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Abstract Ascochyta blight (AB), caused by Ascochyta
rabiei (Pass.) Labr. (anamorph), is the most damaging
disease of chickpea (Cicer arietinum L.) and is a serious
biotic stress constraint for chickpea production. To under-
stand the molecular diversity in A. rabiei populations of
India, a total of 64 isolates collected from AB-infected
chickpea plants from different agroclimatic regions in the
North Western Plain Zone (NWPZ) of India were analyzed
with 11 AFLP (amplified fragment length polymorphism)
and 20 SSR (simple sequence repeat) markers. A total of 9
polymorphic AFLP primer pairs provided a total of 317
fragments, of which 130 were polymorphic and showed an
average PIC value 0.28. Of the SSR markers, 12 showed
polymorphism and provided a total of 29 alleles with an
average PIC value 0.35. To the best of our knowledge, this
is the first report on a comparison of AFLP and SSR
diversity estimates in A. rabiei populations. The dendro-
gram developed based on AFLP and SSR data separately,
as well as on the combined marker dataset, grouped the
majority of AB isolates as per geographic regions. Model
based population structure analysis revealed four distinct
populations with varying levels of ancestral admixtures
among 64 isolates studied. Interestingly, several AFLP
primer combinations and SSR markers showed the locus/
allele specific to AB isolates of certain regions, e.g., Hisar,
Sriganganagar, Gurdaspur, and Sundarnagar. Genetic vari-

ability present in AB isolates of the NWPZ of India
suggests the continuous monitoring of changes in A. rabiei
population to anticipate the breakdown of AB resistance in
chickpea cultivars grown in India.
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Introduction

Ascochyta blight (AB) caused by Ascochyta rabiei (Pass.)
Labr. (anamorph), is the most damaging disease of chickpea
(Cicer arietinum L.) causing yield losses of up to 100% and
having a global distribution (Pande et al. 2005). In the
North Western Plain Zone (NWPZ) of India, AB is a
serious production constraint of chickpea grown in post-
rainy season and the disease often turns epidemic (Nene
1984). As a result, there is a drastic reduction in area and
productivity of chickpea, and most of the rice fallows
where chickpea is grown traditionally are sown with other
crops or left fallow during the post-rainy season. To re-
establish/revive chickpea production in these areas, use of
resistant varieties is the most practical approach as it is
effective, economical, and environmentally friendly (Singh
and Reddy 1996). However, high levels of disease
resistance are scarce in chickpea germplasm with a
desirable agronomic background. Breeding of chickpeas
for resistance to AB is, however, complicated by the
frequent breakdown of host plant resistance, probably
because of the variable nature of the pathogen (Singh and
Reddy 1991). Therefore, it is imperative to study the
variation among A. rabiei isolates in order to identify stable
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and durable sources of resistance against the prevalent
pathotypes of A. rabiei that exist in the target regions.

Previous studies have revealed high levels of pathogenic
and genetic variation in A. rabiei (reviewed by Pande et al.
2005). A high level of pathogenic variability has also been
reported in the AB isolates from India (Ambardar and
Singh 1996; Basandrai et al. 2005). A technique that could
be used to rapidly characterize A. rabiei population in a
particular area would provide important information for AB
management and resistance breeding. However, evaluating
genetic diversity in field requires powerful discriminating,
selectively neutral and reliable, criteria for genotyping the
isolates (e.g., see Gowen et al. 1989). In order to measure
genetic variability more precisely, molecular markers
provide an unbiased estimate of total genomic variation
and have the potential to minimize errors due to sampling
variance (Spooner et al. 1996). Furthermore, determination
of fungal genetic diversity based on molecular markers is
reliable as it is independent of culture conditions.

In plant and animal systems, a variety of molecular
markers are available and have been used for different type
of applications. However, for assessment of fungal genetic
diversity, random DNA-based markers have been used in
the majority of cases. The most commonly used DNA-
based markers for assaying genomic variation in fungal
species include randomly amplified polymorphic DNA
(RAPD; Williams et al. 1990) and amplified fragment
length polymorphism (AFLP; Vos et al. 1995). These
markers are PCR-based markers and do not need any
sequence information but provide several genomic frag-
ments with a marker in the single experiment (see Varshney
et al. 2007). However, these markers are not locus specific
and RAPDs suffer with reproducibility. Simple sequence
repeat (SSR) markers on the other hand represent the locus
specific and co-dominant marker systems which have been
proved the markers of choice in plant genetics and breeding
applications (Gupta and Varshney 2000). Generation of
SSR markers is a time consuming, labour intensive and
expensive task; only a few fungi enjoy the availability of
SSR markers. In case of Ascochyta rabiei, a set of 20 SSR
markers was developed by Geistlinger et al. (2000).

Only a few molecular genetic studies have been con-
ducted to assess the diversity in AB isolates in different parts
of world by using SSR-based oligo-fingerprinting (Weising
et al. 1991; Morjane et al. 1994; Geistlinger et al. 1997;
Udupa et al. 1998; Jamil et al. 2000; Barve et al. 2004),
AFLP (Peever et al. 2004), RAPD (Santra et al. 2001;
Chongo et al. 2004), and SSRs (Geistlinger et al. 2000). In
some studies, comparative assessment of genetic diversity,
based on different marker systems, i.e., oligo-fingerprinting,
RAPDs, and AFLPs, has been carried out (Udupa et al.
1998; Peever et al. 2004). However, little is known about the
level of genetic diversity of this pathogen in the NWPZ of

India, where AB is a serious constraint of chickpea and the
disease turns epidemic. Genetic diversity information in
addition to pathogenic variability may be useful in develop-
ing chickpea varieties with resistance to AB. The present
study, therefore, was undertaken to assess the extent of
genetic diversity of A. rabiei isolates of the NWPZ of India
using AFLP and SSR markers. Further, the potential of two
marker systems for assessing the genetic variability of
isolates has been compared.

Materials and methods

Fungal isolates

A total of 64 isolates from 16 cultures (four isolates from
each culture) of A. rabiei were isolated (Punithalingam and
Holliday 1972) from AB-infected chickpea plants collected
from different agroclimatic regions in NWPZ including
foothills, low hills, sub-tropical and sub-mountain zones of
the Himalayas in India (Table 1). Four single spore isolates
of individual cultures were maintained on chickpea dex-
trose agar (CDA, kabuli chickpea seed meal 40 g, dextrose
20 g and agar 20 g/l distilled water) at 4°C.

DNA isolation

Genomic DNA from the fungal mycelium was extracted by
the CTAB method as suggested in Cuc et al. (2008) except
that β- Mercaptoethanol was absent in the extraction buffer.

AFLP analysis

AFLP analysis was carried out using the commercial kit of
Life Technologies (USA) as per the manufacturer’s proto-
cols with slight modifications as described below. Fungal
genomic DNA (400 ng) was digested with the two
restriction endonucleases, EcoRI and MseI, at 37°C for
2 h and heated at 70°C for 15 min to inactivate the enzyme.
The DNA fragments were ligated to EcoRI and MseI
adapters at 20°C for 2 h and, after terminating the reaction,
the ligation mixture was diluted 10-fold with TE buffer and
the fragments were preamplified in a thermal cycler (MJ
Research, USA) using a temperature cycle of 94°C for 30 s,
56°C for 60 s, and 72°C for 60 s in a total of 30 cycles.
Selective amplification was carried out using the primers
provided in the kit according to the manufacturer’s
protocol. Four EcoRI primer (E-AC, E-AG, E-TC and E-
TG) and eight MseI (M-CAA, M-CAT, M-CAC, M-CAG,
M-CTA, M-CTT, M-CTG and M-CTC) primers were used
in 11 combinations (E-AC/M-CTG, E-AC/M-CTC, E-AC/
M-CTT, E-AG/M-CTA, E-AG/M-CTC, E-TC/M-CAA, E-
TC/M-CAC, E-TC/M-CAG, E-TC/M-CAT, E-TG/M-CTG,
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and E-TA/M-CAT). The EcoRI primer for each combina-
tion was labeled with [γ-32P]-ATP (3000 Ci/mmol) and the
DNA amplification was carried out as per the manufac-
turer's protocol. The PCR products in 5.0-μl sub-samples
were separated by electrophoresis on 6% denaturing
polyacrylamide DNA sequencing gel containing 7.5 M
urea. Autoradiograms were obtained using Kodak X-Omat
film.

SSR analysis

A set of 20 SSR markers (ArA02T, ArA03T, ArA06T,
ArA08T, ArA11T, ArR08T, ArR10T, ArH02T, ArH04T,
ArH05T, ArH06T, ArS03T, ArR01D, ArR04D, ArR12D,
ArR02D, ArH02D, ArH07D, ArR08D and ArH11D),
described in Geistlinger et al. (2000) were used for
analyzing the SSR diversity. For SSR analysis, 10 ng
DNA from each isolate was used with the SSR primer pairs.
PCR reaction was performed in 5-μl volumes containing
10 ng of template DNA, 16 mM (NH4)2SO4, 67 mM Tris–
HCl (pH 8.8), 0.01% Tween-20, 1.6 mM MgCl2, 0.2 mM
dNTP’s, 0.6 μM of each primer and 0.05 units Taq DNA
polymerase (Bioline, UK). After initial denaturation (95°C,
20 s), PCR was run for 35 cycles (94°C for 20 s, 53°C for
25 s, 67°C for 23 s) in a MJ Research PTC 200
thermocycler. PCR products were separated on 6% poly-
acrylamide gels and visualized by using silver staining
protocol (Tegelstrom 1992).

Molecular diversity analyses

AFLP fragments visualized on the autoradiogram were
scored as the presence (1) or absence (0) of a band, and the
level of polymorphism was expressed as a percentage based

on the number of polymorphic bands obtained from the
total number of fragments amplified with a marker. In the
case of SSR experiments, presence or absence of the allele
at a given locus, visualized by silver staining, was scored as
1 and 0.

The polymorphism information content (PIC) values
measure the informativeness of a given DNA marker. The
PIC value for each AFLP primer combination was
calculated as proposed by Roldan-Ruiz et al. (2000):

PICi ¼ 2fi 1� fið Þ;
where PICi is the polymorphic information content of
marker i, fi the frequency of the marker bands which were
present and 1–fi the frequency of marker bands which were
absent. PIC was averaged over the bands for each primer
combination.

In the case of SSR markers, the PIC value of SSR loci
was measured as given by Anderson et al. (1993):

PIC ¼ 1�
Xk

i¼1

P2
i

where k is the total number of alleles detected for a given
marker locus and Pi is the frequency of the ith allele in the
set of genotypes investigated.

The average number of DNA fragments amplified/
detected per genotype using a marker system is considered
as Multiplex Ratio (n).

In case of AFLP, however, many loci (fragments or
bands) are non-polymorphic in the germplasm of interest.
The number of loci polymorphic in the isolates, analyzed
per experiment, called Effective multiplex ratio (E), is
estimated as per Powell et al. (1996):

E ¼ n� b

Table 1 Sixty-four Ascochyta rabiei isolates selected for molecular diversity analysis

S No. Culture ID Site of collection State of collection Isolate names used in dendrogram

1 AB1 Gurdaspur Punjab AB1_GUR_1, AB1_GUR_2, AB1_GUR_3, AB1_GUR_4
2 AB3 Ambala Haryana AB3_AMB_1, AB3_AMB_2, AB3_AMB_3, AB3_AMB_4
3 AB4 Hisar Haryana AB4_HIS_1, AB4_HIS_2, AB4_HIS_3, AB4_HIS_4
4 AB6-02 Dhaulakuan Himachal Pradesh AB6_DHA_1, AB6_DHA_2, AB6_DHA_3, AB6_DHA_4
5 AB7-03 Pantnagar Uttaranchal AB7_PAN_1, AB7_PAN_2, AB7_PAN_3, AB7_PAN_4
6 AB8-03 Palampur Himachal Pradesh AB8_PAL_1, AB8_PAL_2, AB8_PAL_3, AB8_PAL_4
7 AB11-03 Ropar Punjab AB11_ROP_1, AB11_ROP_2, AB11_ROP_3, AB11_ROP_4
8 AB12-03 Abohar Punjab AB12_ABO_1, AB12_ABO_2, AB12_ABO_3, AB12_ABO_4
9 AB13-03 Gurdaspur Punjab AB13_GUR_1, AB13_GUR_2, AB13_GUR_3, AB13_GUR_4
10 AB14-03 Sundernagar Himachal Pradesh AB14_SUN_1, AB14_SUN_2, AB14_SUN_3, AB14_SUN_4
11 AB15-03 Berthin Himachal Pradesh AB15_BER_1, AB15_BER_2, AB15_BER_3, AB15_BER_4
12 AB16 Palampur Himachal Pradesh AB16_PAL_1, AB16_PAL_2, AB16_PAL_3, AB16_PAL_4
13 AB17-02 Ludhiana Punjab AB17_PUN_1, AB17_PUN_2, AB17_PUN_3, AB17_PUN_4
14 AB18-03 Hisar Haryana AB18_HIS_1, AB18_HIS_2, AB18_HIS_3, AB18_HIS_4
15 AB26 Sriganganagar Rajasthan AB26_GAN_1, AB26_GAN_2, AB26_GAN_3, AB26_GAN_4
16 AB27 Sriganganagar Rajasthan AB27_GAN_1, AB27_GAN_2, AB27_GAN_3, AB27_GAN_4
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where ß is the fraction of polymorphic markers and is
estimated after considering the polymorphic loci (np) and
non-polymorphic loci (nnp) as ß = np/(np + nnp).

Cluster analysis

The 0/1 matrix of the markers was used for the calculation
of genetic similarity according to Nei (1972). Further, an
UPGMA (Unweighted Pair Group Method Arithmetic
Average) dendrogram was constructed using PAUP 4.0
(Swofford 1998) and Dendroscope (Huson et al. 2007)

Population structure analysis

A Bayesian clustering analysis was undertaken using the
program STRUCTURE (Pritchard et al. 2000). This method
uses multilocus genotypes to infer the fraction of an
accession’s genetic ancestry that belongs to a population
for a given number of populations (K). The posterior
probabilities were estimated using a Markov chain Monte
Carlo method (MCMC). The results were based on 100,000
iterations of this chain, following a burn-in period of
100,000 iterations. The MCMC chain was run multiple
times, using a correlated allele frequency model (prior
mean = 0.01, prior SD = 0.05 and Lambda = 1.0 in the
advance option of the STRUCTURE program.

Results

To understand the diversity pattern among AB isolates, two
markers systems, AFLPs and SSRs, were employed. The
molecular diversity data based on AFLP and SSR markers
were compared with each other and genetic variability was
assessed among AB isolates.

AFLP- based genetic diversity

A total of 11 AFLP primer combinations involving five EcoRI
and 9 MseI primers were used for genetic analysis of AB
isolates (Table 2). Two primer combinations, namely E-AC/
M-CTC and E-TA/M-CAT, showed no polymorphism. The
remaining 9 primer combinations yielded from 7 to 70
fragments with an average of 30.1 fragments per primer
combination. Effective multiplex ratio for these primer
combinations ranged from 1 (E-AC/M-CTT, E-AG/M-CTA,
E-TG/M-CTG) to 42 (E-AG/M-CTC) with an average of
14.44. In total, 317 fragments were amplified by 11 primer
combinations across 64 AB isolates. However, only 130
fragments (41%), generated by 9 primer combinations,
displayed polymorphism. The polymorphic fragments ranged
from 5% (E-AC/M-CTT) to 83% (E-AC/M-CTG) fragments
with an average of 34.5% fragments per primer combination
(Table 2). The PIC value of the polymorphic fragments varied
from 0.03 to 0.50 across the isolated for AFLP primer
combinations examined (data not shown). The PIC value for
individual primer combination was in the range of 0.16 (E-
AG/M-CTA, E-TC/M-CAT and E-TC/M-CAG) to 0.39 (E-
TC/M-CAC) with an average of 0.28 per primer combination.

SSR-based genetic diversity

For assaying the allelic diversity, a total of 20 SSR markers
were used. However, only 12 (60%) SSR markers showed
polymorphism among AB isolates (Table 3). The remaining
8 (40%) markers (ArA03T, ArA11T, ArR08T, ArR10T,
ArR01D, ArA02D, ArH02D and ArA04T) were found
monomorphic in the AB isolates of the present study. The
polymorphic SSR marker in the present study showed 2–4
alleles with an average of 2.42 alleles per locus. The PIC
value varied from 0.30 to 0.49 with an average of 0.35 per
marker (Table 3).

Table 2 Diversity features of
AFLP Primer

combination
Total no. of
bands

No. of polymorphic
bands

%
Polymorphism

Effective
multiplex ratio

PIC
value

E-AC/M-CTG 24 20 83 20 0.21
E-AC/M-CTT 19 1 5 1 0.39
E-AG/M-CTA 17 1 6 1 0.30
E-AG/M-CTC 57 42 74 42 0.29
E-TC/M-CAA 70 40 57 40 0.28
E-TC/M-CAC 27 5 19 5 0.27
E-TC/M-CAG 22 2 9 2 0.30
E-TC/M-CAT 34 18 53 18 0.16
E-TG/M-CTG 24 1 4 1 0.30
Average 32.66 14.44 34.44 14.44 0.28
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Comparison of AFLP and SSR markers

As AB isolates were characterized using AFLP and SSR
markers, an attempt was made to compare the utility of
these two marker systems for assessment of diversity of AB
isolates. While 11 AFLP primer combinations provided the
317 fragments, the 20 SSR markers yielded 20 loci. Thus a
higher multiplex ratio (14.44) was observed for AFLP
markers as compared to SSR markers (1.0). PIC values
were, however, higher for SSR markers (average 0.35) as
compared to AFLP markers (0.28).

Genetic variability among isolates

As allelic diversity data were obtained for SSR and AFLP
markers, these genotyping data were used to construct
UPGMA dendrogram separately. All 64 AB isolates were
grouped into six groups based on SSR data (Fig. 1). Group
I contained isolates from Berthin, Sriganganagar, Palampur,
Ambala, Dhaulakuan, and Ludhiana, group II contained
isolates from Ropar and Abohar and group VI included the
isolates from Hisar and Sriganganagar. The other three
groups showed grouping of region-specific isolates. For
instance, all the isolates from Gurdaspur were present in
group III, the isolates from Sundarnagar were present in
group IV. However, group V had two isolates from Ambala
while the other two isolates of Ambala were present in
group I.

The AFLP-based dendrogram showed higher resolution
in grouping isolates into different groups (Fig. 2). Primarily,
four groups were observed in this dendrogram which could
be further grouped into eight subgroups. Almost all these
subgroups (except Gr III) contained the isolates of the same
geographical location. Nevertheless one isolate each from
Ambala, Ropar, Sriganganagar, and Abohar regions
(AB3_AMB_4, AB11_ROP_4, AB26_GAN_4 and

AB12_ABO_1) were entirely separated from the other
isolates.

In the dendrogram based on combined SSR and AFLP
markers (Fig. 3), the isolates could be grouped into five
major groups which could be further subdivided into a total
of ten subgroups. The majority of the subgroups, as in the
case of the AFLP-based dendrogram, contained region-
specific isolates. However, there were also some exceptions.
For instance, two isolates from Ambala (AB3_AMB_1 and
AB3_AMB_3) could not be grouped closely with the
remaining isolates of Ambala (AB3_AMB2 and
AB3_AMB_4). It seems that these isolates are quite diverse
compared with other isolates. Indeed, both these isolates also
showed a similar diverse pattern compared with other
isolates in the SSR and AFLP dendrograms.

Genetic structure of AB isolates

On analysis of 64 AB isolates for population structure using
a model-based approach (Pritchard et al. 2000), we
identified four genetically distinct groups or admixtures
thereof within the AB isolates studied. The estimated
likelihood values were variable among different runs (K=
2-–), so we chose K=4 for final analysis as the log
likelihood function was found to increase up to K=4 and
deto crease thereafter. Group 3 was the largest with 21
(32.8%) isolates representing 5 different states (dark shade
in Fig. 4). Group 1 was represented by 12 isolates which
include 4 from Rajasthan and 8 from Haryana (medium
dark shade in Fig. 4) and group 2 contained 12 isolates
from Punjab and 4 from Himachal Pradesh (light dark
shade in Fig. 4). Of 15 AB isolates grouped in group 4
(white in Fig. 4), 53.3% were from Punjab, 26.7% from
Himachal Pradesh and 20% were from Rajasthan.

Discussion

In the past, several studies for assessing molecular diversity
in AB isolates were conducted using RAPD markers that
showed polymorphism with 12.9–28.9% primers (Udupa et
al. 1998; Santra et al. 2001; Chongo et al. 2004).
Furthermore, about 10 fragments per primer were obtained
in these studies. Therefore, compared to RAPD markers,
AFLP markers are more informative as a higher percentage
of primers (81.8%) as well as a higher number of fragments
(ca. 30) per primer pairs have been reported in the present
study.

Although an SSR-based oligonucleotide fingerprinting
approach has been used in several studies to assess the
molecular diversity in AB isolates (Weising et al. 1991;
Morjane et al. 1994; Geistlinger et al. 1997; Udupa et al.
1998), the sequence tagged microsatellite (STMS)-based

Table 3 SSR diversity in pathogen isolates

Marker
name

Amplicon size
range (bp)

Number of
alleles

PIC
value

ArA02T 150 2 0.30
ArA06T 140 2 0.30
ArA08T 220 2 0.30
ArH02T 340 4 0.49
ArH04T 210 2 0.30
ArS03T 210 2 0.30
ArH05T 200 3 0.44
ArH06T 190 3 0.49
ArR12D 200 2 0.31
ArH08D 180 2 0.30
ArH07D 190 3 0.35
ArH11D 170 2 0.30
Average 200 2.42 0.35
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SSR analysis has only been done in few studies (e.g.,
Geistlinger et al. 2000; Barve et al. 2004). STMS-based
SSR markers have been proven very useful in plant genetic
and breeding because of being co-dominant, multi-allelic,
and locus-specific in nature (Gupta and Varshney 2000).

These reasons led to the development of a set of STMS-
based SSR markers for A. rabei (Geistlinger et al. 2000),
and these have been used for assaying the molecular
diversity in AB isolates in the present study. The poly-
morphic SSR marker in the present study showed 2–4

Fig. 1 Grouping of Ascochyta rabiei isolates based on genotyping data for 12 SSR markers
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alleles with an average of 2.42 alleles per locus. In contrast
to the present study, Barve et al. (2004) reported up to 15
alleles at one SSR locus. It is noteworthy here that Barve et
al. (2004) analyzed a larger collection of AB isolates (37
isolates from India and 38 isolates from 15 other countries)
at a highly polymorphic SSR locus (ARMS1) known for the
A. rabiei genome. Similarly, Geistlinger et al. (2000)

reported up to 14 alleles per locus among 22 isolates
representing the worldwide collection of AB isolates.
However, 3.8 alleles per locus were reported among 52
isolates representing a “new world” collection of AB
isolates (Phan et al. 2003). The PIC value of the
polymorphic SSR markers, in the present study, varied
from 0.30 to 0.49 with an average of 0.35 per marker

Fig. 2 Grouping of Ascochyta rabiei isolates based on genotyping data generated by nine AFLP primer pairs
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Fig. 3 Grouping of Ascochyta rabiei isolates based on combined SSR and AFLP marker dataset
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(Table 3). Like the PIC value, the genetic similarity index
(HE) was calculated by Geistlinger et al. (2000) among 22
AB isolates of worldwide collection and it varied from
0.17 to 0.90 with an average 0.47 per marker. The higher
genetic diversity value of the SSR markers as compared to
the PIC value of the present study can be attributed to the
diverse nature of AB isolates analyzed in the study of
Geistlinger et al. (2000).

The higher number of loci per primer combination is the
feature of AFLP that provides the higher effective multiplex
ratio (EMR) to AFLP (14.44) as compared to SSR markers
(1.0). Since AFLP represents a dominant marker system,
the AFLP fragments were bi-allelic and SSR loci, due to
co-dominance in nature, were detected on an average 2.42
alleles (Gupta and Varshney 2000). The PIC value for SSR
markers (0.35) was also higher as compared to AFLP
primer pairs (0.33).

While searching the literature, no report was available on
the information of the PIC value for AFLP primer pairs
used for diversity assessment of AB isolates. Nevertheless,
the reported PIC values for different AFLP primer pairs
may be useful for selecting comparatively more informative
markers in future for assessment of molecular diversity of
AB isolates of India or other geographic regions.

In terms of comparative marker polymorphism, AFLP
markers showed 81.8% polymorphic fragments as com-
pared to 60% polymorphism detected by SSR markers.
Because of higher EMR and assaying the genome wide
polymorphism, AFLP marker system is perhaps better as
compared to SSRs for fingerprinting and diversity studies
of pathogen isolates, as also recommended in a recent study
in barley (Varshney et al. 2007). Nevertheless, in the case of
higher numbers of SSR markers being available for a
species, the most informative set of genome wide SSR
markers can be selected based on repeat motif type and
length as well as PIC values.

Higher resolution of dendrogram differentiation can be
attributed to higher number of data points generated by
AFLP as compared to SSR markers (Varshney et al. 2007).
This is another reason why AFLP markers can be preferred
over SSR markers for fingerprinting the isolates. In order to
make the best interpretation of the genetic relationships of
isolates, the genotyping data obtained using SSR and AFLP
markers were combined and used for constructing the
dendrogram. In this dendrogram, all the isolates were

grouped into five major groups and three groups were
further classified into subgroups. As a result, a total of 10
groups/subgroups were observed. Except for group IV, all
the other groups/subgroups contained the majority of the
isolates from the same geographical region. Geographical
grouping of isolates has been observed in several earlier
studies (Santra et al. 2001; Chongo et al. 2004). The
specificity of the AFLP fragment or SSR alleles to certain
AB isolates suggests the identification of geographical
specific markers. While the SSR marker can be used as
such to identify the location-specific isolates, the AFLP
fragments can be sequenced and converted into locus-
specific markers to identify region-specific AB isolates.
Indeed such a region-specific marker (RAPD fragment) to
Indian AB isolates was identified by Santra et al. (2001).

As the dendrogram could group the majority of the
isolates into region-specific subgroups/groups, all AFLP
loci and SSR allelic data were inspected to determine the
region-specific loci/alleles. The region-specific loci/alleles
were present in 32–58% of the isolates examined (data not
shown). In fact, the isolates coming from Hisar (all the four
single spore isolates of AB4_HIS and AB18_HIS) and
Sriganganagar (AB27_GAN) showed the presence of
unique AFLP fragments (4) and SSR alleles (12). For
instance, three AFLP primer pairs (E-TC/M-CAC, E-TC/
M-CAG and E-TG/M-CTG) showed the presence and one
AFLP primer pair (E-AG/M-CTA) showed the absence of a
unique band in all the singe spore isolates from these
regions. Similarly, unique alleles detected at 11 SSR loci
(ArA02T, ArA06T, ArA08T, ArH02T ArH04T, ArH05T,
ArS03T, ArH07D, ArH08D, ArH11D and ArR12D) were
restricted to all the 12 single spore isolates from Hisar (8
isolates) and Sriganganagar (4 isolates). The occurrence of
unique locus (AFLP) or allele (SSR) in the isolates from
Hisar (AB4_HIS, AB18_HIS) and Sriganganagar
(AB27_HIS) can be explained by the transmission of the
isolates between Hisar and Sriganganagar through air
dispersion or exchange of chickpea seeds, as the distance
between these two places is only 245 km. Although the
distance between Sriganganagar and Abohar is less than
that of Sriganganagar and Hisar, the isolates from Abohar
region neither shared the uniqueness of the AB isolates
from Sriganganagar nor from Hisar, which supports the
dispersal of AB strains through the exchange of chickpea
seeds instead of air dispersal between Sriganganagar

Fig. 4 Ancestries of 64 isolates
estimated from 317 AFLP loci
and 20 SSR loci using STRUC-
TURE (Pritchard et al. 2000).
Four different shades of black
and white colors represent four
subpopulations (or groups) in
Aschochyta rabiei isolates
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(Rajasthan state) and Hisar (Haryana state) and not between
Sriganganagar/Hisar and Abohar (Punjab state).

In terms of region-specific alleles among the isolates,
one SSR marker ArH02T showed the unique allele for the
isolates of Sundernagar (AB14) and one SSR marker
ArH06T detected the unique allele for the isolates of
Gurdaspur (AB1 and AB27). The uniqueness of the SSR
alleles to these isolates probably indicates that there has not
been an exchange of chickpea seeds from these places
(remote locations in the Himachal Pradesh and Punjab
states) to other places. These markers can be used as
diagnostic markers to identify a region-specific isolate from
a group of isolates.

Insights into the structure of Aschochyta rabiei popula-
tions will prove to be valuable in enhancing our under-
standing of the biology of Ascochyta blight epidemics and
potentially adaptive genotypic diversity in the species.
Model-based population structure analysis revealed four
distinct groups or populations. The isolates of group 1 did
not show any admixture, suggesting the gene flow is
currently limited among these populations although the
isolates from Rajasthan and Haryana are separated by a
short geographic distance. However, the other three groups
were found to possess a varying degree of admixture
percent of the alleles among these populations. Among
8 isolates studied from Rajasthan, 4 isolates were in group
1 (with no admixture), 3 isolates were in group 4 (with very
low admixture) and interestingly only one isolate
(AB26_GAN_4) from Rajasthan was found in group 3
(with high admixture percent with group 4). These differ-
ences in population structure among isolates within the
same species and geographic regions are likely related to
differences in evolutionary history and ecology. Of 16
isolates in group 2, 11 isolates (68.7%) were found to share
common ancestry/alleles from group 3 and group 4.
However, only two isolates (AB12_ABO_4 and
AB1_GUR_2) were found to share very low admixture of
alleles with group 3. Similarly 10 (47.6%) of 21 isolates in
group 3 shared ancestry/alleles with group 2 and group 3.
In group 4, seven isolates (46.7%) shared ancestry with
group 2 and group 3.

In summary, the present study demonstrated the utility of
both AFLP and SSR markers for assessing the molecular
diversity in AB isolates. While SSRmarkers are very useful in
providing the locus-specific marker and can be used to
identify the region-specific isolates, the AFLP markers
provide genome-wide profiling of the pathogen. A moderate
level of genetic variability was observed in the AB isolates of
the NWPZ of India. The combination of this genetic
variability and potential for sexual recombination increases
the likelihood that rare pathotypes may quickly increase and
overcome new sources of resistance in chickpea as they are
developed. This potential is further facilitated due to dispersal

of pathogen by airborne ascospores. Therefore, it is recom-
mended to monitor changes in the pathogen population to
anticipate the breakdown of resistance in existing chickpea
cultivars in India.
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