
Chickpeas (Cicer arietinum L.) is a self-
polinated, diploid (2n=16) annual grain legume or
pulse crop. It is the third most important grain
legume crop in the world after common bean
(Phaseolus vulgaris L.) and pea (Pisum sativum
L)40 with genome size of 738 Mb47. The term “pulse”
is of Latin origin, meaning “thick soup”. Pulse crops
like chickpeas, dry beans, dry peas, fababeans,
lentils and lupine have unique characteristics to
convert nitrogen from the atmosphere into nitrogen
nodules in plant roots due to presence of Rhizobia
bacteria.

Keeping in view huge benefits of pulses
for human health, the United Nations has
announced 2016 as the International Pulses Year.

Thus, due attention is needed for enhancement in
production of pulses not only to meet the dietary
requirement of protein but also for creating
awareness about pulses for achieving nutritional
security, food security and environmental
sustainability. Due to wide adaptability of pulses
they can be fitted into various cropping systems,
being leguminous in nature improve the soil fertility
and physical health of soil as they increase the
soil porosity due to presence of tap root system.
Pulses are most important crop in India having the
largest shares about 25% productions, about 33%
acreage and about 27% consumption of total
pulses of the world.

It is a rich and cheap source of vegetarian
protein which is sometimes used as green
vegetable dish whereas, other food legumes such
as pigeonpea (Cajanus cajan), green gram (Vigna
radiata), blackgram (Vigna mungo) and lentils
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(Lens culinaris) are essentially consumed after
drying and preservation. Chickpea contains
significant vitamins and minerals such as Ca, Mg,
Zn, K, Fe, and phosphorus13,49,20,50,22,21 and it is
free from anti-nutritional factors so pulses are
nutritionally more valuable and getting consumer
preference for chickpea. Superior fiber content
(12.0g) of chickpea make it a valuable crop over
many crops and consumption of even smaller
amounts of chickpea improves insulin secretion
and controls blood sugar levels.

In 2013 the area of chickpea cultivation
increased to 13.5 m ha but production remained at
13.1 MT (FAOSTAT 2015). 89.20% of the chickpea
area and 84.47% of production was in Asia,
whereas, the contribution of India was recorded
as 67.4%9. Chickpea is also considered as poor
man’s meat as they play a significant role in the
nutrition of the rural and urban poor in the
developing world. Despite the economic
importance of pulses chickpea productivity is low
because of yield losses due to foliar and soil-borne
fungal diseases (Ascochyta Blight, Fusarium wilt
and Botrytis grey mould),  insect pests
(Helicoverpa pod borer) and abiotic stresses such
as drought, cold and salinity. Sources of resistance
and tolerance to these constraints exist in the wild
Cicer germplasm yet remain largely unused by
conventional breeding programs5,16,24,36.  However,
Ascochyta Blight mainly occurs in north western
plains due to favorable climatic conditions for the
fungus, while Fusarium wilt is mostly restricted to
central and southern parts of India8.

Among many diseases of chickpea crop,
Ascochyta Blight is the most devastating threat,
causing up to 100% yield loss in severely affected
fields26. The occurrence of Ascochyta Blight has
been reported in more than 40 countries across the
world4. The causal organism of the disease is
Ascochyta rabiei (Pass.) Labr. In Asia the disease
has been spread in major chickpea growing
countries like Bangladesh, China, India, Iran, Iraq,
Israel, Jordan, Lebanon, Pakistan, Syria and
Turkey30.
Etiology of fungus and symptoms of disease

An enzyme cutinase is secreted by
Ascochyta rabiei in the culture filtrate when it is
induced by cutin or hydroxylated fatty acids. This
cutinase is the main esterase in the culture fluids.
The molecular weight of this has been reported as

22 kD in SDS-PAGE and cleaved ester bonds of
3H-labelled cutin or p-nitrophenylbutyrate, which
is highly active at 8.0 pH. As a serine esterase,
cutinase is strongly inhibited by
organophosphorous compounds and the most
effective inhibitor 2,3,5-trichloropyridine-6-(O-
methyl-O-n-butyl)-phosphateester+++ (MAT
9564) shows a Ki value of 0.8 nM. The cutinase
gene was cloned from a genomic cosmid library by
screening with two oligonucleotides directed
against cutinase consensus peptides. The gene
was subcloned to a 1.7 Kb SaII/HindIII-insert and
sequenced.

The causal organism of Ascochyta Blight
of chickpea exists in both stages as anamorph and
a teleomorph. The anamorph, A. rabiei, is
characterized by the formation of spherical or pear-
shaped black fruiting bodies called pycnidia
(lifecycle of fungus fig.-1) which contains
numerous hyaline unicellular and occasionally
bicellular spores called as pycnidiospores or
conidia, developed on short conidiophores
embedded in a mucilaginous mass. Pycnidiospores
are oval to oblong, straight, or slightly bent at one
or both ends27. The fungus may be grown readily
on a variety of nutrient media, the best being
chickpea meal dextrose agar. A. rabiei generally
produces a pale cream colored myceliums in which
pale brown to black pycnidia are immersed. Cultures
are variable in texture, morphology and color. In
culture isolates often produce a prevalence of
unicellular conidia. Binucleate asci are cylindrical
to subclavate surrounded by paraphyses and
contain eight hyaline unequally season, which
develops on infected over-wintering chickpea
debris, followed by several asexual generations
during the parasitic phase of the disease cycle.

The cutinase gene codes for a 223 amino
acid protein with strong homology to other fungal
cutinase sequences. The purified cutinase is
encoded by a single copy gene41. Resistance
breeding relied on the use of screening technique
in nurseries, where disease epidemics created by
epiphytotic creation. With this approach,
Ascochyta Blight resistance sources have been
identified and many resistant cultivars have been
developed before 200033,25,37.

Symptoms of Ascochyta Blight can
appear on complete aerial parts of the plant.
Generally it is seed borne disease but can also
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spread through debris. In the field, disease can be
easily observed at flowering and podding stage as
patches of blighted plants. However, the disease
can also appear at very early crop growth stage
under favorable environmental conditions. The
initial symptoms appear as water-soaked lesions
on the upper leaves. Later, these lesions become
dark brown spots and spread rapidly on aerial parts
of the plant i.e., leaves, petioles, flowers, pods,
branches and stem. The spots on leaves and pods
are circular, while on stem and branches are
elongated. The apical twigs, branches and stem
often show girdling, and the plant parts above the
girdled portion are killed or break off even before
drying.
Molecular Studies

Efforts for introgression of resistance to
the pathogen into Kabuli germplasm resulted in
relatively late flowering germplasm. With the aim
to explore the feasibility of combining earliness
and resistance, various recombinant inbred lines

(RILs) derived from different Kabuli and Desi
cultivars which have been evaluated under field
conditions and genotyped with polymorphic
markers. The identification of a locus linked with
resistance and early flowering may account for the
correlation observed between these traits17,23.
Classical genetic studies of Ascochyta Blight
resistance have advocated that the resistance was
governed by single major gene38. Further findings
indicated that resistance to Ascochyta Blight in
chickpea was governed by more than one gene24.
In the year 2000, Tekeoglu et al. demonstrated that
two complementary recessive genes conferred
resistance in chickpea. However, the locations of
the genes could not be confirmed. Since multiple
genes appear to tune the resistance, knowledge of
their genomic locations and linkage to molecular
markers would facilitate  gene transfer and
pyramiding of the genes into acceptable genetic
backgrounds through marker-assisted selection.
Varshney et al.46 characterized 64 isolates of
Ascochyta rabiei using AFLP and SSR markers
and reported four distinct groups based on
STRUCTURE analysis. Further, Kaur et al.14

characterized Ascochyta Blight isolates and
reported 10 pathotypes based on morphological
variation. A large number of QTLs/genes for
Ascochyta Blight resistance and markers flanking
these QTLs have been reported, for instance QTLs
for resistance to Ascochyta Blight using F2
populations1 and recombinant inbred line
populations11.

Almost all types of molecular markers
have been tested in chickpea including
isozymes7,15,  restriction fragment length
polymorphism (RFLP)44, random amplified
polymorphic DNA markers (RAPDs)12, amplified
fragment length polymorphisms (AFLPs)28,
sequence characterized amplified regionsFig.1. Life cycle of A. rabiei

(a) Ascochyta Blight infected patches
in field of Chickpea at flowering

(b) Chickpeas stem and leaves with
lesions of A. blight

(c) Chickpeas pod with circular lesions
of A. blight
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(SCARs)19,  inter-simple sequence repeat (ISSRs)12,
simple sequence repeat (STMS or SSR)18,29,
resistance gene analogs (RGAs)10,  DNA
amplification fingerprinting (DAF)2 and expressed
sequence tags (ESTs)31. However, there is a low
level of polymorphism detected in cultivated
chickpea using isozyme/allozyme markers6,7 and
RFLP analysis44,45.

Plenty of polymorphism was achieved
through SSR markers within the cultivars of C.
arietinum43 and have been routinely utilized for
creating genetic linkage maps39,42,48. These SSR
markers have also been used for integration of the
different chickpea linkage groups derived from
inter- and intra- specific crosses as reference
points42,48,3. In general it has been observed that
30–50% of the chickpea SSR markers are
polymorphic in any given breeding or intra-specific
mapping population, so SSR markers are reported
as preferential marker for marker assisted selection
in many breeding programs. However, SSR motifs
may evolve too rapidly to be valuable. In addition,
markers shown to be tightly linked to target genes
in interspecific mapping populations may lose their
selective power when used in backcross programs
based on interspecific derivatives. Thus, there is a
need for the development and utilization of gene-
based markers.

The most important criteria for new
molecular markers are high polymorphism, high
reproducibility, detection of co-dominance
polymorphism and suitability for rapid large-scale
low cost screening. It has been reported by various
workers that EST-based markers fulfill these criteria
and since they are associated with the coding
regions of the genome they also enhance molecular
germplasm evaluation by capturing variation
across transcribed regions and in genes of known
function.

Using microarray technology and a set
of chickpea (Cicer arietinum L.) unigenes,
grasspea (Lathyrus sativus L.) expressed sequence
tags (ESTs) and lentil (Lens culinaris Med.)
resistance gene analogues, the Ascochyta Blight
(Ascochyta rabiei (Pass.) L.) resistance response
was studied in chickpea genotypes, including
resistant, moderately resistant, susceptible and wild
relative i.e. Cicer echinospermum  L. The
experimental system minimized environmental
effects and was conducted in reference design, in

which samples from mock-inoculated controls
acted as reference against post-inoculation
samples.

It has been proved experimentally that the
use of recombinant inbred lines instead of an F

2

population  is advantageous for mapping
Ascochyta Blight resistance genes because nearly
homozygous lines are scored rather than individual
heterozygous plants. There is little segregation
within RILs and this is simplified more for scoring
disease reactions. Seed sterility is not a problem in
the RILs although the lines are developed from an
interspecific cross. Interspecific crosses (C.
arietinum x C. reticulatum) were also used for
mapping isozyme and DNA  markers in
chickpea7,15,35.

Considerable progress has been made in
the last decade in understanding the Ascochyta
Blight pathogen and its genetics of resistance in
chickpea. Resistance to Ascochyta Blight has been
found in chickpea and breeding for resistance is
making progress by identifying new resistance
genes. Molecular tools are being integrated with
conventional breeding approaches to speed up
the process of introgressing genes into chickpea
elite genotypes. Molecular markers associated with
major QTLs conferring resistance to Ascochyta
Blight have been located on linkage maps, and
these markers can be used for efficient pyramiding
of the traits of interest. Efforts, therefore, need to
continue to combine high levels of Ascochyta
Blight resistance with other desirable traits for
incorporation into future releases as promising
cultivars of different market classes of chickpea in
Ascochyta Blight-prone environments34.

CONCLUSION

Productivity in chickpea has became
static in last decade therefore, efforts to break the
plateau is urgent need which can be achieved
through various crop improvement tools. A. Blight
is a serious disease which can be managed with
minor manipulations in crop husbandry practices
like change in crop rotation, use of diseased free
seeds and adoption of cleanliness practices. But
incorporation of resistance genes is stable
technique to tackle the problem of this disease.

Considerable progress has been made in
the last decade in understanding the Ascochyta
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Blight pathogen and its genetics for resistance in
chickpea. Resistance to Ascochyta Blight is
available in chickpea and breeding for resistance
is progressive with identification of new resistance
molecular markers/genes. Molecular tools are being
integrated with conventional breeding approaches
to speed up the process of introgression of loci/
genes into chickpea genotypes.

On the basis of technologies and methods
available it is evident that;
(i) Ascochyta Blight resistance of chickpea is

quantitative in nature and governed by two major
genes and

(ii) Specific molecular markers and effective QTLs
linked with Ascochyta Blight resistance genes
have been identified.

(iii) Efforts have been made to develop A. Blight
based Recombinant Inbred Lines (RILs) which
can be exploited directly in marker assisted
selection

(iv) Various wild relatives are available having
various degrees of resistance against the target
disease which can be used in crop improvement
programme directly or with distance
hybridization.

REFERENCES

1. Aryamanesh, N., Nelson, M.N., Yan, G., Clarke,
H. J., Siddique,  K. H. M. Mapping a major gene
for growth habit and QTLs for Ascochyta blight
resistance and flowering time in a population
between chickpea and Cicer reticulatum.
Euphytica, 2010; 173:307–319.

2. Benko-Iseppon, A.M., Winter, P., Huettel, B.,
Staginnus, C.M., Muehlbauer, F.J., Kahl, G.
Molecular markers closely linked to fusarium
resistance genes in chickpea show significant
alignment to pathogenesis-related genes located
on Arabidopsis chromosomes 1 and 5. Theor
Appl Genet, 2003; 107:379-386.

3. Bhardwaj, Juhi,  Kumari, Nilima, Ford, Rebecca,
Yadav, Renu,  Choi, Insoo,  Kumar, Rajendra. In
silico development and validation of EST derived
new SSR markers for drought tolerance in Cicer
arietinum L. Indian J. Genet., 2014; 74(2): 254-
256.

4. Bhardwaj, R., Sandhu, J.S.,  Kaur, L., Gupta,
S.K., Gaur, P.M., Varshney, R.K. Genetics of
Ascochyta blight resistance in chickpea.
Euphytica, 2010; 171, 337–343.

5. Erskine, W., Siddique, K., Khan, T., Cowling,
W. Utilization of grain legume diversity.In Plant
genetic resourses of legumes in the

Mediterranean. Edited by: Maxted N, Bennett
SJ. Kluwer Academic, The Netherlands, 2001:
311-326.

6. Gaur, P.M., Slinkard, A.E.  Genetic control and
linkage relations of additional isozyme markers
in chickpea. Theor Appl Genet, 1990; 80:648-
656.

7. Gaur, P.M., Slinkard, A.E. Inheritance and
linkage of isozyme codominant genes in
chickpea. J Hered., 1990; 81:455-461.

8. Ghosh, R., Sharma, M., Rameshwar, T., Pande,
S. Occurrence and distribution of chickpea
diseases in central and southern parts of India.
Amer J Plant Sci., 2013; 4: 940–944.

9. Gowda- Laxmipathi, C. L.  ,  Chaturvedi, Sushil
K.,  Gaur, Pooran M., Sameer Kumar, C.V.,
Jukanti, Aravind K. GRSV Consulting Services,
ICRISAT, IIPR, CAZRI, India Pulses research
and development strategies for india. Pules Hand
book 2015 : 17-18.

10. Hüttel, B., Santra, D., Muehlbauer, F., Kahl, G.
Resistance gene analogues of chickpea (Cicer
arietinum L.): isolation, genetic mapping and
association with a Fusarium resistance gene
cluster. Theor Appl Genet., 2002; 105:479-490.

11. Iruela, M., Rubio, J., Barro, F., Cubero, J.I.,
Millan, T., Gil, J. 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. Theor Appl Genet., 2006;
112:278–287.

12. Iruela, M., Rubio, J., Cubero, J. I., Gil, J., Millán,
T. Phylogenetic analysis in the genus Cicer and
cultivated chickpea using RAPD and ISSR
markers. Theor Appl Genet., 2002; 104: 643-
651.

13. Jukanti,  A. K., Gaur, P. M., Gowda, C.L.L. and
Chibbar, R.N. (2012). Chickpea: nutritional
properties and its benefits. Br J Nutr. 108:S11–
S26.

14. Kaur,  L.,  Singh, V.P. ,  Sandhu,  J. S.
Characterization of Ascochyta rabiei isolates
and evaluation of genotypic stability in chickpea.
Arch Phytopathol Plant Protect., 2012b; 45:83–
89.

15. Kazan, K., Muehlbauer, F.J., Weeden, N.F.,
Ladizinsky, G. Inheritance and linkage
relationships of morphological and isozyme loci
in chickpea. Theor Appl Genet, 1993; 86:417-
426.

16. Knight, E., Brinsmead,  R., Fordyce,  M., Wood,
J., Kelly, A., Harden, S.  Use of wild relative
Cicer echinospermum in chickpea improvement.
Proceedings of the 12 th Australian Plant
Breeding Conference. Perth Australia, 2002; 150-



J PURE APPL MICROBIO, 10(2), JUNE 2016.

1474 MISRA et al.:  ASCOCHYTA BLIGHT RESISTANCE IN CHICKPEA

154.
17. Lichtenzveig,  J.,  Bonfil,  D. J.,  Zhang, H. B.,

Shtienberg, D., Abbo, S. Mapping quantitative
trait loci in chickpea associated with time to
flowering and resistance to Didymella rabiei the
causal agent of Ascochyta blight. Theor Appl
Genet., 2006; 113(7):1357-69.

18. Lichtenzveig, J., Scheuring,  C., Dodge,  J., Abbo,
S.,  Zhang,  H. B: Construction of BAC and
BIBAC libraries and their applications for
generation of SSR markers for genome analysis
of chickpea, Cicer arietinum L. Theor Appl
Genet., 2005; 110: 492-510.

19. Mayer, M.S., Tullu, A., Simon, C.J., Kumar, J.,
Kaiser, W.J., Kraft, J.M., Muehlbauer, F.J.
Development of a DNA marker for Fusarium
wilt resistance in chickpea. Crop Sci., 1997; 37:
1625–1629.

20. Misra, J.P.,  Abidi, A.B. Response of zinc
sulphate doses on milling and cooking quality
of hybrid rice varieties. Prog. Agric.,-An Int J.,
2007;  8: 224-230.

21. Misra, J.P.,  Gupta, A.K. Groundnut (Arachis
hypogaea L.) var. Chitra response to
phosphorus and sulphur.  Advances in Plant
Sciences, 2004; 17(II): 737-739.

22. Misra, J.P., Abidi, A.B. Effect of zinc sulphate
doses on yield and yield attributing characters
of hybrid rice varieties. Farm Science Journal,
2006; 15(I): 13-14.

23. Mittal, Neha, Saxena, R.S., Yadav, Renu,
Bhardwaj, Juhi, Yadav, Neelam, Kumar,
Ashwani, Yadav, Hemant, Kumar, Rajendra.
Comparative quantitative gene expression
analysis for salinity tolerant and susceptible
varieties of chickpea. Vegetos, 2015; 28(2): 103-
110.

24. Muehlbauer,  F. J., Kaiser, W. J. Using host
plant resistance to manage biotic stresses in cool
season grain legumes. Euphytica, 1994; 73:1-10.

25. Nene, Y. L.  Reddy,  M.V. Chickpea diseases and
their control. In: Saxena MC, Singh KB (eds)
The Chickpea. CABI, Oxon, (1987); pp 233–
270.

26. Nene, Y. L., A review of Ascochyta blight of
chickpea (Cicer arietinum L.). In: Saxena M.C.,
Singh K.B., eds. Ascochyta blight and winter
sowing of chickpea. The Hague, the Netherlands:
Martinus Nijhoff/Dr. W. Junk Publisher,
1984:17-34.

27. Nene, Y.L. A review of Ascochyta blight of
chickpea. Trop. Pest Manag. 1982; 28: 61–70.

28. Nguyen, T.T., Taylor, P.W.J., Redden, R.J.,
Ford, R. Genetic diversity estimates in Cicer
using AFLP analysis. Plant Breeding, 2004;
123(2):  173–179.

29. Niroj, S. K., Bhumika, S., Bhatia, S. Isolation
and characterization of a sequence-tagged
microsatellite site markers in chickpea (Cicer
arietinum L.). Mol Ecol Notes, 2003; 3: 428-
430.

30. Pande, S., Siddique, K.H.M., Kishore, G.K.,
Bayaa, B., Gaur, P.M., Gowda, C.L.L.; Bretag,
T.W., Crouch, J. H. Ascochyta blight of
chickpea (Cicer arietinum L.): A review of
biology, pathogenicity and disease management.
Aust. J. Agric. Res., 2005; 56: 317–332.

31. Pfaff, T., Kahl, G. Mapping of gene-specific
markers on the genetic map of chickpea (Cicer
arietinum L.). Mol Genet Genomics, 2003; 269:
243-251.

32. Reddy, M.V., Singh,  K. B. Exploitation of
hostplant resistance in the management of
Ascochyta blight and other diseases of
chickpeas. In: Saxena M.C., Varma S., eds. Faba
beans, Kabuli chickpeas and lentils in the 1980.
Aleppo, Syria: ICARDA, 1983:139-151.

33. Reddy, M.V., Singh, K. B. Evaluation of world
collection of chickpea germplasm accession of
resistance to ascochyta blight. Plant Dis., 1984;
68: 900-901.

34. Sharma, Mamta, Ghosh, Raju. An Update on
Genetic Resistance of Chickpea to Ascochyta
Blight. Agronomy, 2016; 6(1): 18.

35. Simon, C. J., Muehlbauer, F. J. Construction of
chickpea linkage map and its comparison with
maps of pea and lentil. J. Hered., 1997; 88: 115-
119.

36. Singh, K. B, Malhotra,  R. S.,  Halila,  H., Knight,
E.J., Verma, M.M. Current status and future
strategy in breeding chickpea for resistance to
abiotic and biotic stresses. Euphytica, 1994;
73:137-149.

37. Singh, K. B., Reddy, M.V. Improving chickpea
yield by incorporating resistance to ascochyta
blight. Theor. Appl. Genet., 1996; 92: 509-515.

38. Taleei, A.; Kanouni, H.; Baum, M. Genetical
analysis of ascochyta blight resistance in
chickpea. In Bioscience and Biotechnology,
Communications in Computer and Information
Science; Slezak, D., Arsalan, T., et al, Eds.
Springer-Verlag: Berlin, Germany, 2009.

39. Tekeoglu M, Rajesh N, Muehlbauer FJ:
Integration of sequence tagged microsatellite sites
to the chickpea genetic map. Theor Appl Genet
2002, 105: 847-854.

40. Tekeoglu M., Santra D.K., Kaiser W.J.,
Muehlbauer F.J. Ascochyta blight resistance in
three chickpea recombinant inbred line
populations. Crop Sci., 2000; 40: 1251-1256.

41. Tenhaken R, Arnemann M, Köhler G, Barz W.
Characterization and cloning of cutinase from



J PURE APPL MICROBIO, 10(2), JUNE 2016.

1475MISRA et al.:  ASCOCHYTA BLIGHT RESISTANCE IN CHICKPEA

Ascochyta rabiei. Z Naturforsch [C]. 1997;
52(3-4): 197-208.

42. Udupa SM and Baum M. Genetic dissection of
pathotype-specific resistance to ascochyta
blight disease in chickpea (Cicer arietinum L.)
using microsatellite markers. Theor Appl Genet,
2003; 106: 1196-1202.

43. Udupa SM, Robertson LD, Weigand F, Baum
M, Kahl G. Allelic variation at (TAA)n
microsatellite loci in a world collection of
chickpea (Cicer arietinum L.) germplasm. Mol
Gen Genet, 1999; 261: 354-63.

44. Udupa SM, Sharma A, Sharma RP, Pai RA:
Narrow genetic variability in Cicer arietinum L.
as revealed by RFLP analysis. J Plant Biochem
Biotech 1993, 2: 84-86.

45. Van Rheenen HA, Reddy MV, Kumar J, Haware
MP: Breeding for resistance to soil-borne
diseases in chickpea. In Disease Resistance
Breeding in Chickpea. Edited by: Singh KB,
Saxena MC. ICARDA, Aleppo, Syria; 1992:55-
70.

46. Varshney RK, Pande S, Kannan S, Thudi M,
Sharma M, Gaur PM, Hoisington DA (2009b)
Assessment and comparison of AFLP and SSR
based molecular genetic diversity in Indian
isolates of Ascochyta rabiei  a causal agent of
Ascochyta blight in chickpea (Cicer arietinum
L.). Mycol Prog. 8: 87–97.

47. Varshney,  R. K., Song, C., Saxena, R.K., Azam,
S., Yu, S., Sharpe, A.G., Cannon, S., Baek, J.,
Rosen, B.D., Taran, B., Millan, T., Zhang, X.,
Ramsay, L.D., Iwata, A., Wang, Y., Nelson, W.,
Farmer, A. D., Gaur, P. M., Soderlund, C.,
Penmetsa, R. V., Xu, C., Bharti, A. K., He, W.,

Winter, P., Zhao, S., Hane, J. K., Carrasquilla-
Garcia, N., Condie, J. A., Upadhyaya, H. D.,
Luo, M. C., Thudi, M., Gowda, C. L., Singh, N.
P., Lichtenzveig, J., Gali, K. K., Rubio, J, Nad-
arajan N, Dolezel J, Bansal KC, Xu X, Edwards
D, Zhang G, Kahl G, Gil J, Singh, K. B, Datta
S.K, Jackson, S.A., Wang, J., Cook, D. R .  Draft
genome sequence of chickpea(Cicer arietinum)
provides a resource for trait improvement. Nat
Biotechnol, 2013; 31: 240–246.

48. Winter,  P, Benko-Iseppon,  A. M.,  Hüttel,  B.,
Ratnaparkhe, M., Tullu, A., Sonnante, G., Pfaff,
T., Tekeoglu, M., Santra, D., Sant, V.J., Rajesh,
P.N., Kah,l G., Muehlbauer, F. J.  A linkage map
of the chickpea (Cicer arietinum L.) genome
based on recombinant inbred lines from a C.
arietinum × C. reticulatum cross: localization of
resistance genes for fusarium wilt races 4 and 5.
Theor Appl Genet, 2000; 101: 1155-1163.

49. Yadav, Renu, Jain, Vanita, Kumar, J., Misra, J.
P., Kumar, R. Effect of Nickel on Bio-Physio
Parameters on growth and its accumulation in
Cicer arietinum L. Prog. Agric.,-An Int J., 2008;
8: 224-230.

50. Yadav, Renu, Kumar, J., Jain, V., Singh, I.B.,
Misra, J.P., Kumar, Rajendra . Nickel dose for
development of mapping population for nickel
resistance in chickpea (Cicer arietinum L.).
Indian J. Crop Science, 2007; 2(2): 399-402.

© The Author(s) 2016. Open Access. This article is distributed under
the terms of the Creative Commons Attribution 4.0 International License
which permits unrestricted use, sharing, distribution, and reproduction
in any medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.


