in close collaboration
with different disciplines of the Indian Agricultural
Research Institute, like Biochemistry, Plant
Physiology, Genetics, Entomology, Pathology,
Nematology, Horticulture, Microbiology and Water
Technology Centre. With the ever-increasing need of
computational and statistical intervention in the area
of modern molecular biology and biotechnology, the
centre has also developed active collaboration with
the Indian Agricultural Statistics Research Institute.
Over the years the centre has developed working
linkages with the international laboratories.

Inter-Institutional Linkages

•

Central Rice Research Institute, Cuttack

•

Directorate of Medicinal and Aromatic Plants,
Anand

•

University of Agricultural Sciences, Dharwad

•

Institute of Himalayan
Technology, Palampur

•

National Bureau of Plant Genetic Resources, New
Delhi

•

Bose Institute, Kolkata

•

Indian Institute of Technology, Kanpur

•

International Centre for Genetic Engineering and
Biotechnology, New Delhi

•

Twenty three ICAR institutes under the Network
project on Transgenics

•

Twenty seven ICAR institutes, SAUs and
others IITs in NAIP Mega Project entitled
“Bioprospecting of genes and allele mining for
abiotic stress tolerance”.

Bioresources

and

International Linkages

•

Delhi University, New Delhi

•

Jawaharlal Nehru University, New Delhi

•

Chaudhary
Sarwan
Kumar
Vishwavidyalaya, Palampur

•

Punjab Agrciultural University, Ludhiana

•

Tamil Nadu Agricultural University, Coimbatore

Krishi

•

Division of Plant Pathology, UC Davis, California,
USA

•

International Rice Research Institute, Manila,
The Phillipines

•

Sixteen Institutes under International Wheat
Genome Sequencing Project
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List of Publications

Research Papers
1. Aftab Hussain IS, Pavithra HV, Sreevathsa R,
Nataraja KN & Babu N. 2016. Development
of transgenic pigeonpea (Cajanus cajan L.)
overexpressing citrate synthase gene for high
phosphorous uptake. Indian J Exp Biol 54: 493-501.
2. Ali S, Chandrashekar N, Rawat S, Nayanakantha
NMC, Mir ZA, Manoharan A, Sultana M & Grover
A. 2017. Isolation and molecular characterization
of pathogenesis related PR2 gene and its promoter
from Brassica juncea. Biol Planta doi:10.1007/s10535017-0726-7
3. Arora S, Mahato AK, Singh S, Mandal P, Bhutani
S, et al. 2017. A high-density intraspecific SNP
linkage map of pigeonpea (Cajanas cajan L.
Millsp.). PLoS One12: e0179747.
4. Banerjee S, Banerjee A, Gill SS, Gupta OP, Dahuja
A, Jain PK & Sirohi A. 2017. RNA interference:
a novel source of resistance to combat plant
parasitic nematodes. Front Plant Sci doi: 10.3389/
fpls.2017.00834.
5. Chidambaranathan P, Jagannadham PTK,
Satheesh V, Jain PK & Srinivasan. 2016.
Expression analysis of six chromatin and
remodeling complex genes (SWR1) in chickpea in
different tissues and during heat stress. Indian J
Genet Plant Breed 76: 47-56.
6. Dash PK & Rai R. 2016. Translating the “Banana
Genome” to delineate stress resistance, dwarfing,
parthenocarpy and mechanisms of fruit ripening.
Front Plant Sci 7: 1543.
7. Dash PK, Gupta P & Rai R. 2016. Hydropenia
induces expression of drought responsive genes
(DRGs) erd1, hat1, pld, and zfa in flax/linseed
(Linumus itatissimum). Indian J Exp Biol (Accepted).
8. Ghritlahre SK, Rao M, Singh V, Singh VK,
Loitongbam B, Yadav SK, Zaidi NW, Singh US
& Singh PK. 2016. Inheritance of sheath blight
disease resistance in submergence rice (Oryza
sativa L.). Int J Agril Environ Biotechnol 9: 507-512.
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9. Goswami S, Kumar RR, Dubey K, Singh JP,
Tiwari S, Kumar A, Smita S, Mishra DC, Kumar S,
Grover M, Padaria JC, Kala YK, Singh GP, Pathak
H, Chinnusamy V, Rai A, Praveen S & Rai RD.
2016. SSH analysis of endosperm transcripts
and characterization of heat stress regulated
expressed sequence tags in bread wheat. Front
Plant Sci 7:1230.
10. Goyal E, Amit SK, Singh RK, Mahato AK, Chand
S & Kanika K. 2016. Transcriptome profiling of
the salt-stress response in Triticum aestivum cv.
Kharchia Local. Sci Rep 6: 27752.
11. Goyal E, Singh AK, Singh RS, Mahato AK & Kanika
K. 2016. De novo transcriptome sequencing and
analysis of Hydrilla verticillata (Lf) Royle. Plant
Omics J 9: 270-280.
12. Jain P, Singh PK, Kapoor R, Solanke AU, Krishnan
SG, Singh AK, Sharma V & Sharma TR. 2017.
Understanding host-pathogen interactions with
expression profiling of NILs carrying rice-blast
resistance Pi9 gene. Front Plant Sci 8: 93.
13. Kaila T, Chaduvula PK, Saxena S, Bahadur K,
Gahukar SJ, Chaudhury A, Sharma TR, Singh NK
& Gaikwad K. 2016. Chloroplast genome sequence
of pigeonpea (Cajanus cajan (L.) Millspaugh) and
Cajanus scarabaeoides: genome organization
and comparison with other legumes. Front Plant
Sci 7: 1847.
14. Karthikeyan C, Patil BL, Borah BK, R e s m i TR,
Turco S, Pooggin MM, Hohn T & Veluthambi
K. 2016. Emergence of a latent Indian cassava
mosaic virus from cassava which recovered from
infection by a non-persistent Sri Lankan cassava
mosaic virus. Viruses 8: 264.
15. Karuppaiah V, Padaria JC, Srivastava C,
Subramanian S & Ahuja DB. 2016. Nucleotide
polymorphism and modulation of carboxyl
esterase activity in Spodoptera litura (F.)
(Noctuidae: Lepidoptera). Indian J Entomol 78:
252-256.
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16. Karuppaiah V, Srivastava C, Padaria JC &
Subramanian S. 2017. Quantitative changes of
the carboxylesterase associated with pyrethroid
susceptibility in Spodoptera litura (Lepidoptera:
Noctuidae). African Entomol 25: 175-182.
17. Katara JL, Kaur S, Kumari GK & Singh NK.
2016. Prevalence of cry2-type genes in Bacillus
thuringiensis isolates recovered from diverse
habitats in India and isolation of a novel cry2Af2
gene toxic to Helicoverpa armigera (cotton boll
worm). Canadian J Microbiol 62: 1003-1012.
18. Khomdram S & Barthakur S. 2016. Transient GUS
assay based quick screening method of genes
cloned in a binary vector in tandem for plant
transformation. Ann Agric Res 37: 265-274.
19. Khomdram S, Arambam S, Barthakur S & Devi
GS. 2017. Biochemical, nutritional profiling and
optimization of an efficient nucleic acid isolation
protocol from recalcitrant tissue of wild edible
fruit Antidesma bunius L. Spreng. Int J Curr Microbiol
App Sci 6: 253-264.
20. Kiran K, Rawal HC, Dubey H, Jaswal R, Devanna
BN, Gupta DK, Bhardwaj SC, Prasad P, Pal D,
Chhuneja P, Balasubramanian P, Kumar J,
Swami M, Solanke AU, Gaikwad K, Singh NK &
Sharma TR. 2016. Draft genome of the wheat rust
pathogen (Puccinia triticina) unravels genomewide structural variations during evolution.
Genome Biol Evol 8: 2702-2721.
21. Koramutla M, Bhat D, Negi M,
P, Jain PK & Bhattacharya RC.
stability and cis-motifs of in
phloem-specific promoters in
(L.). Front Plant Sci 7: 457.

Venkatachalam
2016. Strength,
silico identified
Brassica juncea

22. Koramutla MK, Aminedi R & Bhattacharya RC.
2016. Comprehensive evaluation of candidate
reference genes for qRT-PCR studies of
gene expression in mustard aphid, Lipaphis
erysimi (Kalt). Sci Rep 6: 25883.
23. Kumar A, Kakrana A, Sirohi A, Subramaniam
K, Srinivasan R, Abdin MZ & Jain PK. 2017.
Host-delivered
RNAi-mediated
root-knot
nematode resistance in Arabidopsis by targeting
splicing factor and integrase genes. J Gen Plant Pathol
83: 91-97.
24. Kumar M, Kumar V, Kansal R, Srivastava PS &
Koundal KR. 2016. Isolation and characterization

of a novel gene encoding Kunitz-type protease
inhibitor from pigeonpea (Cajanus cajan L.). Eco Env
Cons 22: S329-S337.
25. Kumar S, Singh P, Tiwari P, Zauva L & Kansal
R.2016. Cloning and expression of pigeonpea
lectin gene in an expression vector and its
characterization. New Agriculturist 27: 357-365.
26. Lianthanzauva, Singh P, Tiwari P, Pawar DV,
Kumar S & Kansal R.2016. Use of the rolC promoter
to direct phloem-specific expression of Cajanus
cajan lectin (CCL) gene in transgenic Brassica
juncea plants. Res J Agrl Sci 7: 597-601.
27. Mishra P, Singh S, Rathinam M, Nandiganti
M, Kumar NR, Thangaraj A, Thimmegowda V,
Krishnan V, Mishra V, Jain N, Rai V, Pattanayak D
& Sreevathsa R. 2017. Comparative proteomic and
nutritional composition analysis of independent
transgenic pigeonpea seeds harboring cry1AcF
and cry2Aa genes and their non-transgenic
counterparts. J Agric Food Chem 65: 1395-1400.
28. Mishra S, Singh B, Misra P, Rai V & Singh NK.
2016. Haplotype distribution and association of
candidate genes with salt tolerance in Indian
wild rice germplasm. Plant Cell Reports 35: 22952308.
29. Mishra S, Singh B, Panda K, Singh BP, Singh
N, Misra P, Rai V & Singh NK. 2016. Association
of SNP haplotypes of HKT family genes with
salt tolerance in Indian wild rice germplasm.
Rice 9: 15.
30. Muthusamy SK, Dalal M, Chinnusamy V & Bansal
KC. 2017. Genome-wide identification and
analysis of biotic and abiotic stress regulation of
small heat shock protein (HSP20) family genes in
bread wheat. J Plant Physiol 211: 100-113.
31. Naresh V, Singh SK, Watts A, Kumar P, Kumar
V, Rao KRSS & Bhat SR. 2016. Mutations in the
mitochondrial orf108 render Moricandia arvensis
restorer ineffective in restoring male fertility to
Brassica oxyrrhina-based cytoplasmic male sterile
line of B. juncea. Mol Breeding 36: 67.
32. Nimmy MS & Vinod K. 2016. Identification and
expression analysis of six salt inducible genes in
chickpea which are Arabidopsis orthologs. Indian
J Plant Physiol 21: 362-365.
33. Padaria JC, Tarafdar A, Raipuria R, Lone SA, Gahlot
P, Shakil NA & Kumar J. 2016. Identification
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of phenazine-1-carboxylic acid gene (phc CD)
from Bacillus pumilus MTCC7615 and its role in
antagonism against Rhizoctonia solani. J Basic
Microbiol 56: 999-1008.
34. Padaria JC, Yadav R, Tarafdar A, Lone SA, Kumar
K & Sivalingam PN. 2016. Molecular cloning and
characterization of drought stress responsive
abscisic acid stress ripening (Asr 1) gene from
wild jujube, Ziziphus nummularia (Burm.f.) Wight
& Arn. Mol Biol Rep 43: 849-859.
35. Padaria JC, Biswas K,
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R, Vishwakarma H & Singh GP. 2016.Transcriptional
profiling of heat stress responsive genes
in different developmental stages of bread
wheat (Triticum aestivum L.) Indian J Biotechnol
15: 467-476.
36. Parameswaran CP, Jagannadham PTK, Satheesh
V, Kohli D, Basavarajappa SH, Bharadwaj C,
Kumar J, Jain PK& Srinivasan R. 2017. Genomewide analysis identifies chickpea (Cicer arietinum)
heat stress transcription factors (Hsfs) responsive
to heat stress at the pod development stage. J
Plant Res doi: 10.1007/s10265-017-0948-y.
37. Parida SK, Kalia S, Pandit A, Nayak P, Singh RK,
Gaikwad K, Srivastava PS, Singh NK & Mohapatra
T. 2016. Single nucleotide polymorphism in
sugar pathway and disease resistance genes in
sugarcane. Plant Cell Rep 35: 1629-1653.
38. Patil BL, Bagewadi B, Yadav JS & Fauquet CM.
2016. Mapping and identification of cassava
mosaic geminivirus genome sequences for
efficient siRNA expression and RNAi based virus
resistance by transient agro-infiltration studies.
Virus Res 213: 109-115.
39. Patil VU, Vanishree G, Pattanayak D, Sharma S,
Bhardwaj V, Singh BP & Chakrabarti SK. 2017.
Complete mitogenome mapping of potato late
blight pathogen, Phytophthora infestans A2 mating
type. Mitochondr DNA Part B 2: 90-91.
40. Prajapat RK, Pawar D, Singh P, Tiwari P, Kumar
S & Kansal R. 2016. Legume lectins: a promising
candidate for confronting a plethora of biotic
stresses. Indian Res J Genet Biotech 8: 6-13.
41. Prakash C, Amitha Mithra SV, Singh PK,
Mohapatra T & Singh NK. 2016. Unraveling the
molecular basis of oxidative stress management
in a drought tolerant rice genotype Nagina 22.

98

BMC Genomics 17: 774.
42. Raman KV, Agarwal D, Rao SR, Sreevathsa R,
Singh AK, Abdin MZ, Pattanayak D & Mohapatra T.
2017. Rapid and efficient Agrobacterium-mediated
transformation of early scutellum derived calli of
indica rice. Indian J Exp Biol (Accepted).
43. Rao M, Grithlahre S, Prashant B, Pallavi, Singh
NK, Dar MH, Singh US & Singh PK. 2016. Genetics
of marker assisted backcross progenies of the
cross HUR-105 X Swarna-SUB. Int J Agril Environ
Biotechnol 9: 499-505.
44. Rawat N, Sandhya, Subaharan K, Eswaramoorthy
M & Kaul G. 2016. Comparative in vivo toxicity
assessment places multiwalled carbon nanotubes
at a higher level than mesoporous silica
nanoparticles. Toxicol Ind Health 33: 182-192.
45. Rawat S, Ali S, Mittra B & Grover A.
2017. Expression analysis of chitinase upon
challenge inoculation to Alternaria wounding
and defense inducers in Brassica juncea. Biotechnol
Rep 13: 72-79.
46. Repalli SK, Baruah AM, Rai R & Dash PK. 2016.
Isolation and cloning of cytokinin oxidase 5 gene
from Arabidopsis. Annal Agril Sci 37: 115-122.
47. Sanju S, Thakur A, Sundaresha S, Sharma S, Shukla
PK, Srivasthava N, Pattanayak D & Singh BP. 2016.
In vitro detached leaf assay of host-mediated
RNAi lines carrying Phytophthora infestansAvr3a
effector gene for late blight resistance. Potato J
43: 30-37.
48. Sarkar D, Mahato SP, Kundu A, Singh S,
Jayaswal PK, Singh A, Bahadur K, Pattnaik S,
Singh N, Chakraborty A, Mandal NA, Das D, Basu
T, Amitha Mithra S, Saha D, Datta S, Kar CS, Mitra
J, Datta K, Karmakar PG, Sharma TR, Mohapatra T
& Singh NK. 2017. The draft genome of Corchorus
olitorius cv. JRO-524 (Navin). Genomics Data
12: 151-154.
49. Shanmugavadivel PS, Amitha Mithra SV, Chandra
Prakash, Ramkumar MK, Tiwari R, Mohapatra T
& Singh NK. 2017. High Resolution mapping of
QTLs for heat tolerance in rice using a 5K SNP
array. Rice 10: doi:10 DOI 10.1186/s12284-017-0167-0.
50. Sharma TR, Devanna BN, Kiran K, Singh PK, Arora
K, Jain P, Tiwari IM, Dubey H, Saklani B, Kumari
M, Singh J, Jaswal R, Kapoor R, Pawar DV, Sinha S,
Bisht DS, Solanke AU & Mondal TK. 2016. Status

ICAR-NRCPB ANNUAL REPORT 2016-17

and prospects of next generation sequencing
technologies in crop plants. Curr Issues Mol Biol
(Accepted).
51. Shivakumara TN, Chaudhary S, Kamaraju
D, Dutta TK, Papolu PK, Banakar P, Sreevathsa
R, Singh B, Manjaiah KM & Rao U. 2017. Hostinduced silencing of two pharyngeal gland genes
conferred transcriptional alteration of cell wallmodifying enzymes of Meloidogyne incognita vis-àvis perturbed nematode infectivity in eggplant.
Front Plant Sci 8: 473.
52. Shivraj SM, Deshmukh R, Rai R, Belangre
R, Agarwal PK & Dash PK. 2017. Genome-wide
identification, characterization, and expression
profile of aquaporin gene family in flax. Sci
Rep 7: 46137.
53. Shoba D, Manonmani S, Raveendran M, Utharasu
S, Dhivyapriya, Subhasini, Ramchandar,
Valarmathi R, Grover N, Gopala Krishnan S, Singh
AK, Jayaswal P, Kale P, Ramkumar MK, Amitha
Mithra SV, Mohapatra T, Singh K, Singh NK,
Sarla N, Sheshshayee MS, Kar MK, Robin
S & Sharma RP. 2017. Development and
genetic characterization of a novel herbicide
(Imazethapyr) tolerant mutant in rice. Rice 10:
doi: 10.1186/s12284-017-0151-8.
54. Singh A, Septiningsih EM, Balyan HS, Singh NK &
Rai V.2017. Genetics, physiological mechanisms
and breeding of flood tolerant rice (Oryza sativa
L.). Plant Cell Physiol doi: 10.1093/pcp/pcw206.
55. Singh D, Singh CK, Taunk J, Tomar RS, Chaturvedi
AK, Gaikwad K & Pal M. 2017. Transcriptome
analysis of lentil (Lens culinaris Medikus)
in response to seedling drought stress. BMC
Genomics 18: 206.
56. Singh N, Singh B, Rai V, Sidhu S, Singh AK &
Singh NK. 2017. Evolutionary insights based on
SNP haplotypes of red pericarp, grain size and
starch synthase genes in wild and cultivated rice.
Front Plant Sci doi: org/10.3389/fpls.2017.00972.

59. Singh P, Tiwari P, Prajapat RK, Sabatta BC
&Kansal R. 2016. Use of Vigna radiata lectin gene
in development of transgenic Brassica juncea
resistant to aphids. Intl J Agril Sci Res 6: 199-209.
60. Sundaresha S, Sreevathsa R, Appanna VK,
Arthikala M-K, Shanmugam NB, Shashibhushan
NB, Hari Kishore CM, Pannerselvam R, Kirti
PB & Udayakumar M. 2016. Co-overexpression
of Brassica juncea NPR1 (BjNPR1) and Trigonella
foenum-graecum defensin (Tfgd) in transgenic
peanut provides comprehensive but varied
protection against Aspergillus flavus and Cercospora
arachidicola. Plant Cell Rep 35: 1189-1203.
61. Thirunavukkarasu N, Sharma R, Singh N,….., Dash
PK, Hossain F & Gupta H. 2017. Genome-wide
expression and functional interactions of genes
under drought stress in maize. Intl J Genomics doi:
org/10.1155/2017/2568706.
62. Tiwari P, Singh P, Prajapat RK, Sabatta BC &Kansal
R.2016. Cloning of Vigna mungo protease inhibitor
gene and its efficacy against aphids. Res J Agril Sci
7: 382-389.
63. Tiwari RK, Kanika K, Singh S, Nain L & Shukla
P. 2016. Molecular detection and environmentspecific diversity of glycosyl hydrolase family 1
β-glucosidase in different habitats. Front Microbiol
7: 1597.
64. Tiwari S, SI K, Kumar V, Singh B, Rao AR, Mithra
Sv A, Rai V, Singh AK & Singh NK. 2016. Mapping
QTLs for salt tolerance in rice (Oryza sativa L.) by
bulked segregant analysis of recombinant inbred
lines using 50K SNP chip. PLoS One 11: e0153610.
65. Vemanna VS, Swetha TN, Shekarappa HS,
Chndrashekar KB, Sreevathsa R, Reddy MK,
Tuteja N, Reddy CP, Prasad TG & Udayakumar
M. 2016. Simultaneous expression of regulatory
genes associated with specific drought adaptive
traits improves drought adaptation in peanut.
Plant Biotech J 14: 1008-1020.

57. Singh NK et al. 2016. Origin, diversity and genome
sequence of mango (Mangifera indica L.). Indian J
His Sci 51: 355-368.

66. Wagaba H, Patil BL, Mukasa S, Alicai T, Fauquet
CM &Taylor NJ. 2016. Artificial microRNA-derived
resistance to Cassava brown streak disease. J Virol
Meth 231: 38-43.

58. Singh NK, Singh B, Mishra S, Singh N, Panda K &
Rai V. 2016. Indian wild rice: diversity, population
structure, trait value and relation with cultivated
rice. Indian J Plant Genet Res 29: 366-368.

67. Watts A, Bhadouria J, Kumar V & Bhat SR.
2016. Assessment of Arabidopsis thaliana CENH3
promoter in Brassica juncea for development of
haploid inducer lines. Indian J Exp Biol 54: 425-430.

99

ICAR-NRCPB ANNUAL REPORT 2016-17

68. Watts A, Singh SK, Bhadouria J, Naresh V, Bishoyi
AK, Geetha KA, Chamola R, Pattanayak D & Bhat
SR. 2016. Brassica juncea lines with substituted
chimeric GFP-CENH3 give haploid and aneuploid
progenies on crossing with other lines. Front
Plant Sci 7: 2019.

Review Articles
1. Patil BL& Chandrashekhar N. 2016. Strategies
for abiotic stress tolerance in plants.I n : “ Plant
Genetic Engineering” for e P G - P a t h s h a l a b y
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Oxford University Press | Online Reference 198
Madison Avenue | New York, NY 10016.
4. Patil BL & Kumar PL. 2017. Pigeonpea sterility
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Papers in Seminar/Symposia/Conference
1. Arambam S, Jaiswal P, Khomdram S & Barthakur
S. 2017. Effect of salicylic acid in heat stress
response in Indian bread wheat. In: XIV National
Seed Seminar: Food Security Through Augmented
Seed Supply Under Climate Uncertainities, pp 209,
held on January 28-30, New Delhi.
2. Barthakur S & Khomdram S. 2017. Terminal heat
stress induced WRKY10 transcription factor
from bread wheat: isolation and functional
characterization in Arabidopsis. In: 38th Annual
Meeting of Plant Tissue Culture Association (India)
and National Symposium on Plant Biotechnology, pp
63, held on March 3-5, Kolkatta.
3. Barthakur S, Pargi N & Khomdram S. 2017.
Sucrose non fermenting like related kinase 1
(SnRk1) and trehalose-6 phosphate (T6P) nexus
during terminal high temperature stress in bread
wheat. In: XIIth Agricultural Science Congress, pp
58, held on 21-24 February, UAS, Bangalore.
4. Barthakur S. 2017. Terminal heat stress in wheat:
molecular approaches towards sustainable yield
and quality under global climate change, In: 104th
Indian Science Congress 3-7th January.
5. Bharadwaj N, Barthakur S & Gogoi N. 2017.
Physiological responses of osmopriming
and hormonal treatment in two contrasting
mungbean (Vigna radiate L.) cultivars. In: XIV
National Seed Seminar: Food Security Through
Augmented Seed Supply Under Climate Uncertainities,
held on January 28-30, New Delhi.
6. Choudhury S, Singh S, Kumar V. Ramkumar MK,
Chopperla R & Rao M, Gupta NC, Chamola RC.
2017. Allele mining of Pb1 (Panicle Blast 1) gene
in Indian rice accessions. In: National Symposium
on Plant biotechnology: Current Perspectives on
Medicinal and Crop Plants, P-7, held on 3-5th
March, 2017 at CSIR-Indian Institute of Chemical
Biology, Kolkata, West Bengal.
7. Das M, Dalal M & Chinnusamy V. 2016. Towards
development of carbon efficient rice by
engineering nocturnal fixation of respiratory
carbon dioxide. In: Golden Jubilee Symposium on
“Plant Biology Research: the Need and Way Forward
for Food and Nutritional Security” held on 26th
November, 2016, at IARI, New Delhi.
8. Deka S, Barthakur S, Nath R, Kakoti RK & Barbora
AC. 2017. Relative RNA expression analysis of

annexin gene in tomato (Solanum lycopersicum)
under bacterial wilt, thrips and root knot
nematode induced biotic stress. In: National
Symposium on Molecular Insect Science, pp 26, held
on February 6-8, Jorhat, Assam.
9. Gupta NC, Ansari R, Rao M, Sharma P, Prasad L
& Bhattacharya RC. 2017. Brassica coenospecies:
an arroyo of genetic potential for crop
improvement. In: International Seminar on Oilseed
Brassica, pp 45, held on Feb 23-27, 2017 at SIAM,
Jaipur, Rajasthan, India.
10. Gupta NC, Samkumar A, Rao M & Bhattacharya
RC. 2016. Exploring the wilds harnessing
genetic potential for crop improvement. In: 1st
International Agrobiodiversity Congress, pp 321, held
on 6th-9th Nov 2016 at NAAS, New Delhi, India.
11. Gupta NC, Samkumar A, Rao M, Sharma P, Prasad
L & Bhattacharya RC. 2016. In vitro screening of
sclerotinia stem rot resistance in oilseed Brassica
juncea using simplified leaf inoculation technique.
In: International Conference on Agricultural Sciences
and Food Technologies for Sustainable Productivity
and Nutritional Security, pp 75, held on 25-27 Aug
2016, UASc, Bengaluru, India.
12. Gupta NC. 2017. Genome editing in oilseed
Brassica for crop improvement. In: 20th ADNAT
Convention International Symposium, pp.22, held on
16th -18th Feb 2016, KIIT University, Bhubaneswar.
13. Jaiswal P, Arambam S & Barthakur S. 2017.
Effect of cytokinin on high temperature stress
response in Indian bread wheat. In: XIV National
Seed Seminar: Food Security Through augmented seed
supply under climate uncertainties, pp 212 , held on
January 28-30, New Delhi
14. Khomdram S & Barthakur S. 2017. Transcript
expression profiling of two heat responsive genes
in a panel of zinc rich wheat ideotypes under field
grown conditions. In: XIV National Seed Seminar:
Food Security Through Augmented Seed Supply Under
Climate Uncertainties, pp 267, held on January 2830, New Delhi.
15. Nimmy MS, Vinod K, Jain PK & Srinivasan R.
2017. Genome wide analysis of MATE (Multi-drug
and toxic extrusion) family genes in chickpea.
In: National Conference on “Climate change and
Agricultural Production -Adapting Crops to Climate
Variability and Uncertainty, pp598, held on 6-8
April, 2017, Bihar Agricultural University, Sabour.
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16. Rai R. 2016. Molecular screening of rice land
races and its wild relatives for loss of function
alleles of bacterial blight susceptibility genes. In:
International Conference on Agricultural Sciences and
Food Technologies for Sustainable Productivity and
Nutritional Security, held on 25th-27th Aug, 2016
at UAS, Bangaluru, Karnataka.
17. Rai V. 2016. Genome-wide analysis of salt stressresponsive differential gene expression and
alternative splicing in contrasting introgression
lines of KMR3 X O. rufipogon and Swarna X
O. nivara. In: NGBT from Scie Genome held on
3rd-5th October 2016 at Cochin, India.
18. Ramakrishna Ch, Sonam, Kanika, Padaria
JC, Mohanty S, Sharma TR and Solanke AU.
2016. bZIP transcription factor from Finger
millet (L.): a potential candidate gene for
abiotic stress tolerance. In: National Seminar on
Innovations and Entrepreneurship in Biotechnology,
pp 50, held at Department of Biotechnology,
Guru
GhasidasVishwavidyalaya.
BilaspurChhattisgarh on December 26- 27, 2016.
19. Ramkumar MK, Yadav N, Kandwal P, Kale PB,
Singh AK, Gopalkrishnan S, Kar MK, Robin S,
Sarla N, Sheshshyee MS, Sharm RP, Singh NK
&Amitha Mithra SV. 2017. Inheritence analysis
of stay green mutants of upland rice cv. N22 and
their evaluation under drought. In: International
Conference on Recent Strategies in Biotechnology
and Biosciences, held on 24-25 April, 2017, AVIT
Chennai.
20. Rao M, Gupta NC, Chamola RC, Pandey M, Singh
N, Bhat SR & Bhattacharya RC. 2016. Resynthesis
of Brassica Juncea: Exploiting diversity contained
in progenitor diploid species for B. Juncea
improvement. In: 1st International Agrobiodiversity
Congress, pp184, held on 6th-9th Nov 2016 at NAAS,
New Delhi, India.
21. Rao M, Gupta NC, Chamola RC, Singh N, Bhat SR
& Bhattacharya RC. 2017. A novel Brassica rapa
line (NRCPB-Rapa8) for the simple and speedy
production of synthetic B. juncea. In: International
Seminar on Oilseed Brassica, pp 36, held on Feb 2327, 2017 at SIAM, Jaipur, Rajasthan, India.
22. Sahu S, Singh I, Dalal M, Gaikwad K, Ghosal
S & Rao AR. 2016. In silico identification and
functional annotation of bread wheat lncRNAs.
In: International Conference on Statistics & Big
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Data Bioinformatics in Agricultural Research, held
on 21 - 23rd November, at ICRISAT, Patancheru,
Telangana, India.
23. Sandhya & Kaul G. 2017. Dietary antioxidants
are more effective than synthetic ones in
ameliorating silver nanoparticle induced damage
in buffalo bull spermatozoa. In: National Conference
on Advances in Food Science and Technology, held on
24-25 March -2017, HP.
24. Sharma P, Meena PD, Singh S, Singh VV, Prasad
L, Gupta NC, Sharma A, Ambawat S & Singh D.
2016. Identification and characterization of new
resistance sources against Sclerotinia stem rot
(Sclerotinia sclerotiorum) in oilseed Brassica. In:
International Conference on Global Initiatives
in Applied Sciences and Green Technology
(GiAgT-2016), pp 65, held on Sept 9-11, 2016.
25. Shingote P, Kawar P & Solanke AU. 2017. Overexpression of sugarcane MYB18 transcription
factors deciphering tolerance to drought and
salinity stress. In: EMBO conference on Micro
and Metabolic Regulators in Plants, P0133, held
at Thiruvananthapuram, Kerala on February 1-4,
2017.
26. Shingote PR, Sharma P, Arora K, Devanna NB,
Mithra SVA, Solanke AU & Sharma TR. 2016.
Development of genetic fidelity testing system for
the detection of tissue culture raised somaclonal
variation in sugarcane crop. In: International
Conference and Exhibition on Sugarcane Value ChainVision 2025 Sugar, pp ASP-47, held on November
13-16, 2016, at Vasantdada Sugar Institute, Pune,
Maharashtra, India.
27. Singh J, Gupta SK, Kumari M, Devanna NB,
Solanke AU, Upadhyay A & Sharma TR. 2017.
Subcellular localization of Pi54 protein involved
in imparting resistance to rice blast. In: EMBO
Conference on Micro and Metabolic Regulators in
Plants, P0121, held at Thiruvananthapuram,
Kerala on February 1-4, 2017.
28. Sinha SK, Tyagi A, Rani M & Mandal PK. 2016.
Root based approaches for enhancement of
nitrogen use efficiency in Wheat. In: International
Conference on Nutraceuticals and Functional Foods:
The Challenges and Opportunities, pp 68-69, held
on 6-8, December, 2016 at Anand Agricultural
University, Anand Gujarat.
29. Sinha SK, Tyagi A, Rani M & Mandal PK. 2017.
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Improving nitrate uptake efficiency in wheat
employing root based approaches. In: 2nd National
Seminar on Current Trends in Life Sciences, held on
20-21 February, 2017. At Central University of
South Bihar, Patna.
30. Solanke AU, Kumar V, Singh PK & Sharma TR.
2016. Identification of new panicle blast resistance
genes from wild rice accessions. In: National
Symposium on Nanotechnology: Environmental,
Economic, Social and Health Perspectives, held on
January 22-23, 2016 at Savitribai Phule Pune
University, Pune, Maharashtra, India.
31. Sonam, Ramakrishna Ch, Kanika, Padaria JC, Khan
S & Solanke AU. 2016. A Dehydration-responsive
element binding transcription factor EcDREB2A
from Finger millet confers thermo-tolerance
in transgenic tobacco. In: National Seminar on
Innovations and Entrepreneurship in Biotechnology,
pp 50, held on December 26- 27, 2016 at
Department of Biotechnology, Guru Ghasidas
Vishwavidyalaya. Bilaspur- Chhattisgarh.
32. Tiwari IM, Bisht DS, Solanke AU, Mondal TK,
Botella J & Sharma TR. 2017. Down-regulation
of Rhizoctonia solani pathogenesity gene by hostinduced gene silencing (HIGS) for enhancing
disease resistance. In: International Symposium on
Insight to Plant Biology in the Modern Era, P-79, 8th10th Feb, 2017, Bose Institute, Kolkata.

33. Vasupalii N, Rao M, Chamola R, Pant U,
Bhattacharya RC & Bhat SR. 2017. A reverse
breeding approach for alien gene introgression
from Diplotaxis erucoides. In: Brassica juncea in 3rd
National Brassica Conference – 2017 (3rd NBC 2017),
pp 21, held on 16-18 February 2017, ICAR-IARI,
New Delhi.
34. Vinod K, Sinha S & Nimmy MS. 2016. Weed
management for increasing productivity of Rabi
pulses. In: National Conference on “Bringing Self
Sufficiency in Pulses for Eastern India, pp 109-112,
held on 05-06 August,2016, Bihar Agricultural
University, Sabour.

Popular Articles
1. Biswas DK, Sreevatsha R, Rai R & Dash PK. 2016).
Genome sequence of potato reveals mechanism
of tuberization and disease resistance.
Biotecharticles.com/3634.
2. Prakash C, Kaur H & Bisht DS. 2016. CRISPR Cas9:
A CRISP method of genome editing. Scientific India
July 29, 2016.
3. Dash PK & Rai R. 2017. Why a male seahorse is a
mother? Science Reporter 54: 8-9.
4. Malhotra EV, Sreevathsa R, Nimmy MS &
Watts A. 2017. The CRISPR revolution in crop
improvement. Scientific India 5(2): 27-28.
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Distinguished Visitors

28-04-2016:

Professor Ian Bancroft, Department of Biology, University of York, UK delivered a lecture
on “Associative transcriptomics and visualization of genome structural evolution in
Brassica oilseed crops”.

01-06-2016:

Dr. Paul Quick and Dr. Anindya Bandyopadhyay from IRRI visited our Centre.

19-08-2016:

Professor Francois Belzile, Department of Plant Sciences, Canada

09-09-2016:

Dr. Julian Adams, Dr. Carrie McMahon USA and Dr. Pham Van Toan, Vietnam

19-09-2016:

Prof. Kappei Kobayashi from Ehime University, Japan

08-11-2016:

The Peer Review Team of UGC-NAAC comprised 12 distinguished members including Prof.
S. P. Thyagarajan, Former Vice-Chancellor, University of Madras visited the centre.

02-12-2016:

Prof. Madan Kumar Chattacharya, Iowa State University, USA delivered a talk.

21-01-2017:

Shri Deepak Kumar, Secretary, IT, Biotechnology, S&T and HRD, Govt. of Uttarakhand.

21-02-2017:

Dr. Murray Grant from School of Life Sciences, University of Warwick, United Kingdom.

01-03-2017:

Dr. Rupesh Deshmukh, Visiting Professor, University of Laval Quebec, Canada.
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Important Committees

UPTO JANUARY 2017

AFTER JANUARY 2017

Research Advisory Committee (RAC)
Dr. C. R. Bhatia – Chairman
Dr. K. Veluthambi – Member
Dr. D. S. Brar – Member
Dr. A. K. Pradhan – Member
Dr. P. K. Ranjekar – Member
Dr. T. R. Sharma – Member
Dr. J. S. Chauhan – Member
Dr. P. Chengal Reddy – Member
Dr. Shushama Chaphalkar – Member
Dr. Kishor Gaikwad – Member Secretary
Institute Management Committee (IMC)

Research Advisory Committee (RAC)
Dr. C. R. Bhatia – Chairman
Dr. K. Veluthambi – Member
Dr. D. S. Brar – Member
Dr. A. K. Pradhan – Member
Dr. P. K. Ranjekar – Member
Dr. N. K. Singh – Member
Dr. D. K. Yadav – Member
Dr. P. Chengal Reddy – Member
Dr. Shushama Chaphalkar – Member
Dr. Kishor Gaikwad – Member Secretary

Dr. T. R. Sharma – Chairman
Dr. N. P. Singh – Member

Institute Management Committee (IMC)

Dr. J. S. Chauhan - Member

Dr. N. K. Singh – Chairman

Dr. K. V. Bhat – Member

Dr. N. P. Singh – Member

Dr. Ratan Tiwari – Member

Dr. D. K. Yadav - Member

Dr. R. M. Sundaram – Member

Dr. K. V. Bhat – Member
Dr. Ratan Tiwari – Member

Institute Research Committee (IRC)

Dr. R. M. Sundaram – Member

Dr. T. R. Sharma – Chairman
Prof. R. P. Sharma- Expert Member
Dr. M. L. Lodha-Expert Member

Institute Research Committee (IRC)
Dr. N. K. Singh – Chairman
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