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AbstractAbstractAbstractAbstract    
    
Chickpea (Cicer arietinum L.), a prominent legume plant, is an important agricultural plant that is 

widely grown both in Türkiye and around the world. Ascochyta blight, caused by the fungal phytopathogen 
Ascochyta rabiei, is one of the major causative agents responsible for yield reductions across the spectrum of 

chickpea diseases. The impact of diseases varies depending on crops, countries, seasons and cropping systems, 
and yield loss data collected under well-defined conditions is limited. It is noteworthy that this pathogen shows 
significant genetic diversity in Türkiye's agricultural environment. In light of this, this study aimed to conduct 
a research to determine the resistant/tolerant and susceptible genotypes of 34 certificated chickpea varieties 
grown in different regions of Türkiye by using Sequence Tagged Microsatellite Site (STMS) markers that are 
related to the genes that provide resistance against Ascochyta blight.    The results obtained in this study showed 
that the primers Ta2, Ta146 and Ts54 used as STMS markers have distinctive features in providing highly 
effective results in the detection of resistant/tolerant and susceptible varieties of Ascochyta blight.  

    
Keywords:Keywords:Keywords:Keywords: Ascochyta blight; Ascochyta rabiei; chickpea; Didymella rabiei; molecular breeding; 

molecular markers 
 
 
IntroductionIntroductionIntroductionIntroduction    
 
Regarding nutritional properties, cholesterol-free and low-fat legumes are preferable in comparison with 

other plant-derived foods for feeding the world population (Tang et al., 2022; Ketnawa and Rawdkuen, 2023). 

Chickpea (Cicer arietinum L.) is one of the most important legumes and is widely consumed by humans, 
especially in tropical and subtropical regions of the world (e.g., the Mediterranean, Near East, Central Asia and 
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America) (Kafadar et al., 2019; Achari et al., 2023). Global chickpea cultivation area is about 13.81 (13.72) 
million ha with an annual production of 12.09 (14.25) million tons (FAOSTAT, 2019). The grains of 
chickpeas contain 59% carbohydrate, 29% protein, 5% oil, 3% fiber and 4% ash and are rich in vitamins, amino 
acids, calcium, phosphorus, iron, magnesium, and potassium (Yadav et al., 2018; Varol et al., 2020). Chickpeas 

are also known to have protective properties against cardiovascular diseases, cancer and diabetes (de Camargo 
et al., 2019; Varol et al., 2020). 

Chickpea is one of the main food sources in human nutrition and an important legume for large-scale 
agricultural production in Türkiye (Pisuttu et al., 2023). Chickpea cultivation area in Türkiye is approximately 

520 000 ha and Türkiye’s annual production is approximately 630 000 tons (FAOSTAT, 2019; Tuik, 2023). 
According to the production and consumption rates, chickpea is the most cultivated species in the edible 
legumes in Türkiye (Sudupak et al., 2004; Dogan et al., 2023). Being rich in minerals, chickpea contains 875 
mg K, 331 mg P, 105 mg Ca, 24 mg S, 11.5 mg Mg, 8.2 mg Se, 6.2 mg Fe and 3.4 mg Zn per 100 g (Khetarpaul, 
2018). 

Ascochyta blight disease caused by Didymella rabiei (Kovachevski) von Arx [anamorph: Ascochyta rabiei 

(Passerini) Labrousse], adversely affects chickpea production rate (Zhang et al., 2019). The host-specific fungal 

phytopathogenic A. rabiei, first identified in 1911, is classified in Ascomycota and is effective on all the above-

ground parts of plant species in genus Cicer (Frenkel et al., 2007; Ozkilinc et al., 2011). Ascochyta blight is the 

disease that causes the highest yield loss among the diseases seen in chickpeas. The disease agent is recorded in 
approximately 35 countries producing chickpeas (Vandana et al., 2020; Bell et al., 2022). Environmental and 
climate conditions suitable for pathogen development can lead to 100% yield loss in agricultural areas 
(Kahraman and Ozkan, 2015; Mart et al., 2022). The pathogen shows high genetic diversity in Türkiye 

(Ozkilinc et al., 2011; Asrat et al., 2016). If the precipitation rate stays above 150 mm between October and 

April, the effects of the disease can be excessive (Javaid et al., 2014; Kahraman and Ozkan, 2015). The main 

symptoms of the disease are pale leaf tips, leaf lesions, stem lesions that cause fractures, and lesions on the seed 
coat that cause seed infection. Stem fractures and seed shell infections are the most dangerous of these 
symptoms (Owati et al., 2017; Rodda et al., 2017). In addition, mobilization of infected seeds causes A. rabiei 

to spread over wide geographic areas. A. rabiei can survive more than 5 years in the seeds of diseased chickpeas 

(Acikgoz et al., 1994; Rubiales et al., 2018). There is a negative correlation between the grain size of the plant 
and Ascochyta blight as is that an increase in the grain size of the plant causes a decrease in the resistance of the 
plant (Toker and Cagirgan, 2004). Therefore, in the development of coarse grained, blight-resistant Ascochyta 
chickpea varieties, it is primarily necessary to have advanced knowledge about the genotypic characteristics of 
the plant and the disease-causing agent. The loss of plant stability against the disease is the most important 
challenge in agricultural practices. 

Genetic marker-assisted identification of traits related to common diseases is highly preferred in plant 
breeding applications as it provides accurate results and saves time for screening (Simsek et al., 2020; Jha et al., 
2022). Genetic marker systems including Sequence Tagged Microsatellite Site (STMS), Sequence-Tagged Site 
(STS), Sequence Characterized Amplified Region (SCAR), Randomly Amplified Polymorphic DNA 
(RAPD), Arbitrary Primed-PCR (AP-PCR), Inter Simple Sequence Repeat (ISSR), Amplified Fragment 
Length Polymorphism (AFLP), Retrotransposon Microsatellite Amplified Polymorphism (RE-MAP) were 
developed based on PCR amplification and are commonly employed for a variety of applications such as 
genome mapping, gene tagging, genetic diversity, phylogenetic analysis and forensic investigations (Kalendar 
and Schulman, 2006; Filiz et al., 2018; Jenfaoui et al., 2021; Hocaoglu-Ozyigit et al., 2022). Advances in the 
sequencing of genomes have led to the generation of SNP markers for a variety of applications such as genome-
wide association studies (GWAS), marker developments, genomic selections, germplasm characterizations 
(Semagn et al., 2014; Vishwakarma et al., 2019). 
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This study aims to determine the genotypes of chickpea varieties that are resistant/tolerant and 
susceptible to Ascochyta blight, which is one of the most important problems in agricultural areas in Türkiye 
as well as in the world. For this purpose, the genotypes of certificated chickpea varieties grown in Türkiye were 
examined using STMS markers that have relationships with the genes providing resistance to Ascochyta blight 
(Tekeoglu et al., 2002) by determinations of the rates of resistance and sensitivity. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study material (Cicer arietinum L.) 

Genus Cicer comprises 43 species; 9 annuals, 33 perennials and 1 unclassified species (Sethy et al., 2006). 

C. arietinum belonging to the family Fabaceae (Leguminosae) (Jain et al., 2013) is a diploid plant having 8 

chromosomes and a genome size of 750 mega base pairs (Mbp) (Sethy et al., 2006; Singh et al., 2015). C. 

arietinum shows a wide geographical distribution in Türkiye as well as in the world, from the Mediterranean 

Region to Australia, Myanmar, Mexico, and Chile and even to the tropics (Vasishtha et al., 2014). The chickpea 

species can grow in a wide range of territory in terms of elevation, from sea level to more than 2500 m altitude 
(Damte and Ojiewo, 2016). C. arietinum used for agricultural production is not a species resistant to diseases, 

especially Ascochyta blight; therefore, crossbreeding practices are being carried out between C. arietinum and 

the resistant chickpea varieties ILC482, ILC3279, FLIP84-92C and FLIP84-79C (Tivoli and Banniza, 2007). 
 
STMS marker assisted selection 

STMS and similar molecular markers are commonly used to determine of genetic variations and 
population genetic structures of plant fungal pathogens (Milgroom and Peever, 2003; Ozkilinc et al., 2015). 
For this reason, these markers are preferred in our research for studying genetic variation because of knowledge 
about A. rabiei which shows higher genetic variation in the Southeastern Anatolia Region of Türkiye than in 

other countries (Ozkilinc et al., 2015). Different microsatellite loci (total of 20) were determined in the genus 

Cicer for the identification of Ascochyta blight (Geistlinger et al., 2000; Leo et al., 2015). 
Certificated chickpea varieties (Table 1) were planted (20 seeds per row) in the order of 2 rows, each 

with 2 m length and 0.45 m intervals in the sowing season in the experimental field in Eskisehir-Central Disease 
Observation Garden. In addition to certificated chickpea varieties to be tested, a chickpea variety, ‘Canitez 87’, 
was planted as susceptive control in an order of one row between 2 rows. Also, the same set of plantations was 
done in the greenhouse using pots. In this study, the certificated chickpea varieties taken from the greenhouse 
were tested by Ascochyta blight resistant STMS markers for resistance using the STMS technique while the 
chickpea varieties grown in the field were used for determining the rate of susceptibilities of chickpea varieties 
to Ascochyta blight. Seeds of chickpea varieties and the control, planted in pots, were grown in the greenhouse 
after necessary maintenance. When the plants reached a length of approximately 10-15 cm, the samples were 
taken from the young leaves of certified chickpea varieties and controlled for DNA isolation and stored at -86 
°C. 
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Table 1. Table 1. Table 1. Table 1. Certificated chickpea varieties, developed in Türkiye were used in this research 

NoNoNoNo    
CertificatedCertificatedCertificatedCertificated        

cccchickpea hickpea hickpea hickpea 
vvvvarietiesarietiesarietiesarieties    

Certificate IssuerCertificate IssuerCertificate IssuerCertificate Issuer    
Certification Certification Certification Certification     

ddddateateateate    

1 Ena 102-1 Eastern Anatolian Agricultural Research Institute ― 
2 Ena 102-9 Eastern Anatolian Agricultural Research Institute ― 
3 Aziziye 94 Eastern Anatolian Agricultural Research Institute 16.05.1994 
4 Ena 87-3 Eastern Anatolian Agricultural Research Institute ― 
5 Gokce Field Crops Central Research Institute 09.05.1997 
6 Dikbas Field Crops Central Research Institute 12.04.2006 
7 Uzunlu 99 Field Crops Central Research Institute 30.04.1999 
8 Er 99 Field Crops Central Research Institute 30.04.1999 
9 Kusmen 99 Field Crops Central Research Institute 30.04.1999 
10 Akcin 91 Field Crops Central Research Institute 01.05.1991 
11 Sezenbey Black Sea Agricultural Research Institute 13.04.2012 
12 Cagatay Black Sea Agricultural Research Institute 27.04.2001 
13 Zuhal Black Sea Agricultural Research Institute 13.04.2012 
14 Seckin (Adana) Eastern Mediterranean Agricultural Research Institute 11.04.2011 

15 Aksu (Maras) 
East Mediterranean Transitional Zone Agricultural Research 

Institute/Kahramanmaras 
06.04.2009 

16 Inci (Adana) Cukurova Agricultural Research Institute 30.04.2003 
17 Aydin (İzmir) Eastern Mediterranean Agricultural Research Institute ― 

18 
Hasanbey 
(Adana) 

Eastern Mediterranean Agricultural Research Institute 11.04.2011 

19 Menemen 92 Aegean Agricultural Research Institute 11.05.1992 
20 Sari 98 Aegean Agricultural Research Institute 15.05.1998 
21 Izmir 92 Aegean Agricultural Research Institute 11.05.1992 
22 Aydin 92 Aegean Agricultural Research Institute 11.05.1992 
23 Cevdetbey 98 Aegean Agricultural Research Institute 15.05.1998 
24 Yasa 05 Anatolian Agricultural Research Institute 27.04.2005 
25 Cakir Transitional Zone Agricultural Research Institute 13.04.2012 
26 Azkan Transitional Zone Agricultural Research Institute 06.04.2009 
27 Canitez-87 Anatolian Agricultural Research Institute 27.04.1987 
28 Hisar Transitional Zone Agricultural Research Institute 04.04.2008 
29 Isik 05 Anatolian Agricultural Research Institute 27.04.2005 

30 Ilgaz 
Itas Exporters' Association Seeds and Research Industry and Trade Joint 

Stock Company 
13.04.2012 

31 ILC 482 Southeastern Anatolian Agricultural Research Institute 01.05.1991 
32 Diyar 95 Southeastern Anatolian Agricultural Research Institute 20.04.1995 
33 TAEK-Sagel Turkish Atomic Energy Authority 12.04.2006 
34 Arda Southeastern Anatolian Agricultural Research Institute 08.04.2013 

 
DNA isolation from the certificated chickpea varieties and control 

DNA isolations were performed from young leaves of certificated chickpea varieties when they reached 
a length of approximately 10-15 cm. The following DNA isolation protocol was applied for each sample. 0.4 g 
leaf sample is thoroughly crushed in liquid nitrogen. Following the evaporation of the liquid nitrogen, the 
sample was thoroughly ground using a mortar after adding 3.5 mL of isolation buffer to the sample. The 
solution in the mortar was taken into 1.5 mL Eppendorf tubes each containing 0.5 ml. The samples were placed 
in a water bath at 60-65 °C and kept for 30 minutes, stirring occasionally. The samples taken from the water 
bath were mixed well and centrifuged at 12000 rpm for 5-10 min. after adding 500 µL chloroform:isomyl 
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alcohol buffer solution into each tube. The supernatant was taken into a sterile Eppendorf tube using a pipette. 
Approximately 350-400 µL of cold isopropanol (2/3 volume to volume) was added for precipitation of nucleic 
acids. After DNA precipitation by centrifugation, isopropanol was carefully discarded. 500 µL of the wash 
buffer was added to DNA at the bottom of the tube and allowed to stand for 20 min. Following 5 min. 
centrifugation at 5000 rpm, the supernatant was discarded and the tubes were left open at room conditions to 
allow the DNA at the bottom of the tube to dry. After dissolving of DNA in 100 µL TE by mixing, 1 µL of 
RNase was added to the tube to remove the RNA from the DNA. The purity and quantification of the obtained 
DNA were determined using a Nano Volume Spectrophotometer (OptizenNanoQ). According to the DNA 
concentration obtained, DNA was diluted to a certain ratio and prepared for PCR.  

 
Analysis of PCR products 

The susceptibility tests for Ascochyta blight were done by STMS analysis by exploiting of STMS 
markers on the DNA samples taken from the leaf parts of chickpea varieties. The markers for producing speciRc 
and stable band proRles were: Ta2 (F: 5'-AAATGGAAGAAGAATAAAAACGAAAC-3' and R: 5'-
TTCCATTCTTTATTATCCATATCACTACA-3') yielding of 175 bp-long PCR product, Ta146 (F: 5'-
CTAAGTTTAATATGTTAGTCCTTAAATTAT-3' and R: 5'-
ACGAACGCAACATTAATTTTATATT-3') yielding of 161 bp-long PCR product and Ts54 (F: 5'-
TACAAGTTAAAAATGAATAAATATTAATA-3' and R: 5'-GAAATTTAGAGAGTCAAGCTTTAC-
3') yielding of 209 bp-long PCR product (Tekeoglu et al., 2002; Kottapalli et al., 2009). PCR mix (for each 
reaction) was contained 2μL PCR buffer (10X), 4μLdNTP mix (10-50 µM), 1.2 μL of MgCl2 (1-4 mM), 2 µL 
of STMS primer I (0.1-1 µM), 2 µL of STMS primer II (0.1-1 µM) (Santagen), 5 µL (50 ng) of template DNA, 
and 0.2 µL (5 units) of Taq DNA polymerase, and at the end, the sterile de-ionized water was added to each 
mix (prepared as 20 μL). An AERIS-BG096 Gradient Thermal Cycler was used for the ampliRcations. The 
PCR program was as follows: initial denaturation at 9 6°C for 2 minutes; followed by 35 cycles of denaturation 
at 96 °C for 20 seconds, primer annealing at 55 °C for 50 seconds, elongation at 60 °C for 50 seconds and a Rnal 
extension step at 60 °C for 5 minutes. AmpliRcation products were run on a 4% agarose gel used (in 1X TBE) 
for separation at 96-100 V (70 mA) for 2-3 hours. Following ethidium bromide staining, the gel imaging and 
analysis system (Gel Logic 200 Imaging System) was employed for evaluation of PCR products. A molecular 
size marker (GeneRuler 100 bp Plus DNA Ladder, ready-to-use, Thermo Fischer Scientific) was used for 
analyzing and estimating of sizes of amplification products.  

 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
Having 7 different geographical regions, in which chickpea cultivation is being carried out through, 

Türkiye has different climatic conditions seen in these geographic regions. One of the most important 
problems encountered in chickpea cultivation is fungal diseases, especially emerging from following heavy rainy 
seasons. As a fungal disease, anthracnose caused by A. rabiei is the most seen one. This fungal species, which 

likes to live in humid environments, can easily be transported from one region to another through rainfall. This 
deeply affects the transmission rates and the severity of the disease. In the geographical regions of the country, 
in which our research was conducted in, different rates of disease severity were observed that occurred to 
depending on the climatic conditions. According to our data, the region where the disease severity was found 
to be highest the Marmara region with a rate of 40.35%. For the Marmara region, the data were collected from 
65 agricultural fields throughout the region. The Aegean, Black Sea, Mediterranean, Central Anatolia, 
Southeastern Anatolia, and Eastern Anatolia regions with disease severity rates of 29.20%, 28.40%, 18.98%, 
14.43%, 13.87%, and 1.77%, respectively, followed by the Marmara Region. To collect data, 141 agricultural 
fields in the Aegean Region, 58 agricultural fields in the Black Sea Region, 158 agricultural fields in the 



Ozyigit II et al. (2024). Not Bot Horti Agrobo 52(1):13502 

 

6 
 

 

 

 

 

 

Mediterranean Region, 219 agricultural fields in Central Anatolia, 125 agricultural fields in Southeastern 
Anatolia and 57 agricultural fields in Eastern Anatolia regions were screened, respectively. 

Samples harvested from the fields in 2014 were used in disease severity analyzes and molecular breeding 
studies. The most important factors in the transmission of anthracnose disease are the high rainfall and 
humidity rates. When the precipitation rates of the regions in 2014 were examined, it was seen that the 
Marmara Region received 886 mm of precipitation with an increase of 33% compared to the average, and 
ranked first among the regions (Table 2). In addition, the Marmara region, which had the highest disease 
severity rate, ranked first with 40.35%. The fact that the highest humidity rate among the regions is in the 
Marmara Region may be one of the reasons for the widespread occurrence of the disease (Figure 1). The Black 
Sea Region is located in the north of our country and is the region that receives the highest annual precipitation. 
In 2014, this region received 880 mm of precipitation and the disease severity rate in the region was found to 
be 28.40%., the precipitation rates and the disease severity rates seen in 2014 in the other regions were 
respectively found to as 816 mm and 18.98% for the Mediterranean region; 756 mm (higher than average by 
20%) and 29.90% for the Aegean Region (the increased rate of precipitation may have caused the high disease 
severity of the region in that period); 536 mm and 1.77% for the Eastern Anatolia Region; 464 mm and 13.87% 
for the Southeastern Anatolia Region (having smallest land area compared to other regions); and 456 mm and 
14.43% for Central Anatolia Region (having a continental and drier climate) (Table 2 and Figure 1). Although 
the rainfall is relatively high, the Eastern Anatolia Region, where at least the severity of anthracnose disease is 
seen, may be due to the low humidity rate characteristic of the region. 

 
Table 2Table 2Table 2Table 2.... The annual precipitation rates (in mm) of the regions in the period of the experiment  

RegionsRegionsRegionsRegions    2013 (in mm)2013 (in mm)2013 (in mm)2013 (in mm)    2014 (in mm)2014 (in mm)2014 (in mm)2014 (in mm)    2015 (in mm)2015 (in mm)2015 (in mm)2015 (in mm)    
Marmara 607 886 638 
Aegean 702 756 652 
Mediterranean 649 816 647 
Central Anatolia 290 456 442 
Black Sea 797 880 727 
Eastern Anatolia 491 536 533 
Southeastern Anatolia 489 464 532 

 

 
Figure 1. Figure 1. Figure 1. Figure 1. The rates of disease severity (in %) in the regions of Türkiye in the year of 2014 
 
Sequence Tagged Microsatellite Sites, short repeat motifs consisting of 1-6 bases in the genome, are used 

for producing high-level polymorphisms and are highly sensitive for identification of species and are co-
dominant and sensitive neutral markers frequently preferred in research for characterization of population 
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genetic structures (Dutech et al., 2007; Ozkilinc et al., 2015). By STMS technique, primers can be used for 
amplifying a region in the genomic DNA. The results obtained by using STMS Ta2, Ta146 and Ts54 primers 
were used for determining of susceptibility of chickpea varieties against Ascochyta blight in a way of generating 
approximately 175, 161 and 209 bp-long DNA bands as PCR products that were visualized for STMS analyses 
(given in Figures 2-10, respectively). The data obtained from the identifications of susceptibility of 34 
certificated chickpea varieties developed in Türkiye and the field data from the disease evaluations are shown 
in Table 3. The resistance and susceptibility of certificated 34 chickpea varieties were determined as follows: 
17 resistant and 17 susceptible against the disease via Ta2 primer; 23 resistant and 11 susceptible against the 
disease via Ta146; and 24 resistant and 8 susceptible against the disease via Ts54 primer. 

 
Figure 2. Figure 2. Figure 2. Figure 2. Susceptibility parameters of certificated chickpea varieties through 1-14    using STMS Ta2 primer 
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 1: Ena 102-1, 2: Ena 102-
9, 3: Aziziye 94, 4: Ena 87-3, 5: Gokce, 6: Dikbas, 7: Uzunlu 99, 8: Er 99, 9: Kusmen 99, 10: Akcin 91, 11: Sezenbey, 
12: Cagatay,  13: Zuhal, 14: Seckin (Adana)]. 
 

 
Figure 3. Figure 3. Figure 3. Figure 3. Susceptibility parameters of certificated chickpea varieties through 15-28 using STMS Ta2 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 15: Aksu (Maras), 16: Inci 
(Adana), 17: Aydin (Izmir), 18: Hasanbey (Adana), 19: Menemen 92, 20: Sari 98, 21: Izmir 92, 22: Aydin 92, 23: 
Cevdetbey 98, 24: Yasa 05, 25: Cakir, 26: Azkan, 27: Canitez 87, 28: Hisar]. 

 

 
Figure 4. Figure 4. Figure 4. Figure 4. Susceptibility parameters of certificated chickpea varieties through 29-34    using STMS Ta2 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
29: Isik 05, 30: Ilgaz, 31: ILC-482, 32: Diyar-95, 33: TAEK-Sagel, 34: Arda, H2O (as control)]. 
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Figure 5. Figure 5. Figure 5. Figure 5. Susceptibility parameters of certificated chickpea varieties through 1-14 using STMS Ta146 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 1: Ena 102-1, 2: Ena 102-

9, 3: Aziziye 94, 4: ―, 5: Gokce, 6: Dikbas, 7: Uzunlu 99, 8: Er 99, 9: Kusmen 99, 10: Akcin 91, 11: Sezenbey, 12: 
Cagatay, 13: Zuhal, 14: Seckin (Adana)]. 

 

 
Figure 6. Figure 6. Figure 6. Figure 6. Susceptibility parameters of certificated chickpea varieties through 15-28 using STMS Ta146 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 15: Aksu (Maras), 16: Inci 
(Adana), 17: Aydin (Izmir), 18: Hasanbey (Adana), 19: Menemen 92, 20: Sari 98, 21: Izmir 92, 22: Aydin 92, 23: 
Cevdetbey 98, 24: Yasa 05, 25: Cakir, 26: Azkan, 27: Canitez 87, 28: Hisar]. 

 

 
Figure 7. Figure 7. Figure 7. Figure 7. Susceptibility parameters of certificated chickpea varieties through 29-34    and 4    using STMS 
Ta146 primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
29: Isik 05, 30: Ilgaz, 31: ILC-482, 32: Diyar-95, 33: TAEK-Sagel, 34: Arda, 4: Ena 87-3]. 
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Figure 8. Figure 8. Figure 8. Figure 8. Susceptibility parameters of certificated chickpea varieties through 1-14 using STMS Ts54 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 1: Ena 102-1, 2: Ena 102-

9, 3: ―, 4: Ena 87-3, 5: Gokce, 6: Dikbas, 7: ―, 8: Er 99, 9: Kusmen 99, 10: Akcin 91, 11: Sezenbey, 12: Cagatay, 13: 
Zuhal, 14: Seckin (Adana)]. 

 

 
Figure 9. Figure 9. Figure 9. Figure 9. Susceptibility parameters of certificated chickpea varieties through 15-28 using STMS Ts54 
primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
R: Cicer reticulatum (susceptible chickpea variety for Ascochyta blight as negative control), 15: ―, 16: Inci (Adana), 
17: Aydin (Izmir), 18: Hasanbey (Adana), 19: Menemen 92, 20: Sari 98, 21: Izmir 92, 22: Aydin 92, 23: Cevdetbey 
98, 24: Yasa 05, 25: Cakir, 26: Azkan, 27: Canitez 87, 28: Hisar]. 

 

 
Figure 10. Figure 10. Figure 10. Figure 10. Susceptibility parameters of certificated chickpea varieties through 29-34    and 4    using STMS 
Ts54 primer  
[(L: 100 bp DNA Ladder Plus, F: Flip 8492(C3) (resistant chickpea variety for Ascochyta blight as positive control), 
29: Isik 05, 30: Ilgaz, 31: ILC-482, 32: Diyar-95, 33: TAEK-Sagel, 34: Arda, 3: Aziziye 94, 7: Uzunlu 99, 15: Aksu 
(Maras)]. 
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Table 3. Table 3. Table 3. Table 3. The data obtained from identifications of susceptibility of 34 certificated chickpea varieties 
developed in Türkiye using STMS primers and the field data for the disease evaluations 

NoNoNoNo    
CertificatedCertificatedCertificatedCertificated    

Chickpea VarietiesChickpea VarietiesChickpea VarietiesChickpea Varieties    

R/S using Ta2R/S using Ta2R/S using Ta2R/S using Ta2    
producing 175 bpproducing 175 bpproducing 175 bpproducing 175 bp----

long bandlong bandlong bandlong band    

R/S using Ta146 R/S using Ta146 R/S using Ta146 R/S using Ta146 
producing 161 bpproducing 161 bpproducing 161 bpproducing 161 bp----

long bandlong bandlong bandlong band    

R/S using Ts54 R/S using Ts54 R/S using Ts54 R/S using Ts54 
producing 209 bpproducing 209 bpproducing 209 bpproducing 209 bp----

long bandlong bandlong bandlong band    

The field data for the The field data for the The field data for the The field data for the 
disease evaluationsdisease evaluationsdisease evaluationsdisease evaluations    

F Flip8492(C3) R  R  R  Resistant against the disease 

C C. reticulatum  S  S  S 
Susceptible against the 

disease 
1 Ena 102-1 R  R  R  ― 
2 Ena 102-9 R  R  R  ― 
3 Aziziye 94  S  S   Tolerant against the disease 
4 Ena 87-3  S R  R  ― 
5 Gokce R  R   S Tolerant against the disease 

6 Dikbas  S  S  S 
Moderate tolerant against 

the disease 

7 Uzunlu 99 R   S R  
Moderate tolerant against 

the disease 
8 Er 99  S R   S Tolerant against the disease 

9 Kusmen 99  S  S  S 
Moderate tolerant against 

the disease 

10 Akcin 91 R  R  R  
Moderate tolerant against 

the disease 
11 Sezenbey  S  S  S Tolerant against the disease 
12 Cagatay  S  S  S Tolerant against the disease 
13 Zuhal  S  S  S Tolerant against the disease 

14 Seckin (Adana) R  R   S 
The disease was not detected 

during the experimental 
period 

15 Aksu (Maras) R  R  R  Resistant against the disease 
16 Inci (Adana) R  R  R  Tolerant against the disease 
17 Aydin (İzmir) R  R  R  Resistant against the disease 

18 Hasanbey (Adana) R  R  R  
The disease was not detected 

during the experimental 
period 

19 Menemen 92 R  R  R  Resistant against the disease 
20 Sari 98  S  S R  Resistant against the disease 
21 Izmir 92 R  R  R  Resistant against the disease 
22 Aydin 92 R   S R  Resistant against the disease 
23 Cevdetbey 98  S R  R  Resistant against the disease 
24 Yasa 05 R  R  R  Resistant against the disease 

25 Cakir  S R  R  
Moderate tolerant against 

the disease 
26 Azkan R  R  R  Resistant against the disease 

27 Canitez-87  S  S R  
Susceptible against the 

disease 
28 Hisar R   S R  Resistant against the disease 
29 Isik 05 R  R  R  Tolerant against the disease 
30 Ilgaz  S R  R  ― 

31 ILC 482  S R    
The disease was not detected 

during the experimental 
period 

32 Diyar 95  S R  R  
The disease was not detected 

during the experimental 
period 

33 TAEK-Sagel  S R  R  ― 
34 Arda  S R  R  Tolerant against the disease 

F: as positive control-resistant, C: as negative control-susceptible, R: Resistant, and S: Susceptible 

 
Santra et al. (2000) identified and mapped two QTL regions for Ascochyta blight. Mapping the 

quantitative trait loci responsible for resistance to Ascochyta blight in molecular breeding is considered an 
important input for growing chickpeas. Sharma and Gosh (2016) identified various markers conferring 
resistance to Ascochyta blight through QTL mapping method. Among these markers, STMS markers showing 
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parallelism to the markers used in our study take attention. In another study, 83 RAPD, STMS, ISSR and RGA 
markers were found for seedling and body resistance, and they were successfully used in the detection of 
Ascochyta blight in the Cicer genome (Kukreja et al., 2018). Similarly, 6 different STMS markers were 
suggested to use for the productions of breeding chickpea genotypes resistant to Fusarium blight, a fungal 
disease (Sahu et al., 2020). Ascochyta blight, also known as anthracnose disease caused by the fungus A. rabiei 

leads to major yield losses in the agricultural production of chickpeas (Barilli et al., 2016). Knowing the 
susceptibility statutes of the certificated chickpea varieties against the disease can provide great advantages to 
farmers. STMS markers are commonly used in the determination of genetic similarities.  

In this study, STMS markers were used for the determination of Ascochyta blight-resistance and 
sensitivity of certificated chickpea varieties in terms of comparisons done between the banding regions that 
specific primers specifically amplify. In a previous study, 6 STMS markers were found to be associated with 
anthracnose disease (Tekeoglu et al., 2002; Daba et al., 2016). In another study conducted in 2003, 49 different 
chickpea varieties grown in Türkiye were subjected to susceptibility tests against Ascochyta blight using 10 
different RAPD, ISSR and STMS markers and the STMS Ta2 marker was successfully used for determining 
resistant chickpea varieties (Cingilli et al., 2003). In a previous study performed in 2009, it was found that the 
STMS Ta2, Ta146 and Ts54 markers could be effectively used for the selection of the Ascochyta blight-
resistant varieties (Kottapalli et al., 2009). In another study, it was determined that the STMS Ta2 marker was 
found to be able to differentiate the resistant chickpea varieties against Ascochyta blight in 82% (Yorgancilar 
et al., 2009). As our conclusion reported in our study, Yildirim et al., (2018) also stated that RAPD and STMS 
(Ta2, Ts54 and Ta146) markers are demonstrated to show the usability of them in molecular breeding 
programs. Additionally, STMS markers used in the identification of Ascochyta blight in chickpeas can be used 
as a reference point (Madrid et al., 2013). Similar to these previous studies, in this study, STMS primers 
produced a high polymorphism ratio for the identification of resistant/susceptible chickpea varieties against 
Ascochyta blight. Among them, Ta146 primer, which yields 161 bp-long bands used for the determination of 
resistance, produced a higher polymorphism ratio and showed better distinguishing features than Ta2 and 
Ts54 primers which yield 175 and 209 bp-long bands used for the determination of resistance, respectively. 
Analogies were found between the data obtained from the identifications of resistance of certificated chickpea 
varieties and the field data for the disease evaluations. The analogy rates between the data from PCR using 
Ta146 primer and the field data were found to be 85% and the analogy rates between the data from PCR using 
Ta2 and Ts54 primers and the field data were found to as ~76%, respectively. Finally, in this study, certified 
chickpea varieties developed in Türkiye were determined for resistance/tolerance to Ascochyta blight disease 
using STMS primers. This would be an important step in breeding practices that will provide significant 
advantages to breeders. 

 
    
ConclusionsConclusionsConclusionsConclusions        
 
This study explored into the crucial issue of Ascochyta blight, a significant threat to chickpea cultivation 

in Türkiye and worldwide. The research aimed to identify resistant/tolerant and susceptible genotypes among 
34 certified chickpea varieties using Sequence Tagged Microsatellite Site (STMS) markers associated with 
genes providing resistance against Ascochyta blight. The findings revealed that the STMS primers Ta2, Ta146, 
and Ts54, particularly the Ta146 primer, exhibited distinct features in effectively detecting resistant/tolerant 
and susceptible varieties. The high polymorphism ratio observed with these primers underscores their efficacy 
in identifying chickpea varieties' resistance levels. Notably, the Ta146 primer displayed superior distinguishing 
features compared to Ta2 and Ts54, displaying its potential for accurate resistance determination. 

Furthermore, the study established analogies between the PCR data using Ta146 primer and field 
evaluations, with an impressive 85% correlation. Analogous rates for Ta2 and Ts54 primers were approximately 
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76%. This alignment between laboratory results and real-world disease evaluations underscores the reliability 
of the STMS markers in predicting resistance/tolerance in certified chickpea varieties. 

Fundamentally, the identification of Ascochyta blight resistance in certified chickpea varieties through 
STMS primers represents a pivotal advancement in breeding practices. This research provides valuable insights 
for breeders, offering a strategic advantage in developing resilient chickpea varieties and mitigating the impact 
of Ascochyta blight on agricultural yields in Türkiye. 
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