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Summary. Botrytis grey mould (BGM), caused by Botrytis cinerea, is emerging as an
important disease of chickpea in the northern and eastern parts of the Indian Sub-
continent, including Nepal, Bangladesh, Pakistan, and in Australia. This fungus has a
very broad host range, and sources of complete resistance to the disease have not been
found in Cicer arietinum L. germplasm. Resistance to this pathogen has been identified
in some wild Cicer species. A set of 371 lines, including 164 landraces and 207 inter-
specific derivative lines (derived from crosses of cultivated chickpea with C. pinnatifi-
dum, C. judaicum or C. reticulatum) have been screened against Botrytis grey mould
under field conditions, and using the cut twig method at the Punjab Agricultural Uni-
versity (PAU), Ludhiana, in 2015-16 and 2016-17. Strong correlations between the two
screening methods were indicated by paired-t tests. The Bulked Sample Analysis (BSA)
approach was used to screen DNA of the five most resistant and five most susceptible
host lines using 300 simple sequence repeat (SSR) markers. Eighty-eight markers were
polymorphic. Chi-square statistic values showed strong correlations of TA144, GA102,
TA194, TA140 and TR2 with the resistant bulks, signifying their usability as putative
markers linked to BGM resistance, and for development of BGM tolerant genotypes in
chickpea. Future studies should rapidly ascertain marker trait associations, and identify
and develop diagnostic markers that provide an accurate method of molecular tagging
BGM resistant genes in chickpea.

Keywords. Chickpea, Grey mould resistance, SSR markers, Bulked sample analysis.

INTRODUCTION

Chickpea (Cicer arietinum L.) is a highly nutritious food legume, rank-
ing as third in world importance after peas and drybeans (Bharadwaj et al.,
2010). Chickpea is grown on 14.56 million ha in 50 different countries, and
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average yields are 1.12 t ha!(FAOSTAT, 2017). Various
biotic stresses affect chickpea production globally. These
include fungal, viral, and bacterial diseases, nematodes,
insect pests and parasitic weeds. Transferring resist-
ance genes to elite cultivars is one of the most efficient
approaches for overcoming biotic stresses (Li et al.,
2015). Most traits of agronomic importance are complex
in nature, governed by various genes and environmental
interactions (EL-Soda et al., 2014). The identification of
linked QTLs is crucial, therefore, for understanding the
molecular basis of these traits (Xu et al., 2010).

Botrytis grey mould (BGM), caused by Botrytis
cinerea Pers. ex. Fr., is an economically important dis-
ease of chickpea. The occurrence of BGM has been
reported in many countries, including Argentina, Aus-
tralia, Canada, Columbia, Bangladesh, Nepal, Pakistan,
India, Spain and the United States of America (Haware
et al., 1998). This disease may cause yield losses upto
100% under favourable conditions (Pande et al., 2006a;
Pande et al., 2002). The disease may occur at any stage
of chickpea development (Hawthorne et al., 2006) but
usually occurs at the time of flowering. Temperatures of
20-30°C and relative humidity from 70 to 100% favour
BGM infections. The pathogen infects flowers most eas-
ily (Pande et al., 2006b, c), and infected pods may carry
the infection through infected seeds to the next growing
season (Nene et al., 2012; Matthews et al., 2014). Geno-
types with profuse seedling growth and early flower-
ing and canopy closure tend to develop BGM infections
more often compared with other cultivars.

Botrytis cinerea has a very broad host range. Source of
complete resistance to the pathogen have not been found
in C. arietinum germplasm (Singh and Reddy, 1991), but
wild Cicer sp. have been identified as good sources of BGM
resistance. Wild Cicer species, including C. judaicum, C.
bijugum, C. echinospermum, and C. pinnnatifidum (Singh
et al., 1991; Haware 1998; Pande et al., 2002), have shown
higher levels of resistance to BGM in comparison to the
cultivated species. Among these wild species, C. echino-
spermum is being used for transfer of BGM resistance to
the cultivated species (ICRISAT, 2007). Kaur et al. (2013)
developed interspecific derivative lines from crosses of C.
arietinum and C. pinnatifidum that were found to be high-
ly tolerant to BGM, and this resistance can be transferred
to elite lines for development of high yielding and BGM
tolerant chickpea cultivars. Very few studies have been
undertaken to exploit wild species and the level of diver-
sity amongst different host plant accessions.

The present study used wild Cicer spp. accessions and
inter-specific hybrids to identify BGM resistant geno-
types and putative markers linked to BGM resistance in
chickpea.
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Different methods have been used for screening for
BGM resistance under laboratory, greenhouse and field
conditions (Gurha et al., 2003; Pande et al., 2006a, b).
The cut-twig method is a non-destructive procedure for
sampling, and this has been very useful in inter-specific
hybridization (Kaur et al., 2013). In comparison to the
traditional methods of breeding, time saving and cost
effective approaches are now widely used in genomics
and crop improvement (Sun et al., 2010). Marker-assist-
ed selections and selective phenotyping can be simpli-
fied using such approaches (Xu and Crouch, 2008).
Bulked BSA uses individuals with extreme phenotypes
and these variants are then pooled as bulks. Bulked
BSA or the Sampling-bulking method for marker devel-
opment and trait mapping has been named differently
as bulked segregant analysis (Michelmore et al., 1991)
and DNA pooling (Giovannoni et al., 1991), and is usu-
ally achieved with molecular marker systems (Gillman
et al., 2011; Asnaghi et al., 2004). Genomic regions with
large differential allele frequencies between the bulks
reveal association of the regions with the QTLs associ-
ated with particular trait (Deokar et al., 2019) (Figure
1). These QTLs are then subjected to statistical tests to
verify the confidence intervals for their location (Taka-
gi et al., 2013). Next Generation Sequencing-based BSA
has been used for QTL mapping for different traits due
to improved efliciency and affordability of NGS plat-
forms (Deokar et al., 2019; Chen et al., 2017; Pandey et
al., 2017; Singh et al., 2016; Das et al., 2016; I1la-Beren-
guer ef al., 2015; Kaminski et al., 2015; Lu et al., 2014).
BSA coupled with molecular breeding techniquesal-

Bulk BSA (DNA Pooling Method)

Figure 1. Figure depicting bulking sampling method where equal
amount of DNA is eluted from each line after normalization and
corresponding bulks generated are used for mapping genes for
BGM resistance.
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low rapid identification of markers, and is a promising
approach for trait mapping and candidate gene discov-
ery in plant breeding.

MATERIALS AND METHODS
Plant material

A total of 371 Cicer accessions, including 164 lan-
draces and 207 F, interspecific derivatives lines (derived
from crosses of cultivated chickpea with C. pinnati-
fidum, C. judaicum or C. reticulatum) were screened
under field conditions and controlled conditions against
Botrytis grey mould. The cut-twig method is non-
destructive and simple, and is widely used for labora-
tory studies. Theaccessions were screened at the Punjab
Agricultural University (PAU), Ludhiana, during 2015-
16 and 2016-17. Of the 371 lines, three landraces and 23
extreme Recombinant Inbred Lines (RILs) were selected,

Table 1 Plant material used in this study with, their parentage.
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for identification of markers linked to BGM resistance
given in Table 1.

Field evaluations

The test lines were sown at plant spacings of 40 cm
in 2 m length rows in fields at three replications, in
a randomized complete block design (Figure 2a). The
chickpea line L550 was used as a susceptible check after
every eight rows in the trials. The resulting plants, at the
flowering stage, were sprayed with a local isolate of Bot-
rytis cinerea, in the first week of February in the evening
hours. The inoculum suspension contained 10° conidia
mL1. Isolate 24, race 510, of B. cinerea (Singh and Bhan,
1986) was used for screening the plants against BGM.
The isolate was preserved on slants of potato dextrose
agar (20g dextrose, 20g agarose, 200g potato and 1L
distilled water), and were multiplied in potato dextrose
broth and stored at 25°C. Following inoculation, water
was applied using a sprinkler, to maintain high relative

Name of genotype

Parentage/ Cross

GLW 42

GLW 67

GLW 69

GLW107

GLW108

GLW115

GLW174

GLW185

GLW501

GLW502

GLW503

GLW504

GLW505

PAU7007

PAU7014

C. judaicum ILWC-0*
C. judaicum ILWC-223*
GLW22

GLW25

GLW183

GLW186

C. reticulatum ILWC-292*
GL1001

GL1002

GLWI1

PBG-7

(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030

GPF2 x [PBG 1 x (ICCV96030 x C. pinnatifidum 188) x ICCV96030]
GL769 x C. reticulatumILWC 129

[PBG 1 x (ICCV96030 x C. pinnatifidum 188) x ICCV96030]
[(ICCV96030 x C. pinnatifidum 188) x ICCV96030] PBG 1
GL769 x C. reticulatumILWC 129

(GL769 x C. reticulatum129)x GL769

(GL769 x C. reticulatum 129)x GL769

(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030
(ICCV96030 x C. pinnatifidum 188) x ICCV96030

JG62 x ICCV05530

JG62 x ICCV05530

(ICCV96030 x C. pinnatifidum 188) x ICCV96030
GPF2 x BG1084

*Chickpea landraces.
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Figure 2. Figure showing screening of wild Cicer accessions under field conditions and laboratory conditions.

humidity. Symptoms of the disease became visible about
10 dafter inoculations, and disease severity was assessed
for five plants per replication 7 d following inoculation.
Disease severity was scored using a 1-9 scale, where 1 =
no infection on any plant part; 3 = 1-2 lesions visible on
leaves; 5 = burnt leaves with stem rotting; 7 = stem rot-
ting with 50% dead leaves; and 9 = extensive stem rot-
ting with fungal infection and 100% leaf death (Gurha et
al., 2003). An average disease score was calculated.

Cut twig screening technique

Three twigs from each wild accession were cut and
placed in a tray containing water in a completely rand-
omized design in three replications. The twigs were then
wrapped in moist cotton plugs and placed in test tubes
(15 x 10 cm) freshly filled with tap water. Inoculation of
the twigs was achieved by spraying conidium suspen-
sions of B. cinerea (10° conidia mL™!). Following inocu-
lation, the test tubes were covered with wet polythene
(Figure 2b). Incubation followed in a growth chamber,
and BGM severity was recorded using the 1-9 severity
scale (see above). Paired t-tests were performed to exam-
ine whether the BGM severity scores obtained under
field and laboratory conditions were correlated (Table 2).

Genomic DNA extraction and pooled DNA analysis using
SSRs

The CTAB method (Kumar et al., 2013) was used
to extract DNA from young leaves of the twenty six
extreme RILs. The concentration and purity of the
DNA from the genotypes was further checked on 0.8%
agarose gels and a nanodrop 1000 spectrophotometer
(Thermo Scientific). Equal amounts of DNA from each

line were taken after normalization and mixed well
to constitute the resistant and susceptible bulks for
bulked BSA. These bulks were screened for polymor-
phism using 300 simple sequence repeat (SSR) mark-
ers (Varshney et al. 2014; Gupta et al., 2012; Gaur et
al., 2011); Bharadwaj et al., 2010). These primers were
custom synthesized from G-Biosciences, and the PCRs
were carried out in the Chickpea Molecular Breeding
Laboratory, Division of Genetics, ICAR-TIARI. The 10
uL PCR mix consisting of 1 uL of 20 ng genomic DNA,
1.6 puL of 10x TBE buffer, 1uL of 10 mM dNTP mix, 1
uL forward and 1pL reverse primer and 0.3 pL of 3U
uL'Taq polymerase (Genei), was amplified using a
G-STORM thermal cycler (Labtech). The PCR reaction
was set as per Yadav et al.(2011), with an initial dena-
turation at 90°C for 1 min and 30 seconds followed
by 38 cycles including three different steps, including
denaturation at 94°C for 20 sec, annealing at 50-58°C
for 50 sec, and extension at 72°C for 50 seconds. This
was then followed by a final extension step at 72°C for
7 min, before cooling to 4°C.Amplicons were resolved
on 3% Agarose (Lonza) using 1.0x TBE buffer. The
amplified products were separated on a horizontal gel
electrophoresis system (Biorad) at 120 V for 3 h. Gel
staining was by ethidium bromide (10 mg mL?), and
visualized using the UVITECH Gel Documentation
system (UVITECH Imaging System). Amplicons were
scored as alleles for each locus. Allele sizes were deter-
mined by comparing with a standard 100 bp DNA lad-
der (Genei). Band patterns of the extreme bulks were
compared with those of resistant and susceptible lines
to confirm linkage of SSR markers with BGM resist-
ance. Chi-square tests were performedto determine
goodness of fit of the test lines for the phenotypic and
SSR data, by comparing the observed frequency (O)
with the expected frequency (E).
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RESULTS
Identification of BGM resistance in chickpea accessions

The screening results for BGM resistance of the
26 extreme lines are presented in Table 2. The scor-
ing results of field screening were in close agreement
with those from laboratory assessments, similar scores
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were obtained for each accession under both condi-
tions. Lines ILWC-0, ILWC-223, PBG-7 and nine RILs
showed moderately susceptible to susceptible reac-
tions to BGM under field and laboratory conditions.
Line ILWC292 and thirteen RILs, including: GLW91,
PAU7014, GLW42, GLW67, GLW 115, GLW174, GLW183,
GLW186, GLW501, GLW504, GLW 506, GL1001 and
GL1002, were resistant to moderately resistant to BGM,

Table 2 Mean Bortytis grey mould (BGM) severity scores for test host lines under field conditions and controlled conditions, and paired-t
test analysis for correlating the respective BGM severity scores for the two screening methods (field and greenhouse).

Mean BGM score (1-9 scale)

Name of genotype Disease reaction Difference D?
Field screening? Lab screening®
GLW42 Moderately resistant 5.0 5.5 -0.5 0.25
GLWe67 Moderately resistant 5.0 4.5 0.5 0.25
GLW69 Moderately susceptible 8.0 8.0 0.0 0
GLW107 Susceptible 9.0 9.0 0.0 0
GLW108 Susceptible 9.0 9.0 0.0 0
GLW115 Moderately resistant 6.0 6.0 0.0 0
GLW174 Moderately resistant 5.5 4.5 1.0 1
GLW185 Susceptible 9.0 9.0 0.0 0
GLW501 Moderately resistant 5.5 5.0 0.5 0.25
GLW502 Moderately susceptible 7.0 7.5 -0.5 0.25
GLW503 Moderately susceptible 7.0 8.0 -1.0 1
GLW504 Moderately resistant 5.5 5.5 0.0 0
GLW505 Moderately susceptible 8.0 8.0 0.0 0
PAU7007 Moderately resistant 5.5 5.0 0.5 0.25
PAU7014 Resistant 4.0 4.0 0.0 0
C. judaicum ILWC-0 Susceptible 9.0 9.0 0.0 0
C. judaicum ILWC-223 Susceptible 9.0 9.0 0.0 0
GLW-22 Susceptible 9.0 9.0 0.0 0
GLW-25 Susceptible 9.0 9.0 0.0 0
GLW-183 Moderately resistant 5.0 5.5 -0.5 0.25
GLW-186 Moderately resistant 5.0 5.5 -0.5 0.25
C. reticulatum ILWC-292 Resistant 3.0 35 -0.5 0.25
GL1001 Moderately resistant 5.5 4.0 1.5 2.25
GL1002 Moderately resistant 5.5 5.0 0.5 0.25
GLW91 Resistant 3.0 3.0 0.0 0
PBG-7 Susceptible 9.0 9.0 0.0 0
D 0.03846
(zD-D)? 8.71153
SEof D 0.34846
t 0.11037
df 25
Table value 2.06

2Average score from five plants per accession per replication, screened under field conditions.
bAverage score from 12 plants (three plants per accession per replication), screened under laboratory conditions.
D = Difference between the field screening scores and laboratory screening scores.

D = Mean difference.
SE = standard error.
df = degrees of freedom.
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Figure 3. Frequency distribution of BGM scores of all wild Cicer
spp. screened under field and laboratory conditions.
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and could be used as resistant donors. The observed
t-value of 0.1103 was much less than 2.06, (P = 0.05; d.f.
= 25), showing that there was no statistically significant
difference between the two screening methods (Table 2).
The frequency distributions of the extreme lines for dis-
ease severity (recorded on the 1-9 scales) demonstrated
a normal distribution, signifying that resistance to BGM
was quantitative in nature (Figure 3).

Pooled DNA analysis using SSRs

Twenty six accession variants were selected from 371
wild chickpeas for genotyping. Of these, DNA from the
five most resistant lines (ILWC 292, GLW91, GL1001,
PAU7007 and PAU7014) and the five most susceptible
accessions (C. judaicum ILWC-223, GLW22, GLW25,
GLW69 and PBG7) were pooled and bulks were gener-
ated. Eighty eight markers were found to be polymor-
phic between the contrasting bulks, and these are list-

Table 3 List of polymorphic SSR markers used for bulked BSA in the five most Botrytis grey mould resistant and five most susceptible lines,

and their corresponding bulks with their linkage groups (LGs)

Serial Primer Serial Primer

Serial Primer Serial Primer

No. Name LG No. Name LG No. Name LG No. Name 1G
1 TR43 12 26 TR19 2b 51  NCGR209 8d 76 NCPGR248 *
2 TA196 3b 27  TS82 2b 52 NCPGR210 8 77 NCPGR249  7°
3 TA144 3¢ 28  TR58 2¢ 53 NCPGR215 * 78 NCPGR250 *
4 TS5 3b 29  TA37 2b 54 NCPGR216 * 79 NCPGR252 64
5 TA140 2¢ 30  GAIl6 2¢ 55 NCPGR218 * 80 NCPGR253 *
6 TAA104 5b 31 TA9% 2b 56 NCPGR219  * 81 NCPGR254 6°
7 TR2 32 32 TA27 2b 57  NCPGR220 6* 82 NCPGR255 64
8 GA6 gb 33 TA21 5b 58 NCPGR221 3* 83 NCPGR267 6
9 TA18 7b 34 CaSTMS24  2b 59 NCPGR224 4* 84 NCPGR268 7°

10 H3A10 5b 35  GA102 5¢ 60 NCPGR225 3* 85 NCPGR269 *

11 H2120 54 36  CaSTMS22 5P 61 NCPGR226 6* 86 NCPGR272 3P

12 TS58 3b 37 NCPGR76 6 62 NCPGR227 * 87 NCPGR274 6°

13 TAA170 4b 38 NCPGR78 * 63 NCPGR228 5" 88 NCPGR275 *

14 TA206 20 39 NCPGR79 6> 64 NCPGR229 6°

15 TA194 2¢ 40 NCPGRS82 6> 65 NCPGR232 5°

16 GAA47 4b 41 NCPGR84 * 66 NCPGR235 *

17 TA3a 20 42 NCPGR91 42 67 NCPGR236 4b

18 TR31 3¢ 43  NCPGR93 6 68 NCPGR237 *

19 TA42 7b 44 NCPGR95 7b 69 NCPGR238 6*

20 TA89 4> 45 NCPGRY6 * 70  NCPGR240 3?

21 TA110 2¢ 46 NCPGRY7 * 71 NCPGR241 3?

22 STMS28 3b 47  NCPGR98 2b 72  NCPGR242 3*

23 TR20 4b 48  NCPGRY9 7b 73 NCPGR244 *

24 CaSTMS2 4P 49 NCPGRI100 3* 74  NCPGR246  *

25 TA42 5b 50 NCPGR101 1b 75 NCPGR247 44

@ Choudharyet al., 2012; ® Varshney et al., 2014; < Bharadwaj et al., 2010; ¢ Gauret al., 2011; *Choudhary, unpublished.
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Table 4 Chi-square (x?) test results of wild chickpeas screened using Bulked BSA for Botrytis grey mould screening.

Sno. Marker Observed (O)  Expected (E) *> =(Obs-Exp)?/ Exp x> (P =0.05)

1 TR2 9 11 0.363636364 3.841 Strong correlation
2 TA194 11 12 0.083333333 Strong correlation
3 TA144 12 12 0.00 Strong correlation
4 GA102 11 12 0.083333333 Strong correlation
5 TA140 10 11 0.090909091 Strong correlation

Low x* values indicate strong correlation with resistant allele.

Figure 4. Gel image showing Bulked sample analysis with DNA
pools generated with TA144, M: 100bp Banglore Genei ladder,
1:ILWC292,2:GL1001, 3:PAU7007, 4:PAU7014, 5:GLW91, 6:C. juda-
icum ILWC223, 7: GLW22, 8: GLW25, 9: PBG7, 10: GLW69, 11:
Resistant bulk, 12: Susceptible bulk.

ed in Table 3. Most of these markers were found to be
located on linkage groups (LGs) 2, 3 and 6. Anuradha et
al. (2011) also identified three QTLs linked with BGM
resistance in chickpea on LG 3 and LG 6. The BSA and
chi-square statistic indicated strong correlations of
TA144, GA102, TA194, TA140 and TR2 with the resist-
ant bulks (Table 4 and Figure 4). These markers may be
associated with resistance against BGM, and they could
assist plant breeders in speedy development of BGM
resistant cultivars.BSA combined with advanced tech-
nologies can be used to identify and develop diagnos-
tic and constitutive markers improving the efficiency of
breeding programmes and lead to animproved under-
standing of the molecular basis of BGM resistance.

DISCUSSION

Wild accessions serve as excellent sources of resist-
ance to biotic and abiotic stresses, according to previ-
ous reports, and many chickpea accessions have now
been identified with resistance to diseases (Madrid et
al., 2008). Accessions including C. judaicum, C. pinnati-
fidum and C. echinospermum have shown good resist-
ance to BGM at PAU, Ludhiana, so these may be used
as donors for introgressing BGM resistance in chickpea.
These sources of BGM resistance were therefore used in
the present study through interspecific hybridization.

Botrytis grey mould is an economically important
disease of chickpea, which may cause complete yield
losses under heavy rains and high humidity. It is the
major production constraint limiting sustainable chick-
pea yields. There is an urgent need to develop varie-
ties with resistance to BGM with greater yield stabil-
ity. Screening under field and controlled conditions are
time-consuming and selection of BGM-resistant geno-
types may take more than 1 year or season if conven-
tional methods are used. Screening for disease resistance
may also be influenced by environmental interactions,
density of pathogen inoculum, presence of some patho-
gens, and pathogen virulence, resulting in variable dis-
ease outcomes. Furthermore, discrepancies in scoring of
disease reactions may affect the introgression of BGM
resistance into elite chickpea genotypes. On the other
hand, marker-assisted selection saves time in compari-
son to phenotypic field or greenhouse evaluations.

Bulked sample analysis and molecular markers
together help discern markers associated with genes gov-
erning disease resistance in a number of plant species
(Ballini et al., 2008). Owing to scarcity of polymorphic
markers in chickpea, BSA provides a rapid method for
identifying markers linked to BGM resistance. Resist-
ant genotypes may be identified within short periods,
inferior genotypes can be excluded from the next cycle
of selection, increasing the efficiency of breeding pro-
grammes.

Microsatellites combined with BSA have been used
to identify molecular markers linked to genes of inter-
est (Shoba et al., 2012), and comparison of pooled DNA
samples is much easier than evaluating all the individu-
als of different populations (Hallden et al., 1997; Sweeney
and Dannebeger, 1994). BSA has been successfully used
in fine mapping of QTLs for Ascochytablight resistance in
C. arietinum, genes controlling powdery mildew resist-
ance in pea (Fondevilla et al., 2008), cotyledon seed col-
our in Glycine max, QTLs for rust resistance including
VuUGMO02, VuUGMO08 and VuUGM19 in cowpea (Uma
et al., 2016), Phaeoisariopsis griseola resistance genes in
Phaseolus vulgaris (Alzate-Marin et al., 2001), 73 blast
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resistance genes and 350 QTLs in rice (Ghaley et al.,
2012),and discovery of SNPs for agronomically impor-
tant traits in Arachis hypogea (Pandey et al., 2017). NGS-
assisted BSA identified six candidate genes in the QTL
regions on chromosomes Ca2 and Ca4 and validated for
their association with Ascochyta blight resistance in the
CPRO2 population in chickpea (Deokar et al., 2019). A
QTL-seq approach coupled with BSA identified candidate
genes (Ca_04364 and Ca_04607) for 100seed weight, and
one gene (Ca_04586) for total root dry weight to total
plant dry weight ratio using CAPS markers in chickpea.

Anuradha et al. (2011) developed 126 F,, derived
RILs) derived from a cross between a moderately BGM
resistant kabuli cultivar (ICCV2) and a highly BGM
susceptible desi chickpea cultivar (JG62) atthe Interna-
tional Crops Research Institute for the Semi-Arid Trop-
ics (ICRISAT), Patancheru, India. This used the single
seed descent (SSD) method, and identified two QTLs for
BGM resistance on LG3 and one on LG6, which after
validation, can be used for marker-assisted breeding.
Kaur et al. (2013) also developed an inter-specific popu-
lation for BGM resistance using the cut twig technique.
Sixty two F9 BGM resistant lines derived were evalu-
ated for agronomically important and yield traits, and
identified four lines, (GL 29029, GL29206, GL29212 and
GL29081) with high degrees of resistance to BGM. These
lines were crossed with the BGM-susceptible high yield-
ing cultivar BG256 for molecular analysis, and genotyp-
ing of F, populations identified SSR markerspotentially
linked with Ascochyta blight and BGM resistance genes.
Of the 120 markers used, six SSRs (TA2, TA110, TA139,
CaSTMS7, CaSTMS24 and TR29) were found to be poly-
morphic. These markers can be used for identification of
markers linked to BGM resistance, and assist in marker-
assisted backcrossing for resistance breeding.

In the present study, comprehensive evaluation of the
test host lines and paired-t test analysis both revealed
that the field and laboratory screening methods gave
similar results for BGM screening of the test lines. This
demonstrates that laboratory screening methods coupled
with molecular marker techniques can serve as powerful
tools in genetics and crop improvement. The polymor-
phic SSR markers identified in the present study can be
used to develop chickpea cultivars with high levels of
BGM resistance, that has been a challenging task due to
lack of sources of high levels of resistance in cultivated
chickpea. Low chi-square statistic values of five SSRs
(TA144, GA102, TA194, TA140 and TR2) in compari-
son to the critical value at P = 0.05 indicated their strong
correlation with the resistant bulk and BGM resistance.
We therefore conclude that bulked BSA is simple and
accurate method for rapidly ascertaining marker-trait
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associations rapidly, and may be value for molecular tag-
ging of BGM resistant genes in chickpea.
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