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Abstract.Microsatellites are highly polymorphic regions containing gene loci represented by multiple alleles of different lengths and
nucleotide sequences. The purpose of this study was to identify reproducible specific molecular profiles of tomato varieties and F1
hybrids from the collection of the Maritsa Vegetable Crops Research Institute, Bulgaria, and of mutant lines from the Nuclear Energy
Research Institute, Turkey, by detecting polymorphic microsatellite loci as markers. The study included five varieties, four F1 hybrids
Bulgarian tomato, five Turkish mutant lines, and an initial landrace analysed with 19 SSR markers located in different chromosomes
of the tomato genome at a distance of 6.0 cM to 146.0 cM. Fifteen microsatellite markers were used to generate polymorphic profiles.
The number of bands per microsatellite locus ranged from one to eight, with a total of 62 bands among the markers analysed. The
average number of SSR alleles per locus was 3.26. The dendrogram constructed with the values of genetic distance showed that all
fifteen genotypes are grouped into two major clusters. Twelve form one main cluster with subclusters, while the rest of them form the
other cluster. The results of the present study complement the data on the genetic heterogeneity of tomatoes and could be useful for

tomato breeding programs.

Key words: SSR, microsatellite markers, tomato varieties, F1 hybrids, mutant lines.

Introduction

Tomato is one of the most widely cultivated crops in the
world (Naika et al. 2005). These are economically important
vegetable crop and favored by many populations in Bulgaria
and Turkey. The tomato plant (Solanum lycopersicum L.) has a
relatively compact genome among the Solanaceae family, char-
acterized by its diploidy (2n = 2X = 24; Shirasawa et al. 2010).
The tomato has emerged as one of the most studied plant spe-
cies in both conventional breeding and molecular identifica-
tion research. The fruits appeal to our senses because of their
rich array of flavors, shapes, sizes, and colors. Several quality
parameters are particularly important for tomato production
and consumer requirements (Zorb et al. 2020). Tomatoes are
a rich source of vitamins, minerals, phenolic content, flavo-
noid groups, dietary fibers, proteins, and a large number of
antioxidant compounds, helping prevent many types of can-
cer (Tilahun et al. 2017).

Tomato hybrids are the primary source of tomato cultiva-
tion. These resources have narrow genetic bases because of
several population bottlenecks in the natural, artificial selec-
tion and forms of founder events during the evolution and
domestication of modern cultivars (Rick et al. 1976; Alzahib
et al. 2021).

In Bulgaria, the accessions of cultivated and wild species
of tomatoes are maintained in the gene banks of the Institute
of Plant Genetic Resources (IPGR), Sadovo and the Maritsa
Vegetable Crops Research Institute (MVCRI), Plovdiv (Todo-
rovska et al. 2014). Cultivated tomatoes have a narrow genetic
base due to continuous selection and genetic improvement
(El-Mansy et al. 2021).

Variations in karyotype parameters, such as chromosome
number, structure, and genome size data, have been shown to
have an important role in the genetic diversity of the species

(El-Mansy et al. 2021). Tomatoes have the same importance in
Turkey, and there are many research programs for the devel-
opment and characterization of new tomato varieties (Anon-
ymous 2020).

In breeding studies, the selection efficiency in tomatoes is
improved by the use of molecular markers (Foolad 2007). S.
lycopersicum L. is a remarkable model system for genetic stud-
ies in plants (Frary et al. 2005). It is one of the first plants with
an available molecular map based on high-density DNA (Ber-
natzky and Tanskley 1986, Tanskley et al. 1992, Frary et al.
2005). The presence of a genetic map containing highly repro-
ducible, locus-specific codominant PCR-based markers facili-
tates molecular studies in tomatoes such as genotyping, quan-
titative trait locus (QTL) analysis, and marker-assisted selec-
tion (MAS) in research and selection programs (Frary et al.
2005). Microsatellites are short tandem repeats scattered
throughout the genome of higher organisms. Simple se-
quence repeat (SSR) markers are often preferred for molecular
selection due to their high reproducibility, specificity, and
easy automation. In the SSR technique, primers complemen-
tary to the conserved regions that flank a microsatellite are
used to amplify the repeat (Frary et al. 2005). Many SSR mark-
ers have been identified in tomatoes (Smulders et al. 1997, He
et al. 2003, Foolad 2007), but only a limited number of SSR
markers have been mapped (Areshchenkova and Ganal 2002).
As early as 1997, Smulders and co-authors (1997), and later,
Bredemeijer (2002) and He et al. (2003), confirmed the signifi-
cant role of SSR markers in the study of genetic diversity and
variability of the genus Solanum. Today, there are several da-
tabases in which information on the genome of S. lycopersicum
L. can be found, but the largest and the one that was used in
this study is the Sol Genomics Network Database. Genetic li-
braries, which consist of marker-defined genomic regions
taken from wild species with their introgression onto the
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background of elite crop lines, provide plant breeders with
material and knowledge that may help to improve the agri-
cultural traits of modern tomato cultivars (Zamir 2001, Kulus
2018). The objective of this study was to identify fifteen acces-
sions of the tomato collection, including Bulgarian varieties,
F; hybrids, and mutant lines from Turkey, using SSR markers
to assess the extent of genetic diversity.

Material and Methods

Plant material

Fifteen tomato accessions: five Bulgarian varieties, four F1 hybrids,
five Turkish mutant lines (at M7 generation), and an initial landrace
(Ayas) were tested. Of those included in the present study, seven Bul-
garian genotypes (IZK Niki D Fi, Rozovo sartse, Aleno sartse,
Kopnezh F1, Vodoley Fi1 , IZK Olimp Fi, Ideal), five mutant lines at My
generation (No. 21, No. 22, No. 50, No. 55, No. 96), and their initial
(Ayas) originate from the cultivated species S. lycopersicum L. One Bul-
garian variety, Plovdivska karotina, was obtained from interspecific
hybridization between the cultivated species (S. lycopersicum L.) and a
wild species (S. chillense L.). The Bulgarian variety IZK Alya originates
from a wild species (S. pimpinellifolium L.). The tomato varieties and F1
hybrids were developed at the Vegetable Crops Research Institute,
Bulgaria, and mutant lines were developed at the Nuclear Energy Re-
search Institute, Turkey (Table 1). The genotype Plovdivska karotina
has featuring a unique combination high content of three components
with antioxidant effect - vitamin C, lycopene and p-carotene (Ganeva
et al.2016). The inbred mutant lines No. 21, No. 22 and No. 96 have
also higher lycopene, B-carotene and vitamin C levels, compared to
initial landrace. Additionally the induced mutant lines No. 22 and No.
96 possess resistance to the pathogen Fusarium oxysporum £. lycopersi-
cum, which causes bacterial disease in tomatoes (Kantoglu et al. un-
published data).

Selected mutant lines were obtained from the mutation breeding
program. In this breeding program, 1500 seeds of the landrace Ayas
were irradiated at EMDso (150 Gy) with a ®Coirradiator source, at the
dose rate of 350 Gy/h. Mutation breeding cycles were carried out to
yield 15,000 individual mutant plants. Inbred mutant lines were se-
lected from this mutant population, and the mutation frequency was
calculated as 4.7%. Each mutant line was self-pollinated according to
the breeding procedure (Kantoglu et al. 2014).
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Bioinformatics review

A bioinformatics review was performed to select SSR markers for use
in this study. The criteria used to select microsatellite markers from
the tomato genome (S. lycopersicum L.) were that the markers should
be different loci, and the repeated region should contain three or four
nucleotides, which facilitates their visualization on an agarose gel. The
selected markers were located at a distance of 6.0 cM to 146.0 cM from
each other within the Tomato- EXPEN 2000 genomic map of chromo-
somes. This study included 19 SSR primers used for molecular char-
acterization, selected from the Sol Genomics Network (https://sol-
genomics.net/) database, presented in Table 2.

Molecular characterization

DNA was extracted from the young leaves of individual seedlings us-
ing the modified CTAB method (Saghai-Maroof et al. 1984) and the
Microprep protocol (Fulton et al. 1995). DNA quality and quantity
were determined both spectrophotometrically and through 1% aga-
rose gel electrophoresis. SSR analysis was performed at the Nuclear
Energy Research Institute, Ankara, Turkey. All PCR amplifications of
genomic DNA were carried out in a 50 uL reaction volume containing
50 ng / pL of genomic DNA, 1x PCR bulffer, 1 uM of each primer, 0.2
mM of each dANTP, 1.5 mM MgClz and 0.5 U of Tag DNA polymerase
(Sigma, Germany).

Our amplification program included an initial denaturation at 94
°C for 5 minutes; 35 cycles of denaturation for 30 seconds at 94 °C,
annealing for 45 seconds at 50-55 °C, and elongation for 45 seconds at
72 °C; plus a final elongation for 10 minutes at 72 °C. Amplification
products were separated in 1.5% agarose (Invitrogen) gels in 1x Tris-
borate-EDTA (TBE) bulffer, stained with ethidium bromide [*]. The
comparison of the fragment lengths was done with a GeneRuler 1 kb
DNA Ladder (Thermo Fisher Scientific). The bands were visualized
under UV light using the Vilber Lourmat Gel Documentation System.

In the 15 studied genotypes, individual SSR alleles were scored as
present (1) or absent (0) to generate a binary data matrix, which was
analyzed using NTSYS-2.2j software. Genetic similarity estimations
were used for the construction of dendrograms using the unweighted
pair group method with arithmetic averages (UPGMA; Sokal and
Michener, 1958). The cophenetic correlation coefficient was calculated
by the Mantel method (Mantel, 1967) to determine the efficiency of
clustering. Mantel r values can fall within a range between -1 to 1. An
r value of -1 suggests a strong negative correlation, 0 suggests no re-
lationship at all and 1 suggests a strong positive relationship.

Table 1. Fifteen accessions of tomatoes used for the genetic variability study based on nineteen EST-SSR markers.

S/N  Varieties and mutant lines  Developed in / Maintained by ~ Origin - Species Biological status Code
1 IZK Niki D VCRI, Plovdiv-Bulgaria S. lycopersicum L. F1 hybrid A
2 Rozovo sartse VCRI, Plovdiv-Bulgaria S. lycopersicum L. Variety B
3 Aleno sartse VCRI, Plovdiv-Bulgaria S. lycopersicum L. Variety C
4 Plovdivska karotina VCRI, Plovdiv-Bulgaria S. lycopersicum L.+ Variety D
S. chillense L
5 1ZK Alya VCRI, Plovdiv-Bulgaria S. pimpinellifolium L. Variety E
6 Kopnezh VCRI, Plovdiv-Bulgaria S. lycopersicum L. F1 hybrid F
7 Vodoley VCRI, Plovdiv-Bulgaria S. lycopersicum L. F1 hybrid G
8 IZK Olimp VCRI, Plovdiv-Bulgaria S. lycopersicum L. F1 hybrid H
9 Ideal VCRI, Plovdiv-Bulgaria S. lycopersicum L. Variety J
10 Ayas TENMAK, Ankara-Turkey S. lycopersicum L. Landrace - Initial accession K
11 21 TENMAK, Ankara-Turkey S. lycopersicum L. Mutant line L
12 22 TENMAK, Ankara-Turkey S. lycopersicum L. Mutant line M
13 50 TENMAK, Ankara-Turkey S. lycopersicum L. Mutant line N
14 55 TENMAK, Ankara-Turkey S. lycopersicum L. Mutant line (@)
15 96 TENMAK, Ankara-Turkey S. lycopersicum L. Mutant line P

Code: presented Fig. 2. UPGMA-based dendrogram
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Table 2. SSR primers used for screening fifteen accessions of tomato

N  Primer names Chr. Sequence Repeat motif Repeat No. Ta(°C)

1 SSR19 9 CCGTTACCTTGGTCCATCAC (F) AT 16 53
GGGAGATGCCACATCACATA (R)

2 SSR22 2 GATCGGCAGTAGGTGCTCTC (F) AT 11 53
CAAGAAACACCCATATCCGC (R)

3 SSR38 8 GTTTCTATAGCTGAAACTCAACCTG (F) TCT 8 50
GGGTTCATCAAATCTACCATCA (R)

4 SSR40 2 TGCAGGTATGTCTCACACCA (F) AC, 7 52
TTGCAAGAACACCTCCCTTT (R) GC 7

5 SSR51 1 CTACCCTGGTCTTGGTGGAA (F) ACAA 6 50
AAAGGATGCTCTAGCTTCTCCA (R)

6 SSR61 1 ATGCCTTATGGAAACAACGC (F) GA 24 50
CGGGTGTACGAATGTCTTTG (R)

7 SSR66 2 TGCAACAACTGGATAGGTCG (F) ATA 8 50
TGGATGAAACGGATGTTGAA (R)

8 SSR76 11  ACGGGTCGTCTTTGAAACAA (F) CGG 7 50
CCACCGGATTCTTCTTCGTA (R)

? SSR80 1 GGCAAATGTCAAAGGATTGG (F) W 2 50
AGGGTCATGTTCTTGATTGTCA (R) CAA 7

10 SSR96 2 GGGTTATCAATGATGCAATGG (F) AT 12 55
CCTTTATGTCAGCCGGTGTT (R)

11 SSR124 12 TCAATCCATCACACCTTGGA (F) CACCGA 2,7 50
GAGGAAGAAGACCACGCAAA (R)

12 SSR150 1 ATGCCTCGCTACCTCCTCTT (F) CIT 7 50
AATCGTTCGTTCACAAACCC (R)

13 SSR156 1 CACGCCTATGCACCTTTCTT (F) TCT 7 50
CTTCAAGGCTAAACCTCCGA (R)

14 SSR223 10  TGGCTGCCTCTTCTCTGTTT (F) TCT 7 55
TTTCTTGAAGGGTCTTTCCC (R)

15 SSR231 3 TGCCAATCCACTCAGACAAA (F) TA 10 50
TGGATTCACCAAGGCTTCIT (R)

16 SSR270 1 AGCTCAAGGCTTCTGTTGGA (F) GAA, 5,7 50
AACCACCTCAGGCACTTCAT (R) GGAGAA

17 SSR356 2 ACCATCGAGGCTGCATAAAG (F) AT 20 55
AACCATCCACTGCCTCAATC (R)

18 SSR586 2 TCCATCTAAGGTCTTTGCCG (F) AAC 6 55
ACAAAGGAAGTGGGAGAGCA (R)

19 SSR590 5 TCTCAAAGTCGTTCCTTCTTGA (F) TC,AC 6,4 55

GGAAGAGAAACGCGGACATA (R)

F = forward primer; R = reverse primer

Results

All microsatellite markers selected in the present study were
highly reproducible; 15 generated polymorphic profiles (Fig.
1a), and the other four SSR markers (SSR66, SSR156, SSR231,
SSR590) led to amplification of the monomorphic profile (Fig.
1b). The number of amplified fragments for all varieties, F;
hybrids and mutant lines for each of the studied markers, and
the number of generated profiles, are summarized in Table 3.

SSR19 generated five profiles. The first tomato profile in-
cluded IZK Niki F;, Rozovo sartse, IZK Olimp Fj, initial, No.
50, and No. 96, amplifying three fragments: 250 bp, 1300 bp,
and 1800 bp. The second profile included Aleno sartse and
Plovdivska karotina (250 bp, 400 bp, 1300 bp, 1800 bp). The
genotypes IZK Alya, Kopnezh F; and Vodoley F; generated a
third profile - only one fragment (250 bp) was amplified. A
fourth profile was generated by the genotypes Ideal, No. 21,
and No. 55 (1300 bp, 1800 bp), and a fifth by a mutant line No.
22 (250 bp, 1300 bp, 1400 bp, 1800 bp).

SSR22, located on the second chromosome of toma-
toes,generated five profiles. The first profile includes four

genotypes: IZK Niki Fi, Rozovo sartse, Plovdivska karotina
and No. 22, amplifying two fragments, 1600 bp and 1650 bp.
The second profile includes 4 genotypes: Aleno sartse, IZK
Alya, I1ZK Olimp F1, and No. 21, in which a fragment with a
length of 1650 bp is amplified. Vodoley F; and No. 96 gener-
ated a third profile with two fragments amplified, 300 bp and
1600 bp. In the initial landrace (Ayas), No. 50, and No. 55,
three fragments (300 bp and 1600 bp, 1650 bp) are amplified,
giving the fourth profile. The fifth profile is characterized by
missing fragments.

SSR38 generated five profiles. The first included the vari-
eties IZK Niki Fy, IZK Alya, IZK Olimp F; and Ideal, amplify-
ing a fragment with a length of 600 bp. The Rozovo sartse gen-
otype amplified two fragments, 500 bp and 600 bp. The third
profile is generated by Aleno sartse, Kopnezh F; and Vodoley
F; (250 bp, 500 bp, 600 bp). Plovdivska karotina had five frag-
ments (250 bp, 500 bp, 600 bp, 1050 bp, 1600 bp). The fifth pro-
file included mutant lines and their initial landrace (Ayas),
with an amplified fragment of 250 bp.

SSR40 generated six polymorphic profiles. Three of the
profiles included two genotypes: Rozovo sartse and Vodoley
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Figure 1. Example of (1a) polymorphic and (1b) monomorphic profile of SSR-PCR products amplified with SSR76 (P) and SSR590 (M). Lane
identification refers to the genotypes as listed in Materials and Methods; GeneRuler 1 kb DNA Ladder was used. (1 - IZK Niki D Fi; 2 -
Rozovo sartse; 3 - Aleno sartse; 4 - Plovdivska karotina; 5 - IZK Alya; 6 - Kopnezh F1; 7 - Vodoley Fy; 8 - Olimp F1; 9 - Ideal; 10 - Ayas; 11 -

No.21; 12 - No.22; 13 - No.50; 14 - No.55; 15 - No0.96)

Table 3. Number of bands and profiles generated using SSR markers.

SSR marker Number of

profiles generated

Total number of
different bands

SSR19
SSR22
SSR38
SSR40
SSR51
SSRé61
SSR66
SSR76
SSR80
SSR96
SSR124
SSR150
SSR156
SSR223
SSR231
SSR270
SSR356
SSR586
SSR590

Average

w
(PN W R, NP, WAaNNRRPR BN W
(=)}
w
NP N O NP, NP B W W WO R s N UG
(e}

F1 (300 bp); Kopnezh F; and No. 21 (400 bp, 800 bp, 1400 bp);
and No. 22 and No. 50 (400 bp, 800 bp, 1400 bp, 1800 bp). No.
55 generates the fourth profile (400 bp, 1400 bp). The fifth pro-
file included four Bulgarian varieties (IZK Niki F;, Aleno
sartse, Plovdivska karotina, IZK Alya) and one mutant line,
represented by a 400 bp fragment. The sixth profile is charac-
terized by missing fragments.

SSR51 generated seven profiles in the studied representa-
tives. The first profile (250 bp) included IZK Niki F;, Rozovo
sartse, and Aleno sartse. Five of the profiles were generated
by single representatives: Plovdivska karotina (400 bp, 500
bp, 1200 bp), IZK Alya (400 bp, 1200 bp, 1700 bp, 1800 bp, 1900
bp), Kopnezh F; (400 bp, 750 bp, 1200 bp, 1700 bp, 1800 bp,
1900 bp), Vodoley F; (250 bp, 400 bp, 750 bp), and IZK Olimp
F1 (400 bp). Ideal and initial landrace (Ayas) gave a seventh
profile (250 bp, 400 bp).

SSR61 generated four profiles. The first profile amplified
fragments 400 bp, 550 bp, and 1100 bp in IZK Niki F;. Second

profile was generated from Kopnezh F; (300 bp, 550 bp). The
genotypes Vodoley F;and IZK Olimp F; had three fragments
- 300 bp, 550 bp, 1100 bp. The fourth profile generated for Ro-
zovo sartse, Aleno sartse, Plovdivska karotina, IZK Alya and
Ideal had an amplified fragment of 550 bp.

SSR76 generated five individual profiles: Rozovo sartse
(550 bp), Aleno sartse (600 bp, 1100 bp, 1300 bp), Plovdivska
karotina (600 bp, 1100 bp), IZK Alya (550 bp, 600 bp), and one
profile (600 bp) from the other studied Bulgarian genotypes
and Turkish mutant lines.

SSR96, located on the second chromosome, generated
three profiles. The first profile was amplified in three varieties
(IZK Niki Fy, IZK Olimp F; and Vodoley F1), characterized by
a 2500 bp fragment. The second profile included Aleno sartse,
Plovdivska karotina, Kopnezh F;, Vodoley F;, and IZK Olimp
F1, which had two fragments (600 bp, 2500 bp). In genotypes
Rozovo sartse and IZK Alya, no fragments were generated,
which was reported in this study as an absence of amplified
alleles.

SSR124 generated three profiles. The first profile included
1ZK Niki Fy, Rozovo sartse, Aleno sartse, IZK Alya, Ideal, and
mutant lines No. 21 and No. 22, amplifying a 250 bp fragment.
The second profile was generated from Plovdivska karotina
and Kopnezh F; (1200 bp, 1500 bp, 2100 bp, 2200 bp, 2300 bp).
The third profile was generated from the Bulgarian hybrids
Vodoley F; and IZK Olimp Fj, and Turkish mutant lines No.
50, No. 55, No. 96 and their initial (250 bp, 1200 bp, 1500 bp,
2100 bp, 2200 bp, 2300 bp).

SSR150, located on the first chromosome, generated four
profiles. The first profile was present in all studied represent-
atives (600 bp), and additional fragments were amplified in
the following varieties, constructing individual profiles for
Rozovo sartse (250 bp), Plovdivska karotina (600 bp, 1100 bp),
and IZK Alya (250 bp, 600 bp).

SSR223 generated two profiles. A 450 bp fragment is am-
plified in all genotypes studied. In Kopnezh F;, an additional
fragment of 2300 bp was amplified.

SSR270 generated two profiles. The first profile includes
Bulgarian tomato varieties IZK Niki F;, Rozovo sartse, Aleno
surtse, Plovdivska karotina, and IZK Alya, amplifying frag-
ments with lengths of 500 bp and 700 bp. The second profile
was generated by four Bulgarian cultivars, five Turkish mu-
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E  Figure 2. UPGMA-based dendrogram
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tant lines (My), and their initial, in which an additional 1300
bp fragment was amplified.

SSR356 generated nine profiles. Genotypes of No. 50,
Vodoley Fy, Ideal, and IZK Niki F; built individual profiles
with amplified fragment lengths, respectively, of 600, 700,
1550, and 1800; 750 and 1550; 1550 and 1800; and 1550, 1700,
and 1800. Genotypes for No. 55 and Plovdivska karotina in-
cluded one fragment (600 bp), as did No. 21 and No. 22 (600
bp and 700 bp, respectively). The seventh profile was gener-
ated for genotypes Aleno sartse, IZK Alya, Kopnezh F;, IZK
Olimp Fj, initial, and No. 96 (500 bp, 750 bp, 1550 bp, 1800 bp).
Genotypes also had the following amplified fragments in
common: 500 bp, 750 bp, 1550 bp, and 1800 bp.

SSR586, located in the second chromosome, generated
two profiles. The first is included in all studied genotypes, a
product with a length of 1800 bp. The second profile was gen-
erated from the Aleno sartse genotype, with a second ampli-
fied fragment of 1100 bp.

In this study, the genetic fingerprinting of 15 tomato gen-
otypes (5 varieties, 4 F; hybrids, 5 mutant lines and their par-
ent) was performed using 19 SSR primers. A total of 62 bands
were amplified across the lines, revealing an average of 3.26
bands per primer and 3.68 profiles per marker (Table 3). The
scoring and analysis of the bands resulted in the construction
of a UPGMA-based dendrogram showing the genetic similar-
ities of genotypes under study, calculated using Nei and Li’s
coefficient (Fig. 2).

The dendrogram structure was justified on a distance co-
efficient and a clustering method previously described by
Kim et al. (1993).

Analysis of the results obtained from genetic distances
and UPGMA - based dendrogram (Fig. 2) revealed that all 15
genotypes were grouped into two major groups. The first
cluster included 12 accessions distributed in three subgroups.
The first included 4 varieties: A (IZK Niki Fy), J (Ideal), B (Ro-
zovo sartse), and C (Aleno sartse). Genetically, A and ] were
the closest, B was centered, and C is linked. The second sub-
group included two Bulgarian varieties, G (Vodoley F;) and
H (IZK Olimp Fi), and one Turkish mutant line P (No. 96) and
its initial (Ayas) landrace. IZK Olimp F; and the initial (Ayas)
were grouped into one subgroup, and Vodoley F; and No. 96

£ showing genetic similarities among
08 091 15 tomato genotype representatives.
Codes shown in Table 1.

surrounded them. This result gave reason to believe that a ge-
netic difference between the two representatives can be re-
ported. The third subgroup includes 4 varieties distributed
between two subgroups. Both subgroups included two vari-
ants each: L and M (mutant lines 21 and 22), and N and O
(mutant lines 50 and 55). The second major cluster included
three varieties: D (Plovdivska karotina), E (IZK Alya), and F
(Kopnezh Fy).

From the Mantel test (Mantel 1967) conducted based on a
regression analysis, in which the variables are distance dis-
similarity (or similarity) matrices summarizing all pairwise
sample combinations, results for the spatial distribution re-
sults show 105 points for identification, with the matrix cor-
relation: r = 0.75469 (Fig. 3). The calculated matrix correlation
value is close to 1 and suggests a strong positive relationship
and shows distance dissimilarity.

Discussion

The results obtained in the present study show that all varie-
ties, hybrids, and lines belonging to the species S. lycopersicum
L. are grouped in one main cluster with four subclusters, ex-
cept for the F; hybrid Kopnezh, which is grouped in the sec-
ond main cluster with two other varieties whose origin is re-
lated to wild species. The latter are Plovdivska karotina, ob-
tained by interspecific hybridization between the cultivated
species S. lycopersicum L. and the wild species S. chillense L.,
and IZK Alya, which belongs to the wild species S. pimpinelli-
folium L. The last two varieties are grouped in the same sub-
cluster. They also differ from the other studied varieties in
their morphological features.

Through the use of molecular markers, a cluster analysis
confirming the clear differentiation of wild species from cul-
tivated ones was performed. The two genotypes from the
wild species were also analyzed with SSR markers by Todo-
rovska et al. (2014), who demonstrated that IZK Alya is the
most diverse variety, forming its own cluster in the UPGMA
dendrogram.

Based on the statistical analysis of the results obtained the
most closely related mutant to the SSR profiles of the initial
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Figure 3. Mantel method used with to-
mato varieties, F1 hybrids and mu-
tant lines analyzed with nineteen mi-
crosatellite markers. Matrix correla-

ol

genotype is No. 96 compared to all the rest 4 studied mutants.
The genetic similarity between mutant lines No. 21 and No.
22, and the mutant lines No. 50 and No. 55 is also demon-
strated.

The data on the amplified monomorphic profile using SSR
66 with an 8-repeat trinucleotide motif (ATA) from the geno-
types in this study correlated with the results of Gharsallah et
al. (2016), who reported a relatively low value of polymor-
phism with its primer. Their results for the other compatible
tested markers (SSR 19, SSR 22) also coincide with our results.
Benor et al. (2008) reported an average of 4.3 alleles per locus
after testing 38 SSR loci on seven inbred lines of tomatoes.

In a study by Gharsallah et al. (2016), out of 25 analyzed
SSR genomic markers, 19 were polymorphic, and 70 alleles
were detected across the twenty genotypes screened, with an
average of 3.68 alleles per locus. In our investigation, out of
19 SSR genomic markers, 15 were polymorphic, which al-
lowed a total of 62 alleles to be detected across the screened
genotypes, with an average of 3.26 alleles per locus.

The results obtained here correlated with data reported by
Zhou et al. (2015b) involving 15 polymorphic genomic SSRs
in 50 studied tomato genotypes. Sixty-four alleles were de-
tected by Gharsallah et al. (2016), with a mean of 4 alleles per
primer.

The set of varieties included in this study were character-
ized by low polymorphism, because sufficient polymorphic
markers were often missing between closely related tomato
genotypes and within varieties of the same species. Most mo-
lecular markers were developed on the basis of polymor-
phisms between the cultivated tomato and their wild forms.
The conducted study, however, gives reason to believe that
the combination of microsatellites is useful for studying and
establishing genetic diversity among tomato varieties that are
closely related to each other. The microsatellite markers stud-
ied in the present study were first investigated by Frary et al.
(2005). SSR increased the efficiency and accuracy of popula-
tion genetics analysis based on these markers compared with
other markers (Foolad 2007, Wang et al. 2009, Duca et al. 2013,
Umar et al. 2018). The combination of high reproducibility of

tion: r = 0.75469.

fragments and established polymorphism confirms the possi-
bility of applying the technique in identifying varieties for
copyright protection, as well as in hybridization programs.

Conclusion

The SSR-based microsatellite method has been introduced for
tomato genotyping. The molecular genotyping enabled to
identify different SSR profiles of the studied Bulgarian varie-
ties and F; hybrids, and Turkish mutant lines among them
and with their initial landrace.

The results achieved have a practical application in the se-
lection of tomatoes. They can be used to develop hybrids, as-
sess the level of genetic diversity in the collection, and con-
duct a variety of theoretical research studies. The obtained
data confirm the efficacy of SSR markers as highly variable
markers, detecting the single codominant locus applicable for
the differentiation of genetically related varieties. The find-
ings show that for future studies, the use of more and differ-
ent types of markers would enable studies using more de-
tailed data to understand the genetic differences of breeding
materials.
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