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Abstract 
 
This study presents the main morphological features and the first molecular investigations of four new 

tomato varieties (Solanum lycopersicum), aiming to obtain their complete characterisation. Evaluation with 
the standard descriptors for tomato revealed specific and distinct traits for each analysed variety. The molecular 
analyses for variety identification started with testing three methods for DNA extraction. With an optimized 
method, which doesn’t need liquid nitrogen for plant tissue disruption, good quality DNA was obtained, in 
adequate quantities, and well preserved when stored at -20 °C. To highlight the genetic differences among the 
analysed tomato varieties, nine RAPD primers and ten SSR primers were tested. Of these, the optimal 
amplification protocols for five RAPD primers and five SSR primers were established. The amplified products 
obtained with RAPD primers revealed an average number of bands per primer of 8.8 and a total rate of 
polymorphism of 59.1%; with OPB10 primer was seen the highest number of DNA bands (11), and with 
OPA07 primer was registered the highest degree of genetic variability among the studied varieties (77.7%). 
Two SSR markers (SSR 20 and SSR T107) amplified monomorphic banding patterns corresponding to 170 
base pairs and 250 base pairs, respectively, for all varieties; with SSR T7, SSR T62, and SSR T70 primers were 
generated multiple amplification bands, with a different distribution of the bands into the agarose gel for each 
analysed tomato variety. 
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Introduction 
 
Tomato (Solanum lycopersicum L.) is one of the vegetable crops with the widest growing area in the 

world, appreciated not only for its fruit qualities, but also for its pharmaceutical and therapeutic importance. 
This plant represents an important study material for breeding and research programmes, and a very profitable 
crop for farmers. At present, more than 83,000 accessions are kept in plant collections and seed banks, which 
could cover the needs and desires of consumers in terms of shape, colour, size, taste and nutritional qualities of 
the fruits. 
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Conventional tomato breeding has been developed to increase the diversity of the commercial fruit 
aspect (Cong et al., 2008; Rodriguez et al., 2011), the resistance/tolerance to abiotic or biotic stresses (Kochieva 
et al., 2002), or to obtain valuable plant material for construction of genetic linkage map of cultivated tomato 
varieties and wild tomato species (Rick, 1975; Tanksley et al., 1992; Frary et al., 2004).  

Because cultivated tomatoes are autogamous plants and have been obtained by self-pollination, the great 
diversity of genotypes is mostly the result of inherited diversity from their wild relatives (Miller and Tanksley, 
1990). Knowledge about this genetic diversity based on morphological, biochemical, and molecular data is 
essential for an efficient use of plant material for both germplasm seed bank collections and seed producers 
(Goncalves et al., 2009). Genetic seed purity and the variety identity are parameters that ensure agricultural 
productivity and food security. Thus, breeders, vegetable farmers and tomato derived product producers, could 
be the beneficiaries of a complete characterized plant material before to use it (Vishwanath et al., 2010; 
Vînătoru et al., 2016; Doltu et al., 2018).  

The standard descriptors applied in accordance to internationally accepted rules for the coding, scoring, 
and recording, are currently used for the initial characterization of tomato phenotypes. The registered 
morphological aspects represent the result of complex interactions between genotype and growth environment 
and their evaluation strongly depends on curator experience. Since the morphological characterization does 
not provide accurate information necessary to distinguish different genotypes, further assessment of collected 
germplasms at the molecular level is required (Carmen de Vicente et al., 2006; Ferreira, 2006). In the last three 
decades, beside morphological descriptors and production parameters, molecular markers offered a huge 
amount of useful information regarding genetic diversity of tomato (Smulders et al., 1997; Chakravarthi and 
Naravaneni, 2006; Glaszmann et al., 2010), marker-trait associations to agronomic interest indicators (Parmar 
et al., 2013), molecular markers used in marker-assisted selection (Benor et al., 2008), study of genetic 
relationships among genotypes (Alam et al., 2012).   

In this study are presented the distinct and characteristic morphological descriptors, and the main 
potential yield parameters for the first four tomato varieties released by the National Research and 
Development Institute for Biotechnology in Horticulture Ştefăneşti-Argeş. For a complete description were 
applied molecular methods with Random Amplified Polymorphic DNA (RAPD) and Simple Sequence Repeat 
(SSR) markers aiming to provide the first genetic information and the starting proofs about identity of these 
varieties. 

 
 

Materials and Methods 
 
Plant material 
Four tomato cultivars (Solanum lycopersicum L.) created at The Research and Development Institute 

for Biotechnology in Horticulture Ştefăneşti-Argeş, and released in 2012 and 2013 were used in the present 
investigation (Figure 1): two varieties with determinate growth (‘Argeş 11’ and ‘Argeş 20’), and two varieties 
with indeterminate growth (‘Ştefăneşti 21’ and ‘Costate 22’). 

Morphological features were evaluated according to the international standards for tomato descriptors 
(Darwin et al., 2003). Four plants per variety were selected to be evaluated during three consecutively vegetative 
seasons and the main characters included: plant height (cm), number of branches per plant, number of fruits 
per bunch, average fruit weight (g) and yield per plant (g).   

The analysis of variance (ANOVA) for the morphological features related with yield/plant was carried 
out and statistic differences among varieties was analysed with Duncan test. The difference between the 
averages was evaluated using a significance level of P ≤ 0.05.  
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Figure 1. The greenhouse and the cultivars analyzed 
 

DNA extraction  
For DNA extraction were used fresh and healthy leaves in four replications, following three 

recommended protocols, each of them with some modifications regarding: the quantities of plant material, 
used reagents, speed, temperature and time of centrifugations. In the first method (Mamidala and Nanna, 
2009), very simple and easy to follow, the small pieces of leaves were crushed with glass pistil against the tube 
walls. Instead of the lysis compounds recommended by Mamidala and Nanna (2009), we used: cationic 
detergent cetyl-trimethyl-ammonium bromide (CTAB) lysis buffer, plus 20% sodium dodecyl sulfate (SDS), 
0.2% mercaptoethanol, and sodium acetate.  The final DNA extract was eluted in sterile nuclease free water. 

The second method tested in our laboratory followed the protocol recommended by Ahmed et al. 
(2009), except of: adding the RNase after disrupting samples with lysis buffer and before the incubation, and 
eluting the final DNA extract in Qiagen elution buffer.  

 The third method applied for tomato young leaves used DNeasy Plant Kit and followed the protocol 
recommended by producer. With this method the leaves were ground in liquid nitrogen to fine powder.   

 
DNA quality 
The quantity and quality of total DNA obtained by the three methods were verified with 

spectrophotometer BioPhotometer plus (Eppendorf) and by gel electrophoresis. After determining the 
amount of genomic DNA in each eluted solution, and their purity by the ratio absorbance A260/A280, all 
good DNA samples were stored at -20 °C. The gel for electrophoresis was prepared with 1.3% agarose in Tris-
acetate-EDTA (TAE) buffer and with 0.5% µl of ethidium bromide for DNA staining. For electrophoretic 
migration were used 4 µl DNA sample plus 4 µl of 6× loading dye. The images of the gels were obtained under 
UV light and documented with Gene Flash System.  

 
RAPD markers, protocol for amplification 
Nine RAPD primers: OPA02, OPA05, OPA07, OPA12, OPB04, OPB10, OPC02, OPC08 and 

OPC18 (Kaneka Eurogentec, Belgium) were tested. For each total volume of 25 µl, at amplification were used: 
4 µl of 5x FirePol Master Mix (FirePol DNA polymerase, 5x reaction buffer, 12.5 mM MgCl2, 1 mM dNTPs 
produced by Solis BioDyne, Estonia); 4 µl of primer; 4 µl DNA template; 13 µl of nuclease free water. The 
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amplifications were performed in Techne TC-512 Therman Cycler with the following programme of 
amplification: one cycle of initial denaturation of 3 min at 94 °C; 35 cycles with 1 min at 94 °C for denaturation, 
different time (30 sec, or 1 min) at 32 °C, or 33 °C, or 35 °C for primers annealing, and 2 min at 72 °C for 
elongation; final extension of 7 min at 72 °C, and then kept at 4 °C.   

 
SSR markers, protocol 
A set of ten SSR primers provided by Kaneka Eurogentec, Belgium was selected to be tested with the 

four tomato varieties: SSR9, SSR20, SSR74, SSR241, SSRX90770, SSR T7, SSR T57, SSR T62, SSR T70, SSR 
T107. For PCR reactions were used: 5µl of 5x FirePol Master Mix Ready to load (Solis BioDyne, Estonia), 3 µl 
DNA template, 2 µl of forward and 2 µl reverse primer, and water to a total volume of 25 µl. In a Techne TC-
512 Therman Cycler were carried out the cycling amplifications as following: one cycle for initial denaturation 
4 min at 94 °C; 35 cycles with 1 min at 94 °C, 1 min at 55 °C, or 58 °C for primers annealing, and 2 min at 72 
°C for elongation. The final extension of 7 min at 72 °C, and then maintained at 4 °C.   

The amplification products with RAPD and SSR markers were visualized after horizontal 
electrophoresis in 2.0% or 3.0% agarose gel respectively, with TAE buffer, and stained with ethidium bromide. 
The gels were photographed with Gene Flash Syngene Bio Imaging system under UV light. GeneRuler of 100 
bp DNA Ladder (Solis BioDyne) was used as a molecular weight marker.  

 
Scoring bands of RAPD products 
From repeatable tests, the clear bands, as amplified products, were considered as present or absent bands 

for each variety and each primer. Starting from the total number of alleles, certain parameters were calculated:  
a) the percentage of polymorphism - was obtained by dividing the polymorphic bands by the total 

number of scored bands:  
(Number of polymorphic bands / Number of total bands) x 100;  
b) the genetic diversity index for each primer (Nei, 1973) using formula: 
H = 1 - ΣPi2  
where: H is genetic diversity index and Pi is pattern’s frequency for each band  
 
 
Results and Discussion 
 
Morphological characterization 
Beside their common characteristic for the skin fruit colour (red), the main differences among the four 

tomato varieties are presented in Table 1. The observations performed three years consecutively confirmed the 
uniformity of the seeds and stability of the morphological features. The varieties are different from each other 
by: the general aspect of the plant at the stage of maturity, the aspect of leaves, the size and shape of fruits. 
According to our records made at the moment of maturity, the two tomato varieties with determinate growth 
displayed either drooping aspect of the leaves, large high rounded fruit, angular in cross-section (‘Argeş 11’) or 
leaves with standard shape and horizontal disposition, and produced large red-fruit with round shape in cross-
section (‘Argeş 20’). Between the two tomato varieties with indeterminate growth are obvious the differences 
in attitude of the leaves and the shape of fruits. These morphological characteristics were criteria for selection 
of tomato varieties with yield potential, important for vegetable producers.  

The main descriptors and measurements related with tomato fruit production are presented in Table 2. 
The mean values of plant height are specific for a certain type of growth, and are correlated with the average 
fruit weight. Our results are similar to those described by Akinfasoye et al., (2011), and showed that taller plants 
produce heavier fruits. 

Analysing the yield/plant in parallel with the other parameters among the four tomato varieties, the 
measurements showed significant differences for the number of branches/plants, and no significant differences 
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for the number of fruits developed per bunch. This could be the consequence of the fact that the yield potential 
of a variety depends on fruit load per bunch, type of growth and time duration for new flowers appearance and 
development. Beside these, from a breeder point of view, in selection and hybridization, are more suitable, with 
higher chance to obtain a new variety, those genotypes with distinct and constant characteristics, but having 
larger range of variability for certain features (Golani et al., 2007).  

 
Table 1. Descriptors for the distinct morphological traits  

Code descriptor 
----------- 
Variety 

7.1.2.1  
Plant growth type 

7.1.2.8  
Leaf attitude 

7.1.2.9  
Leaf type 

7.2.2.5  
Fruit shape 

7.2.2.29  
Fruit cross-

sectional shape 

‘Argeş 11’ 
2  

Determinate 
growth 

7  
Drooping 

7  
Other type  

of leaf 

4  
High rounded 

2  
Angular 

‘Argeş 20’ 
2  

Determinate 
growth 

5  
Horizontal 

 

3  
Standard leaf 

4  
High rounded 

1  
Round 

‘Ştefăneşti 22’ 
4  

Indeterminate 
growth 

5  
Horizontal 

 

5  
Pimpinellifolium  

leaf 

3  
Rounded 

1  
Round 

‘Costate 21’ 
4  

Indeterminate 
growth 

3  
Semi-erect 

 

5  
Pimpinellifolium  

leaf 

2  
Slightly 

flattened 

3  
Irregular 

(vegetative descriptors 7.1. and fruit descriptors 7.2. with their scored registrations) 

 
Table 2. Mean values for some important agronomic traits 

Variety 
Plant height 

(cm) 
No. of 

branches/plant 
No. of 

fruits/bunch 
Average fruit 

weight (g) 
Yield/plant 

(g) 
´Argeş 11’ 65.63 c 5.5 b 3.1 ns 180.6 b 3,079.2 d 
‘Argeş 20’ 79.55 c 5.4 b 3.6 ns 220.0 a 4,276.8 c 

‘Ştefăneşti 22’ 110.71 b 7.1 a 4.1 ns 190.4 b 5,542.5 a 
‘Costate 21’ 135.82 a 5.7 a 3.8 ns 230.7 a 4,996.9 b 
Mean±SD 97.9±31.5 5.9±0.8 3.65±0.42 205.45±23.74 4,473.85±1,064.5 

In each column, figures followed by the same letter are not statistically different, based on the Duncan test (P ≤ 0.05). 

 
In our study, statistical analysis of data related to type of growth, number of branches per plant, fruit 

average weight and yield per plant showed significant differences among genotypes at the 5% level by 
Duncan’s multiple range test. These morpho-agronomic characters differences are important to be known, 
registered and used, first of all for breeding aims, to enlarge the range of genotypes with as diverse characters as 
possible.  

 
Optimized protocol for DNA extraction 
For tomatoes (Solanum lycopersicum sp.), like for many other plant species, numerous methods for 

DNA extraction have been tested (Ahmed et al., 2009; Mamidala and Nanna, 2009; Dubey et al., 2017). For 
any investigation at the DNA level, the primary condition is to obtain a genomic DNA of sufficient quantity 
and of good quality. Extraction protocols generally require relatively large amounts of fresh plant material (5-
10 g) that is fragmented, or finely ground (Jobes et al., 1995; Cheng et al., 2003) to facilitate its subsequent 
digestion. Some methods start from spontaneously frozen plant material and crushed in liquid nitrogen 
(Sharma et al., 2003; Saravanan et al., 2014), and other methods, that start with small amounts of plant tissues, 
require special devices (Hill-Ambroz et al., 2002; Mogg and Bond, 2003), or use commercial DNA extraction 
kits, which ultimately leads to a high cost per sample. Our aim was to test different methods for DNA extraction 
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from tomato plants, to optimize the protocols and to obtain stable and good quality DNA samples in order to 
use them in further molecular analyses.      

The results obtained from assessments of DNA quantity and quality with spectrophotometer are 
summarized in Table 3. Among the three methods tested in our laboratory, the 2nd one (protocol published by 
Ahmed et al., 2009) proved to be the most effective, both in terms of the amount of extracted DNA and its 
quality. Thus, the concentration of DNA obtained from the four tomato varieties was on average of 69.47 ± 
23.53 ng/µl, with 24.7% higher than in samples extracted with the 1st method, and 4.6 times higher in 
comparison with Qiagen method. 

Referring to the purity of the obtained DNA solutions, expressed as the ratio of absorbances at 260 and 
280 nm, the values between 1.6 and 2.0 are considered indicators for a good purity. Our results showed good 
or very good quality of DNA extracted by applying Ahmed et al. (2009) and Qiagen methods. With tomato 
plant material, the Qiagen Kit method was efficient for the purity of the eluted DNA, but the quantities of 
total DNA extracted were lower.    

In our experiments, the method recommended by Mamidala and Nanna (2009) considered to be much 
simplified, efficient, cheap and fast, proved not to be good enough for DNA extraction from tomato varieties. 
The total DNA was obtained in low quantities and deteriorated rapidly due to impurities and RNA that were 
not removed entirely by the applied procedure. However, due to its simplicity and short working time, the 
method could be tried on several other species, genotypes, or plant material in early stages of development.  

The spectrophotometric measurements of DNA samples stored for nine months at -20 °C, showed 
almost identical values, confirming the stability of the genetic material and the efficiency of extraction methods 
2 and 3. Subsequently, the stored DNA proved to be suitable for PCR using SSR and RAPD markers.  

The quality of the DNA obtained by the three methods was confirmed by electrophoresis. The DNA 
bands were visible and clear when verifying samples extracted with the second and the third methods (data not 
shown). The gel images of DNA samples obtained with the first method showed fragmented genomic DNA, 
as weak bands and whitish smears along migration lanes. As a result, only samples that meet the appropriate 
quality parameters were used further in molecular assays. 

 
Table 3. The efficiency of methods tested for DNA extraction from leaves in four tomato varieties 

Method/ 
Variety 

Method 1 
Mamidala and Nanna (2009) 

modified 

Method 2 
Ahmed et al. (2009) modified 

Method 3 
DNeasy Plant Kit 

DNA 
conc. 

(ng/ul) 
 

Purity of 
DNA 

A 260/280 

DNA 
conc. 

(ng/ul) 
 

Purity of 
DNA 

A 260/280 

DNA 
conc. 

(ng/ul) 
 

Purity of DNA 
A 260/280 

‘Argeş 11’ 36.9±2.54 1.41±0.014 68.33±30.54 1.72±0.052 115.05±4.3 1.78±0.01 
‘Argeş 20’ 64.5±3.39 1.46±0.021 74.57±26.29 1.74±0.067 34.85±9.7 1.52±0.03 

‘Ştefăneşti 22’ 73.4±2.21 1.43±0.077 75.54±20.09 1.71±0.070 12.35±2.7 1.73±0.02 
‘Costate 21’ 47.9±10.34 1.36±0.021 61.81±18.11 1.72±0.062 17.61±3.5 1.70±0.03 
Mean±SD 55.7±15.76 1.42±0.051 69.47±23.53 1.73±0.061 14.97±3.71 1.68±0.11 

 
Our results are in accordance with those reported by Ahmed et al. (2009) and Qiagen Kit producer, and 

proved the reliability and suitability of these two methods for obtaining good quality of total DNA from 
tomato tested varieties. 

 
Genetic diversity with RAPD markers  
In the first stage of our study, we tested the RAPD markers, which have been widely used for proving 

genetic diversity in plants and has many advantages, such as: it is a simple, fast and low-cost method; requires 
small amounts of DNA; it does not need any information about target DNA sequence; it is effective for 
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highlighting genetic polymorphism, even in populations with very low degree of variability, such as is S. 
lycopersicum (Abd El-Hady et al., 2010). 

Out of the nine RAPD primers tested with DNA obtained from analysed tomato varieties, amplification 
products were obtained for five primers (Table 4). With these primers, 44 amplification bands with different 
distribution in the electrophoresis gel were visible, with the size of scorable bands ranging between 150 and 
1000 bp. With OPB10 primer were scored the highest number of DNA bands (11 bands), while with OPA07 
primer was obtained the highest degree of DNA polymorphism among the studied tomato varieties (77.7%). 
Per total, with the five RAPD primers, were scored a total number of 26 different bands or polymorphic bands, 
which corresponded to an average level of polymorphism of 59.1%. 

 
Table 4. RAPD primers, size range of the detected bands, numbers of polymorphic bands and their genetic 
diversity index obtained with analysed tomato genotypes 

Oligo name of the 
primers 

Fragment 
size (bp) 

Number of 
amplified bands 

Number of 
polymorphic 

bands 

Rate of 
polymorphism % 

Genetic diversity 
index 

OPA02       300-1000 9 4 44.4 0.664 
OPA05 300-800 8 4 50.0 0.640 
OPA07 250-900 9 7 77.7 0.676 
OPB10 200-900 11 7 63.6 0.637 
OPC02 150-700 7 4 57.1 0.675 

Total - 44 26 - - 
Average  8.8 5.2 59.1 0.658 

 
The genetic diversity index, as expression of the polymorphic information content, calculated for each 

RAPD primer, with an average value of 0.658, proved that these five primers were informative. The same 
primers, or some of them, were shown to be appropriate to characterize the variability among tomato genotypes 
(Rajput et al., 2005; Tabassum et al., 2013) and the genetic diversity index values obtained by us were similar 
with those obtained by Sharifova et al. (2013). 

 
Genetic diversity with SSR markers 
Due to relatively narrow genetic diversity of the species Solanum lycopersicum (Alvarez et al., 2001), 

and intensive selection applied during domestication, identifying of molecular markers to highlight the genetic 
polymorphism into tomato genotypes seems to be difficult. At present, as in many other crop species, SSR 
markers are used to investigate genetic diversity of tomato varieties, essential for databases and to keep a 
complete record of accessions from tomato seed banks or field collections (He et al., 2003). 

Microsatellite markers, or repeated simple sequence markers (SSRs), have been used in plant diversity 
analysis because: they are easily amplified by polymerase chain reaction (PCR), have a high level of allelic 
diversity at different loci, they are evenly distributed throughout the genome and in a different way from one 
genotype to another. The results of our investigations to find out which of the tested SSR markers are adequate 
to highlight the genetic diversity among the four tomato varieties proved to be reproducible with five primers, 
respectively: SSR 20, SSR T107, SSR T7, SSR T70 and SSR T62. 

Characteristic for the primers SSR 20 and SSR T107 are the monomorphic bands, having molecular 
weights corresponding to 170 base pairs (SSR 20) and 250 base pairs, respectively (SSR T107), which means 
that the four varieties do not differ in terms of the distribution of the bands obtained after amplification with 
these primers (Figure 2). 

With the primers SSR T7, SSR T62 and SSR T70 were obvious the differences in bands distribution for 
each variety. Multiple amplification bands were clearly visible, whose number, colour intensity and distribution 
in the gel differed from one variety to another, representing the certain proof of the genetic differences among 
the four tomato genotypes (Figure 3). 
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Our results are similar to those obtained in other laboratories with tomato varieties (Saravanan et al., 
2014), and reinforce the generally accepted view that SSR primers, well selected and used for amplification with 
appropriate programs, can generate monomorphic or polymorphic DNA amplified products (Diklesh et al., 
2016). These DNA bands are specific to each analysed genotype and can be used in subsequent experiments for 
varieties identification. 

To confirm the genetic uniformity of plant material used in tomato demonstrative fields, were 
performed amplifications with different DNA samples obtained from different extractions from the same 
variety. The identical appearance of the profiles obtained with SSR markers and with DNA samples from the 
same variety, but from different plants, was the proof of the uniformity of the seed material, and also showed 
that these five SSR markers are adequate to determine the genetic identity of analysed tomato genotypes. 

 

 
Figure 2. The monomorphic bands obtained with primers SSR 20 and SSR T107 
Line M for DNA ladder followed by lines for amplified products obtained with DNA of tomato variety: ‘Argeş 11’ - 
A11; ‘Argeş 20’ - A20; ‘Ştefăneşti 22’ - S22; ‘Costate 21’- C21 

 

 
Figure 3. The amplification results obtained with primers SSR T7, SSR T62 and SSR T70 
Line M for DNA ladder followed by lines for amplified products obtained with DNA of tomato variety: ‘Argeş 11’ - 
A11; ‘Argeş 20’ - A20; ‘Ştefăneşti 22’ - S22; ‘Costate 21’- C21 

 
 
Conclusions 
 
This study presents the results of first attempt to analyse by molecular markers four new and valuable 

tomato varieties, two characterized by indeterminate growth (‘Ştefăneşti 21’ and ‘Costate 22’) and two by 
determinate growth (‘Argeş 11’ and ‘Argeş 20’). Aiming to optimize the DNA extraction method and 
obtaining of good and very good quantities and qualities of the genetic material from the tomato varieties, were 
tested three protocols. Among these, the method recommended by Ahmed et al. (2009) has proven to be the 
most effective, both quantitatively and qualitatively. This method, which does not require liquid nitrogen for 
plant tissue grinding or expensive chemical compounds for extraction, was very efficient for all tested tomato 
varieties and the results were reproducible. Moreover, the checks of the quantity and quality by 
spectrophotometric measurements of the DNA samples stored at -20 °C for nine months, showed their 
maintenance at the same level as at the moment of extraction. 
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For a complete description, beside the morphological aspect of the plants, the molecular markers are 
widely used for assessing the uniformity of planting material for the new approved varieties and to prove their 
genetic diversity at the molecular level. From all the primers tested in our laboratory, five primers RAPD and 
five primers SSR, were efficient in assessing the four tomato genotypes and give us valuable information about 
genetic differences among them. 

With a higher number of genotypes and more markers tested, will be possible to obtain relevant 
information regarding genetic richness of Romanian tomato genotypes maintained in gene banks, to find out 
the genetic structure and genetic distance of the local and cultivated varieties and also to develop marker-
assisted selection tools useful for breeding programmes.  
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