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Estimation of Genetic Diversity in Desi Chickpea (Cicer arietinum L.) Genotypes Employing Microsatellites
Abstract 
Cicer arietinum L., an important grain legume grown predominantly in arid and semi-arid regions and plays a vital role in human nutrition and sustainable agriculture. However, its productivity is sternly constrained by an array of biotic and abiotic stresses necessitating the exploration of genetic diversity for breeding resistant/tolerant and productive cultivar (s). The present investigation aimed to assess the putative molecular diversity present among 69 genotypes of desi chickpea employing 12 simple sequence repeat (SSR) markers during the Rabi 2022-23 at the Department of Genetics & Plant Breeding, College of Agriculture, RVSKVV, Gwalior. Out of the 12 SSR markers, five exhibited clear polymorphism, yielding 15 polymorphic alleles with an average of three alleles per locus. The major allele frequency ranged between 0.6857 to 0.8000 with a mean value of 0.7343, while gene diversity varied between 0.3335 to 0.4604 with an average worth of 0.4046. The polymorphism information content (PIC) values spanned from 0.2994 to 0.3947 for the marker TA-130, reflecting moderate informativeness. Cluster analysis employing UPGMA based on SSR data grouped the genotypes into distinct clusters, indicating existence of substantial genetic variability. Remarkably, one cluster comprised a single unique genotype, underscoring its putative potential possessing novel alleles. The genetic divergence observed among clusters highlights opportunities for exploiting these genotypes in recombination breeding to enhance yield and resistance. Overall, the study underlines the utility of SSR markers in dissecting genetic diversity and providing a foundation for the strategies selection of diverse parental line (s), thereby advancing chickpea crop improvement programmes aimed to achieve durable disease resistance with enhanced productivity.
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1. Introduction 
Chickpea (Cicer arietinum L.), an annual diploid legume (2n = 2x = 16), belongs to the family Fabaceae and is the third most widely grown food legume in the world after common bean and pea (Koul et al., 2022). It is predominantly cultivated in arid and semi-arid regions, playing a pivotal role in the sustainability of farming systems due to its inherent ability to fix atmospheric nitrogen through symbiosis with Rhizobium species (Fikre et al., 2020; Asati et al., 2022; Arriagada et al., 2022). Globally, it is cultivated over an area exceeding 14 million hectares with a production of approximately 14 million tonnes (Panday et al., 2023), contributing significantly to the dietary protein requirements of populations in South Asia, Sub-Saharan Africa, the Mediterranean basin and Australia (Malik, 2021; Asati et al., 2023a; Yadav et al., 2023a; Zhang et al., 2024). India stands as the largest producer and consumer, accounting for nearly 70% of the worldwide chickpea area and production, underlining its crucial role in national food and nutritional security (Sharma et al., 2020; Mihoariya et al., 2023; Ningwal et al., 2023a; Tiwari et al., 2023a; Rajput et al., 2023a). Nutritionally, chickpea seeds are rich in protein (approximately 18-22%), complex carbohydrates, essential amino acids like lysine and arginine, dietary fibre, vitamins (notably folate) and minerals such as iron, phosphorus and zinc (Gupta et al., 2021; Asati et al., 2023b; Rajput et al., 2023b; Sistu et al., 2023; Asati et al., 2024; Jha et al., 2024; Patil et al., 2024). This makes chickpea an indispensable component of vegetarian diets, helping to alleviate protein-energy malnutrition and micronutrient deficiencies in resource-constrained regions (Madurapperumage et al., 2021; Yadav et al., 2023b; Yadav et al., 2024; Jha et al., 2024). Beyond its nutritional attributes, its cultivation enhances soil health through biological nitrogen fixation, contributes to crop diversification and offers a low-input option suitable for rainfed agriculture, making it integral to sustainable farming practices (Korbu et al., 2020; Ningwal et al., 2023b; Yadav et al., 2023c; Mahto et al., 2025). 
Despite its importance, chickpea productivity remains relatively low and unstable due to its susceptibility to an array of biotic and abiotic stresses (Choudhary et al., 2018; Sahu et al., 2020a; Yadav et al., 2023d; Rajput et al., 2025a). Developing cultivars with durable resistance to diseases is therefore, a paramount breeding objective. This task necessitates a thorough understanding of the genetic diversity present within chickpea germplasms, as broad genetic bases are crucial for sustaining long-term resistance and for addressing future disease outbreaks (Tiwari et al., 2023b; Lin et al., 2025; Yadav et al., 2025).
Molecular markers, particularly simple sequence repeats (SSRs), have proven invaluable in dissecting genetic diversity, assessing population structure and assisting in the identification of resistance sources (Chaudhary et al., 2021; Mandloi et al., 2022; Makwana et al., 2023; Patel et al., 2023; Shrivastav et al., 2023a; Tiwari et al., 2023c; Bidyananda et al., 2024; Paliwal et al., 2024; Patel et al., 2024; Bisoriya et al., 2025; Yadav et al., 2025). SSRs are highly polymorphic, co-dominant and evenly distributed across the genome, making them ideal for genotyping investigations aimed to characterize genetic resources (Viera et al., 2016; Sahu et al., 2020b; Rajpoot et al., 2023; Shrivastava et al., 2023b; Rajpoot et al., 2024). The exploration of genetic diversity employing SSR markers facilitates the identification of genetically distinct lines, which can be strategically utilized in crossing programmes to combine desirable traits, including resistance to diseases (Solanki et al., 2022; Sun et al., 2024; Rajput et al., 2025b). Taking the above background in consideration, the present investigation was undertaken to assess the putative molecular diversity present among 69 genotypes of desi chickpea genotypes including cultivars and an advanced breeding lines employing SSR markers, with an emphasis on understanding their genetic relationships through cluster analysis. 
2. Material & Methods 
2.1 Experimental site
The field experiment was conducted at the Research Farm, Department of Genetics and Plant Breeding, College of Agriculture, Rajmata Vijayaraje Scindia Krishi Vishwavidyalaya, Gwalior, Madhya Pradesh, India during Rabi 2022-23. While the molecular work was carried out at Molecular Biology Laboratory, Department of Plant Molecular Biology and Biotechnology, College of Agriculture, RVSKVV, Gwalior Madhya Pradesh, India. 
2.2. Experimental details
The experimental material comprised 69 diverse genotypes of chickpea acquired from different sources including 21 cultivars and 48 advanced breeding lines are presented in Table 1. The experiment was laid out in a Randomized Block Design (RBD) with three replications to account for environmental heterogeneity and to enable precise estimation of experimental error. Each genotype was sown in a single row of 3m  length, maintaining a spacing of 30 cm between rows and 15 cm between plants within a row, thus ensuring adequate plant population and proper expression of genotypic potential. Recommended agronomic practices were followed to secure a healthy crop stand. 
Table 1 List of chickpea genotypes with their parentage/ source used in the present investigation
	S.
No.
	Name of genotypes 
	Pedigree/Parentage/source 
	S.No.
	Name of genotypes 
	Pedigree/Parentage/source 

	1
	SAGL 152327
	KAK 2 x JSC19
	36
	SAGL152242
	PG94259 × BG 1108

	2
	SAGL 152324
	IPC4958 X IPC 9494
	37
	SAGL162390
	JSC 37 × JSC 36

	3
	SAGL 152237
	BG2064 x KAK -2
	38
	SAGL152256
	JSC 19 × KAK 2

	4
	SAGL 152250
	KAK2 x BG2064
	39
	SAGL152208
	BG 362 × IPC 9494

	5
	SAGL 152350
	RAK, Coa, Sehore
	40
	SAGL152236
	KAK 2 × BG 362

	6
	SAGL 152238
	PG-9425-9 x IPC 9494
	41
	SAGL152342
	PG 94259 × BG 1108

	7
	SAGL 152405
	RAK, CoA, Sehore
	42
	SAGL152254
	BG 362 × ICC 506

	8
	SAGL 152339
	JG16 x KAK 2
	43
	SAGL152303
	JSC 19 × BGD 112

	9
	SAGL 152344
	IPC9494 x JG16
	44
	SAGL152404
	RAK, CoA, Sehore

	10
	SAGL 162299
	JSC52x JSC 36
	45
	SAGL152252
	ICC 4958 × BG 1108

	11
	SAGL 162387
	ICC4958 x BG 1003
	46
	SAGL152349
	KAK 2 × PHULE G5

	12
	SAGL 162381
	JSC52 x RSG 888
	47
	SAGL162371
	JSC 52 ×JG 130

	13
	SAGL 162364
	SC36 x JSC 37
	48
	SAGL152334
	PG 94259 × IPC 9494

	14
	SAGL 152356
	RAK, CoA, Sehore
	49
	JG24
	JNKVV, Jabalpur

	15
	SAGL 152337
	ICC4958 x KAK 2
	50
	JG63
	Single plant selection from JG62

	16
	SAGL 153226
	RAK, CoA, Sehore
	51
	JG14 
	(GW5/7 x P327) x ICCL83149

	17
	SAGL 152258
	JG 135 x FG 711
	52
	JG11
	(Phule G5 x Narsinghpur bold) x
ICCC37

	18
	SAGL152231
	ICC 4958 x BG 362
	53
	JG36
	JG 12 x JG 16

	19
	SAGL152223
	RAK, CoA, Sehore
	54
	JG130
	(PhuleG5 X Narshinghpur bold) X JG 74)

	20
	SAGL 152234
	JSC 19 x ICC 4958
	55
	JG315
	Selection form WR 315

	21
	SAGL 162376
	JSC 52 x RSG 888
	56
	JG6
	(ICCV10 x K850) x (H208x RS11)

	22
	SAGL 162377
	JSC36 x JSC 52
	57
	JGG1
	Selection from germplasm

	23
	SAGL 161024
	JAKI9218 x BGD 112
	58
	RVSSG64
	RAK, CoA, Sehore

	24
	SAGL 161025
	JSC 52 x BGD 112
	59
	RVSSG69
	RAK, CoA, Sehore

	25
	SAGL 152403
	RAK, CoA, Sehore
	60
	RVSSG85
	RAK, CoA, Sehore

	26
	SAGL 162370
	PG94259 × BG 2064
	61
	RVSSG75
	RAK, CoA, Sehore

	27
	SAGL 152210
	IPC94-94 × ICC 506
	62
	RVG202
	RAK, CoA, Sehore

	28
	SAGL 152273
	KAK 2 × IPC 9494
	63
	RVG201
	Phule G5x Bheema

	29
	SAGL 152216
		JG16×Vijay



	64
	RVG205
	BGD 112 × JSC 37

	30
	SAGL 162265
	BG 362 × JSC19
	65
	RVG210
	BG362 × JG 16

	31
	SAGL 152347
	KAK2 × JSC 19
	66
	JAKI9218
	(ICCC 37 x GW5/7) x ICCV 107

	32
	SAGL 152314
	KAK2 × Vishal
	67
	ICC4958
	Germplasm collection

	33
	SAGL 162375
	JAKI9218 × JSC52
	68
	Pant Gram 5
	PG035 X HC5

	34
	SAGL 152278
	JSC37 × JSC36
	69
	H-12-55
	HC 1 X H 00-216


2.3 Screening of genotypes for molecular diversity
For molecular diversity analysis, 12 SSR markers were employed to assess polymorphism among the genotypes (Table 2). Genomic DNA was extracted from field -grown young leaf tissues from each genotype and replication using the modified CTAB method (Murray and Thompson, 1980) with minor modification as suggested by Tiwari et al. (2017). The extraction buffer contained 100 mM Tris-Cl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl, 2% CTAB and 0.2% β-mercaptoethanol. Leaf samples were ground in extraction buffer, incubated at 65°C for 45–60 min and subsequently treated with phenol: chloroform: isoamyl alcohol (25:24:1) for protein removal. DNA was precipitated employing sodium acetate and ethanol, washed with 70% ethanol, air-dried and dissolved in TE buffer. The DNA quality and concentration were checked by 0.8% agarose gel electrophoresis and by measuring OD260/280 ratios using a spectrophotometer (Thermo) with DNA samples adjusted to ~25–40 ng/μl for PCR amplification. PCR amplification was performed in a 10 μl reaction mixture containing 1X PCR buffer, 0.1 U Taq DNA polymerase, 1 μl dNTPs (1 mM), 0.5 μl each of forward and reverse primers (10 pM) and ~50 ng of genomic DNA. The thermal cycling conditions involved an initial denaturation at 95°C for 5 min followed by 35 cycles of 94°C for 1 min, annealing at 55–62°C (depending on the primer) and extension at 72°C for 1 min, with a final extension at 72°C for 7 min. The amplified products were resolved on 3% agarose gels in 1X TBE buffer, stained with ethidium bromide and visualized under using a gel documentation system (Syngene, USA). A 100-bp DNA ladder was used as a molecular size standard. This workflow allowed clear assessment of allele size variation and polymorphism across the chickpea genotypes.
2.4 Molecular analysis 
The genetic profile of 69 chickpea genotypes was scored based on difference in allele size using 12 SSR markers (Table 2). The major allele frequency, polymorphism information content (PIC) and genetic distance-based clustering was performed with Unweighted Pair Group Method for Arithmetic average (UPGMA) tree using Power Marker v3.25 software and the dendrogram was constructed using MEGA 4.0 software (Tamura et al., 2007). SSR data was again subjected to cluster analysis followed by bootstrap analysis with 1000 permutations for all the genotypes using Mega 4.0 software.

Table 2 List of sequences of SSR markers used in present investigation
	S.
No
	SSR marker
	                                        Sequence
	

	
	
	Forward
	Reverse
	References

	1
	GA 2
	TGCATTGGAAATACAGCATGA
	AATTTTGGTTCGCCACAAAC
	Varshney et al. (2014)

	2
	GA 16
	CACCTCGTACCATGGTTTCTG
	TAAATTTCATCCTCTCCGGC
	Varshney et al. (2014)

	3
	GA 20
	TATGCACCACACCTCGTACC
	TGACGGAATTCGTGATGTGT
	Varshney et al. (2014)

	4
	TR 19
	TCAGTATCACGTGTAATTCGT
	CATGAACATCAAGTTCTCCA
	Winter et al. (2000)

	5
	TA 130
	TCTTTCTTTGCTTCCAATGT
	GTAAATCCCACGAGAAATCAA
	Winter et al. (1999)

	6
	TA 72
	GAAAGATTTAAAAGATTTTCCACGTTA
	TTAGAAGCATATTGTTGGGATAAGAGT
	Winter et al. (1999)

	7
	TA 46
	TTTATTGCAATAAAACTCATTTCTTATC
	TTCTTTTTGTGTGAAAAAAAAATATAGTGA
	Winter et al. (1999)

	8
	TA 170
	TATAGAGTGAGAAGAAGCAAAGAGGAG
	TATTGCATCAATGTTCTGTAGTGT TT
	Winter et al. (1999)

	9
	TA 125
	TTGAAATTGAACTGTAACAGAACATAAA
	TAGATAGGTGATCACAAGAAGAGAATG
	Winter et al. (1999)

	10
	TA 194
	TTTTTGGCTTATTAGACTGACTT
	TTGCCATAAAATACAAAATCC
	Winter et al. (1999)

	11
	TA 64
	ATATATCGTAACTCATTAATCATCCGC
	AAATTGTTGTCATCAAATGGAAAATA
	Winter et al. (1999)

	12
	TS 45
	TGACACAAAATTGTCTCTTGT
	TGTTCTTAACGTAACTAACTAACCTAA
	Winter et al. (1999)



3. Results & Discussion 
3.1 Molecular analysis
To estimate the genetic diversity among sixty-nine genotypes of desi chickpea, a molecular characterization study was undertaken using twelve simple sequence repeat (SSR) markers. The SSR markers successfully amplified genomic regions, producing alleles of varying sizes that revealed polymorphic patterns across the genotypes. Out of the twelve SSR markers evaluated, five markers presented in table 3 were found to be reproducible and polymorphic across all genotypes, whereas seven markers exhibited monomorphic banding patterns, indicating no detectable variation at these loci. In total, fifteen alleles were identified as polymorphic and homozygous across the five polymorphic markers, resulting in an average of three alleles per locus. The analysis of major allele frequency (Table 3) showed values ranging from 0.6857 (68.57%) for marker TA-130 to 0.8000 (80.00%) for marker TR-19, with a mean frequency of 0.7343 (73.43%), suggesting a predominance of certain alleles within particular chickpea genotype, which is typical given the self-pollinated nature of chickpea (Amina et al., 2019). Gene diversity estimates varied between 0.3335 for the marker TR-19 to 0.4604 for the marker TA-130, with an average of 0.4046, indicating presence of moderate genetic variability among the genotypes. Similarly, the polymorphism information content (PIC) values for the polymorphic markers arrayed between 0.2994 (TR-19) to 0.3947 (TA-130) with a mean worth of 0.3489, demonstrated that these markers possess moderate discriminatory power. Remarkably, the highest gene diversity and PIC values signified for marker TA-130 highlight its effectiveness in distinguishing chickpea genotypes and its potential application in further molecular breeding programmes. The overall moderate levels of gene diversity and PIC values obtained in this study are consistent with previous findings in chickpea, reflecting the crop’s predominantly self-pollinated nature which often leads to reduced heterozygosity (Sefera et al., 2011; Kalve et al., 2017; Farahani et al., 2019a; Ningwal et al., 2024). However, the presence of multiple alleles at the polymorphic loci indicated that sufficient genetic diversity exists within this set of genotypes, which could be strategically utilized in breeding programmes (Sharma & Ghosh, 2016; Admas et al., 2021; Mishra et al., 2024a). These findings underscore the value of incorporating SSR-based molecular data into conventional chickpea improvement programmes to facilitate the identification and selection of diverse and potentially capable genotypes, thereby accelerating the development of cultivars with durable disease resistance (Ningwal et al., 2023; Mishra et al., 2024b; Mishra et al., 2025a; Mishra et al., 2025b; Yadav et al., 2025).
Table 3: SSR markers presenting major allele frequency, number of alleles, gene diversity and Polymorphic Information Content (PIC)
	Marker
	Major allele
frequency
	Number of
allele
	Gene
diversity
	PIC Value

	GA-20
	0.7000
	3.0000
	0.4355
	0.3624

	GA-2
	0.7857
	3.0000
	0.3514
	0.3128

	TS-45
	0.7000
	3.0000
	0.4420
	0.3752

	TA-130
	0.6857
	3.0000
	0.4604
	0.3947

	TR-19
	0.8000
	3.0000
	0.3335
	0.2994

	Mean
	0.7343
	3.0000
	0.4046
	0.3489


3.2 Cluster analysis of SSR markers
[bookmark: Table_4.12_Molecular_analysis_using_SSR_]The phylogenetic tree of 69 chickpea genotypes was constructed using banding patterns derived from 15 alleles of five microsatellite markers. The UPGMA-based dendrogram revealed considerable genetic variability among the genotypes, grouping them into two major clusters (Fig.1). Major Cluster I comprised eight genotypes and was further divided into two sub-clusters, including SAGL-152350, SAGL-152347, SAGL-152327 and SAGL-152273 genotypes in sub-cluster I and SAGL-162390, SAGL-162364, SAGL-161025 and Vishal genotypes in sub-cluster II respectively. Major Cluster II included the remaining genotypes and was further separated into two sub-clusters; sub-cluster I consisted with only single genotype namely SAGL-152223 while subcluster II includes all rest of the genotypes. Sub-cluster II was further classified into two sub subclusters, sub-cluster I and sub sub-cluster II. Furthermore, sub sub-cluster I consisted with two minor clusters including 11 genotypes viz., SAGL-152231, RVSSG-75, JG-36, ICC-4958, SAGL-152337, SAGL-152250, SAGL-162299, SAGL-152403, JG-130, SAGL-152404 and Pant Gram-5 and 9 genotypes i.e., SAGL-161024, SAGL-152237, SAGL-162387, SAGL-152356, SAGL-152344, SAGL-152252, RVG-202, SAGL-152303 and RVG-210 respectively while, sub sub-cluster II consisted with three minor clusters including 16 genotypes  namely : RVG-201, JAKI-9218, SAGL-152324, JG-6, JG-315, JG-24, JG-14, SAGL-152234, JGG-1, SAGL-152334, RVSSG-64, SAGL-162370, SAGL-153226, SAGL-152342, SAGL-162375 and RVG-205, 15 genotypes viz., SAGL-152339, SAGL-152278, SAGL-152242, SAGL-152238, SAGL-152210, RVSSG-85, RVSSG-69, JG-11, SAGL-152314, JG-63, SAGL-162377, SAGL-152349, SAGL-162376, SAGL-162381 and SAGL-152216 and 9 genotypes viz., SAGL-162371, SAGL-152258, SAGL-152208, H-12-55, SAGL-152405, SAGL-162265, SAGL-152256, SAGL-152254 and SAGL-152236 correspondingly.
[image: ]Fig.1 Dendrogram constructed based on UPGMA (Unweighted Pair Group Method with Arithmetic Mean)
The observed clustering pattern highlights meaningful relationships and divergence within the chickpea collection, which is critical for breeding programmes aimed to broad the genetic base and enhance disease resistance (Farahani et al., 2019a; Ilyas et al., 2025). The presence of genotypes dispersed across multiple clusters suggested that these lines harbor diverse alleles at the SSR loci evaluated, which could be strategically exploited for recombination breeding (Mir et al., 2021; Admas et al., 2021). The fact that certain clusters, such as Major Cluster II, sub cluster I, contained only a single genotype points to unique genetic profiles that could serve as valuable sources of novel alleles. Meanwhile, the larger clusters, such as cluster II, sub cluster II, indicated groups of genotypes sharing closer genetic affinities, potentially due to common ancestry or selection history. Overall, the clustering results reinforce the effectiveness of SSR markers in discerning genetic relationships among chickpea genotypes and provide a robust framework for the selection of diverse parental lines, thereby facilitating the development of improved cultivars with durable resistance to major diseases (Hajibarat et al., 2015; Farahani et al., 2019b; Singh et al., 2022; Susmitha et al., 2023; Mazkirat et al., 2023; Thakur et al., 2025).
Conclusion 
The present investigation effectively revealed the extent of molecular diversity among 69 desi chickpea genotypes using SSR markers, providing valuable insights into their genetic relationships and potential utility in hybridization. The study demonstrated moderate levels of genetic diversity, as reflected by major allele frequencies, gene diversity indices and polymorphism information content values across the polymorphic SSR loci. The clustering of genotypes into distinct groups through UPGMA analysis underscored considerable genetic divergence within this germplasm set, highlighting opportunities to harness this variability for chickpea improvement. Remarkably, the identification of unique genotypes clustered individually suggests the presence of novel allelic combinations that could serve as important sources of resistance to diseases and other stresses. Overall, the outcomes of this investigation emphasized the significance of integrating SSR-based molecular characterization with conventional breeding strategies to broaden the genetic base of chickpea. This approach will facilitate the development of high-yielding, disease-resistant cultivar (s), thereby contributing to the sustainability and resilience of chickpea cultivation under diverse agro-ecological conditions.
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