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The current trajectory of population growth indicates that the world population is to cross 9 billion by 2050, and could likely reach 11 billion
by the end of 21 century. This upward trend in turn necessitates a quantum leap in the global food production by 70% in order to meet
the dietary demands of the global population. The increasing severity of the global crop looses accounted to the pest problems is reflected
in the fact that the amount of yield lost to these attacks are adequate to feed almost one billion people worldwide. Pulses are generally
grown on marginalized soil and risk prone environment where their production is subject to a number of yield-limiting constraints that
include pests, diseases and various other agricultural adversities. Given growing concerns to agricultural sustainability and environmental
safety, resistance breeding remains the most economically-viable and widely accepted strategy for developing improved crop cultivars
showing markedly enhanced level of resistance to various biotic and abiotic constraints. In recent years, transformational developments
in the area of legume genetics and genomics have resulted in the availability of modern genomic tools that are potentially underpinning

various crop improvement schemes.
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1. Background

The current trajectory of population growth indicates that the
world population is to cross 9 billion by 2050, and could likely
reach 11 billion by the end of 21% century (Godfray et al., 2010;
http://science.nbcnews.com/_news/2013/06/14/18960165-
worlds-population-could-hit-11-billion-by-21007?lite). This
upward trend in turn necessitates a quantum leap in the global
food production by 70% in order to meet the dietary demands
of the global population (Tester and Langridge, 2010). Most
importantly, the above-stated concern of food security is
required to be addressed in the face of narrowing natural
resource base, dramatically changing climatic conditions
and shifting dietary patterns and land-use change (Pretty
and Bharucha, 2014). Equally crucial is to protect our food
crops with the rising incidents of biotic and abiotic stresses.
The increasing severity of the global crop looses accounted
to the pest problems is reflected in the fact that the amount
of yield lost to these attacks are adequate to feed almost one
billion people worldwide (Birch et al., 2011; see Pretty and
Bharucha, 2014). In a similar way, abiotic stress encompassing
a wide-array of constraints is also known to claim almost
50% of the production in case of major crops worldwide (see
Reddy et al., 2012). Concerning food and nutritional security,
grain-legumes along with their counterpart ‘cereals’ make the
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dominant portion of vegetarian diets in the less-developed
nations (Bohra et al., 2014a).

Given growing concerns to agricultural sustainability and
environmental safety, resistance breeding remains the
most economically-viable and widely accepted strategy
for developing improved crop cultivars showing markedly
enhanced level of resistance to various biotic and abiotic
constraints. In recent years, transformational developments
in the area of legume genetics and genomics have resulted in
the availability of modern genomic tools that are potentially
underpinning various crop improvement schemes. Towards
this end, public access to the whole genome sequences
in several leguminous species including model as well as
crop genomes represents one of the most noteworthy
accomplishments achieved in the area of legume genetics
and genomics (Bohra et al., 2014b). Among grain legumes,
whole genome sequences have become available for soybean,
chickpea, pigeonpea, narrow-leafed lupin and more recently
in common bean and mung bean. In parallel, sequencing
efforts aiming to decode the entire genomes are under way in
other important pulse crops including lentil and adzuki bean.
In parallel, next generation sequencing (NGS)-based rapid
genome decoding of important pests like bruchid will also
help in progressing towards pest management. For examples,
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Duan et al. (2014) reported the whole genome sequence
of Callosobruchus chinensis L. using lllumina sequencing
chemistry, and identified some valuable microsatellite
markers.

2. Major Biotic and Abiotic Constraints Challenging Pulses’
Productivity Worldwide

Pulses are generally grown on marginalized soil and risk prone
environment where their production is subject to a number
of yield-limiting constraints that include pests, diseases and
various other agricultural adversities. The major diseases
challenging pulses production worldwide are: Ascochyta
blight, Fusarium wilt (FW), Botrytis gray mold, dry root rot
(DRR) in chickpea (Varshney at al., 2013a), FW, phytophthora
stem blight in pigeonpea (Varshney at al., 2013a; Bohra et al.,
2014a), AB, FW, powdery mildew, rust in pea and AB, FW,
DRR, anthracnose and blight in lentil (Bohra et al., 2014a) etc.
Among insects of economic concerns, pod borer and storage
pets such as bruchids cause substantial yield losses in these
pulse crops particularly chickpea and pigeonpea. Apart from
these fungal diseases like sterility mosaic disease (SMD) in
pigeonpea, yellow mosaic (MYMV) and yellow India mosaic
(MYMIV) in mung bean and crinkle virus in urd bean (Bohra
etal.,, 2014b). With regard to abiotic constraints, stresses like
drought, heat, cold, salinity and water logging are known to
considerably affect the yield in pulse crops (Reddy et al., 2012;
Varshney at al., 2013a; Bohra et al., 2014a; Jha et al. 2014).

3. Omics Advances to Tackle Yield-Limiting Biotic and
Abiotic Factors

An array of omics technologies has become accessible over the
last few years that are indeed helpful in refining the genetic
landscape of important complex traits.

3.1. Mapping genetic loci conferring resistance to stress

Resolving the genetic architecture of important traits or
component traits that collectively contribute towards stress
tolerance or resistance is of foremost importance while
addressing the problem of yield-limiting factors. The genetic
architecture of traits is dissected by adopting following
strategies:

3.1.1. Locating candidate loci using biparental mapping
populations

Different types of genetic populations were generated in
these pulse crops to construct the genetic linkage map and
to discover the responsible genetic factors that reside within
genome. In the absence of a linkage map, bulked segregant
analysis (BSA) directly delivers a DNA marker that is associated
with the trait-of-interest via pooling of phenotypic extremes
(Collard et al., 2005). If entire population is genotyped, QTL
analysis can be performed that connects phenotypic data
with the segregation data. In pulse crops, a number of robust
markers have been identified which are tightly associated with
various abiotic and biotic stress relevant traits (Table 1a b).

Table 1a: Some studies concerning mapping of resistance to biotic stresses

Constraint Causal organism Crop Associated References
DNA marker
Rust Uromyces fabae Pea SSR Rai et al. (2011)
Ascochyta blight ~ Ascochyta lentis Lentil RAPD Chowdhury et al. (2001)
Ascochyta rabiei Chickpea SSR Udupa and Baum (2003); Iruela et al.
2006, 2007; Sabbavarapu et al. (2013)
Fusarium wilt Fusarium oxysporum f.sp. Chickpea SSR Gowda et al. (2009); Sabbavarapu et
Ciceri al. (2013)
Sterility mosaic Pigeonpea sterility mosaic Pigeonpe SSR Gnanesh et al. (2012)
disease virus
Bruchid Zabrotes subfasciatus Common bean SSR Blair et al. (2010)
Callosobruchus maculatus Urd bean SSR Souframanien et al. (2010)
Callosobruchus clanensis Mung bean RAPD or SSR  Sun et al. (2008)

Table 1b: Mapping of resistance to abiotic stresses

Constraint Crop Associated DNA Marker References
Drought Cowpea AFLP Muchero et al. (2009)
Chickpea SSR, SNP Varshney et al. 2014; Jagana-
than et al. 2014
Heat tolerance Cowpea SNP Lucas et al. (2013)
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3.2.2. Detecting gene-trait relationships across natural
populations via GWAS

Alternatively, the high-resolution genetic maps and high-
density genotyping assays coupled with easy availability of
historical phenotypic data are opening up avenues to perform
whole genome scans in order to detect the causative genetic
loci. For instance, genomes of 300 chickpea accessions were
interrogated to discover the candidate genomic regions for
drought and heat stresses using 1,872 markers (DArTs, SSRs
and SNPs) across multiple locations and seasons. As a result
of association analysis, over 300 noteworthy marker-trait
associations were found, majority of which contributed to
100-seed weight (Thudi et al., 2014).

3.2. Marker assisted selection (MAS) to enhance the efficacy
of breeding schemes

Once a significant QTL is detected, faster transfer of this QTL
or gene to diverse genetic backgrounds is an important step
in developing the desirable genotype (see Bohra, 2013).
Recently, a QTL hot spot region detected originally in two
bi-parental populations was transferred from ICC 4958 to a
popular variety JG 11 using marker assisted back cross (MABC)
method (Varshney et al., 2013b). With the increasing number
of published reports on QTL discovery, more instances of MAS
are likely to become available in near future.

3.3. Genomic selection (GS)

Encouraged from the simulation as well as empirical results
obtained in major crops such as rice, maize, wheat and barley
(see Nakaya and Isobe, 2012), GS method is increasingly
extended to grain-legume crops (Bohra et al., 2014a;
Varshney et al., 2015). Taking the full advantage of modern
high-density genotyping assays, GS acts on whole genome
marker information recorded on individuals from both test
and breeding populations. Phenotypic evaluation, however,
is performed only for test or training set that basically aims to
calibrate the prediction models (Jarquin et al., 2014). Jarquin
et al. (2014) have demonstrated the utility of genome-wide
prediction models in soybean. Genotyping-by-sequencing
(GBS) approach was adopted to generate the high-density
DNA marker data, and the analysis achieved satisfactory level
of prediction accuracies.

3.4. Phenomics platforms enabling high-throughput
phenotypic screens

Recording accurate phenotypic observation on experimental
or natural populations still represents a gargantuan task
(Hamblin et al., 2011), hence imposes a key restraint to the
regular implementation of genomics-assisted breeding for
crop improvement. Nevertheless, rapid advances are being
made towards establishment of automated and interactive
screening of large sets of mapping individuals (see Cobb et
al., 2013 for further details). For instance, imaging platforms
coupled with softwares like RootReader3D enabled the three
dimensional measurement on various root traits (Clark et al.,
2011). Such platforms would be crucial in dissecting traits
that potentially contribute to stress tolerance in important
crop plants.

3.5. Genetic engineering of grain-lequmes for incorporating
tolerance to biotic and abiotic stress

Genetic engineering is one of the fastest adopted technologies,
benefitting 18 million farmers in 27 countries worldwide. The
global hectarage has increased 100 fold (~ 175 m h) since last
18 years, testifying in terms of resilience and benefits it delivers
to farmers and consumers (ISAAA 2013; http://www.isaaa.
org/resources/publications/briefs/46/executivesummary/).
Legumes are important source of human nutrition, however
yield stagnation, pose a serious threat in face of increasing
demand, changing climatic scenarios and emergence of pests
and diseases. The potential of this technology in integrated
management practices has been demonstrated in the legume
soybean, engineered for the traits like insect resistance and
herbicide tolerance, occupying highest area of cultivation
worldwide. Recently, transgenic common beanimmune to the
bean golden mosaic virus has been approved for commercial
cultivation in Brazil. The time is ripe to harness the potential
of this technology for our indigenous legumes or pulses like
chickpea, pigeonpea, mung bean, urd bean, peas etc. The
important traits to engineer are insect (pod borer, storage
pest), virus (yellow mosaic) and fungus (Fusarium) resistance,
enhanced drought tolerance and herbicide tolerance.

Efforts are on at Indian Institute of Pulses Research, Kanpur
in collaboration with national and International Institutes,
for development of engineered pulses. Advanced lines
of transgenic chickpea and pigeonpea for the in built pod
borer resistance has already been developed. Engineering
chickpea for enhanced drought tolerance, root-knot
nematode resistance in fieldpea using RNAi technology
and control of mosaic viruses by ribozyme technology has
been demonstrated. Though there are plenty of reports of
transgenic development (Table 2), the need of the hour is

Table 2: List of reports of transgenic development in vari-
ous pulse crops

Crops Trait Reference
Chickpea  Gram pod bor- Singh et al. (2009), Sharma
er resistance et al. (2007), Acharjee et al.
(2011), Sanyal et al. (2003),
Kar et al. (1997), Mehrotra
et al. (2011)
Callosobru- Sarmah et al. (2004)
chus spp
Aphids Chakroborti et al. (2009)
Enhanced Bhatnagar-Mathur et al.
drought toler- (2009, 2014); Dasetal. (2014)
ance
Pigeonpea Grampodbor- Lawrence and Koundal
er resistance  (2001), Sharma et al. (2006);
Das et al. (2013)
Mungbean Callosobru- Sonia et al. (2007)

chus spp

K © 2016 PP House 113



Bohraetal., 2016

Crops Trait Reference
Blackgram Enhanced Bhomkar et al. (2008)
drought toler-
ance
Pea Callosobru- Schroeder et al. (1993)
chus spp
Nematode Dasetal. (2011)
(RKN) resis-
tance
Common Golden mosaic Bonfim et al. (2007)
bean virus

translational research: bringing the materials generated in the
laboratories to the field. Apprehensions regarding biosafety
of genetically engineered food crops needs to be addressed,
before it can be accepted by farmers and consumers.

4. Conclusion

To ensure food security to over nine billion people by
2050, radical transformation is needed in crop breeding
technologies. In the context, the rising trend depicting the
remarkable technological and scientific advancements in
the area of plant genomics are truly noteworthy. We expect
that with the help of currently available and rapidly evolving
state-of-the-art tools and technologies, designer and climate-
smart genotypes endowed with tolerance to various biotic
and abiotic stresses could be bred with greater efficiency and
improved pace.

5. References

Acharjee, S., Sarmah, B.K., Kumar, P.A,, Olsen, K., Mahon, R.,
Moar, W.J., Moore, A., Higgins T.J.V., 2010. Expression
of a sequence-modified cry2Aa gene for resistance
Helicoverpa armigera in chickpea (Cicer arietinum L.).
Plant Science 178(3), 333-339.

Anbazhagan, K., Mathur, P.B., Vadez, V., Dumbala, S.R., Kishor,
P.B.K, Sharma, K.K., 2014.

DREB1A overexpression in transgenic chickpea alters key traits
influencing plant water budget across water regimes.
Plant Cell Reports doi:10.1007/s00299-014-1699-z.

Bhomkar, P., Upadhyay, C.P., Saxena, M., Muthusamy, A.,
Prakash, N.S., Pooggin, M., Hohn, T., Sarin, N.B., 2008.
Salt stress alleviation in transgenic vigna mungo L.
Hepper (blackgram) by overexpression of the glyoxalase
I gene using a novel Cestrum yellow leaf curling virus
(CmYLCV) promoter. Molecular Breeding 22(2), 169-181.

Birch, A.N.E., Begg, G.S., Squire, G.R., 2011. How agro-
ecological research helps to address food security issues
under new IPM and pesticide reduction policies for
global crop production systems. Journal of Experimental
Botany 62, 3251-3261.

Blair, M.W., Mufioz, C., Buendia, H.F., Flower, J., Bueno, J.M,,

Cardona, C., 2010. Genetic mapping of microsatellite
markers around the arcelin bruchid resistance locus
in common bean. Theoretical Applied Genetic 121,
393-402.

Bohra, A., 2013. Emerging paradigms in genomics-based
crop improvement. The Scientific World Journal 2013,
585467,17.

Bohra, A., Pandey, M.K., Jha, U.C., Singh, B., Singh, I.P., Datta,
D., Chaturvedi, S.K., Nadarajan, N., Varshney, R.K.,
2014a. Genomics-assisted breeding in the four major
pulse crops of developing countries: Present status
and prospects. Theoretical and Applied Genetics 127,
1263-91.

Bohra, A., Jha, U.C., Kavi Kishor, P.B., Pandey, S., Singh,
N.P., 2014b. Genomics and molecular breeding in
lesser explored pulse crops: Current trends and future
opportunities. Biotechnology Advances 32, 1410-1428.

Bonfim, K., Faria, J.C., Nogueira, E.O. P. L., Mendes, E.A.,
Aragdo, F.J. L., 2007. RNAi-mediated resistance to Bean
golden mosaic virus in genetically engineered common
Bean (Phaseolus vulgaris). Molecular Plant-Microbe
Interactions 20, 717-726.

Chakraborti, D., Sarkar, A., Mondal, H.S., Das, S., 2009. Tissue
specific expression of protein insecticidal, Allium
Sativum leaf agglutinin (ASAL) in important pulse crop,
chickpea (Cicer arietinum L.) to resist the phloem feeding
Aphis crasccivora. Transgenic Research 18, 529-544.

Chowdhury, M.A., Andrahennadi, C.P., Slinkard, A.E.,
Vandenberg, A., 2001. RAPD and SCAR markers for
resistance to ascochyta blight in lentil. Euphytica 118,
331-337.

Clark, R.T., MacCurdy, R.B., Jung, J.K., Shaff, J.E., McCouch,
S.R., Aneshansley, D.J., Kochian, L.V., 2011. Three-
dimensional root phenotyping with a novel imaging
and software platform. Plant Physiology 156, 455—-465.

Cobb, J.N., DeClerck, G., Greenberg, A., Clark, R., McCouch,
S., 2013. Next-generation phenotyping: requirements
and strategies for enhancing our understanding of
genotype—phenotype relationships and its relevance
to crop improvement. Theoretical and Applied Genetics
126, 1-21.

Collard BCY, Jahufer MZZ, Brouwer JB, Pang ECK (2005)
An introduction to markers, quantitative trait loci
(QTL) mapping and marker-assisted selection for crop
improvement: the basic concepts. Euphytica 142,
169-196.

Das, A., Datta, S., Shukla, A., Kumar, M., Basu, P.S., Singh,
M., 2014. Development of transgenic chickpea (Cicer
arietinum L.) for enhanced drought tolerance. Presented
as poster in National Conference on Pulses JNKVV
Jabalpur (29t September to 1°t October, 2014).

Das, A., Datta, S., Soren, K.R., Mohapatra, S.D., Chaturvedi,
S.K, Nadarajan, N., 2013. Expression of a synthetic Bt
gene in pigeonpea (Cajanus cajan L.) confers resistance

K © 2016 PP House 114



International Journal of Economic Plants 2016, 3(3):111-116

to gram pod borer (Helicoverpa armigera H.). Presented
as poster in 100t Indian Science Congress, Kolkata (3-3
January, 2013).

Das, A., Nandeesha, P., Datta, S., Singh, B., Subramanium, K.,
Chaturvedi, S.K., Nadarajan, N., 2012. Towards plant
parasitic nematodes control using RNAi technology in
fieldpea (Pisum sativum L.). Presented as poster in 6™
International Conference on genetics and genomics
Hyderabad.

Duan, C., Li, D., Sun, S., Wang, X., Zhu, Z., 2014.
Rapid Development of Microsatellite Markers
for Callosobruchus chinensis Using Illumina Paired-End
Sequencing. PLoS ONE 9(5), e95458.

Gnanesh, B.N., Bohra, A., Sharma, M., Byregowda, M.,
Pande, S., Wesley, V., Saxena, R.K., Saxena, K.B., Kavi
Kishor, P.B., Varshney, R.K., 2011. Genetic mapping and
guantitative trait locus analysis of resistance to sterility
mosaic disease in pigeonpea [Cajanus cajan (L.) Millsp.].
Field Crops Research 123, 53—-61.

Godfray, H.C., Beddington, J.R., Crute, I.R., Haddad, L.,
Lawrence, D., Muir, J.F., Pretty, J., Robinson, S., Thomas,
S.M., Toulmin, C., 2010. Food security: the challenge of
feeding 9 billion people. Science 327, 812—-818.

Gowda, S.J.M., Radhika, P., Kadoo, N.Y., Mhase, L.B., Gupta,
V.S., 2009. Molecular mapping of wilt resistance genes
in chickpea. Molecular Breeding 24, 177-183.

Hamblin, M.T., Buckler, E.S., Jannink, J.L., 2011. Population
genetics of genomics-based crop improvement
methods. Trends in Genetics 27, 98—-106.

Iruela, M., Castro, P., Rubio, J., Cubero, J.I., Jacinto, C., Milla’n,
T., Gil, J., 2007. Validation of a QTL for resistance to
Ascochyta blight linked to resistance to Fusarium
wilt race 5 in chickpea (Cicer arietinum L.). European
Journal of Plant Pathology 119, 29-37.

Iruela, M., Rubio, J., Barro, F., Cubero, J.I., Milla’n, T., Gil,
J., 2006. Detection of two quantitative trait loci for
resistance to Ascochyta blight in an intra-specific cross
of chickpea (Cicer arietinum L.): development of SCAR
markers associated with resistance. Theoretical and
Applied Genetics 112, 278-287.

ISAAA, 2013. Global Status of Commercialized Biotech/
GM Crops: 2013. http://www.isaaa.org/resources/
publications/briefs/46/executivesummary/

Jaganathan, D., Thudi, M., Kale, S., Azam, S., Roorkiwal,
M., Gaur, P.M., Kishor, P.B., Nguyen, H., Sutton, T.,
Varshney, R.K., 2014. Genotyping-by-sequencing
based intra-specific genetic map refines a “QTL-
hotspot” region for drought tolerance in chickpea.
Molecular Genetics and Genomics DOI 10.1007/s00438-
014-0932-3.

Jarquin, D., Kocak, K., Posadas, L., Hyma, K., Jedlicka, J., Graef,
G., Lorenz, A. 2014. Genotyping by sequencing for
genomic prediction in a soybean breeding population.
BMC Genomics 15, 740.

Jha, U.C., Chaturvedi, S.K., Bohra, A., Basu, P.S., Khan,
M.S., Barh, D., 2014. Abiotic stresses, constraints and
improvement strategies in chickpea. Plant Breeding
133, 163-178.

Kar, S., Basu, D., Das, S., Ramakrishnan, N.A., Mukherjee, P.,
Nayak, P., Sen, S.K., 1997. Expression of crylAc gene
of Bacillus thuringinesis in transgenic chickpea plants
inhibits development of pod borer (Heliothis armigera)
larvae. Transgenic Research 6, 177-185.

Lawrence, P.K., Koundal, K.R., 2001. Agrobacterium
tumefaciens mediated transformation of pigeonpea
(Cajanus Cajan L. Millsp.) and molecular analysis of
regenerated plants. Current Science 80(11), 1428-1432.

Lucas, M.R,, Ehlers, J.D., Huynh, B.L., Diop, N.N., Roberts, P.A.,
Close, T.J., 2013. Markers for breeding heat-tolerant
cowpea. Molecular Breeding 31, 529-536.

Mathur, P.B, Rao, JS., Vadez, V., Dumbala, SR., Rathore, A.,
Yamaguchi-Shinozaki, K., Sharma K.K., 2014. Transgenic
peanut overexpressing the DREB1A transcription factor
has higher yields under drought stress. Molecular
Breeding 33, 327-340.

Mathur, P.B., Vadez, V., Devi, M.J, Lavanya, M., Vani, G.,
Sharma, K.K., 2009. Genetic engineering of chickpea
(Cicer arietinum L.) with the P5CSF129A gene for
osmoregulation with implications on drought tolerance.
Molecular Breeding 23, 591-606.

Mehrotra, M., Singh, A.K., Sanyal, I., Altosaar, I., Amla, D.V.,
2011. Pyramiding of modified cry1Ab and crylAc genes
for Bacillus thuringiensis in transgenic chickpea (Cicer
arietinum L.) for improved resistance to pod borer insect
Helicoverpa armigera. Euphytica 182, 87-102.

Muchero, W., Ehlers, J.D., Close, T.J., Roberts, P.A., 2009.
Mapping QTL for drought stress-induced premature
senescence and maturity in cowpea (Vigna unguiculata
(L.) Walp.). Theoretical and Applied Genetics 118,
849-863.

Nakaya, A., Isobe, S.N., 2012. Will genomic selection be a
practical method for plant breeding? Annals of Botany
110, 1303-1316.

Pretty, J., Bharucha, Z.P., 2014. Sustainable intensification in
agricultural systems. Annals of Botany 114, 1571-1596.

Rai, R., Singh, A.K., Singh, B.D., Joshi, A.K., Chand, R,
Srivastava, C.P., 2011. Molecular mapping for resistance
to pea rust caused by Uromyces fabae(Pers.) de-Bary.
Theoretical and Applied Genetics 123, 803—-813.

Reddy, D.S., Bhatnagar-Mathur, P., Vadez, V., Sharma, K.K.,
2012. Grain Legumes (Soybean, Chickpea, and Peanut):
Omics Approaches to Enhance Abiotic Stress Tolerance.
In: Improving Crop Resistance to Abiotic Stress (Tuteja
N, Gill SS, Tiburcio AF and Tuteja R, eds.). pp. 995-1032.
Wiley-VCH Verlag GmbH & Co. KGaA. Germany.

Sabbavarapu, M.M., Sharma, M., Chamarthi, S.K., Swapna, N.
et al., 2013. Molecular mapping of QTLs for resistance
to Fusarium wilt (race 1) and Ascochyta blight in chickpea

K © 2016 PP House 115



Bohraetal., 2016

(Cicer arietinum L.). Euphytica 193, 121-133.

Saini, R., Singh, R. P. Jaiwal, P.K., 2007. Agrobacterium
tumifaciens-mediated transfer of Phaseolus vulgaris
a-amylase inhibitor-1 gene into mungbean (Vigna
radiata L. Wilczek) using bar as selectable marker. Plant
Cell Rep 26,187-198.

Sanyal, 1., Singh, A.K., Amla, D.V., 2003. Agrobacterium
tumefaciens mediated genetic transformation of
chickpea (Cicer arietinum L.) using mature embryonic
axes and cotyledonary nodes. Indian Journal of
Biotechnology 2, 524-532.

Sarmah, B.K., Moore, A., Tate, W., Molvig, L., Morton,
R.L., Rees, D.P., Chiaiese, P., Chrispeels, M.J., Tabe,
L.M., Higgins, T.J.V., 2004. Transgenic chickpea seeds
expressing high levels of a bean a-amylase inhibitor.
Molecular Breeding 14, 73-82.

Schroder, H.E., Schotz, A.H., Richardson, T.W., Spencer, D.,
Higgins, T.J.V., 1993. Transformation and regeneration
of two cultivars of pea (Pisum Sativum L.). Plant
Physiology 101, 751-757.

Sharma, K.K., Lavanya, M., Anjaiah, V., 2006. Agrobacterium
mediated production of pigeonpea (Cajanus cajan L.
Millsp.) expressing the synthetic BT cry1Ab gene. In
vitro Celluar and Developmental Biology-Plant 42(2),
165-173.

Singh, R., Singh, N.P., Datta, S., Yadav, I.S., Singh, A.P., 2009.
Agrobacterium mediated transformation of chickpea
using shoot meristem. Indian Journal of Biotechnology
8, 78-84.

Souframanien, J., Gupta, S.K., Gopalakrishna, T., 2010.
Identification of quantitative trait loci for bruchid
(Callosobruchus maculatus) resistance in black gram
[Vigna mungo (L.) Hepper]. Euphytica 176, 349-56.

Sun, L., Cheng, X., Wang, S., Wang, L., Liu, C., Mei, L., Xu, N.,
2008. Heredity analysis and gene mapping of bruchid
resistance of a mungbean cultivar V2709. Agricultural

Sciences in China 7(6), 672-677.

Tester, M., Langridge, P., 2010. Breeding technologies to
increase crop production in a changing world. Science
327, 818-822.

Thudi, M., Upadhyaya, H.D., Rathore, A., Gaur, P.M.,
Krishnamurthy, L., et al., 2014. Genetic Dissection
of Drought and Heat Tolerance in Chickpea through
Genome-Wide and Candidate Gene-Based Association
Mapping Approaches. PLoS ONE 9(5), e96758.

Udupa, S.M., Baum, M., 2003. Genetic dissection of
pathotype-specific resistance to ascochyta blight
resistance in chickpea (Cicer arietinum L.) using
microsatellite markers. Theoretical and Applied Genetics
106, 1196-1202.

Varshney, R.K., Gaur, P.M., Chamarthi, S.K., Krishnamurthy,
L., Tripathi, S., Kashiwagi, J., Samineni, S., Singh,
V.K., Thudi, M., Jaganathan, D., 2013b. Fast-track
introgression of “QTL-hotspot” for root traits and other
drought tolerance traits in JG 11, an elite and leading
variety of chickpea. Plant Genome 6(3). doi:10.3835/
plantgenome2013.07.0022.

Varshney, R.K.,Kudapa, H., Pazhamala, L., Chitikineni, A., Thudi,
M., Bohra, A., Gaur, P.M,, Janila, P, Fikre, A., Kimurto,
P., Ellis, N., 2015. Translational genomics in agriculture:
some examples in grain legumes. Critical Reviews in
Plant Sciences 34, 169-194.

Varshney, R.K., Murali Mohan, S., Gaur, P.M., Gangarao,
N.V.P.R., Pandey, M.K., Bohra, A., et al., 2013a.
Achievements and prospects of genomics-assisted
breeding in three legume crops of the semi-arid tropics.
Biotechnology Advances 31, 1120-1134.

Varshney, R.K., Thudi, M., Nayak, S.N., Gaur, P.M., Kashiwagi,
J., Krishnamurthy, L., et al., 2014. Genetic dissection
of drought tolerance in chickpea (Cicer arietinum L.).
Theoretical and Applied Genetics 127, 445-462.

K © 2016 PP House 116



