Assessment of molecular diversity among cowpea (Vigna unguiculata L.(Walp.) genotypes using SSR marker	Comment by user: It’s better to use genetic diversity

Abstract: Genetic diversity can be evaluated using molecular markers at the DNA level, as they are more abundant than morphological traits and are not affected by environmental factors. In the present study, 50 genotypes of cowpea have beenwere evaluated for genetic diversity through simple sequence repeats (SSR) markers at Plant Biotechnology Centre, College of Agriculture, Dapoli (MH), India during rabi, 2022-23. Twenty one21 pairs of SSR primers were employed to analyze the genetic diversity among the genotypes. All were found polymorphic across 50 genotypes of cowpea. Marker analysis of 21 SSR markers pairs revealed a generation of 48 alleles. Number of alleles ranged from 2 to 5 with an average number of 2.28 alleles per marker., The size of amplification products varied in case of each primer and the range was found to be 50 bp to 500 bp. The maximum number of 5 alleles were recorded in CP04320 followed by 4 alleles (CEDG 136) and 3 alleles (CEDG 141), whereas minimum number of 2 alleles were recorded in rest of the markers. PIC value ranged from 0.11 (CEDG117) to 0.75 (CP 04320) with an average of 0.41. The value of Jaccard’s Similarity coefficient ranged from 0.128 to 0.913 with an average of 0.520. The dendrogram constructed on SSR molecular marker data through UPGMA method enabling grouping of the genotypes into two main clusters. Overall results suggested that SSR can be a great tool to explore genetic diversity in cowpea.    	Comment by user: Write abstract more concise by addressing objective of study and why SSRs be used also add conclusion of study at the end
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1.Introduction: 	Comment by user: Rewrite introduction which clearly defines problem, and its solution. Elaborate why SSR markers are preferred to other markers. Define its nature codominant. What is status of genetic variability in the cowpea.
Cowpea (Vigna unguiculata (L.) Walp., 2n = 2x = 22) is a self-pollinating crop with a genome size of approximately 640.6 Mb (Lonardi et al., 2019). It is a relatively low-cost source of plant-derived protein, amino acids, and essential nutrients globally. Cowpea is a sustainable pulse crop supporting millions of people living in the tropics and subtropics.
According to FAOSTAT (2024), cowpea is grown on approximately 15.19 million hectares globally, generating 9.77 million tonnes and delivering biomass productivity of about 6,435 kg/ha. In India, the area under pulses was 289.01 write in millionslakh ha with the production of 260.58 lakh tonnes and the average productivity of 902 kg/ha. (IndiastatAgri.2022-23). Total area of cowpea in Maharashtra and Konkan region is about 11,800 ha. and 1200 ha. having total production of 4600 and 500 tonnes, respectively (Anonymous, 2018). In Konkan region, the area under total pulses is 46.74 thousand hectares, with a production of 25.26 thousand tonnes and a productivity of 516.06 kg/ha (Anonymous, 2021). The low yield of cowpea is mainly due to several abiotic and biotic stresses. Abiotic factors include drought, poor soil fertility and high temperature, whereas biotic factors consist of insect pests, diseases, parasitic weeds, and nematodes.  
Crop improvement relies on genetic variability, which provides the basis for selection. While cowpea accessions are mostly characterized using morphological traits influenced by the environment, molecular markers offer more reliable insights. Among DNA markers (AFLP, RFLP, RAPD, SSR, SNP), SSRs are widely favored due to their simplicity, high variability, and genomic abundance. These markers differ in inheritance, locus specificity, cost, and technical requirements (Gelotar et al., 2019). Assessing germplasm traits aids in parent selection and reduces initial screening efforts. Therefore, this study aimed to evaluate genetic variation and relationships among cowpea genotypes using SSR markers for crop improvement.
2.Material and Methods:	Comment by user: It should be rewrite. There are no references in this section. No methodology has been given. How DNA extracted and how purified etc. No information about agronomic and field practices. 
Plant material and DNA isolation: In the present study, 50 cowpea genotypes were used for molecular diversity analysis (Table 1). The DNA was extracted from fresh leaves of cowpea seedlings that were raised in pots under greenhouse condition and used for current research. Molecular analysis was performed at Plant Biotechnology Centre, College of Agriculture, Dr.B.S.K.K.V.,Dapoli Dist. Ratnagiri (M.S.). The DNA was isolated using the protocol described by Edwards et al. (1991), with minor modifications to the buffer composition and concentration.	Comment by user: ?
Table 1 :  List of cowpea genotypes with their sources
	Genotype code
	Genotypes
	Source
	Genotype code
	Genotypes
	Source

	G1
	EC723983 
	NBPGR, New Delhi
	G26
	EC240682
	NBPGR, New Delhi

	G2
	EC723690
	NBPGR, New Delhi
	G27
	EC240664
	NBPGR, New Delhi

	G3
	IC471955
	NBPGR, New Delhi
	G28
	IC471387
	NBPGR, New Delhi

	G4
	EC724418
	NBPGR, New Delhi
	G29
	IC560919
	NBPGR, New Delhi

	G5
	EC723990
	NBPGR, New Delhi
	G30
	IC257413
	NBPGR, New Delhi

	G6
	EC724347
	NBPGR, New Delhi
	G31
	EC240675
	NBPGR, New Delhi

	G7
	EC725177
	NBPGR, New Delhi
	G32
	EC240628
	NBPGR, New Delhi

	G8
	EC170072
	NBPGR, New Delhi
	G33
	EC149303-A
	NBPGR, New Delhi

	G9
	IC586952
	NBPGR, New Delhi
	G34
	EC240679
	NBPGR, New Delhi

	G10
	EC149474
	NBPGR, New Delhi
	G35
	EC243991
	NBPGR, New Delhi

	G11
	IC398083
	NBPGR, New Delhi
	G36
	EC149288
	NBPGR, New Delhi

	G12
	EC724488
	NBPGR, New Delhi
	G37
	EC724826
	NBPGR, New Delhi

	G13
	EC724900
	NBPGR, New Delhi
	G38
	EC240668
	NBPGR, New Delhi

	G14
	EC725135
	NBPGR, New Delhi
	G39
	EC240652
	NBPGR, New Delhi

	G15
	EC724901
	NBPGR, New Delhi
	G40
	EC240670
	NBPGR, New Delhi

	G16
	EC240831
	NBPGR, New Delhi
	G41
	BA 01
	Dept.of Agricultural Botany,COA,Dapoli

	G17
	EC240850
	NBPGR, New Delhi
	G42
	EC-1071 55 
	Dept.of Agricultural Botany,COA,Dapoli

	G18
	IC 296560
	NBPGR, New Delhi
	G43
	CP 17
	Dept.of Agricultural Botany,COA,Dapoli

	G19
	IC259071
	NBPGR, New Delhi
	G44
	ACD109
	Dept.of Agricultural Botany,COA,Dapoli

	G20
	EC724746
	NBPGR, New Delhi
	G45
	DWD10
	Dept.of Agricultural Botany,COA,Dapoli

	G21
	EC724376
	NBPGR, New Delhi
	G46
	Saswad local type
	Collection from farmer (Saswad, Dist. Pune)

	G22
	EC724299
	NBPGR, New Delhi
	G47
	Gowalkot local type
	Collection from farmer (Gowalkot, Tal.Chiplun)

	G23
	EC723822
	NBPGR, New Delhi
	G48
	Konkan Sadabahar
	Dept.of Agricultural Botany,COA,Dapoli

	G24
	EC724374
	NBPGR, New Delhi
	G49
	PCB971102
	Dept.of Agricultural Botany,COA,Dapoli

	G25
	IC471954
	NBPGR, New Delhi
	G50
	CP13
	Dept.of Agricultural Botany,COA,Dapoli



DNA purification: Purification of DNA samples was done to eliminate significant impurities such as RNA, proteins and polysaccharides. RNase enzyme treatment was used to eliminate RNA.  After agarose gel electrophoresis with standard DNA on a 0.8 per cent agarose gel, the concentration of DNA in the sample was determined by comparing the intensity of staining with Ethidium Bromide.
The isolated and quantified DNA sample was subjected to DNA amplification by the use of following components (Table 2).
Table 2: Master mixture for polymerase chain reaction  
	Components
	Stock concentration
	Vol. for one reaction/10 µl

	Taq buffer
	10X
	1.25µl

	MgCl2
	25 mM
	0.25µl

	dNTP mix
	10 mM
	0.5µl

	Primer- F
	25picomole/µl
	0.5µl

	Primer- R
	25picomole/µl
	0.5µl

	Taq DNA polymerase
	3 µ/µl
	0.25µl

	Template DNA
	30-50 ng
	1.0µl

	Sterile Distilled water
	-
	5.75 µl

	Total
	
	10 µl



SSR-PCR amplification:  21 SSR primers were used to screen cowpea genotypes presented in Table 3. The concentration of 30-50 ng µl-1 of genomic DNA was used for SSR-PCR amplification. PCR amplification was performed with reaction conditions programmed as initial denaturation at 94 ºC for 4 min., followed by 35 cycles of denaturation for 30 sec.at 94 ºC. Annealing temperature 55-59.5 ºC for 45 sec. and extension at 72 ºC for 1 min. A final extension was performed at 72 ºC for 20 min. and storage at 4 ºC.   
The amplified products in the SSR reaction were separated using agarose gel electrophoresis in a 2% agarose gel (Merck, India) containing ethidium bromide in 1X TAE Buffer (pH 8.0) and separation was carried out by applying constant voltage of 70 volts for 100 minutes. The documentation systems (Uvi-Tech, Fire reader, Cambridge, England) was used which took images of the gel and recorded them in the computer for subsequent study.
Data analysis:  DNA bands generated from PCR amplification were subjected to binary system where 21 SSR markers were scored for presence (1) or absence (0) of bands. To avoid poor reproducibility, the faint and diffused bands were excluded from scoring. The size of each allele was determined by running simultaneously a DNA ladder by using a software (Uvi-Tech, Fire-reader software version 15.12). The data was used for similarity-based analysis using the programme MVSP-A (Multivariate Statistical Package - 5785 Version 3.1). Similarity coefficients were used to construct UPGMA (unweighted pair group method with average) to generate dendrogram.
3.Results and Discussion:
Standardization of annealing temperature :	Comment by user: It should be add in material and methods portion not in results and discussion
The data pertaining to the standardization of annealing temperatures is presented in Table 3. A total of 21 SSR markers used in the study were standardized for specific annealing temperatures using the gradient PCR technique. Varied annealing temperatures (55°C to 59.5°C) were established for each SSR primer to achieve optimal amplification. In this technique, different annealing temperatures ranging from 55°C to 60°C were used, with a 0.5°C incremental difference. For most of the primers, 55°C was found to be the optimal annealing temperature. However, primer CEDG 136 amplified at 59.5°C.
Table 3 : List of primers standardized in the present study.

	Sr. no.
	Primer
Name
	Forward/ Reverse
	Primer sequence
	Annealing temp. in 0C

	1

	CEDG 093
	F
	AAAACCCATGTAAAAGTTCA
	55

	
	
	R
	CAATCCATTCCCTTCTTAAT
	

	2.

	CEDG 111
	F
	TGGAAGTTTCCAAGAGGGTTTTC
	55

	
	
	R
	TCTCACCACCTTTTACCTTCTCA
	

	3.
	CEDG117
	F
	GTACACTTCCACTAATCCAAAATT
	55

	
	
	R
	TGGTACCTTCCTTATCTGAAATTA
	

	4.

	CEDG139
	F
	CAAACTTCCGATCGAAAGCGCTTG
	55

	
	
	R
	GTTTCTCCTCAATCTCAAGCTCCG
	

	5.
	CEDG 136
	F
	GTTCCAAGTCTCCAATCCGTAC
	59.5

	
	
	R
	CACTTCACTAGAACTGGTTCAG
	

	6.
	CEDG 132
	F
	GGGTGTAATCCGTCAGAGGC
	55

	
	
	R
	CTTCCCCCTCTTCCGTTCTC
	

	7.

	CEDG 171
	F
	CTTGAGAACCAACTCGAACTTC
	55

	
	
	R
	GGGAAATCGAAGAGGGACAG
	

	8.
	CEDG 174
	F
	GAGGGATCTCCAAAGTTCAACGG
	55

	
	
	R
	GAAGGCTCCGAAGTTGAAGGTTG
	

	9.

	CEDG 176
	F
	GGTAACACGGGTTCAGATGCC
	55

	
	
	R
	CAAGGTGGAGGACAAGATCGG
	

	10.

	CEDG 191
	F
	CAATAAGCAATCTGTGGAGAG
	55

	
	
	R
	CTGCAGGAAACTTGGAATTGC
	

	11.

	CEDG 156
	F
	CGCGTATTGGTGACTAGGTATG
	55.5

	
	
	R
	CTTAGTGTTGGGTTGGTCGTAAGG
	

	12

	CEDG 092
	F
	TCTTTTGGTTGTAGCAGGATGAAC
	55

	
	
	R
	TACAAGTGATATGCAACGGTTAGG
	

	13

	CP 9781
	F
	CTGACGCATTCAGCATTTTACAGC
	55

	
	
	R
	GGAAATACGGTTGCGTCCATGTAT
	

	14

	CEDG 305
	F
	GCAGCTTCACATGCATAGTAC
	55

	
	
	R
	GAACTTAACTTGGGTTGTCTGC
	

	15

	CP 04320
	F
	GTTTTCCAGTTTTCTGCATTCCAAC
	55

	
	
	R
	AACCATCAGCTTTCCTTTCAGACA
	

	16

	CEDG 198
	F
	CAAGGAAGATGGAGAGAATC
	55

	
	
	R
	CCTTCTAAGAACAGTGACATG
	

	17

	CEDG 275
	F
	CACACTTCAAGGAACCTCAAG
	55

	
	
	R
	GTAGGCAACCTCCATTGAAC
	

	18
	CEDG 141
	F
	CCAGGCATCCATGATGACC
	56.8

	
	
	R
	GAAGTTGTTGGTAATGGTTGCCTC
	

	19

	CEDG 008
	F
	AGGCGAGGTTTCGTTTCAAG
	56.8

	
	
	R
	GCCCATATTTTTACGCCCAC
	

	20

	CEDG 127
	F
	GGTTAGCATCTGAGCTTCTTCGTC
	55.5

	
	
	R
	CTCCTCACTTGGTCTGAAACTC
	

	21

	CEDG 128
	F
	CTGCCAAAGATGGACAACTTGGAC
	55

	
	
	R
	GCCAACCATCATCACAGTGC
	



 Molecular Diversity Analysis using SSR Markers	Comment by user: Molecular or genetic 
Fifty different cowpea genotypes were screened with SSR markers for confirming their diversity. Twenty one microsatellite (SSR) markers were used to examine the molecular diversity. All were found polymorphic across the 50 genotypes of cowpea. Table 4 shows the outcome of markers
Table. 4.: Primer wise amplification and percent polymorphism of 50 genotypes
	[bookmark: _Hlk192143359]Sr. no.
	Marker
Name
	No. of
Alleles
	Polymorphism percentage
	Range of             amplification (bp)
	PIC

	1
	CEDG 093
	2
	80
	151-250
	0.32

	2
	CEDG 111
	2
	72
	201-300
	0.40

	3
	CEDG117
	2
	94
	101-200
	0.11

	4
	CEDG139
	2
	56
	151-250
	0.49

	5
	CEDG 136
	4
	60
	101-300
	0.26

	6
	CEDG 132
	2
	52
	101-200
	0.49

	7
	CEDG 171
	2
	82
	151-250
	0.37

	8
	CEDG 174
	2
	90
	151-250
	0.25

	9
	CEDG 176
	2
	64
	101-200
	0.46

	10
	CEDG 191
	2
	54
	101-200
	0.49

	11
	CEDG 156
	2
	64
	151-250
	0.46

	12
	CEDG 092
	2
	88
	100-200
	0.35

	13
	 CP 9781
	2
	56
	251-350
	0.49

	14
	CEDG 305
	2
	84
	50-150
	0.37

	15
	CP 04320
	5
	36
	251-500
	0.75

	16
	CEDG 198
	2
	64
	151-250
	0.49

	17
	CEDG 275
	2
	68
	251-350
	0.43

	18
	CEDG 141
	3
	56
	50-200
	0.58

	19
	CEDG 008
	2
	66
	50-150
	0.44

	20
	CEDG 127
	2
	72
	201-300
	0.42

	21
	CEDG 128
	2
	90
	101-200
	0.14

	
	Total
	48.00
	1448
	-
	8.56

	
	Average
	2.28
	68.95
	-
	0.41




Marker analysis of 21 SSR marker pairs viz., CEDG093, CEDG111, CEDG117, CEDG139, CEDG136, CEDG132, CEDG171, CEDG174, CEDG176, CEDG191, CEDG156, CEDG092, CP 9781, CEDG 305, CP04320, CEDG198, CEDG275, CEDG141, CEDG008, CEDG127,CEDG128 generated a total of 48 alleles among 50 genotypes. Number of alleles ranged from 2 to 5 with an average number of 2.28 alleles per locus. These findings were in agreement with recent reports on the number of alleles detected using SSR markers in legumes such as 2 to 5 in yard long bean (Saha et.al 2020), 1 to 7 in chickpea (Vashist et.al, 2019), 2 to 6 in pea (Ram et.al,2021) and 2 to 5 in cowpea (Vinay et.al,2022). The maximum number of 5 alleles were recorded in CP 04320 followed by 4 alleles (CEDG 136) and 3 alleles (CEDG 141) whereas minimum number of 2 alleles were recorded in rest of the marker viz, CEDG093, ,CEDG111,CEDG117,CEDG139,CEDG132,CEDG171,CEDG174,CEDG176,CEDG191,CEDG156,CEDG092,CP9781,CEDG305,CEDG198,CEDG275,CEDG008,CEDG127 and CEDG128.  
The molecular size of the amplified PCR products ranged from 50 bp (CEDG 008, CEDG 141) to 500 bp (CP04320). The PIC value ranged from 0.11 (CEDG117) to 0.75 (CP 04320) with an average of 0.41. The results were close with the findings of Devi and Jayamani, (2020). The genetic background of 50 cowpea accessions was high according to the molecular dendrogram (Fig.1) and clustering pattern of the 50 cowpea genotypes is given in Table 5. This information will reduce the time required in screening large populations of potential patterns in identifying breeding stock. The similar results were obtained by Lie et al.(2001) and Devi and Jayamani (2020).  
The genotypes subjected to Jaccard's coefficient analysis for finding the similarity between all the possible pairs of genotypes were depicted in Table 6. The results indicated that the similarity coefficients among all the 50 genotypes ranged between 0.128 (between EC0240682 and EC724376, EC0240682 and EC724299) to 0.913 (between EC724901 and EC725135, EC240831 and EC724901, EC724746 and IC259071, EC724299 and IC259071, EC724299 and EC724376, EC240664 and EC240682, EC240668 and EC2406679) with an average of 0.520. The genotypes grouped close to 0.128 showed more dissimilarity whereas grouped close to 0.913 showed high similarity. The same result was conformity with the findings of Vinay et al. (2022). 
 Table 5 :   Clustering Pattern of 50 cowpea genotypes	Comment by user: Tables format is not as per journal requirement. 
	Cluster
	Sub-cluster
	Sub-sub-cluster
	Sub-sub-sub-cluster
	No. of genotypes
	Name of genotypes

	I
	A
	IA (a)
	IA (aa)
	4
	EC 724826,EC 240670,EC 240652,EC 243991

	
	
	
	IA (ab)
	11
	EC-107155,PCB 9711,Gowalkot local, Saswad local, DWD 10,ACD 109,CP17, CP13, K.Sadabahar, EC 240668,EC 240679 

	
	
	IA (b)
	IA (ba)
	1
	EC 149288

	
	
	
	IA (bb)
	9
	BA 01,IC 471954,EC 724374, EC 723822, EC 724299, EC724376,EC 724746, IC 259071, IC 296560

	
	B
	IB (a)
	-
	4
	EC 149303-A, EC 240628, EC 240675, IC 257413

	
	
	IB (b)
	IB (ba)
	1
	EC 240850

	
	
	
	IB (bb)
	10
	IC 586952,EC 170072,EC 240831, EC 724901, EC725135, EC 724900, EC 724488, IC 398083, EC 149474,EC 725177

	

	II
	A
	-
	-
	1
	EC 724347

	
	B
	IIB (a)
	-
	4
	IC 560919,IC 471387, EC 240664, EC 240682

	
	
	IIB (b)
	IIB (ba)
	2
	EC 723990, EC 724418

	
	
	
	IIB(bb)
	3
	IC 471955, EC 723690, EC 723983



 Cluster analysis: 
Cluster analysis grouped the genotypes into two main clusters, namely one major and one minor.
The major cluster I comprised of 40 genotypes whereas minor contain 10 genotypes. Major cluster I was divided into subcluster A and B.Sub cluster A was divided into 2 sub sub cluster IA(a) and IA(b). Sub cluster IA (a) was divided again into Sub-sub-sub cluster IA (aa)  and IA(ab).The cluster IA (aa) included 4 genotypes namely EC 724826,EC 240670,EC 240652 and EC 243991.
The cluster IA (ab) included maximum (11) genotypes namely EC-107155,PCB 9711,Gowalkot local, Saswad local, DWD 10,ACD 109,CP17, CP13, K.Sadabahar, EC 240668 and EC 240679. Sub cluster IA (ba) included 1 genotype namely EC 149288 whereas sub cluster IA (bb) comprised 9 genotypes namely BA 01, IC 471954,EC 724374, EC 723822, EC 724299, EC724376,EC 724746, IC 259071 and IC 296560. Sub cluster B was divided into Sub-sub cluster  IB(a) and IB(b). Sub cluster IB (a) included 4 genotypes namely EC 149303-A, EC 240628, EC 240675 and IC 257413.The cluster IB (ba) included one genotype namely EC 240850.Sub cluster IB (b) was divided into two sub sub-sub-sub cluster IB (ba) and IB (bb). The IB (ba) included one genotype (EC 240850) whereas IB (bb) included 10 genotypes namely IC 586952,EC 170072,EC 240831, EC 724901, EC725135, EC 724900, EC 724488, IC 398083, EC 149474 and EC 725177.
Minor cluster II comprised of 10 genotypes. Minor cluster II was divided into two sub cluster IIA and IIB.Sub cluster IIA included only one genotype i.e EC 724347. IIB was divided into 2 Sub-sub cluster IIB(a) and IIB(b). The IIB (a) included 4 genotypes namely IC 560919,IC 471387, EC 240664 and  EC 240682. The IIB (b) was divided into two sub-sub-sub cluster IIB (ba) and IIB (bb).The IIB (ba) included 2 genotypes namely EC 723990, EC 724418 and IIB (bb) included 3 genotypes namely IC 471955, EC 723690 and EC 723983.Fifty genotypes mainly showed genetic dissimilarities leading to genetic diversity. 
  Conclusion: The dendrogram and similarity coefficient values give an idea about the nature of the individual sample in the whole sample set. The results obtained in cluster analysis proved to be important during the selection of genetically diverse parents for the breeding programme.

[image: ]
Fig.1 Dendrogram of 50 cowpea genotypes based on SSR marker data.


Table 6. Jaccard’s similarity coefficient of 50 cowpea genotypes. 
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	EC240831
	0.387
	0.433
	0.433
	0.433
	0.433
	0.536
	0.76
	0.63
	0.76
	0.833
	0.692
	0.792
	0.833
	0.833
	0.913
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240850
	0.265
	0.303
	0.303
	0.303
	0.303
	0.387
	0.571
	0.571
	0.692
	0.63
	0.517
	0.72
	0.63
	0.63
	0.692
	0.76
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC 296560
	0.229
	0.265
	0.265
	0.265
	0.265
	0.344
	0.375
	0.692
	0.692
	0.517
	0.517
	0.654
	0.517
	0.517
	0.571
	0.517
	0.571
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC259071
	0.229
	0.265
	0.265
	0.265
	0.265
	0.344
	0.467
	0.692
	0.692
	0.63
	0.517
	0.792
	0.63
	0.63
	0.692
	0.63
	0.692
	0.833
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC724746
	0.194
	0.229
	0.229
	0.229
	0.229
	0.387
	0.419
	0.63
	0.63
	0.571
	0.467
	0.72
	0.571
	0.571
	0.63
	0.571
	0.63
	0.76
	0.913
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC724376
	0.194
	0.229
	0.229
	0.229
	0.265
	0.344
	0.467
	0.571
	0.571
	0.517
	0.517
	0.654
	0.517
	0.571
	0.571
	0.517
	0.571
	0.692
	0.833
	0.76
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC724299
	0.194
	0.229
	0.229
	0.229
	0.229
	0.303
	0.419
	0.63
	0.63
	0.571
	0.467
	0.72
	0.571
	0.571
	0.63
	0.571
	0.63
	0.76
	0.913
	0.833
	0.913
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC723822
	0.2
	0.235
	0.235
	0.235
	0.235
	0.313
	0.433
	0.483
	0.593
	0.536
	0.483
	0.615
	0.536
	0.536
	0.483
	0.536
	0.593
	0.593
	0.72
	0.654
	0.792
	0.792
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC724374
	0.229
	0.194
	0.265
	0.194
	0.194
	0.265
	0.375
	0.517
	0.517
	0.467
	0.419
	0.593
	0.467
	0.571
	0.517
	0.467
	0.517
	0.63
	0.76
	0.692
	0.833
	0.833
	0.792
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC471954
	0.265
	0.303
	0.229
	0.229
	0.229
	0.303
	0.419
	0.467
	0.571
	0.419
	0.375
	0.536
	0.517
	0.517
	0.467
	0.419
	0.467
	0.692
	0.692
	0.63
	0.76
	0.76
	0.72
	0.76
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240682
	0.792
	0.72
	0.72
	0.654
	0.654
	0.536
	0.419
	0.294
	0.294
	0.333
	0.375
	0.229
	0.333
	0.294
	0.294
	0.333
	0.222
	0.222
	0.158
	0.189
	0.128
	0.128
	0.162
	0.158
	0.189
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240664
	0.72
	0.654
	0.654
	0.593
	0.593
	0.593
	0.467
	0.333
	0.333
	0.375
	0.419
	0.265
	0.375
	0.333
	0.333
	0.375
	0.257
	0.257
	0.189
	0.222
	0.158
	0.158
	0.194
	0.189
	0.222
	0.913
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC471387
	0.593
	0.536
	0.536
	0.593
	0.536
	0.536
	0.419
	0.375
	0.375
	0.419
	0.467
	0.303
	0.419
	0.294
	0.294
	0.333
	0.222
	0.294
	0.222
	0.257
	0.189
	0.189
	0.229
	0.222
	0.257
	0.76
	0.833
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC560919
	0.72
	0.654
	0.654
	0.72
	0.654
	0.536
	0.517
	0.375
	0.375
	0.419
	0.467
	0.303
	0.419
	0.375
	0.375
	0.419
	0.294
	0.294
	0.222
	0.189
	0.189
	0.189
	0.229
	0.222
	0.257
	0.76
	0.833
	0.833
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	IC257413
	0.483
	0.433
	0.433
	0.483
	0.433
	0.433
	0.375
	0.517
	0.517
	0.375
	0.419
	0.387
	0.467
	0.419
	0.419
	0.375
	0.333
	0.517
	0.419
	0.375
	0.375
	0.375
	0.344
	0.419
	0.467
	0.467
	0.517
	0.63
	0.63
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240675
	0.433
	0.483
	0.387
	0.654
	0.593
	0.593
	0.571
	0.517
	0.517
	0.467
	0.517
	0.433
	0.571
	0.517
	0.517
	0.571
	0.517
	0.419
	0.419
	0.375
	0.375
	0.375
	0.433
	0.333
	0.375
	0.467
	0.517
	0.517
	0.63
	0.692
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240628
	0.344
	0.387
	0.303
	0.536
	0.483
	0.483
	0.571
	0.63
	0.63
	0.571
	0.63
	0.536
	0.692
	0.517
	0.517
	0.571
	0.517
	0.517
	0.517
	0.467
	0.467
	0.467
	0.483
	0.419
	0.467
	0.375
	0.419
	0.517
	0.517
	0.692
	0.833
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC149303-A
	0.4
	0.355
	0.355
	0.4
	0.355
	0.448
	0.593
	0.593
	0.654
	0.593
	0.536
	0.615
	0.72
	0.593
	0.593
	0.593
	0.536
	0.483
	0.593
	0.536
	0.536
	0.536
	0.5
	0.593
	0.536
	0.303
	0.344
	0.433
	0.433
	0.654
	0.593
	0.72
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240679
	0.303
	0.344
	0.265
	0.344
	0.387
	0.483
	0.571
	0.571
	0.692
	0.517
	0.63
	0.483
	0.63
	0.467
	0.467
	0.517
	0.467
	0.571
	0.467
	0.419
	0.571
	0.517
	0.536
	0.467
	0.63
	0.333
	0.375
	0.419
	0.419
	0.571
	0.571
	0.692
	0.593
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC243991
	0.355
	0.4
	0.313
	0.313
	0.355
	0.355
	0.483
	0.433
	0.593
	0.433
	0.433
	0.556
	0.536
	0.433
	0.433
	0.433
	0.483
	0.536
	0.536
	0.483
	0.654
	0.593
	0.556
	0.536
	0.72
	0.265
	0.303
	0.344
	0.344
	0.536
	0.483
	0.593
	0.556
	0.72
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC149288
	0.265
	0.229
	0.303
	0.265
	0.229
	0.303
	0.333
	0.571
	0.571
	0.419
	0.467
	0.536
	0.419
	0.467
	0.467
	0.419
	0.467
	0.692
	0.571
	0.517
	0.63
	0.63
	0.536
	0.692
	0.63
	0.257
	0.294
	0.375
	0.375
	0.63
	0.419
	0.517
	0.593
	0.63
	0.593
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC724826
	0.303
	0.344
	0.344
	0.265
	0.303
	0.303
	0.419
	0.419
	0.517
	0.375
	0.375
	0.483
	0.375
	0.517
	0.517
	0.467
	0.63
	0.517
	0.517
	0.467
	0.63
	0.571
	0.483
	0.517
	0.571
	0.222
	0.257
	0.222
	0.294
	0.419
	0.419
	0.419
	0.387
	0.517
	0.72
	0.571
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240668
	0.303
	0.344
	0.265
	0.344
	0.387
	0.483
	0.517
	0.63
	0.63
	0.467
	0.571
	0.483
	0.571
	0.517
	0.517
	0.467
	0.419
	0.63
	0.517
	0.467
	0.63
	0.571
	0.483
	0.517
	0.692
	0.294
	0.333
	0.375
	0.375
	0.63
	0.517
	0.63
	0.593
	0.913
	0.72
	0.692
	0.571
	
	
	
	
	
	
	
	
	
	
	
	
	

	EC240652
	0.273
	0.313
	0.313
	0.235
	0.273
	0.355
	0.483
	0.536
	0.72
	0.536
	0.536
	0.68
	0.536
	0.536
	0.536
	0.536
	0.593
	0.654
	0.654
	0.593
	0.792
	0.72
	0.68
	0.654
	0.72
	0.194
	0.229
	0.265
	0.265
	0.433
	0.387
	0.483
	0.556
	0.72
	0.826
	0.72
	0.72
	0.72
	
	
	
	
	
	
	
	
	
	
	
	

	EC240670
	0.273
	0.313
	0.313
	0.235
	0.273
	0.355
	0.483
	0.536
	0.72
	0.536
	0.536
	0.556
	0.536
	0.536
	0.536
	0.536
	0.593
	0.536
	0.536
	0.483
	0.654
	0.593
	0.556
	0.536
	0.593
	0.194
	0.229
	0.265
	0.265
	0.433
	0.387
	0.483
	0.556
	0.72
	0.68
	0.593
	0.72
	0.72
	0.826
	
	
	
	
	
	
	
	
	
	
	

	BA 01
	0.229
	0.265
	0.194
	0.265
	0.303
	0.387
	0.419
	0.517
	0.517
	0.375
	0.467
	0.483
	0.467
	0.419
	0.419
	0.375
	0.419
	0.76
	0.63
	0.571
	0.76
	0.692
	0.593
	0.63
	0.833
	0.222
	0.257
	0.294
	0.294
	0.517
	0.419
	0.517
	0.483
	0.76
	0.72
	0.692
	0.571
	0.833
	0.72
	0.593
	
	
	
	
	
	
	
	
	
	

	EC-1071 55
	0.265
	0.303
	0.303
	0.303
	0.303
	0.303
	0.333
	0.63
	0.63
	0.467
	0.467
	0.483
	0.467
	0.467
	0.517
	0.467
	0.419
	0.76
	0.63
	0.571
	0.63
	0.692
	0.536
	0.571
	0.63
	0.257
	0.294
	0.333
	0.333
	0.571
	0.467
	0.571
	0.433
	0.63
	0.593
	0.63
	0.571
	0.692
	0.593
	0.593
	0.692
	
	
	
	
	
	
	
	
	

	CP 17
	0.313
	0.355
	0.273
	0.273
	0.273
	0.355
	0.483
	0.433
	0.593
	0.433
	0.344
	0.556
	0.536
	0.483
	0.536
	0.536
	0.593
	0.654
	0.654
	0.593
	0.654
	0.72
	0.615
	0.593
	0.792
	0.229
	0.265
	0.229
	0.303
	0.387
	0.433
	0.433
	0.5
	0.593
	0.68
	0.536
	0.593
	0.593
	0.68
	0.556
	0.72
	0.593
	
	
	
	
	
	
	
	

	ACD 109
	0.355
	0.4
	0.313
	0.313
	0.313
	0.4
	0.536
	0.483
	0.654
	0.483
	0.387
	0.5
	0.593
	0.536
	0.593
	0.593
	0.536
	0.593
	0.593
	0.536
	0.593
	0.654
	0.556
	0.536
	0.72
	0.265
	0.303
	0.265
	0.344
	0.433
	0.483
	0.483
	0.556
	0.654
	0.615
	0.483
	0.536
	0.654
	0.615
	0.615
	0.654
	0.654
	0.909
	
	
	
	
	
	
	

	DWD 10
	0.313
	0.355
	0.355
	0.273
	0.273
	0.273
	0.387
	0.433
	0.593
	0.433
	0.344
	0.556
	0.433
	0.483
	0.536
	0.536
	0.593
	0.654
	0.654
	0.593
	0.654
	0.72
	0.615
	0.593
	0.654
	0.229
	0.265
	0.229
	0.303
	0.387
	0.433
	0.433
	0.4
	0.483
	0.68
	0.536
	0.72
	0.483
	0.68
	0.556
	0.593
	0.72
	0.826
	0.75
	
	
	
	
	
	

	Saswad Local
	0.355
	0.4
	0.313
	0.313
	0.313
	0.313
	0.433
	0.387
	0.536
	0.387
	0.303
	0.5
	0.483
	0.433
	0.483
	0.483
	0.536
	0.593
	0.593
	0.536
	0.593
	0.654
	0.556
	0.536
	0.72
	0.265
	0.303
	0.265
	0.344
	0.433
	0.483
	0.483
	0.448
	0.536
	0.75
	0.483
	0.654
	0.536
	0.615
	0.5
	0.654
	0.654
	0.909
	0.826
	0.909
	
	
	
	
	

	Gowalkot  Local
	0.4
	0.448
	0.355
	0.355
	0.355
	0.355
	0.483
	0.387
	0.536
	0.387
	0.344
	0.4
	0.483
	0.536
	0.483
	0.483
	0.433
	0.483
	0.483
	0.433
	0.536
	0.536
	0.556
	0.536
	0.72
	0.303
	0.344
	0.303
	0.387
	0.483
	0.536
	0.536
	0.5
	0.593
	0.68
	0.433
	0.593
	0.593
	0.556
	0.556
	0.593
	0.654
	0.75
	0.826
	0.75
	0.826
	
	
	
	

	K.Sadabahar
	0.344
	0.387
	0.303
	0.387
	0.387
	0.483
	0.571
	0.571
	0.692
	0.517
	0.517
	0.483
	0.63
	0.517
	0.571
	0.63
	0.571
	0.571
	0.467
	0.419
	0.467
	0.517
	0.483
	0.419
	0.571
	0.375
	0.419
	0.375
	0.467
	0.517
	0.63
	0.63
	0.536
	0.833
	0.593
	0.571
	0.517
	0.76
	0.593
	0.593
	0.63
	0.63
	0.72
	0.792
	0.593
	0.654
	0.654
	
	
	

	PCB 971102
	0.4
	0.448
	0.355
	0.355
	0.355
	0.448
	0.593
	0.483
	0.654
	0.483
	0.433
	0.5
	0.593
	0.654
	0.593
	0.593
	0.536
	0.483
	0.483
	0.433
	0.536
	0.536
	0.556
	0.536
	0.72
	0.303
	0.344
	0.303
	0.387
	0.483
	0.536
	0.536
	0.615
	0.72
	0.68
	0.536
	0.593
	0.72
	0.68
	0.68
	0.593
	0.536
	0.75
	0.826
	0.615
	0.68
	0.826
	0.792
	
	

	CP 13
	0.313
	0.355
	0.273
	0.355
	0.355
	0.448
	0.483
	0.433
	0.536
	0.387
	0.433
	0.355
	0.483
	0.483
	0.433
	0.483
	0.433
	0.536
	0.433
	0.387
	0.483
	0.483
	0.615
	0.483
	0.654
	0.344
	0.387
	0.344
	0.433
	0.483
	0.593
	0.536
	0.448
	0.72
	0.5
	0.483
	0.433
	0.654
	0.5
	0.5
	0.654
	0.593
	0.68
	0.75
	0.556
	0.615
	0.75
	0.792
	0.75
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Arrow indicates the polymorphism and presence of tolerant linked allele

Plate 1. Amplified DNA fragments of 50 cowpea genotypes using SSR primer CP09781




image1.wmf
UPGMA

Jaccard's Coefficient

EC723983 

EC723690

IC471955

EC724418

EC723990

EC240682

EC240664

IC471387

IC560919

EC724347

EC725177

EC149474

IC398083

EC724488

EC724900

EC725135

EC724901

EC240831

EC170072

IC586952

EC240850

IC257413

EC240675

EC240628

EC149303-A

IC 296560

EC-1071 55 (SNJ 52)

IC471954

BA 01

IC259071

EC724746

EC724299

EC724376

EC724374

EC723822

EC149288

EC240679

EC240668

K.Sadabahar

CP 13

CP 17

ACD 109

DWD 10 

Saswad Local

Gowalkot Local

PCB 971102

EC243991

EC240652

EC240670

EC724826

0.28

0.4

0.52

0.64

0.76

0.88

1


