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Abstract Ascochyta blight (AB) caused by Ascochyta
rabiei (teleomorph, Didymella rabiei) Pass. Lab. is an
important fungal disease of chickpea worldwide. Only
moderate sources of resistance are available within the cul-
tivated species and we hypothesized that the available
sources may carry different genes for resistance, which
could be pyramided to improve field resistance to AB. Four
divergent moderately resistant cultivars CDC Frontier,
CDC Luna, CDC Corinne, and Amit were each crossed to a
highly susceptible germplasm ICCV 96029. Parents, F; and
F, generations were evaluated under controlled conditions
for their reactions to AB. A total of 144 simple sequence
repeat (SSR) markers were first mapped to eight linkage
groups (LG) for the CDC Frontier x ICCV 96029 popula-
tion. Then based on the evidence from this population, 76,
61, and 42 SSR markers were systematically chosen and
mapped in CDC Luna, CDC Corinne, and Amit popula-
tions, respectively. Frequency distributions of the AB rat-
ing in the F, generation varied among the four populations.
Composite interval mapping revealed five QTLs (QTL1-5),
one on each of LG 2, 3, 4, 6, and 8, respectively, distributed
across different sources, controlling resistance to AB. CDC
Frontier contained QTL2, 3, and 4 that simultaneously
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accounted for 56% of phenotypic variations. CDC Luna
contained QTL 1 and 3. CDC Corinne contained QTL 3
and 5, while only QTL 2 was identified in Amit. Altogether
these QTL explained 48, 38, and 14% of the estimated phe-
notypic variations in CDC Luna, CDC Corinne, and Amit
populations, respectively. The results suggested that these
QTLs could be combined into a single genotype to enhance
field resistance to AB.

Introduction

Chickpea (Cicer arietinum L.) is an important pulse crop
with a wide distribution across the tropics, subtropics, and
temperate regions (Singh 1997). It accounts for about 15%
(9.3 million tonnes) of the world’s total pulse production
(FAO 2007). In many areas of production including West
and Central Asia, North Africa, southern and eastern
Europe, North America, and Australia, the chickpea crop is
affected by the foliar fungal disease ascochyta blight, which
is the most destructive disease of chickpea, and in case of
severe infection caused up to 100% yield loss (Nene and
Reddy 1987; Singh and Reddy 1993; Chang et al. 2007).
Successful chickpea cultivation in many growing areas
nowadays depends on effective management of AB.

Ascochyta can infect all above ground parts of the chick-
pea plant and occurs throughout the growing season
(Jayakumar et al. 2005). Application of fungicides may not
be cost—effective due to the need for repeated applications
under the prevalence of prolonged weather conditions
favorable to disease development (Chongo et al. 2004) and
due to insensitivity of the pathogen to some of the fungi-
cides used (Cho etal. 2004; Chang et al. 2007). Use of
resistant cultivars is considered the most viable option for
long-term management of AB.

@ Springer



758

Theor Appl Genet (2009) 119:757-765

Chickpea cultivars with improved levels of resistance to
AB have been developed and commercialized (Vandenberg
et al. 2003; Warkentin et al. 2005). However, only partial
resistance is available among the cultivated chickpea germ-
plasm and the improved cultivars are only moderately resis-
tant to AB. Singh and Reddy (1993) evaluated 19,343
germplasm collection which included 12,749 desi acces-
sions from ICRISAT and 6,594 kabuli accessions from
ICARDA and found at best accessions with a score of 4 in a
1-9 scale for resistance. The moderately resistant cultivars
need to be supplemented with fungicide application for
good protection of the crop in most years. Thus, further
improvement in field resistance of chickpea to AB is
required to increase and stabilize production levels.

One of the genetic strategies being considered to
increase the level of resistance to AB in chickpea at the
Crop Development Centre (CDC), University of Saskatche-
wan, Canada is to analyze different sources of resistance
within the cultivated species that potentially carry different
genes and pyramid these to improve the level of resistance.
Combining key genes for resistance to AB may also
increase the durability of resistance by giving protection
against varying populations of ascochyta. Several studies
have reported varying results related to the genetic control
of resistance to AB including a single dominant or a single
recessive gene depending on the parent (Singh and Reddy
1983; Tewari and Pandey 1986), two complementary domi-
nant genes (Dey and Singh 1993), three major recessive
genes with complementary effects and several modifiers
(Tekeoglu et al. 2000). These clearly show the complexity
of the genetic control of AB resistance, which may require
marker-assisted selection to effectively manipulate these
genes to build high and durable resistance (Rakshit et al.
2003).

Attempts have been made over the last decade to tag AB
resistance genes in chickpea using DNA markers. Santra
et al. (2000) identified two QTLs for resistance to AB, one
tagged with random amplified polymorphic DNA (RAPD)
and the other with inter simple sequence repeat (ISSR)
markers in an interspecific recombinant inbred lines (RILs)
derived from a cross of C. arietinum x C. reticulatum.
Tekeoglu et al. (2002), using the same RIL population,
integrated sequence-tagged microsatellite markers (STMS)
also known as simple sequence repeats (SSR) into the map,
where the two QTLs were located. One of the QTLs was
linked to SSR marker GAA47 and the other linked to
TA72s, TA2, and TS54, all of these markers were mapped
to LG4 in the chickpea linkage map (Winter et al. 1999;
Tar’an et al. 2007a). A separate QTL for resistance to AB
linked to RAPD markers on LG2 was identified by Cobos
etal. (2006) and later SSR markers were mapped in the
vicinity by Iruela et al. (2007). This QTL was flanked by
SSRs, TS58 and TS82 and tightly linked to TA194. Udupa
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and Baum (2003) and Cho et al. (2004) also reported a QTL
in the same genomic region, but attributed the resistance to
a specific pathotype of ascochyta. Additional QTLs for
resistance to ascochyta on LG3 (Tar’an et al. 2007a), LG6
(Cho et al. 2004; Tar’an et al. 2007a), and LG8 (Flandez-
Galvez et al. 2003; Lichtenzveig et al. 2006) have also been
reported.

Despite many reports on QTLs for resistance to AB, the
use of marker-assisted selection in breeding for resistance
to AB in chickpea has been limited. Considering the geno-
mic region of the QTLs alone, the reports from the different
groups were inconsistent. This could be attributed to differ-
ences in resistance sources and pathogenic variability in the
AB populations evaluated. In addition, the artifacts due to
differences in environmental conditions during evaluation
and the type of disease assessments used, for example, dis-
ease score versus area under the disease progress curve,
could contribute to this inconsistency (Tekeoglu et al.
2000). Udupa and Baum (2003) argued that populations
derived from interspecific crosses used by many of the
authors for analysis of QTL for AB resistance, showed
wider variability for morphophysiological traits that could
interfere with disease scoring and is a potential source of
bias. This warrants a more intensive examination of the
QTLs reported for resistance to AB using populations
derived from cultivated x cultivated crosses and using
common SSR markers that display clear polymorphism. It
is certainly important to elucidate the key QTLs for resis-
tance to AB from different sources, such that these could be
pyramided into a single genotype to build high and durable
resistance. The objective of this study was to evaluate pre-
viously reported and new QTLs conferring resistance to AB
in four chickpea populations derived from widely divergent
cultivated resistance sources.

Materials and methods
Population and phenotyping

Four divergent moderately AB resistant cultivars CDC
Frontier, CDC Luna, CDC Corinne, and Amit were each
crossed to a highly susceptible germplasm ICCV 96029.
The resistant parents were chosen to represent the most
divergent sources of resistance to AB based on results of
the SSR at the known QTLs for AB in chickpea (Tar’an
et al. 2007b). CDC Frontier is an improved cultivar devel-
oped at the University of Saskatchewan from the cross
FLIP 91-22C/ICC14912 (Warkentin etal. 2005). CDC
Luna, formerly tested as FLIP97-133C (Taran et al. 2009a),
is also an improved cultivar developed from a cross FLIP
91-123C/FLIP 84-79C/FLIP 90-127C in collaboration with
the International Centre for Agricultural Research in the
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Dry Areas (ICARDA). CDC Corinne is a recent release cul-
tivar selected from a landrace (ICC12512-1) originated
from India that was obtained from the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT;
Taran et al. 2009b). Amit is an improved cultivar developed
through selection from a Bulgarian landrace. CDC Frontier,
CDC Luna, and Amit are of the kabuli market class, while
CDC Corinne and ICCV 96029 are of the desi market class.
In each cross the AB susceptible germplasm ICCV 96029
was used as the female parent. For simplicity, the four pop-
ulations are hereafter referred to as CDC Frontier, CDC
Luna, CDC Corinne, and Amit population, after their
respective resistant parent.

A single F, seed from each cross was used to develop
the F, population. To obtain a sufficient number of F,
seeds, multiple clones derived from stem cuttings of the
single F, plant were grown (Tar’an et al. 2007a). The F,
populations, parents, and residual F;s were evaluated for
their reaction to AB under greenhouse conditions. A total
of 186 individual F, genotypes for the CDC Frontier, 154
for the CDC Luna, 179 for the CDC Corinne, and 202 for
the Amit populations were used. Three clones obtained
from stem cuttings of individual F, genotypes were used
as the replicates. Each population was treated as a sepa-
rate set and laid out in a completely randomized design
with three replications. Each plant was grown in a 10 cm?
plot filled with Sunshine mix No. 4 medium (Sun Gro
Horticulture Canada Ltd., Seba Beach, Alberta, Canada).
The greenhouse day/night temperature was 20/16°C and
photoperiod was maintained at 16 h using fluorescent and
incandescent lights.

Plants were inoculated with a single spore-derived sus-
pension of Ascochyta rabiei isolate ar68-2001 at the seed-
ling stage. This is an aggressive isolate collected from
commercial chickpea fields in Saskatchewan and is being
used as a standard for pathological and genetic studies in
the CDC chickpea breeding program. The inoculum prep-
aration and inoculation process were as described by
Tar’an et al. (2007a). The inoculated plants were kept in a
misting chamber at 100% relative humidity for a 48-h
period to facilitate infection and were thereafter trans-
ferred to the greenhouse. Disease reactions were scored
2 weeks after inoculation on a 0-9 scale (Chongo et al.
2004); where O0=no symptoms, 1=<2% plant area
affected (PAA) with very small (<2 mm?) lesions on
leaves or stems, 2 = 2-5% PAA with very small lesions,
3 =5-10% PAA with very small and small (<2 to 5 mmz)
lesions, 4 =10-25% PAA with small and few large
(>5 mmz) lesions, 5 =25-50% PAA with many large
lesions, 6 = 50-75% PAA and lesions coalescing, 7 = 75—
90% PAA and lesions coalescing with stem girdling,
8=>90% PAA and stem girdling and breakage, and
9 = plants dead.

Genotypic analysis

Young leaves were harvested from the F, plants and paren-
tal genotypes, and freeze-dried for 24 h. These were later
stored in a —80°C freezer until the date of DNA extraction.
Genomic DNA was extracted following the cetyl-trimethyl
ammonium bromide (CTAB) protocol (Doyle and Doyle
1990). The first phase of this study focused on the CDC
Frontier population and mapping of 144 SSR markers to
this population (Tar’an et al. 2007a). Then these SSRs were
screened on the parents of the remaining three populations
and those that showed polymorphism between the two par-
ents were used for genotyping their respective F, popula-
tions. The polymerase chain reaction (PCR) for these
analyses contained 5 pl of 10 ng/pl DNA, 16.3 ul dH,0,
2.5 ul 10x buffer, 1 pl ANTP’s, and 1U Taq DNA polymer-
ase. The PCR products were separated on a 6% polyacryl-
amide gel and visualized with silver staining. The bands
were scored as resistant parent, susceptible parent, or the
heterozygote type.

Statistical analysis

The significance of the differences in the mean AB ratings
of the F;s and their respective crossing parents was
assessed using unpaired two-sample ¢ test (Steel and Torrie
1980). Analysis of variance was conducted using the PROC
GLM of SAS for the disease rating data of the F,s. The
mean disease rating of each F, was computed using the
LSMEANS option of the PROC GLM. The frequency dis-
tribution of the AB ratings based on these mean values was
illustrated graphically. Further these mean values were used
for QTL analysis. Genetic linkage mapping was carried out
using MAPMAKER/EXP program version 3.0 (Whitehead
Institute for Biomedical Research, Cambridge, MA). A
threshold logarithm of odds ratio (LOD) value of 3.0 was
used to declare linkage between any two adjacent markers.
The QTL Cartographer program (North Carolina State Uni-
versity, Raleigh, NC) was employed to identify loci associ-
ated with AB resistance. A single point analysis was used
initially to identify markers significantly associated with
AB resistance. Then QTL location and effects were deter-
mined by composite interval mapping.

Results

The mean AB rating for the resistant parents CDC Frontier,
CDC Luna, CDC Corinne, and Amit ranged from 4.8 to 5.3,
whereas the susceptible parent ICCV 96029 was on average
rated 8.2 on a 0-9 rating scale (Table 1). The F;s were inter-
mediate with a mean rating of 5.0 to 7.8 depending on the
cross. T test revealed that the mean AB ratings of the F;s
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Table 1 Comparison of the parents, the F;s and F, populations for mean ascochyta blight rating in four chickpea populations

Population AB rating t test

Parent 1 (£SE) Parent 2 (£SE) F, (£SE) F, vs. P, F, vs. P,
1 8.2+0.22 4.9 +£0.26 52 +0.26 t=10.3; P=0.00 t=1.0;P=0.36
2 8.2+0.22 53 £0.29 7.8 £0.23 t=1.0; P=0.38 t=84;P=0.00
3 8.2+0.22 4.8 £0.31 5.0£0.32 t=9.6; P=0.00 t=16;P=0.18
4 8.2+0.22 4.8 £0.33 5.1 £041 t=52;P=0.01 t=0.1; P=0.96

Population: 1—ICCV 96029/CDC Frontier; 2—ICCV 96029/CDC Luna; 3—ICCV96029/CDC Corinne; 4—ICCV 96029/Amit
Number of individual F;s evaluated: population 1 =9, population 2 = 8, population 3 = 11, and population 4 =9

from the CDC Frontier, CDC Corinne, and Amit crosses
were not significantly different from the rating of their
respective resistant parents. However, the differences
between the AB ratings of the F;s and the susceptible parent
in these crosses were significant. Conversely, for the CDC
Luna population the mean AB rating of the F, plants was
comparable to that of the susceptible parent ICCV 96029
and was significantly higher than that of the resistant parent.

Highly significant differences (P < 0.01) were observed
in AB ratings among the F, genotypes within each popula-
tion (Table 2). In agreement with the F, data, the mean AB
rating was higher (6.7) for the CDC Luna population as
compared to 4.4 to 5.4 for the other three populations
(Fig. 1). The frequency distribution of the AB rating was
continuous, but differences were apparent among the four
populations in the mean, mode, and range of the AB ratings
(Fig. 1). This distribution was skewed toward the suscepti-
ble parent particularly for the CDC Luna population.

A total of 144 SSR markers were mapped for the CDC
Frontier population during the first phase of our study
(Fig. 2). These markers were mapped to eight LGs, which
corresponds with the chromosome number of chickpea.
These SSRs that were selected from 322 SSR showed poly-
morphism between the two parents, produced clear bands
for scoring and had an observed ratio that fit to the expected
1:2:1 ratio (Tar’an et al. 2007a). The map covered a com-
bined linkage distance of 1, 285 cM with an average dis-
tance of 8.9 cM between pairs of markers. The LGs were
numbered from one to eight in accordance with the map of
Winter et al. (1999, 2000) by matching the common SSR
markers, and throughout this paper the LG number of asso-
ciated markers refers to this notation.

Based on the evidence from the CDC Frontier popula-
tion, a total of 76, 61 and 42 SSR markers were systemati-
cally chosen and mapped to the CDC Luna, CDC Corinne,
and Amit populations, respectively (Fig. 3). These covered
a distance of 497, 391, and 276 cM in the CDC Luna, CDC
Corinne, and Amit populations, respectively. All the mark-
ers were mapped to the same linkage groups as in the map
of the CDC Frontier population. However, some differences
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Table 2 Mean squares of ascochyta blight ratings in four F, chickpea
populations

Population df Mean squares

F, genotypes Error F, genotypes Error

ICCV 96029/CDC Frontier 186 357 4.05* 0.79
ICCV 96029/CDC Luna 153 272 6.07* 0.73
ICCV 96029/CDC Corinne 179 321 2.92% 0.39
ICCV 96029/Amit 202 383 3.14% 0.90

* Indicates highly significant differences at P < 0.01

in the marker orientations and distances within a linkage
group were detected among the four populations.

Single point analysis using QTL Cartographer revealed
that some markers were significantly associated with AB
resistance. Subsequent composite interval mapping demon-
strated that a total of five different QTLs associated with
resistance to AB existed in the populations being studied.
Some of these QTLs were common across different popula-
tions while others were unique to a given population
(Table 3). One QTL, each on LG2, LG3, LG4, LG6, and
LG8 hereafter referred to as QTL1, QTL2, QTL3, QTLA4,
and QTLS, respectively, were identified. CDC Frontier con-
tained QTL2, 3, and 4 that simultaneously accounted for
56% of the total estimated phenotypic variation. CDC Luna
contained QTL 1 and 3 that altogether explained 48% of the
total estimated phenotypic variation. CDC Corinne con-
tained QTL 3 and 5 that explained 38% of the total esti-
mated phenotypic variation, while only QTL 2 was
identified in Amit, which accounted for 14% of phenotypic
variations (Table 3; Figs. 2 and 3). The marker nearest to
the maximum LOD peak for the QTL2 and QTL3, which
was common across CDC Frontier, CDC Luna, and Amit
populations, were the same except for the CDC Corinne
population in QTL3. Simple linear regression analysis con-
firmed the dependence of mean AB rating on the alleles of
the SSRs (TR19 for QTL1, TA64 for QTL2, TS54 for
QTL3 in CDC Frontier and Amit; and TA132 for QTL3 in
CDC Corinne population; TA176 for QTL4 and TS45 for
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Discussion

Efforts to improve AB resistance in chickpea have been
hampered by the lack of sources of high levels of resistance
within the primary gene pool of the crop. Virulent strains of
Ascochyta rabiei always cause disease under favorable con-
ditions even in the resistant germplasm (Cho et al. 2004). In
this study we assessed whether four resistance sources may
carry different genetic factors for resistance which could
potentially be combined to improve field resistance to AB.
The gene pyramiding approach is also desired to build
durable resistance such that the crop will be safeguarded
against existing or more aggressive strains that could
emerge due to mutation or recombination in the AB patho-
gen which is known to have a sexual stage (Singh and
Reddy 1993; Armstrong etal. 2001; Vail and Banniza
2008).

The AB rating for the resistant parents CDC Frontier,
CDC Luna, CDC Corinne, and Amit under indoor condi-
tions in the current study ranged from 4.8 to 5.3. These
scores correlated well with those of the same cultivars
under field conditions (Warkentin et al. 2005; Taran et al.
2009a, b), though the field rating tended to be slightly lower
due to unfavorable environmental conditions for the dis-
ease. The results of this research revealed disparity in the
frequency distribution of the AB ratings among the four F,
populations (Fig. 1). The mean AB ratings for the F, and F,
generations fell in between the resistant parent and the

6 8 10 0 2 4 6 8 10

Disease score

mid-parent in CDC Frontier, CDC Corinne, and Amit
populations, whereas it was between the mid-parent and the
susceptible parent for the CDC Luna population. This
provided evidence that separate genes for resistance were car-
ried by the different parental sources evaluated in this study.
Unique resistance sources have also previously been noted by
Singh and Reddy (1983), Tewari and Pandey (1986), and
Tekeoglu et al. (2000). However, it was not possible to mark
out precisely from the frequency distribution alone the
genetic basis of AB resistance in each population or the com-
mon and unique genetic factors across the four populations.
Molecular analysis revealed five QTLs conferring resis-
tance to AB distributed across different parental sources.
Although previous authors using different resistant parents
reported single recessive, single dominant, two dominant,
or three recessive genes responsible for AB resistance
(Singh and Reddy 1983; Tewari and Pandey 1986; Tekeo-
glu et al. 2000), no allelism test was carried out to deter-
mine the number of unique genes responsible for AB
resistance. On the other hand, different QTLs for resistance
to AB have previously been reported by different authors
(Santra et al. 2000; Tekeoglu et al. 2002; Udupa and Baum
2003; Flandez-Galvez et al. 2003; Cho et al. 2004; Lich-
tenzveig et al. 2006; Iruela et al. 2007). However, because
of the use of different methodology by different authors,
interspecific versus intraspecific population, field versus
greenhouse evaluation, disease score versus area under dis-
ease progress curve for disease assessment, and different
strains of the pathogen, these results were difficult to com-
pare. This marks the significance of this study in clearly
elucidating the number of unique genetic factors underlying
resistance to AB in pure C. arietinum genetic backgrounds
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using widely divergent resistant parents from across desi
and kabuli types and from varied countries of origin.
QTL1, which is located on LG2, corresponds with the
QTL that was previously reported by Udupa and Baum
(2003), Cho et al. (2004), Cobos et al. (2006), and Iruela
et al. (2007). This QTL had relatively large effects (38%)
on the total estimated phenotypic variation in reaction to
AB in CDC Luna population. Tar’an et al. (2007b) reported
that the resistant parents used in the previous studies, as
was CDC Luna, were closely related and had the resistance
derived from landraces originating from the former Soviet
Union. Nevertheless, the confirmation of QTL1 by research
groups in Mediterranean environments of Syria and Spain
and temperate climatic conditions of Washington State,
USA and Saskatchewan, Canada using different AB isolates
and evaluation techniques suggested the importance of this
locus. Udupa and Baum (2003) reported another QTL co-
segregating with QTL1 on LG2; however, this QTL was
not significant against the isolate used in the current study.
QTL2 was detected on LG3 for both CDC Frontier and
Amit populations and accounted for 13% and 14%, respec-
tively, of the phenotypic variations in AB ratings. A QTL
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for AB resistance on LG3 derived from ICCV 04516 that
accounted for 19% of the phenotypic variation was previ-
ously reported by Kottapalli et al. (2009). The proximity of
the locations of QTL2 on LG 3 suggested that this QTL
may be common among CDC Frontier, Amit, and ICCV
04516. Even though the QTL on LG3 is only moderate con-
tribution to AB variation, incorporation of this QTL in gene
pyramiding using linked markers is undoubtedly important.

Our phenotypic data indicated that the AB reaction of
CDC Frontier and Amit populations were similar (Table 1;
Fig. 1). However, only one QTL was detected for the Amit
population as opposed to three in the CDC Frontier popula-
tion. The markers used for Amit population were a subset
and chosen systematically based on the results from the
CDC Frontier population in the first phase of this study.
The smaller map coverage of only 276 cM for the Amit
population as compared to about 1,200 cM for the CDC
Frontier population (Figs. 2 and 3) may have prevented the
identification of other loci contributing to AB resistance in
Amit population.

QTL3 on LG4 was detected in three (CDC Frontier,
CDC Luna, and CDC Corinne) of the four populations used
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Fig. 3 SSR linkage map of chickpea derived from ICCV96029/CDC Luna (top), ICCV96029/CDC Corinne (middle), and ICCV96029/Amit
(bottom) populations. The shadowed areas are the locations of the QTL for ascochyta blight resistance

in the current study and accounted for 29, 21, and 24% of
the phenotypic variation of AB reaction, respectively.
QTL3 was also the most frequently reported QTL by previ-
ous authors (Tekeoglu et al. 2002; Flandez-Galvez et al.

2003; Mill4n et al. 2003; Udupa and Baum 2003; Cho et al.
2004; Iruela et al. 2006; Lichtenzveig et al. 2006). Thus,
repeatability of QTL3 in several previously reported popu-
lations and in 3 out of the 4 current populations indicated
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Table 3 Linkage group, associated markers and percent phenotypic variation (R*) accounted for by the QTLs for resistance to ascochyta blight

detected in four F, populations of chickpea

Population Linkage group Interval Nearest locus® Max. LOD R?
(QTL) score (% variation)

ICCV 96029/CDC Frontier LG3 (QTL2) TA64-TS19 TA64 4.27 13

LG4 (QTL3) TA2-TA146 TS54 9.58 29

LG6 (QTL4) TA80-TA22 TA176 3.88 12

Total variation 56

ICCV 96029/CDC Luna LG2 (QTL1) TR13-TA110 TR19 14.32 38

LG4 (QTL3) TR8-NCPGR6 TS54 4.09 21

Total variation 48

ICCV 96029/CDC Corinne LG4 (QTL3) TS54-TS72 TA132 5.53 24

LG8 (QTL5) GA6-TS45 TS45 2.92 16

Total variation 38

ICCV 96029/Amit LG3 (QTL2) TR26-TA64 TA64 3.16 14

# Marker nearest to the maximum LOD peak

that QTL3 like the QTL1 on LG2 could be a major genetic
factor for AB resistance in chickpea. However, the nearest
markers to the peak of LOD scan differed across the three
populations, namely; TS 54 in CDC Frontier and CDC
Luna populations and a neighboring TA132 in CDC
Corinne. This could be due to the fact that fewer markers
were mapped to LG4 in CDC Corinne population that may
have biased the positions of the associated markers to pre-
cisely locate the QTLs. It is also possible that the QTL3 is
comprised of more than one linked genes controlling resis-
tance to AB and the relative effect of these genes may vary
depending on the genetic background (i.e., other interacting
genes on LG4 or elsewhere in the genome). Similarly, Flan-
dez-Galvez etal. (2003) and Lichtenzveig etal. (2006)
reported two or three interacting QTLs on LG4, supporting
the idea that a cluster of AB resistance genes may exist in
this genomic region.

QTL4 was found for the CDC Frontier population and
located on LG6 flanked between SSR markers TA80 and
TA22 (Fig. 1). Cho et al. (2004) also reported a QTL for
AB resistance in the proximity of this genomic region.
When considering the proportion of phenotypic variations
accounted for, this QTL along with the QTL2 on LG3
appeared to have a relatively minor role for AB resistance.
These regions may play the role of modifier genes as
reported by Singh and Reddy (1983) and Tekeoglu et al.
(2000), in which the absence of QTL2 and QTL4 may not
lead to susceptibility, but their presence enhances the
degree of resistance.

QTLS5 on LG8 was detected in the CDC Corinne popula-
tion flanked by SSRs GA6 and TS54. Flandez-Galvez et al.
(2003) and Lichtenzveig et al. (2006) also reported a QTL
for AB resistance on LG 8. The position of the current QTL
on LG 8 matched well with the QTL reported by Flandez-
Galvez et al. (2003). Flandez-Galvez et al. (2003) used the

@ Springer

desi cultivar ICC 12004 as the resistant parent as is CDC
Corinne, suggesting that the two resistance sources may
share this QTL for AB resistance.

In summary, this study reported five key QTLs for resis-
tance to AB in chickpea, distributed across four resistance
sources. The resistant parents carried one, two, or three of
the five QTLs, each determining 12 to 38% of the pheno-
typic variation in AB ratings. Altogether these QTL
explained 56, 48, 38, and 14% of the estimated phenotypic
variations in CDC Frontier, CDC Luna, CDC Corinne, and
Amit populations, respectively. Combining these QTLs
into a single genotype should increase field resistance to
AB. A systematic crossing scheme is in progress designed
to incorporate QTL1 from CDC Luna and QTLS from CDC
Corinne into CDC Frontier background. Subsequent selec-
tion in the segregating generations with the aid of tightly
linked molecular markers developed in this study should
allow for substantial progress in the improvement of field
resistance to AB in chickpea. The gene pyramiding
approach is also desired to build durable resistance such
that the crop will be safeguarded against existing or poten-
tial new strains.

Acknowledgments The authors thank Mrs. Parvaneh Hashemi and
Mrs. Carmen Breitkreutz for their technical support. Funding from the
Saskatchewan Pulse Growers and Saskatchewan Ministry of Agricul-
ture for this research are duly acknowledged.

References

Armstrong CL, Chongo G, Gossen BD, Duczek LJ (2001) Mating type
distribution and incidence of the teleomorph of Ascochyta rabiei
(Didymella rabiei) in Canada. Can J Plant Patho 23:110-113

Chang KF, Ahmed HU, Hwang SF, Gossen BD, Strelkov SE, Blade
SF, Turnbull GD (2007) Sensitivity of field populations of
Ascochyta rabiei to chlorothalonil, mancozeb and pyraclostrobin



Theor Appl Genet (2009) 119:757-765

765

fungicides and effect of strobilurin fungicides on the progress of
ascochyta blight of chickpea. Can J Plant Sci 87:937-944

Cho S, Chen W, Muehlbauer FJ (2004) Pathotype-specific genetic fac-
tors in chickpea (Cicer arietinum L.) for quantitative resistance to
ascochyta blight. Theor Appl Genet 109:733-739

Chongo G, Gossen BD, Buchwaldt L, Adhikari T, Rimmer SR (2004)
Genetic diversity of Ascochyta rabiei in Canada. Plant Disease
88:4-10

Cobos MJ, Rubio J, Strange RN, Moreno MT, Gil J, Millan T (2006)
A new QTL for ascochyta blight resistance in an RIL population
derived from an interspecific cross in chickpea. Euphytica
149:105-111

Dey SK, Singh S (1993) Resistance to ascochyta blight in chickpea-
genetic basis. Euphytica 68:147-153

Doyle 1], Doyle JL (1990) Isolation of plants DNA from fresh tissue.
Focus 12:13-15

Flandez-Galvez H, Ades PK, Ford R, Pang ECK, Taylor PWJ (2003)
QTL analysis for ascochyta blight resistance in an intraspecific
population of chickpea (Cicer arietinum L.). Theor Appl Genet
107:1257-1265

Food and Agriculture Organization (2007) FAOSTAT (http://fao-
stat.fao.org/site/567/default.aspx). The Food and Agricultural
Organization of the United Nations, Rome, Italy

Iruela M, Rubio J, Barro F, Cubero JI, Millan 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.): develop-
ment of SCAR markers associated with resistance. Theor Appl
Genet 112:278-287

Iruela M, Castro P, Rubio J, Cubero JI, Jacinto C, Millan T, Gil J
(2007) Validation of a QTL for resistance to ascochyta blight
linked to resistance to fusarium wilt race 5 in chickpea (Cicer ari-
etinum L.). Eur J Plant Pathol 199:29-37

Jayakumar P, Gossen BD, Gan YT, Warkentin TD, Banniza S (2005)
Ascochyta blight of chickpea: infection and host resistance mech-
anisms. Can J Plant Pathol 27:499-509

Kottapalli P, Gaur PM, Katiyar SK, Crouch JH, Buhariwalla HK,
Pande S, Gali KK (2009) Mapping and validation of QTLs for
resistance to an Indian isolate of ascochyta blight pathogen in
chickpea. Euphytica 165:79-88

Lichtenzveig J, Bonfil DJ, Zhang HB, Shtienberg D, Abbo S (2006)
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 113:1357-1369

Millan T, Rubio J, Iruela M, Daly K, Cubero JI, Gil J (2003) Markers
associated with Ascochyta blight resistance in chickpea and their
potential in marker-assisted selection. Field Crops Res 84:373-384

Nene YL, Reddy MV (1987) Chickpea disease and their control. In:
Saxena MC, Singh KB (eds) The Chickpea. CAB International,
Willingford, UK

Rakshit S, Winter P, Tekeoglu M, Munoz JJ, Pfaff T, Benko-Iseppon
AM, Muehlbauer FJ, Kahl G (2003) DAF marker tightly linked to
a major locus for ascochyta blight resistance in chickpea (Cicer
arietinum L.). Euphytica 132:23-30

Santra DK, Tekeoglu M, Ratnaparkhe M, Kaiser WJ, Muehlbauer FJ
(2000) Identification and mapping of QTL conferring resistance
to ascochyta blight in chickpea. Crop Sci 40:1606-1612

Singh KB (1997) Chickpea (Cicer arietinum L). Field Crops Res
53:161-170

Singh KB, Reddy MV (1983) Inheritance of resistance to Ascochyta
blight in chickpea. Crop Sci 23:9-10

Singh KB, Reddy MV (1993) Resistance to six races of Ascochyta
rabiei in the world germplasm collection of chickpea. Crop Sci
33:186-189

Steel RGD, Torrie JH (1980) Principles and procedures of statistics: a
biometrical approach, 2nd edn. McGraw-Hill Book Company,
New York

Tar’an B, Warkentin TD, Tullu A, Vandenberg A (2007a) Genetic
mapping of ascochyta blight resistance in chickpea (Cicer arieti-
num L.) using simple sequence repeat linkage map. Genome
50:26-34

Tar’an B, Warkentin TD, Tullu A, Vandenberg A (2007b) Genetic
relationships among chickpea (Cicer arietinum L.) genotypes
based on the SSRs at the quantitative trait Loci for resistance as-
cochyta blight. Eur J Plant Pathol 119:39-51

Taran B, Warkentin T, Malhotra R, Banniza S, Vandenberg A (2009a)
CDC Luna kabuli chickpea. Can J Plant Sci 89:517-518

Taran B, Warkentin T, Banniza S, Vandenberg A (2009b) CDC
Corinne desi chickpea. Can J Plant Sci 89:515-516

Tekeoglu M, Santra DK, Kaiser WJ, Muehlbauer FJ (2000) Ascochyta
blight resistance inheritance in three recombinant inbred line pop-
ulations. Crop Sci 40:1251-1256

Tekeoglu M, Rajesh PN, Muehlbauer FJ (2002) Integration of se-
quence tagged microsatellites to the chickpea genetic map. Theor
Appl Genet 105:847-854

Tewari SK, Pandey MP (1986) Genetics of resistance to ascochyta
blight in chickpea (Cicer arietinum L.). Euphytica 35:211-215

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

Vail S, Banniza S (2008) Structure and pathogenic variability in Asco-
chyta rabiei populations on chickpea in the Canadian prairies.
Plant Pathol 57:665-673

Vandenberg A, Warkentin T, Slinkard A (2003) CDC Anna desi chick-
pea. Can J Plant Sci 83:797-798

Warkentin TD, Bannniza S, Vandenberg A (2005) CDC Frontier kab-
uli chickpea. Can J Plant Sci 85:909-910

Winter P, Pfaff T, Udapa SM, Hunttel B, Sharma PC, Sahi S, Arren-
guin-Espinoza R, Veigand F, Muehlbauer FJ, Kahl G (1999)
Characterization and mapping sequence-tagged microsatellite
sites in the chickpea (Cicer arietinum L.) genome. Mol Gen Genet
262:90-101

Winter P, Benko-Iseppon AM, Huttel B, Ratnaparkhe M, Tullu A,
Sonnante G, Pfaff T, Tekeoglu M, Santra D, Sant VJ, Rajesh PN,
Kahl G, Muehlbauer FJ (2000) A linkage map of the chickpea
(Cicer arietinum L.) genome based on recombinant inbred lines
from a C. arietinum x C. reticulatum cross: localization of resis-
tance genes for fusarium wilt races 4 and 5. Theor Appl Genet
101:1155-1163

@ Springer


http://faostat.fao.org/site
http://faostat.fao.org/site

	Genetic analyses and conservation of QTL for ascochyta blight resistance in chickpea (Cicer arietinum L.)
	Abstract
	Introduction
	Materials and methods
	Population and phenotyping
	Genotypic analysis
	Statistical analysis

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


