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MOLECULAR DIVERSITY ANALYSIS IN TOMATO (Solanum lycopersicum L.) USING SSR MARKERS
ABSTRACT:
The current experiment was conducted at the PG Research Block, College of Horticulture, Rajendranagar, Hyderabad, during Kharif 2017- 2018 to determine the genetic diversity of 40 tomato genotypes at the molecular level using SSR primers. Genomic DNA from each genotype was extracted and quantified for molecular characterization using agarose gel electrophoresis. Then, PCR amplification by using 100 SSR markers was done. The collected data were aligned for the construction of cluster analysis and a similarity matrix. The cluster analysis of 40 genotypes was constructed using NTSYS software based on the Unweighted Paired Group of Arithmetic Mean Average (UPGMA). Using NTSYS software, a tree-like dendrogram was constructed. Genotypes were divided into clusters, sub-clusters, and sub-sub-clusters based on their genetic diversity, and linkage distance was calculated. An aggregate of 100 simple sequence repeat (SSR) markers has been chosen for diversity analysis. Of these, 51 markers showed a good amplification pattern in all the genotypes with 193 alleles. In the remaining 49 SSR markers, plenty of missing values were there with poor amplification patterns. The polymorphic bands had been scored visually as present (1) or absent (0) on a binary matrix. The Polymorphic Information Content (PIC Value) of each SSR primer was determined, with values ​​ranging from 0.18 (TGS-2261) to 0.97 (TGS-2080 and TES-559), with an average value of 0.816. The dendrogram allowed the genotypes analyzed to be grouped based on their genetic similarity. The similarity coefficients ranged between 0.17 and 0.83. The tomato genotype EC- 631349 was found to be the most diverse and significantly superior in terms of plant height (191.56 cm), number of primary branches (9.83), number of fruits per plant (323.00) and ascorbic acid (59.43mg/100gm), genotype EC-313466 was identified to be early as noted from the character days to first flowering (21.26 days) and days to 50% flowering (29 days). The accession EC-514013 was detected to be superior for TSS (8.16 0Brix). 
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INTRODUCTION: 
“Tomato (Solanum lycopersicum L.) belongs to the family Solanaceae and is native to the Andean region that includes parts of Colombia, Ecuador, Peru, Bolivia, and Chile” (Rick 1973, Taylor 1986). Tomatoes encompass several nutrients and phytochemicals, notably lycopene, potassium, iron, folate, and vitamin C, that possess bioactive properties such as antibacterial, antimutagenic, anti-inflammatory, and anti-carcinogenic impacts (Uc’an and Ugur, 2021) and give immunity against viral infections (Indhuleka et al., 2020). Over two billion people globally are estimated to be plagued by “hidden hunger” (deficiency in minerals and vitamins) (Lowe, 2021). When it comes to fighting hidden hunger, horticultural crops like tomatoes which are known to be protective foods, are more important (Sudheer Kumar Reddy et al., 2024). 
“DNA marker technology has been exploited in commercial plant breeding programmes since the early 1990s, and has proved helpful for the rapid and efficient transfer of useful agronomically essential traits into desirable varieties and hybrids. Currently, the majority of the markers used for tomato genetic mapping and breeding purposes are PCR-based, comprising RAPD, SSR or microsatellite, AFLP, SCAR, CAPS, and SNP markers. Co-dominant markers are markers for which both alleles are expressed when co-occurring in an individual. Therefore, with co-dominant markers, heterozygotes can be differentiated from homozygotes, allowing the determination of genotypes and allele frequencies at loci. Co-dominant markers are selected for most applications. Genetic diversity in the cultivated tomato is extremely low due to profound selection during and after the domestication process. This limited diversity makes it tricky to pinpoint the molecular markers that can discriminate the existing breeding material. However, sequence stationed markers like Simple Sequence Repeat (SSR) markers have been utilized successfully for genotyping tomato cultivars and accessions” (Benor et al., 2008). “Although a variety can be discriminated by its morphological characters, genotypic differences cannot be quantified as they can be affected by environmental factors. In contrast, molecular markers such as SSRs can be used dynamic tool in identifying a variety since they are independent of environmental factors” (Korir et al., 2012). 
“Among all other markers, SSR markers have a privilege in variety detection because of their codominant nature, reproducibility, multi-allelic variation, abundance, and genome coverage. Although they are expensive without sequence information for primer designing, the drafted primer sets for tomato make their application cheaper” (Shirasawa et al., 2013). “Furthermore, studies pointed out the reproducibility of SSR markers in closely related species & cultivars” (Zhao et al.,2011). “Simple Sequence Repeats (SSR) or microsatellite markers have been contentedly used to differentiate varieties which are morphologically cognate and genetically close” (Bredmeijer et al., 2002; He et al., 2003; Frary et al., 2005; Sarikamis et al., 2006; Sarikamis et al., 2010). “SSR markers may be admissible because of their high polymorphism, reproducibility, genetic co-dominance, easy detection, and multiallelic variation” (Ruiz et al., 2005). “Several studies have validated the usefulness of SSR in cultivar identification” (Bredmeijer et al., 1998; He et al., 2003). “Compared with anonymous markers, SSR markers, as a co-dominant marker, may yield more precise estimates of genetic diversity. SSRs have been used profitably to determine genetic diversity among many plants” (Dirlewanger et al., 2002; Hasnaoui et al., 2012; Shiferaw et al., 2012; Emanuelli et al., 2013; Ren et al., 2014). 
“Genetic diversity ascertains the inherent potential of a cross for heterosis and the frequency of acceptable recombinants in advanced generations. Genetic diversity can be computed at the phenotypic, genotypic, physicochemical, and molecular level helpful in the selection of diverse parents for hybridization. Genetic diversity estimated by the phenotypic traits is easier than utilizing molecular markers. However, the prediction of genetic variation with phenotypic characters may change due to environmental influences and the complexity of genetic nature. Whereas the reproducibility of DNA markers at distinct growth stages and environments made them more favored than morphological and biochemical markers” (Mc Couch et al., 1997). “Adaptation of narrowly based advanced varieties for intensive cultivation is one main reason of the depletion for genetic variation. Assessment of diversity at inter as well as intra-specific levels in crops is vital for sustained agriculture. The autogamy in crops like tomato results in uniformity. To evaluate diversity in such species that are expected to have a low diversity level, DNA markers offer a good substitute due to limitations of morphological and biochemical markers, or they may be used in association”. (Anuradha et al. 2021)
MATERIAL AND METHODS

The current study was conducted at the PG Research Block, Department of Vegetable Science, College of Horticulture, Rajendranagar, Sri Konda Laxman Telangana State Horticultural University, Hyderabad, during Kharif, 2017-18. 
Genomic DNA isolation: The genomic DNA was isolated from the respective genotype using the cetyl trimethyl ammonium bromide (CTAB) method (Clarke, 2009) with certain modifications. The genotypes were raised at the PG Research Block, Department of Vegetable Science, Sri Konda Laxman Telangana State Horticultural University, College of Horticulture, Rajendranagar, Hyderabad, for 2-3 weeks, and fifteen-day-old fresh leaves were collected for genomic DNA extraction. 100 mg of the leaf tissue was collected and ground by using a pestle and mortar, and then the extract was put into a 2 ml Eppendorf tube that contained 700µl of extraction buffer (CTAB buffer). Put the Eppendorf tubes in a water bath, which should be set at 65˚C for 45 minutes, and stir them well after 10 minutes. An identical volume of Phenol: Chloroform: Isoamylalcohol (25:24:1) was added to the tube and cautiously mixed by inverting the tube for 10 minutes. The samples were centrifuged at 12,000 rpm for 15 minutes. Transfer the supernatant (upper phase) into new tubes. Add the equivalent volume of chilled Isopropanol to the supernatant and incubate at -200C for 15 minutes. Centrifugation was done at 13,000 rpm for 10 minutes. The supernatant was abandoned and the pellets were washed with 70% ethanol(200µl) and then centrifuged at 10,000 rpm for 5 minutes, and then air dried the pellet.  100µl of Molecular biology graded water was added to dissolve the pellet and stored at -200C. 
DNA Quantification: DNA was quantified by utilizing agarose gel electrophoresis. 
Agarose gel electrophoresis: The DNA was quantified by loading 2µl of DNA blended with 2µl of loading dye (Bromophenol blue) and 6µl of ddH2O into different wells on a 0.8% agarose gel. For the preparation of agarose gel, weigh 0.8gm of agarose and place it in 100 ml TBE (Tris, Borate EDTA, 1x) buffer and heat it in a microwave for 3 minutes. The mixture was allowed to cool for a couple of minutes, and then 6 µl of ethidium bromide was added for visualization and agitated for some time. The gel was then cast into the casting tray with combs in it and then allowed to polymerize at room temperature for 20-25 minutes. DNA ladder was also loaded to assess the concentration of DNA in each sample. The electrophoresis was conducted at 75V for 1 hour. The gel was then observed under a Bio Imaging system. The concentration of DNA was determined by comparing the intensity of bands with that of a 100 bp molecular ladder quality was noted by having an intact band.
SSR amplification: 
Primers used for DNA Amplification: 100 SSR primers were picked from the map of the tomato genome for the amplification of genomic DNA (Table 1).
Primer Dilution: For primer dilution, we utilized Molecular graded water to dilute the primers at a concentration of 10pmol. 
Components employed for PCR Reaction: DNA amplification was conducted in 0.2 ml PCR tubes comprising 25 µl reaction mixture. The components which were exploited for PCR reaction are 3µl of template DNA (25ng/µl), 1.5 µl of 10x PCR buffer without MgCl2, 1.5 µl of MgCl2(mM/ µl), 2.5 mM of each dNTPs (dTTPs, dGTPs, dCTPs, dATPs), primer (0.1Mm) concentration, 5 units Taq DNA polymerase. The quantity of these components used in a reaction is given in (Table 2).

Table 1: List of SSR primers utilized for DNA amplification
	S.No
	Primer
	S.No
	Primer
	S.No
	Primer
	S.No
	Primer

	1
	TES-309 
	26
	TGS266 
	51
	SSR67 
	76
	TES1505

	2
	TES-1192 
	27
	TES945 
	52
	TES95 
	77
	TGS3461

	3
	SSR-9 
	28
	TES422 
	53
	TGS522 
	78
	TGS914

	4
	TES-239 
	29
	TES1386 
	54
	TES1667 
	79
	TES1044

	5
	TGS-2443 
	30
	TES213 
	55
	TES344 
	80
	TES2039

	6
	TES-58 
	31
	TES79 
	56
	TGS3490 
	81
	TGS2204

	7
	TES-458 
	32
	TGS192 
	57
	TES316 
	82
	TES14

	8
	TES-373 
	33
	TES263 
	58
	TGS658 
	83
	TES495

	9
	TES-2420 
	34
	SSR45 
	59
	TES839 
	84
	TGS2911

	10
	TES-88 
	35
	TES509 
	60
	TES620 
	85
	TES264

	11
	TES-293 
	36
	TGS3192 
	61
	SSR105
	86
	SSR276

	12
	SSR-111 
	37
	TES1502 
	62
	SSR134
	87
	TGS514

	13
	TGS-3218 
	38
	TES232 
	63
	SSR42
	88
	SSR45

	14
	TES-23 
	39
	TES1535 
	64
	TGS2729
	89
	TGS559

	15
	TES-1203 
	40
	TES537 
	65
	SSR598
	90
	TGS1894

	16
	TES-177 
	41
	TGS2744 
	66
	TES1276
	91
	TGS2194

	17
	SSR 450 
	42
	TES1157 
	67
	TES1387
	92
	TES248

	18
	TES 1364 
	43
	TES226 
	68
	TES1644
	93
	TGS880

	19
	TES 51 
	44
	TES1028 
	69
	TGS2195
	94
	TES559

	20
	TGS2080 
	45
	TES322 
	70
	TGS964
	95
	TGS235

	21
	TES 240 
	46
	SSR34 
	71
	TGS2504
	96
	TES1592

	22
	TGS2370 
	47
	TGS472 
	72
	TES23
	97
	TGS2261

	23
	TGS 429 
	48
	TES169 
	73
	TGS2379
	98
	TES1859

	24
	SSR 590 
	49
	TES545 
	74
	TGS2238
	99
	TGS383

	25
	TES 1546 
	50
	SSR479 
	75
	TES1921
	100
	TES839


Table 2: Reagents with their concentration and quantity applied for a single PCR reaction 

	S. No
	Reagents 
	Concentration
	Quantity

	1.
	DNA template
	25 ng/µl
	3 µl

	2.
	Sterile water
	-
	10.5 µl

	3.
	PCR Buffer
	10X
	2.5 µl

	4.
	Mgcl2
	50Mm/ µl
	1.5

	5.
	DNTP’s
	2.5 mM/ µl
	2 µl

	6.
	Primer
	10pmole
	5 µl

	7.
	Taq polymerase
	5U/µl
	0.5 µl

	Total                                                                                                25 µl


PCR Amplification Program: PCR tubes comprising master mix and DNA template were carefully mixed and subjected to the thermal cycler, followed by a loop of 35 cycles each consisting of denaturation (at 940C for 1 minute), annealing profile given in (Table 3). The amplification reaction was performed in a gradient Thermocycler. An initial denaturation step of 4 minutes was programmed in the (940C for 4 minutes) and extension (at 720C for 2 minutes). The final extension was carried out at 720C for 7 minutes. The PCR products were then kept at 4°C for 10 minutes. 
Table 3: Thermal profiles exploited for DNA amplification 
Steps                      Cycles                           Temperature                Duration     

Initial Denaturation    1                                  940C                          4 min 

Denaturation                                                   940C                          1 min 

Annealing                  35                                 54-58°C                     1 min 

Extension                                                        720C                          2 min 

Final Extension          1                                   720C                          7 min 

SSR-PCR banding Profile: PCR stocks were isolated on 3% agarose gel electrophoresis. For the production of 3% gel, weighed 3gm of agarose with the help of weighing balance and put it in the flask holding 100ml 1xTE buffer and this admixture was torrid in microwave for 2-3 minutes and permitted to cool for certain time and then add 5µl of ethidium bromide (EtBr) which is used for visualization. The concoction was poured into a casting tray and allowed it to polymerize at room temperature for 20-25 minutes. 5µl of loading dye (Bromophenol blue) was added in each PCR tubes and mixed it gently. Then10 µL of PCR product was loaded in each well of the gel. A 100bp DNA ladder was also loaded which is employed as the molecular marker for pinpointing the product size of SSR primers. Electrophoresis were conducted at 80v for 3-4 hours and then observed under Biometra gel documentation unit.  
Scoring of Bands: The SSR-PCR bands were reviewed under ultra violet transilluminator and photographed under gel documentation unit. The SSR bands were computed and scored as 1 for their presence or 0 for their absence.  The sizes of the bands were assessed by using 100bp standard marker. The presence and absence of bands in all genotypes for 100 primers were employed to generate Bi-nominal data using excel sheet. Bands were marked as present only if the DNA amplification generated the fragment of a precise sequence and absent if the DNA amplification lacked that fragment. The banding patterns of all genotypes against each primer were cross checked. Bands present in one genotype and absent in another genotype, were considered as variable and used to score for polymorphism. In order to check the informativeness and discriminatory power of SSR primers used in this study, polymorphic information content is calculated. 

(a)  Polymorphism Information Content (PIC value) 
The markers with more alleles have larger polymorphism information content.  It was computed as proposed by Roldan-Ruiz et al., (2000)                                             

             PIC = 2fi (1-fi)                                             

where, fi = frequency of bands present                                                         

            1-fi = frequency of bands absent 
Diversity Analysis: The compiled data were aligned for the construction of cluster analysis and a similarity matrix. The cluster analysis of 40 genotypes was constructed with the aid of NTSYS software based on Unweighted Paired Group of Arithmetic Mean Average (UPGMA). A tree-like dendrogram was constructed using NTSYS software. Genotypes were distributed in various clusters, sub-clusters, and sub-sub clusters based on genetic diversity among them, and linkage distance was computed.
RESULTS AND DISCUSSION

In the current study, forty genotypes of tomato (Solanum lycopersicum L.) were utilized to evaluate genetic diversity at the molecular level using SSR primers. Hundred (100) SSR markers were picked from the linkage map of the tomato genome and were utilized for the amplification of genomic DNA of tomato genotypes. The bands were scored and then compared against each other and ladder for evaluating the genetic diversity based on the polymorphism (band present in one genotype and absent in another genotype). Genetic diversity between the genotypes was estimated based on the Polymorphic Information Content (PIC) value. Out of 100 SSR markers, 51 were completely amplified, and 193 alleles were found. A few were amplified in the leftover primers, and some were not. Polymorphic information content (PIC Value) of every SSR primer was computed (Table 4). It varied from 0.97 (TGS-2080 and TES-559) to 0.18 (TGS-2261) with a mean of 0.816. He et al. (2003) utilized “one hundred and fifty-eight pairs of SSR primers screened against a set of nineteen diverse tomato cultivars. Out of one hundred and fifty-eight pairs of primers, one hundred and twenty-nine pairs generated the expected DNA fragments in their PCR products, and sixty-five of them were polymorphic, with the polymorphism information content (PIC) varying from 0.09 to 0.67”. Korir et al. (2014) investigated “the genetic diversity and relationship of 42 tomato varieties collected from different geographic regions with EST-SSR markers. The genetic diversity was between 0.18 and 0.77, with an average of 0.49; the polymorphic information content varied from 0.17 to 0.74, with a mean of 0.45. This denotes a fairly high degree of diversity between these tomato varieties”. Singh et al. (2014) utilized “twenty SSR primers to detect the diversity in twenty-four tomato genotypes. The gene diversity ranged from 0.65 to 0.97 values with a mean diversity of 0.84. On average, 54 scorable and reproducible alleles were amplified through all primers. UPGMA-based Dendrogram sorted the cultivars into two main clusters, with two individuals separated at one end of the Dendrogram”. Zhou et al. (2015) examined “morphological traits and molecular markers to estimate the genetic diversity of 29 cultivated tomatoes, 14 wild tomatoes, and seven introgression lines. Genomic-SSRs noticed a total of 64 alleles, with a mean of 4 alleles per primer, while EST-SSRs noticed 52 alleles, with a mean of 4 alleles per primer. The polymorphism information content was faintly higher in genomic-SSRs (0.49) than in EST-SSRs (0.45). The mean similarity coefficient between the wild tomatoes was lower than the mean similarity coefficient amid the cultivated tomatoes”. Vrinda Joshi and Sridevi (2018) stated that “molecular diversity analysis on 8 hybrids of tomato generated 27 polymorphic markers. The polymorphic information content value (PIC) varied from 0.00 (SSR1-23.2) to 0.86 (SSR1-62.2) with an average PIC value of 0.46 per marker, denoting greater diversity at the DNA level”. Aziz Mahdi Abd Al-Shammari and Ghassan Jaafar Hamdi (2021) studied “the genetic diversity and relationships among 24 tomato lines which were evaluated by simple sequence repeat (SSR) markers. A total of 65 bands were generated with 15 SSR primers, of which 64 bands were polymorphic. The mean polymorphic information content was 0.356. There was a high degree of polymorphism between tomato cultivars. Genetic diversity and population structure were assessed in 27 genotypes of tomatoes by 44 SSR primers. An average of 2.17 polymorphic fragments per primer and an average of 0.738 Marker Index (MI) per primer were observed. The genotypes were grouped into two major clusters with 13 genotypes in P1 and 14 genotypes in P2” (Parveen Sharma et al., 2023).

Table 4: Details of 51 polymorphic primers with sequence and PIC

	S. NO
	PRIMER 
	SEQUENCE 5’       3’
	PIC

	1
	SSR-9
	F: CCCTTTGCAAGTTCTTCTTCA

R: TTCATGAGCCAACATAGGAGG
	0.89

	2
	TGS-2443
	F: GGTCCCAAAAACCCAATTCT

R: AGCAATTGCCGTCAGTTGTTA
	0.91

	3
	TES-58
	F: GCTCCAGAAGGAACTCGATGC

R: CCATTGTTCCATGCAGAAGA
	0.95

	4
	TES-2420
	F: GATTTCAGCGTGGCACAATTC

R: TTGGCCAGAACATGATCAAC
	0.81

	5
	SSR-111
	F: TTCTTCCCTTCCATCAGTTCT

R: TTTGCTGCTATACTGCTGACA
	0.88

	6
	TES-1203
	F: GAAGACTGCAGGCGATCCTTA

R: CCTCACAAACAGGTTTCGGT
	0.77

	7
	TES-177
	F: CGTTCAGCTCTGGACAAACA

R: GGTGGCGGTAAGGTTCTGTA
	0.92

	8
	SSR-450
	F: AATGAAGAACCATTCCGCAC

R: ACATGAGCCCAATGAACCTC
	0.89

	9
	TES-51
	F: TTCTGAATTGGGTGAAAGAAAAA

R: GCAGCCAATACCCACAATTT
	0.78

	10
	TGS-2080
	F: CAAAATTAGAATTCCGGCGA

R: GAAGAGAAACAGTAGCCATAGCC
	0.97

	11
	TES-240
	F: GTGCCCTGTCTCAATTATCCC

R: TGGCCTAACACCATTTGGAT
	0.54

	12
	TGS- 2370
	F: GGGGCATTGTATGAGCAAAG

R: TTTTCAGTCATCTCCATTTTTGTC
	0.54

	13
	SSR-590
	F: TCTCAAAGTCGTTCCTTCTTGA

R: GGAAGAGAAACGCGGACATA
	0.54

	14
	TES-1546
	F: GAAGTAAATCACAATGGCGGTG

R: CCTACTCGCATCTCTCGGAC
	0.54

	15
	TGS-266
	F: GTGTAAGCAACCGCCATGTTA

R: TTTCGATTTAGGTGAACACGA
	0.87

	16
	TES-422
	F: GCTTTTTCCCCTTTCACCACA

R: CCGAAAGATGAAAAGCCAAG
	0.63

	17
	TES-1386
	F: GTACTTACAAAAGGCCCGTGG

R: TCCACCTTAAAGTGTGAGGTCTT
	0.75

	18
	TGS-192
	F: GTCAGTTGCTTTTTATCCAACAA

R: CACTGATGGGAATGCCTTTT
	0.80

	19
	SSR-45
	F: TGTATCCTGGTGGACCAATG

R: TCCAAGTATCAGGCACACCA
	0.78

	20
	TES-509
	F: AGAAAAGAACCTCAACACAGCA

R: GACACCAGCTTCAGTCAGCA
	0.88

	21
	TES-232

	F: GCAAAATCCAAGACCCTCCT

R: AGGCGATGGAATATTGTTGCT
	0.87

	22
	TES-1535
	F: GACTTCTCTTCCATTTCACACAAA

R: AAACCATTTGGATGCTTTGC
	0.75

	23
	TES-537

	F: GTCCGAAGAACAAAAGGCAGT

R: AAAAGTGGCAATTCAGGTGG
	0.89

	24
	TES-1028
	F: GTTGAAATGGGGTTGTTGGTT

R: ACTTTTAGTATCCATTCCTCCAAA
	0.63

	25
	SSR-34

	F: TTCGGATAAAGCAATCCACC

R: TCGATTGTGTACCAACGTCC
	0.91

	26
	TES-169
	F: GAGCAAAAAGGGACAAAACCC

R: CAGCAATACAGCTCCACCAA
	0.90

	27
	SSR-105
	F: GAGCGGCTTCGAATTCATC

R: CATTTGAGCAGAAGCGAACA
	0.87

	28
	SSR-134

	F: CCCTCTTGCCTAAACATCCA

R: CGTTGCGAATTCAGATTAGTTG
	0.95

	29
	SSR-42

	F: CCATGGCTTCGTTATCCCTA

R: TAAAGGTGAAGGAACGGGTG
	0.90

	30
	TGS-2729
	F: GCAAATAGAGAGGCACCGCAT

R: AGGCACATCCGTTTTTATGG
	0.86

	31
	SSR-598
	F: GTATTCCCAAATGGAGCCTTG

R: CCCCTCGAATGGATTTTACA
	0.82

	32
	TES-1276
	F: GTCAAGCTTCTCTTTAATGGCA

R: TCACTCCCACATATGGCTCA
	0.91

	33
	TGS-2195
	F: GCAATTTCAAACGCACAAGA

R: AAAATGGGAGGATCTGGAGG
	0.75

	34
	TGS-2504
	F: GCTCCCTTTACCCCAAAAAGC

R: ACCAGCCCACCAAACTACTG
	0.83

	35
	TES-23

	F: GATGAGGCAATCTTCACCTGG

R: TCCGCCCATATGCATAAAAT
	0.88

	36
	TGS-2379
	F: GTGAACATGTTTTTGTGCGAGA

R: CCCAATATGGTGGCCAAAG
	0.92

	37
	TGS-2238
	F: GTTTTGGAAAGGAGCAGATCG

R: CTGAAGGTCATTGGTGGCTT
	0.81

	38
	TES-1505
	F: GAAGCCACGGAACTCAAAAT

R: TCACTGCCACAAGCAATGAT
	0.92

	39
	TGS-3461
	F: GATGTGGGATGCGTATGCTTT

R: AACAAAGAAGCGATACATGCC
	0.87

	40
	TGS-914
	F: GCCAGGCATTCCAACAATACA

R: TCACTTGTGCAATGAGGTTGA
	0.92

	41
	TES-2039
	F: GAGAGAGAAAGAGGATCCAGGG

R: CGATCATCGGATTGATGTTG
	0.87

	42
	TES-495
	F: GCGTGGAAAGATGACTCCTCA

R: TGTTGAATTTTGAACCTGAAACC
	0.90

	43
	TES-264
	F: GTGGCTGAAAGAAAAGGAAACA

R: AATTCCAAGCCCAACAACAG
	0.86

	44
	SSR-276
	F: CTCCGGCAAGAGTGAACATT

R: CGACGGAGTACTTCGCATTT
	0.94

	45
	SSR-45

	F: TGTATCCTGGTGGACCAATG

R: TCCAAGTATCAGGCACACCA
	0.60

	46
	TES- 559
	F: GTGTTGACTTCCCTAACTTATGCC

R: TGTGCCATGTTCGTCTCAAT
	0.97

	47
	TGS-235
	F: GAGTTAATCCCCCACCACTCC

R: CCCTACTTCGTGGGACCATA
	0.93

	48
	TES-1592
	F: GCCAATTTGGTGGCTACCCT

R: CGGGATATCTGCCTCTACCA
	0.70

	49
	TGS-2261
	F: GAAAATGCAAACACTTACCTTCTCA

R: TTGTCCAATACATACCCATTTTT
	0.18

	50
	TES-1859
	F: TGTGACACAGATCGACAGCA

R: GAATTTCGCGTCTCCAAGAG
	0.87

	51
	TGS-383

	F: GACGGTCGCTTCATTGACTTT

R: TCATCCCCATAATAACATGAAAAA
	0.78


Cluster analysis done through SSR markers: Clustering analysis of the genotypes is represented in (Figure 1). The genotypes were aggregated into three main clusters i.e., cluster A, cluster B, and cluster C. Cluster A and cluster B were further divided into subclusters i.e. subcluster A1, A2, A3 subcluster B1 and B2. Sub cluster A1 had 17 genotypes viz., EC-320565, EC-162601, EC-145057, EC-620480, EC-636482, EC-315480, EC-620439, EC-620440, EC-620441, EC-620452, EC-620509, EC-620472, EC-620474, EC-274046, EC-251751, EC-615047, EC-620481 and sub cluster A2 had 16 genotypes EC-620428, EC-617067, EC-620401, EC-620446, EC-654286, EC-315479, Arka Vikas, Pusa Ruby, Money Maker, AVTO-1219, AVTO-1314,  LA-3667, PKM-1, Marutham, Arka Meghali, Arka Alok and sub cluster A3 had 2 genotypes EC-163681, EC-251518, and EC-320565. Cluster B1 consisted of 2 genotypes, EC-211582 and EC-315481 and subcluster B2 consisted of 2 genotypes EC-313466 and EC-514013 the cluster C had only one genotype, EC-631349. “Cluster analysis done using SSR revealed EC- 631349 was noted to be the most diverse which was significantly superior for plant height (191.56 cm), number of primary branches (9.83), number of fruits per plant (323.00) and ascorbic acid (59.43mg/100gm), genotype EC-313466 was found to be early as noticed from the character days to first flowering (21.26 days) and days to 50% flowering (29 days) (Table 5). The accession EC-514013 was found to be superior for TSS (8.16 0Brix). Hence based on cluster analysis, the detected diverse tomato lines can be successfully selected for carrying out various breeding and crop improvement programmes. Banding pattern of four SSR markers i.e TES-2420, TES-1535 are shown in (Fig.2). Even though the polymorphism level in tomato is notably less the genotypes examined in the current study were showing good level of polymorphism”. (Anuradha et al. 2021) “For better germplasm characterization and development of potential markers for agronomically important traits, more SSR markers should be incorporated in the analysis. This type of research, coupled with the findings of field observations, can present a kick start for MAS (Marker Assisted Selection) in tomato breeding. High level of variability among the genotypes could further be exploited through hybridization and selection between detected lines for the improvement of superior tomato genotypes. All the perceptions produced in this research will provide effective evidence for decision making in choosing of markers for future work, characterization of germplasm, breeding and Tomato germplasm management. High, medium, and low locus polymorphism is defined as PIC > 0.5, 0.5 > PIC > 0.25, and PIC < 0.25, respectively” (Xie et al., 2010). Therefore, in our case, SSR markers detected high locus polymorphism among the 40 tomato genotypes, indicating that SSR markers are of great convenience for genetic diversity studies of tomatoes which can further be employed in strengthening tomato breeding programmes.
Table 5: Mean performance of 13 fruit yield and associated characters in forty genotypes of tomato
	S. N
	Genotype
	Plant height(cm)
	 No. of primary branches per plant
	Days to first flowering
	Days to 50% flowering
	Days to fruit set
	Number of fruits per plant
	Average fruit weight(g)
	Fruit yield/plant

(kg)
	Yield /ha(t)
	Ascorbic acid content

(mg/100g)
	TSS(0Brix)
	Beta-carotene

(mg/100g)
	Lycopene content

(mg/100g)

	1
	EC-163681
	87.63
	6.90
	29.93
	34.00
	41.66
	57.83
	19.30
	1.10
	41.15
	40.73
	4.26
	1.13
	3.25

	2
	EC-211582
	134.53
	8.36
	43.86
	52.00
	60.26
	244.88
	1.56
	0.38
	14.49
	48.46
	5.86
	1.23
	0.00

	3
	EC-251518
	123.06
	7.76
	30.13
	35.00
	43.00
	49.24
	10.96
	0.54
	20.02
	42.86
	4.26
	1.25
	2.61

	4
	EC-313466
	137.56
	9.63
	21.26
	29.00
	52.20
	271.89
	0.96
	0.26
	9.66
	41.73
	6.46
	1.26
	2.53

	5
	EC-631349
	191.56
	9.83
	26.13
	42.66
	63.13
	323.00
	1.57
	0.51
	18.90
	59.43
	5.40
	1.15
	0.00

	6
	EC-514013
	174.36
	8.73
	29.13
	36.00
	53.46
	237.72
	1.46
	0.35
	12.98
	46.73
	8.16
	2.31
	4.45

	7
	EC-315481
	150.83
	9.46
	38.13
	45.00
	58.66
	168.00
	1.86
	0.31
	11.55
	46.66
	7.73
	1.31
	0.00

	8
	EC-320565
	119.10
	7.46
	29.20
	35.00
	40.93
	32.00
	35.52
	1.13
	42.22
	24.66
	4.36
	1.43
	4.28

	9
	EC-162601
	132.53
	7.20
	30.33
	32.00
	42.53
	35.37
	20.22
	0.71
	26.31
	36.43
	4.13
	1.31
	3.66

	10
	EC-145057
	101.83
	8.56
	29.80
	34.33
	40.60
	34.57
	32.84
	1.13
	41.86
	40.33
	3.33
	1.95
	2.75

	11
	EC-620480
	95.26
	3.66
	32.00
	36.33
	44.73
	13.40
	94.92
	1.27
	47.09
	35.13
	4.00
	1.65
	4.33

	12
	EC-636482
	74.46
	2.60
	31.26
	37.33
	43.66
	15.56
	58.75
	0.90
	33.73
	18.26
	3.43
	1.45
	3.91

	13
	EC-315480
	93.70
	6.50
	28.26
	31.66
	44.06
	25.83
	34.61
	0.88
	32.94
	26.06
	3.50
	2.15
	3.51

	14
	EC-620439
	106.93
	3.20
	31.86
	37.66
	45.40
	14.13
	81.63
	1.14
	42.60
	32.46
	4.43
	2.06
	3.72

	15
	EC-620440
	84.70
	3.16
	31.73
	34.66
	37.60
	16.30
	61.34
	0.98
	36.66
	26.20
	3.76
	1.10
	3.54

	16
	EC-620441
	102.26
	3.43
	28.46
	33.00
	43.20
	30.57
	67.63
	2.06
	76.68
	20.73
	4.13
	1.96
	2.77

	17
	EC-620452
	89.43
	2.46
	32.13
	38.00
	46.26
	22.30
	68.40
	1.52
	56.29
	27.36
	3.20
	2.08
	2.35

	18
	EC-620509
	114.90
	4.33
	30.60
	38.33
	46.26
	15.80
	118.72
	1.87
	69.27
	26.40
	3.06
	1.77
	2.83

	19
	EC-620472
	89.00
	4.03
	29.60
	33.66
	39.50
	23.00
	46.84
	1.07
	41.06
	26.00
	3.33
	1.86
	3.26

	20
	EC-620474
	97.36
	3.83
	32.26
	35.33
	40.76
	14.13
	95.37
	1.35
	50.06
	28.60
	4.00
	2.13
	2.47

	21
	EC-274046
	165.60
	9.10
	28.13
	31.00
	44.26
	45.01
	25.19
	1.13
	41.87
	33.66
	4.06
	1.84
	2.93

	22
	EC-251751
	137.10
	7.30
	28.80
	35.00
	38.60
	32.26
	40.11
	1.28
	47.92
	22.46
	3.06
	1.08
	3.45

	23
	EC-615047
	107.53
	4.50
	29.53
	32.33
	40.60
	12.10
	74.97
	0.89
	33.44
	19.86
	2.96
	2.45
	2.71

	24
	EC-620481
	68.60
	6.30
	29.53
	32.00
	42.86
	18.53
	76.84
	1.42
	52.63
	19.60
	3.16
	1.67
	2.37

	25
	EC-620428
	109.23
	5.30
	29.56
	34.00
	38.20
	10.70
	138.36
	1.48
	54.82
	23.40
	3.63
	1.83
	3.87

	26
	EC-617067
	146.46
	3.36
	30.26
	34.33
	46.73
	20.73
	55.85
	1.15
	42.60
	32.26
	3.50
	1.45
	3.53

	27
	EC-620401
	107.30
	5.06
	30.53
	33.33
	38.66
	14.21
	66.84
	0.95
	35.18
	30.80
	4.16
	1.26
	3.27

	28
	EC-620446
	82.90
	2.43
	27.86
	36.66
	42.00
	10.58
	194.44
	2.05
	75.96
	11.76
	3.43
	2.07
	2.96

	29
	EC-654286
	111.63
	3.76
	34.13
	45.00
	48.33
	14.08
	86.84
	1.23
	45.56
	36.40
	5.06
	1.36
	3.61

	30
	EC-315479
	165.33
	7.93
	28.86
	32.33
	41.06
	69.39
	8.21
	0.57
	21.14
	33.60
	4.96
	1.06
	3.97

	31
	Arkavikas ©
	72.50
	7.63
	29.90
	38.33
	42.53
	27.74
	45.18
	1.25
	46.35
	28.86
	4.76
	1.53
	3.87

	32
	Pusa ruby©
	79.26
	7.03
	31.72
	40.66
	42.20
	27.66
	38.98
	1.07
	39.69
	25.20
	4.60
	1.85
	4.63

	33
	Moneymaker
	134.63
	4.63
	32.80
	36.66
	45.00
	33.80
	64.56
	2.17
	80.73
	29.40
	3.50
	2.63
	4.11

	34
	AVTO-1219
	108.36
	4.26
	36.13
	40.33
	46.06
	29.42
	68.81
	2.02
	74.83
	17.13
	3.73
	1.96
	3.91

	35
	AVTO-1314
	76.83
	5.70
	38.26
	42.66
	47.36
	27.88
	68.66
	1.94
	70.73
	27.13
	5.03
	1.85
	4.97

	36
	LA-3667
	72.66
	5.13
	34.46
	40.33
	47.90
	24.97
	93.17
	2.28
	85.96
	32.80
	4.83
	1.26
	3.11

	37
	PKM-1©
	70.26
	6.80
	36.86
	43.33
	47.83
	29.54
	44.51
	1.31
	48.56
	26.66
	4.20
	1.64
	3.07

	38
	Marutham©
	82.70
	5.03
	40.73
	45.00
	52.73
	29.68
	37.22
	1.08
	40.78
	35.10
	3.96
	1.95
	5.51

	39
	Arkameghali©
	99.73
	6.33
	34.33
	37.66
	46.40
	23.52
	30.74
	0.72
	26.69
	47.53
	4.23
	2.60
	6.12

	40
	Arka alok ©
	83.03
	6.86
	36.60
	43.33
	48.80
	30.86
	40.95
	1.26
	46.70
	21.06
	5.00
	2.17
	4.23

	Grand mean
	109.56
	5.89
	31.62
	37.13
	45.40
	54.45
	53.87
	1.17
	43.44
	31.25
	4.31
	1.70
	3.31

	SEm±
	3.30
	0.19
	1.65
	1.30
	2.22
	1.99
	2.59
	0.04
	1.47
	0.86
	0.10
	0.04
	0.09

	CV (%)
	5.22
	5.69
	9.04
	6.07
	8.47
	6.35
	8.34
	6.52
	5.86
	4.82
	4.33
	4.33
	4.76

	CD(P=0.05)
	9.29
	0.54
	4.65
	3.66
	6.25
	5.62
	7.30
	0.12
	4.14
	2.44
	0.30
	0.12
	0.25
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Fig.1: Cluster analysis of 40 genotypes of tomato based on UPGMA for 51 SSR primers.
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Table 6: The lane numbers 1 to 40 represent 40 tomato genotypes (Fig. 2), and M represents a 100 bp Ladder:
	Lane No.
	Genotype
	Lane No.
	Genotype
	Lane No.
	Genotype
	Lane No.
	Genotype



	1.
	EC-163681
	11.
	EC-620480
	21.
	EC-274046
	31.
	Arka Vikas ©

	2.
	EC-211582
	12.
	EC-636482
	22.
	EC-251751
	32.
	Pusa Ruby ©

	3.
	EC-251518
	13.
	EC-315480
	23.
	EC-615047
	33.
	Money Maker

	4.
	EC-313466
	14.
	EC-620439
	24.
	EC-620481
	34.
	AVTO-1219

	5.
	EC-631349
	15.
	EC-620440
	25.
	EC-620428
	35.
	AVTO-1314

	6.
	EC-514013
	16.
	EC-620441
	26.
	EC-617067
	36.
	LA-3667

	7.
	EC-315481
	17.
	EC-620452
	27.
	EC-620401
	37.
	PKM-1©

	8.
	EC-320565
	18..
	EC-620509
	28.
	EC-620446
	38.
	Marutham ©

	9.
	EC-162601
	19.
	EC-620472
	29.
	EC-654286
	39.
	Arka Meghali ©

	10.
	EC-145057
	20.
	EC-620474
	30.
	EC-315479
	40.
	Arka Alok©


"Genetic diversity determines the inherent potential of a cross for heterosis and the frequency of desirable recombinants in advanced generations. Genetic diversity can be assessed at the phenotypic, genotypic, physicochemical, and molecular level which is helpful for the selection of diverse parents for hybridization. Genetic diversity assessed by the phenotypic traits is quite easy than that done with molecular markers, but the disadvantage of phenotypic traits are that they are affected by the environment. DNA markers are widely used and are not affected by the different growth stages and the environment, due to which they are usually preferred over morphological and biochemical markers” (Mc Couch et al., 1997). Adaptation of narrowly based advanced varieties for intensive cultivation is one main reason for the depletion of genetic variation. Assessment of diversity at inter as well as intra-specific levels in crops is essential for sustained agriculture. The autogamy in crops like tomato results in uniformity. To evaluate diversity in such species that are expected to have a low diversity level, DNA markers provide a good substitute due to limitations of morphological and biochemical markers, or they may be used in association. 
“In the current study, 100 microsatellite markers were used to assess the genetic diversity of tomato germplasm. The results indicated significant genetic variation among 40 tomato genotypes studied. PIC for most polymorphic markers ranged from 0.97 to 0.54 with an average of 0.787. In the present study, 40 tomato genotypes were used to study the genetic diversity at the molecular level. The number of alleles and PIC value showed the level of genetic divergence. A total of 80 alleles were observed. PIC value among the genotypes was varied from 0.97 (TGS-2080) to 0.54 (TES-240, TGS-2370, SSR590, TES-1546) with an average of 0.787. PIC of > 0.5 is highly informative for genetic studies. For molecular characterization, 40 genotypes of tomato were used and subjected to banding profiling by using 100 SSR markers. SSR markers with the highest Polymorphic information content (PIC) value i.e., 0.97 (TGS-2080), can be used further for carrying out genetic diversity and polymorphism studies. Cluster analysis done using SSR revealed EC- 631349 was found to be the most diverse which was significantly superior for plant height (191.56 cm), number of primary branches (9.83), number of fruits per plant (323.00) and ascorbic acid (59.43mg/100gm), genotype EC-313466 was found to be early as observed from the character days to first flowering (21.26 days) and days to 50% flowering (29 days). The accession EC-514013 was found to be superior for TSS (8.16 0Brix). Hence, based on cluster analysis, the identified diverse tomato lines can be effectively selected for carrying out various breeding and crop improvement programmes”. (Anuradha et al. 2021)
CONCLUSION:

Even though the polymorphism level in tomato is notably less than the genotypes examined in the current study, were showed a good level of polymorphism. More SSR markers should be included in the study for improved germplasm characterization and the creation of possible markers for agronomically significant features. When combined with the results of field observations, this kind of research can serve as a springboard for tomato breeding using marker-assisted selection, or MAS. In order to improve excellent tomato genotypes, hybridization and selection between discovered lines could further take use of the high levels of genotype diversity. All of the perspectives generated by this study will offer useful evidence for decision-making about breeding, tomato germplasm management, characterization of germplasm, and marker selection for subsequent research. High, medium, and low locus polymorphism is defined as PIC > 0.5, 0.5 > PIC > 0.25, and PIC < 0.25, respectively (Xie et al., 2010). Therefore, in our case, SSR markers detected high locus polymorphism among the 40 tomato genotypes, indicating that SSR markers are of great convenience for genetic diversity studies of tomatoes, which can further be employed in strengthening tomato breeding programmes.  
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Fig.2: Banding pattern of Two SSR markers i.e TES-2420, TES-1535












