A genetic linkage map of the chickpea, Cicer arietinum, based
on microsatellite markers and localization of the Fusarium
vascular wilt resistance locus
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| ABSTRACT |

Fusarium wilt, caused by Fusarium oxysporum f.sp. ciceri (Foc), is one of the tremendous
biotic stresses instigating huge yield losses in chickpea (Cicer arietinum). A total of 853
microsatellites were screened in two chickpea parents (FLIIP97-7 and ILC482). One parent,
FLIP97-7, is Fusarium wilt resistant to the fungus Fusarium oxysporum, while the other parent,
ILC482, is susceptible. One hundred forty four recombinant inbred lines, originated from a cross
between FLIP97-7 and ILC482, segregating for this character were mapped using SSR markers.
The study detected variation between the two parents, where twenty-six Simple sequence repeats
(SSRs) were polymorphic. The SSR microsatellites were mapped on the 144 recombinant inbred
lines segregating for this character. Linkage analysis showed that the Fusarium vascular wilt
resistance locus race 0 (Foc-0) was located on linkage group (1) around 19.7 centi Morgan away
from the NCPGR77 microsatellite marker. This study may help in improving the chickpea breeding
programs through the development of diagnostic markers that could contribute significantly in
Marker Assisted Selection.

Keywords: Fusarium oxysporum ciceris, Recombinant Inbred Lines (RILs), Molecular markers, SSR,
Linkage analysis.

The total cultivated area is estimated as 13,106
ha producing a total of 13 million tons

INTRODUCTION |

hickpea (Cicer arietinum L.) legume
‘ crop is considered globally as the most

cultivated grain after dry beans
(Phaseolus vulgaris L.) (Saxena, 1990). It has
a simple short diploid genome size, about 7.3
Gega bases Gb, (2x=2n, n=8 chromosomes).
Chickpeas are self-pollinating Rabl (spring)
crop, sown in winter and harvested in spring
(Jain et al., 2013 and Varshney et al., 2013).

worldwide (FAOSTAT, 2016). Cultivated
chickpea consists of two morphologically
deviating types, Desi and Kabuli. The main
producing countries for chickpea are India
(9,880,000 tones), Australia (629,400 tones)
and Pakistan (399,030 tones), representing
67.32%, 6.19% and 5.72%, respectively, of
global production. Additionally, in developing
countries chickpea is an affordable source of

Arab J. Biotech., Vol. 21, No. (1) January (2018): 59-74.



60 Fouad et al.

protein (especially in South Asia) where most
of the populations are vegetarians (Gaur ef al.,
2012). Chickpea improves soil fertility in dry
lands through nitrogen fixation.

There is a crucial necessity to develop
new cultivars tolerant to various biotic and
abiotic limiting factors (Gaur et al., 2012). The
soil-borne  fungus  Fusarium  oxysporum
Schlechtend: Fr. f. sp. ciceris, causing
Fusarium wilt (FW), is the most critical biotic
stress that causes reduction of chickpea yields
(Prasad and Padwick). It has been reported that
most of the chickpea cultivating areas showed
major losses under favorable conditions for the
Fusarium wilt (Halila and Strange, 1996 and
Nene et al., 1996). It is difficult to control the
pathogen, as it is persistent in the soil, even
with the nonexistence of the host plant.

Fusarium oxysporum f. sp. ciceris (Foc)
is recognized by comprising pathogenic
variability, i.e. it includes different pathogenic
races and pathotypes. Pathogenicity testing can
discriminate between the two types of the
Fusarium. The disease symptoms of the first
type are leaves yellowing, while the other type
causes wilting syndrome. There are eight
classified physiological races for Foc, i.e.
races 0, 1A, 1B/C, 2, 3, 4, 5 and 6. (Sharma
and Muehlbauer, 2007, Jiménez-Fernandez et
al., 2013). The yellowing pathotypes involve
races 0 and 1B/C , whereas races 1A, 2, 3, 4,
5 and 6 belong to the wilting pathotypes
(Landa et al., 2006 and Basha et al., 2017).

Although chickpea at the morphological
level has a broaddissimilarity, the genetic
variation within chickpea genotypes is very
narrow and limited (Udupa et al, 1993 and
Mantri et al., 2007). Additionally, most of
their genetic content are analogous, which
consequently leads to difficulties for the
breeders to produce new cultivars by classical
breeding methods (Mantri et al, 2007).
Breeding programs of chickpea could be
improved through the modification in

manipulating the different molecular genomics
tools, for instance the marker assisted selection
(MAS) approach, which is the leading
approach in crop enhancement (Jones et al.,
1997 and Gaur et al., 2012). The efficacy of
MAS depends on the association potency
between the gene locus controlling the trait of
interest and the marker of interest (Singh et al.,
2008). For that reason, merging MAS linked to
Fusarium wilt into chickpea breeding is a
promising tool in improving the efficiency of
plant selection (Castro et al, 2013).
Developing resistant  genotypes against
Fusarium wilt is the most effective approach in
FW host plant management (Pratap et al,
2017).

Microsatellites are small tandem
sequence repeats of DNA, commonly 2-5 bp
in length, known as simple sequence repeats
(SSRs), which are present in most eukaryotes.
They have various applications in the genome
mapping and phylogenetic analysis. The
precedence of SSRs over other markers is that
it has many beneficial features such as co-
dominant inheritance, good genome coverage,
multiallelic nature, reproducibility, relative
abundance and high degree of polymorphism
(Powell et al., 1996). Microsatellite markers
have been employed with numerous plants for
developing genomic maps and tagging
different traits of agronomic significance
(Winter ef al., 1999 and Cho ef al., 2000). On
the other hand, Inter simple sequence repeat
(ISSRs) and  Start Codon  Targeted
polymorphism (SCoTs) markers are random,
non-specific  targeted markers and are
dominant makers that can distinguish the
heterozygosity of a genotype. ISSR targets the
microsatellite repetitive sequence, while the
SCoT targets the genes through the “ATG”
opening reading sequence.

In this study, to address the drawback of
the limited genetic variability within C.
arietinum, enrich the genetic map of chickpea,
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and improve locating additional interesting
genes of agronomic importance, for Fusarium
wilt, a map was constructed for a recombinant
inbred line (RIL) population segregating for
resistance to Fusarium with sequence tagged
microsatellites (STMS) markers. This would
allow performing a qualitative analysis of the
Foc-0 region. SSR-PCR reactions were
conducted using 853 SSR primers.

| MATERIALS AND METHODS |

Plant material

Total of 144 Fs recombinant inbred
lines (RILs) of chickpea were developed, bred
from a cross between FLIP97-7 (an FW
resistant parent) and ILC482 (an FW
susceptible parent). This population was
obtained from the International Center for
Agricultural Research in the Dry Areas
(ICARDA).

Phenotype evaluation

The average of the FW resistance score
for each RIL was obtained from the Legume
pathology laboratory at ICARDA. Briefly, the
RILs were phenotypically estimated for
resistance and susceptibility in a wilt-infected
field (called a sick plot) of race 0 of Foc at
the ICARDA Terbol station (Terbol,
Lebanon). Phenotypic data for the 144
recombinant inbred lines were scored as ‘R’

for a resistant line, ‘S’ for a susceptible line
and ‘-’ for missing data.

DNA extraction, molecular markers and
PCR conditions

For DNA extraction, 0.1 grams of fresh
young leaf tissue were collected and extraction
was performed using the CTAB method
according to (Doyle and Doyle 1990).
Different types of molecular markers were
applied when screening the two parents,
seeking any genetic polymorphism that could
appear between them, in order to guide us to
the Fusarium resistance region; a linkage map
was also drawn. PCR reactions were
conducted using an 853 simple sequence
repeats (SSRs) primers, eighteen Inter simple
sequences repeat (ISSRs) and six Start Codon
Targeted polymorphism (SCoTs). PCR
amplifications were implemented in a total
volume of 25 pul of the reaction mixture that
comprised, 2.5 mM of MgCl,, 10 mM of
dNTPs, 0.2 U of GoTaq® DNA Polymerase
(GoTaq_ Flexi, Promega, Madison,
Wisconsin, USA). The PCR amplifications
were performed in thermal cycler (GeneAmp
PCR system 9700, Applied Biosystems). For
the SSR primers (Table 1), the cycles were
conducted as follows: one cycle of 2 minutes
at 95°C, 35 cycles of 30 sec at 95°C, 30 sec at
53-60°C and 72°C for 30 sec, followed by a
final extension cycle at 72°C for 7 minutes.
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Table (1): Polymorphic SSR primer names, forward and reverse sequences, annealing
temperature, motifs and amplified product size.

No. Primer name sequence 5’->3’ Ta°C Amplified size (bp)

1 CaGM20820 F GGGTTTTGAGGATATGGATGAA 62 300
R CAAAACCCTAACCTCTCTCAATC

2 CaGM20889 F GAGGCAAATGCGAGAAAATC 54 400
R TCAAGACAAATGGGGCCTTA

3 GAl6 F CACCTCGTACCATGGTTTCTG 55 247
R TAAATTTCATCCTCTCCGGC

4 GA20 F TATGCACCACACCTCGTACC 55 174
R TGACGGAATTCGTGATGTGT

5 H1K23 F GACCCTTCTTAATTTGTTTTATGC 55 163
R CACTGCTTCCAATGCAATCT

6 H2120 F TGTTTTGCTCATCTGTTAAATCAA 55 190
R AGCATGCCTCTGATGAATAGTAAC

7 H3E052 F TAGACCCTTGCTTCTTGTTCCT 60 184
R AATCTTGTTGGTTCTTTGGTCA

8 H3HO07 F GAGGCATAGTACCTCAATTTTATTCA 55 289
R AAGAAAGACAGGTTATCTGTGTGGT

9 HSEO08 F GAGAAATTTTATTTGTGGGGATG 55 178
R ACTCCCTCATTTTTCTCCTGTTT

10 H6D11 F AAAGATGGGAACTTGAGATGTTG 55 200
R AATAGCTACTCAAGGCTGAAGAAA

11 NCPGR50 F ATGATGGATTTTCGGAATGT 55 209
R AAAAATGCTGGAAGGAACTG

12 NCPGR69 F GACCGAATGTCCATAAATCA 55 252
R GGAGCTGGAAAAACTACAGC

13 NCPGR74 F TCCGTCCACACATTTCTACT 55 231
R CTTTTAGTTGGTCGAAGCC

14 NCPGR77 F TGGACTAACAAATACGACGA 55 225
R AGGCCACCCTAAATTTTATT

15 NCPGRS81 F CCGAATGTCCATAAATCAAT 55 211
R TGTTTGACTGGGATAACTCC

16 NCPGRS89 F AAAGGGCCTTCAAGTTGTAT 55 263
R ACTTTTGGAGTGAGAGGCT

17 TA179 F CAGAAGACGCAGTTTGAATAACTT 55 218
R CGAGAGAGAGAAAGGAAGAAGAG

18 TA39 F TTAGCGTGGCTAACTTTATTTGC 55 249
R ATAAATATCCAATTCTGGTAGTTGACG

19 TA42 F ATATCGAAATAAATAACAACAGGATGG 55 209
R TAGTTGATACTTGGATGATAACCAAAA

20 TAS59 F ATCTAAAGAGAAATCAAAATTGTCGAA 55 250
R GCAAATGTGAAGCATGTATAGATAAAG

21 TA61 F CCAAAAACATTGACACAACA 55 262
R AAGGGGAGATTTGTTAGGTT

22 TA71 F CGATTTAACACAAAACACAAA 55 225
R CCTATCCATTGTCATCTCGT

23 TR59 F AAAAGGAACCTCAAGTGACA 50 174
R GAAAATGAGGGAGTGAGATG

24 TS 71 F ATTCAACACTCAGTACTACCATTTT 55 220
R GATTGTTAAAAGCTTATATCCCTAA

25 TS43 F AAGTTTGGTCATAACACACATTCAATA 50 212
R TAAATTCACAAACTCAATTTATTGGC

26 TSS53 F GATCNTTCCAAAAGTTCATTTINTATAAT 55 267
R TTAAAGAACTGATACATTCCGATTATTT
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The PCR products were separated in
10% non-denaturing polyacrylamide gels (1X
TBE running buffer) and stained with ethidium
bromide (Merck, Darmstadt, Germany) (Fig. 2
and 3). For ISSR primers (Table 2), cycles
were conducted as follows: one cycle of 2
minutes at 95°C, 40 cycles of 30 sec at 95°C, 1
minute at (40,42,45,46 or 50°C), and 72°C for
2 minutes, followed by a final extension cycle

at 72°C for 7 minutes. For SCoT primers
(Table 3) cycles were conducted as follows:
one cycle of 3 minutes at 95°C, 40 cycles of 1
minute at 95°C, 1 minute at 50°C, and 72°C
for 2 minutes, followed by a final extension
cycle at 72°C for 5 minutes. The ISSR and
SCoT PCR products were separated on 3%
agarose gels (Merck, Darmstadt, Germany)
and stained by ethidium bromide.

Table (2): ISSR primer names, sequences and required annealing temperatures (Ta°C).

No. Primer name sequence (5°-3) Ta°C
1 ISSR-1 AGAGAGAGAGAGAGAGYC 50
2 ISSR-2 AGAGAGAGAGAGAGAGYG 50
3 ISSR-3 ACACACACACACACACYT 50
4 ISSR-4 ACACACACACACACACYG 50
5 ISSR-5 GTGTGTGTGTGTGTGTYG 50
6 ISSR-6 CGCGATAGATAGATAGATA 50
7 ISSR-7 GACGATAGATAGATAGATA 50
8 ISSR-8 AGACAGACAGACAGACGC 50
9 ISSR-9 GATAGATAGATAGATAGC 50
10 ISSR-10 GACAGACAGACAGACAAT 50
11 ISSR-11 ACACACACACACACACYA 50
12 ISSR-12 ACACACACACACACACYC 50
13 ISSR-13 AGAGAGAGAGAGAGAGYT 50
14 ISSR-14 CTCCTCCTCCTCCTCTT 50
15 ISSR-15 CTCTCTCTCTCTCTCTRG 50
16 ISSR-16 TCTCTCTCTCTCTCTCA 50
17 ISSR-18 HVHCACACACACACACAT 50
18 ISSR-19 HVHTCCTCCTCCTCCTCC 50

Table (3): SCoT primer names and sequences (5'-3'). The ATG sequence is marked in bold in

each primer.
No. Primer name Sequence (5'-3")
1 SCoT -12 ACGACATGGCGACCAACG
2 SCoT -14 ACGACATGGCGACCACGC
3 SCoT -16 ACCATGGCTACCACCGAC
4 SCoT -20 ACCATGGCTACCACCGCG
5 SCoT -22 AACCATGGCTACCACCAC
6 SCoT -28 CCATGGCTACCACCGCCA
7 SCoT -35 CATGGCTACCACCGGCCC
8 SCoT -33 CCATGGCTACCACCGCAG
9 SCoT -36 GCAACAATGGCTACCACC

Arab J. Biotech., Vol. 21, No. (1) January (2018): 59-74.



64 Fouad et al.

Band scoring

Gel electrophoresis (both acrylamide and
agarose) were documented by a Molecular
Imager® Gel Doc™ XR+ System provided
with Image Lab™ Software (Bio—RadTM,
California, United States). Polymorphisms
were scored visually and assembled in an
Excel spreadsheet (Excel 2000, Microsoft)
using the following codes: ‘A’ for a
homozygous individual with a fragment
derived from parent 1 (Flip 97-7); ‘B’ for a
homozygous individual with a fragment
derived from parent 2 (ILC 482); ‘H’ for a
heterozygous individual with fragments
obtained from both parents; and ‘—’for missing
data. This FW data was converted from ‘R’ to
‘A’ and from ‘S’ to ‘B’ to integrate the
resistant gene with the molecular marker data.

Mapping and linkage analysis

The genotype data was used to develop a
genetic linkage map through the computational
calculating program, JoinMap v4.0 ® (Van
Ooijen, 2006). Markers were grouped at 0.3 as
a minimum logarithm of the odds (LOD) score
and a maximum recombination fraction of 0.4
as general linkage criteria to create linkage
groups. Kosambi’s function was used to
convert recombination percentages to centi-
Morgan map unit distances (Kosambi, 1943).
A chi-square test was also calculated by the

JoinMap v4.0 ®, to test the deviation from the
expected segregation ratio (Van Ooijen, 2006).

| RESULTS |

The 18 ISSRs and the 6 SCoTs screened
in the parents were monomorphic, thus were
non informative for the genotyping. Out of 853
SSRs, only 26 (3.0%) were polymorphic
between the parents FLIP97-7 and ILC482
(Table 1), and 602 (70.5%) were
monomorphic; the remainder were 225
(26.5%) had no amplification products. A total
of 144 RILs were genotyped using these
polymorphic markers to generate a linkage
group(s) and a genetic map was created for the
mapping population (Fig. 2 and 3). The ratio
of alleles similar to each parent were studied
by the chi-square analysis. As indicated in
Table (4), the alleles similar to parent 1
denoted (a), and alleles similar to patent 2
denoted (b). The SSR markers that showed
significant results were (NCPGR74, H3E052,
TAG61, ts71,GA16, H6D11 and NCPGR50) in
addition to the phenotype marker (foc-0), these
markers followed the expected segregating
ratio for {allele-(a) : allele-(b)} presenting
{1:1}. The other markers showed an elevated
X? revealing the non-significance The chi-
square analysis indicated that 19 (73%) out of
26  microsatellite  markers  significantly
deviated from the 1:1 expected segregating
ratio for RIL populations (Table 4).
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Table (4): The chi-square analysis of the 26 segregating SSR loci in the RIL population. Chi-
square values were estimated using Join Map® 4.0 software. For a: the number of RILs
similar to the parent 1 (Pl)-type allele. For b: the number of the RILs similar to the
parent 2 (P2)-type allele. M: Missing data. *: chi-square value is significant at p<0.05;
*%: significant at p<0.01; ***: significant at p<0.001; ****: significant at p<0.0001;
Tk kkwdckk wkkdkkkdx: chi-square value is statistically extremely significant.

Nr Locus a b missing X2 Signif.

1 NCPGR74-SSR 67 68 7 0.01 -

2 H3E052-ssr 62 58 4 0.13 -

3 TA61-SSR 63 69 6 0.27 -

4 ts71-SSR 65 56 12 0.67 -

5 GAI16-SSR 75 65 4 0.71 -

6 foc-0 75 62 7 1.23 -

7 H6D11-SSR 67 51 19 2.17 -

8 NCPGR50-SSR 78 59 6 2.64 -

9 TS43-SSR 78 54 3 436 kK

10 TA71-SSR 43 65 31 4.48 kK

11 NCPGR77-SSR 75 50 11 5 kK

12 TA59-SSR 80 51 10 6.42 kK

13 TR59-SSR 80 50 7 6.92 ook
14 GA20-SSR 82 51 10 7.23 ook
15 CAGM889-SSR 75 45 17 7.5 ook
16 caG820-SSR 80 47 9 8.57 R
17 TA179-SSR 84 50 8 8.63 Hokkox
18 TA39-SSR 84 49 10 9.21 Hokkox
19 TA42-SSR 88 52 3 9.26 Hokkox
20 H3HO07-SSR 83 48 3 9.35 Hokkox
21 NCPGR69-SSR 90 50 4 11.43 ok
22 TS53-SSR 88 48 7 11.76 ok
23 NCPGR89-SSR 85 43 4 13.78 ookl
24 NCPGR81-SSR 89 44 5 15.23 kKo
25 HI1K23-SSR 37 103 4 31.11 kKo
26 HS5EO08-SSR 126 18 0 81 kKo
27 H2120-SSR 6 130 4 113.06 kKo
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Construction of a genetic map

Linkage analysis revealed two linkage
groups, LG1 and LG2. A total of 9 markers
(H3E052, ts71, NCPGRS89, H1K23, HS5EO08,
NCPGR74, TA61, NCPGR50, TA71 and
H2120) were kept unlinked. The first linkage
group consisted of 12 markers spanning 37
centiMorgan including TA39, H3HO07,

a) LG1
~~ TA39
27 H3HO07
40 fcaeszo
/ TR59

\ TS43-SSR

CAGM889
8.1? ENCPGRSLSSR
97 /1N 7853
10.7 / \TA42
116/ /\\ NCPGR69
142 TA179
17.3-T T~ NCPGR77-SSR

o
o
/
[T D

37.0 ———foc-0

caG820, TR59, CAGMS8R9, TS53, TA42,
NCPGR69, TA179, TS43, NCPGRSI,
NCPGR77, with an average marker distance of
3 cM between the markers. The second LG2
consisted of 4 markers (GA20, GA16, H6D11
and TAS59) spanning 51 cM with an average of
12.75 ¢cM between the markers (Fig. 1).

c) LG2

0.0 GA20
16.9 GA16-SSR
403 H6D11
51.0 TA59-SSR

Fig. (1): A genetic linkage map of Cicer sp. based on microsatellites and the foc-0 marker. The
map shows the position of microsatellites at LOD score > 3. The values on left side of the
individual linkage groups represents centi morgan calculated using kosambi mapping
function. a): LGI: linkage group 1, b): LG2: linkage group 2.
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Fig. (2): Segregation of Ts43 SSR microsatellite in the RIL population. The PCR products were
electrophoresed on a 10% polyacrylamide gel and stained with ethidium bromide. Lane 1:
Flip97-7 (P1), lane 2: ILC482 (P2), and lanes 3-19 RILs. M refers to the DNA ladder
100bp.

: 4 5 6/ T8 5111 11121314 M 15;15'1?1 152‘-‘]21222

Fig. (3): Segregation of Ts43 SSR microsatellite in the RIL population. The PCR products were
electrophoresed on a 10% polyacrylamide gel and stained with ethidium bromide. Lane 1:
Flip97-7 (P1), lane 2: ILC482 (P2), and lanes 3-19 RILs. M refers to the DNA ladder
100bp.
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Identification of the Fusarium vascular wilt
resistance locus

The population segregated for 75
resistant versus 62 susceptible RILs, which is
in accordance with a 1:1 segregation ratio
(x’=1.23; df=1; p>0.05), pointing out that the
Fusarium vascular wilt resistance is controlled
by only one gene (Fw). Our linkage analysis
revealed that the Fusarium vascular wilt
resistance locus (Foc-0) marker was localized
on LGl around 19.7 cM away from the
NCPGR77 marker.

| DISCUSSION |

Minor genetic variation is present in
Cicer arietinum. Thus, it is difficult for
breeding efforts to develop new varieties
resistant to stress conditions through classical
breeding methods (Mantri et al. 2007). A
study by Chowdhury et al.(2002), revealed
that an elevated similarity within chickpea
breeding lines, in addition to different
varieties, were verified to be genetically
analogous. Another study determined that
cultured chickpea genotypes had high
morphological differences, however, genetic
variation was minimal (Mantri et al., 2007).
ISSR and SCoT markers are dominant markers
which cannot discriminate between
homozygote and heterozygote genotypes. In
addition they have demerit of being random,
non-specific targeted markers. SCoT marker is
gaining popularity for its superiority over other
dominant DNA marker systems like RAPD
and ISSR for higher polymorphism and better
marker resolvability. The SCoT primers are
based on conserved regions flanking the
initiation codon sequences of genes. It shares
the principle of using a single primer like
RAPD and ISSR (Ahmad and Talebi, 2017
and Maisuria et al., 2017). The ISSR marker
targets interspecificaly the microsatellite

repetitive sequence, while the SCoT targets the
genes through the “ATG” start codon opening
reading sequence through all the genome. The
purpose of using the ISSR and SCoT was look
forward to find any genetic variation in
between the two parents of chickpea,
especially the SCoT, as it targets genes, if
there were any difference between the 2
parents this may have guided us to a gene
found in one parent and absent in the other
which may have conclude the genetic region
responsible for the resistant response of the
plant. Monomorphism is the state where all the
individuals have the same form (genotype),
while polymorphism is a marker or band that
present in an individual but absent in another.
In our study, all the 6 SCoT and 18 ISSR
markers were monomorphic, thus were non
informative for the genotyping (Iruela et al.,
2002). In addition, most of the SSR
microsatellite markers were also
monomorphic, although, the parents (FLIP97-
7 and 1LC482) showed phenotypic differences
with regard to Fusarium wilt resistance. In a
previous study, high rate of monomorphism
was observed, in which 38% of the primers
were found to be polymorphic, 26% were
monomorphic and 36% did not show any
amplification (Ratnaparkhe et al, 1998).
Another study, observed that 48 (23%) out of
201 SSR markers were polymorphic and 153
(76%) were monomorphic (Jingade et al.,
2014). Low polymorphism results were also
reported by (Benko-Iseppon et al., 2003),
where only 24 (5.5%) out of 432 markers were
polymorphic and 242 were monomorphic; the
rest which contributes 166 did not show any
amplification product.

SSR or microsatellite markers, when
compared against other marker types such as
isozymes, RFLPs, RAPDs and AFLPs
(Muehlbauer et al., 1989, Udupa et al., 1993
and Eujayl er al., 1998), proved to be more
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valuable in overcoming the problem of low
polymorphism (Lichtenzveig et al., 2005).

This superiority of SSR is due to the co-
dominance character and specificity of the
marker nature itself, in contrast with the other
markers. A previous study stated that with
regard to the results of the difference index,
polymorphic information content (PIC), as a
value of a marker for detecting polymorphism
within a  population and  similarity
probabilities, SSR marker was effective in the
management of chickpea, barley and soybean
genetic sources (Kraic ef al, 2002 and
Samyuktha et al., 2018). The purpose of this
study was to locate the FOC-0 region in the
chickpea. We performed a qualitative analysis
for the Foc-0 region and our linkage analysis
revealed that the Fusarium vascular wilt
resistance locus (Foc-0) marker was localized
on LGI, approximately 19.7 cM away from
the NCPGR77 marker. There is a distinct
similarity between our map and that of other
studies (Millan et al., 2010, and Jendoubi et
al., 2016) with respect to the genetic locations.
The markers (TS43, Ta42, Ta39, CaGM20889,
CaGM20820) on LGl were found on
chromosome 5 (Ca5) and are comparable with
the results from the study performed by
(Jendoubi et al., 2016). The Fusarium vascular
wilt resistance was localized to chromosome 5
and this resistance gene was flanked by
microsatellite markers CaGM20820 and
CaGM20889. The distance between
CaGM20820 and CaGM20889 on Ca5 is
estimated to be around 2 cM as a genetic
distance, covering about 740 Mb as a physical
distance (16759541-17501349 bp) (Jendoubi
et al.,2016, and Pratap et al., 2017).

The chi-square analysis indicated that 19
(73%) out of 26 microsatellite markers
significantly deviated from the expected 1:1
ratio, which can explain that the Fusarium
vascular wilt resistance is controlled by only
one gene (Fw). This high segregation

distortion may be related to natural selection
(natural wilt infection) through several
generations during population development.
This may explain the high deviation towards
the resistant genotype in most of the
microsatellite markers as shown in Table 4.

This high segregation distortion was also
observed in a previous study of the chickpea,
where a chi-square analysis showed that 10 out
of 19 loci deviated significantly (p = 0.05)
from the expected Mendelian segregation ratio
(Benko-Iseppon et al., 2003). In another study,
the chi square test identified more than 24%
of the markers used in that study did not
segregate in agreement with the expected ratio
of Mendelian inheritance (Jamalabadi et al.,
2013). As reported above, our linkage analysis
revealed that the Fusarium vascular wilt
resistance locus (Foc-0) marker was localized
on LGI1, approximately 19.7 ¢cM away from
the NCPGR77 marker. In conclusion our study
would aid in the development of diagnostic
markers that could be a promising tool for
Marker Assisted Selection in the upcoming
chickpea breeding programs.
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g5l piloll

#aagoll sasnig daiajall Ziloaul oIl gl IALl.uul Cicer arietinum jaoall dailyg halssiyl dhagyd Sl il
wileoll 092131595801 Josd dog Lol gisall

Tl gy dana daaa F i e daaa Capead) ae Lsal N gan cpal) eMe Mol g
e b al) Ailall slalid) L dae) )5 saall 35l 3K salleclindls oY JelSiall syl 5 oo ol sl g sl
Ll 0 &) 5l dunigll & paagaacilia sl 3S ya yidaca sl ple s Claa o5l 5 (5553 ans]) aud
e B pallcdae) )50 & gad) S e
e ¢ pall 3 Al drala ca slallAS (o LiaSl aud”

Ao sl Ly jal) ASLall 65 ) giall Al ik dasla caslall 408 celay) aud®

Lisn 150 caly 31 eyigpally e il jme iy LS ¢ Al Ol 3 Ll 21 5il sl (e lanl s Gl il e
G emn b Gaeal) Balil e Al gl 358 alai b o sead) Apael CaleS Lol 150 ey LS lali) i & 0l e b
Gh Y s 5 A 5 sl el (5 siue o gl Laliil Cina s eae dualiil Jabad Gus callall b cilaliy) el
gl b Ladle ISV Asal) o il 5 Al elld (e pe L (QUSel Gl ed i sn) LSl lall (ga JB digll Las ¢ LSl
T ) e b Y1 Joms Laie (7007 plad i ldl daliie liilian) cann) ol 0leV Jsa 8 Cin (el Jpaana
sk 8 Al o2a Calaal adli Labial algl) J sanall 138 4ol )3 SN JSAIL jeae plaia) aze ) @lld aa 5 dah (e V)
JEY) sl 5 pandy tasiall 308 ol Adas 5 « Microsatellites-—-SSR laud 5 alasinly (paeall 48055 Lala ) dday A&
Cilans) 511 Adand) 53 AT 5 e sial ciliall O 331 At 55 sl sl 303 il e sliadly Al aen) il AUl
¢asl sl Jgd aye iny . AEY) 8 Lealadind 5 (aeal) (B Jedl) (e Ledal ) a8 giall cilisall aasd ) pal 5y all
G a5 b Gl 5 clall el ) Ay pal) LA sl (e asl5 8 ¢ Fusarium oxysporumf.sp. ciceri (Foc) oo aali
Cliall Ll ) (530 e il G aalud ) 5 Ay ) Clasl sl g1 gl aal aladinly jaeald) Jpeane zU5) 35 08 jlad
33 () SH olitiall aesll 5 jade el 8 SSR-Microsatellites s s auls AOY dac and ai il s L Al )l
(ILC482) A Y1 o G (e ps))3sll st sl oslial) iiall o (FLIP97-7) Js¥) @) a5yl
il ‘F\S\ s recombinant inbred lines 4> u—‘*d)b 4\:.1‘)\} Ul ‘;\ 431.;4\]\4 M_La)d Al 5 Gulaal) Caiall o
o 5 (SSRS)amls s s A (8 0¥ (o (il e Ayl o34 S 385 TLCA82 5 FLIP97-7cniinall 5l 35 (10
Js U pe Al T yall il adsall of Lol W) Jidas jelal s (sl o el 1) o2 Gkl a3
_SSR)‘;“);J\ ﬁu.u‘}j‘ oe 1 centi Morgan) a,v ‘;\‘)}  ddle e ") LY A sena e cs:x ?ﬁJUﬁ‘m
o) B (anall Jgeanae b G0 ol (Elia AlShe Lo il i aeld Gose Gl 534 (NCPGR77
annl s 55 el g ppeind b daabusall e 8 50e Ay U daled) cilisadl a33a3 5 Gaaall alall A1 gl dday 301 (ppen
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