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Abstract 

 Present study aimed at finding out genetic diversity amongst a new set of germplasm representing 
various varieties and lines of tomato using in silico designed simple sequence repeats (SSRs) with extraction 
and assembly of 4200 expressed sequence tag (EST) sequences, finding out SSR containing EST sequences 
and designing of 55 primers, of which 20 were used to conduct diversity studies. On PCR amplification 62 
bands were generated, representing 60 polymorphic (96.77% polymorphism) bands. Similarity values of data 
analysis ranged from 0.10 to 0.87 indicating a broad genetic base of germplasm. Dendrogram and principle 
component analysis (PCA) of clustering analysis divided the germplasm in two main clusters. Various fruit 
characters were also assessed morphologically. This study demonstrated the potential of EST-SSRs in genetic 
diversity analysis further facilitating the use of studied germplasm in breeding programs. These markers can 
also be used to successfully conduct QTL and marker assisted selection studies.   
 
Introduction 
 Tomato (Solanum lycopersicum L.), is economically one of the most important and widely 
grown vegetable crops of the Solanaceae. Wild tomato species, native to South America exhibit 
great morphological and ecological diversity, and are very useful in breeding programs. Molecular 
markers offer efficient selection of desired agronomic traits in breeding studies because they are 
based on the plant genotypes and are also independent of environmental variations (Huq et al. 
2009). SSRs, considered as one of the most powerful Mendelian markers, have been widely used 
in germplasm identification, population genetics, evolutionary studies and crop improvement 
(Mohan et al. 2013). On the basis of origin, SSR markers are of two types: genomic SSRs which 
are developed from enriched DNA libraries, and genic or EST-SSRs, derived from EST sequences 
originating from the expressed region of the genome which are submitted, in public domains, as 
cDNA clones (Chagne et al. 2004). The development of genomic SSRs is a time consuming job 
while genic-SSRs are easier to search in silico for a particular organism. However, the large EST 
datasets are highly redundant and contain a large number of repetitions in the sequences. A few 
attempts have been made to reduce this redundancy and develop non-repetitive EST datasets for 
tomato. Keeping in view the above information, the present study was conducted to fulfill the 
objectives of in silico EST-SSR primer designing and evaluation of genetic diversity among 
tomato genotypes. Non-redundant EST sets assembled from public datasets were mined for SSR 
motifs which were used to develop novel primers. The utility of the primers were checked on a 
broad germplasm of tomato. 
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Materials and Methods 
 The plant material comprised of different lines/accessions and variety of tomato is shown in 
Table 1. Seeds procured from Department of Vegetable Science, Dr. Y S Parmar University of 
Horticulture and Forestry, Nauni, Solan, India, were sown to obtain seedlings. The fresh and 
healthy leaves of each plant representing different lines and varieties were collected and stored at 
–80ºC until further use.  
 Retrieval of EST sequences: A total of 4,200 EST sequences of S. lycopersicum were 
downloaded in FASTA format from the EST database of NCBI platform (www.ncbi.nlm. 
nih.gov/nucest) and compiled in a single text file.  
 EST assembly: Non-redundant dataset from the EST sequences were obtained by using 
EGassembler-GenomeNet web server (Masoudi-Nejad et al. 2006). Data input was given in one-
click assembly through file upload option in FASTA format. Parameters and algorithms used by 
software are as follows: sequence cloning process by minimum per cent identity of 96 for an 
alignment with a contaminant, repeat masking process by using RepBase repeats library of 
Arabidopsis, vector masking process by using core NCBI's vector library, organelle masking 
process by using plastids library of Arabidopsis and sequence assembly process by overlap per 
cent identity cutoff N > 65 value of 80. The software removed various contaminants (low quality 
and complexity regions) and assembled the EST sequences by creating contigs and singletons 
using CAP3 (Huang and Madan 1999, Vaidya et al. 2015).  
 SSR motif detection: Simple sequence repeat identification tool (SSRIT)-Gramene (Temnykh 
et al. 2001, Kaur et al. 2015) was used to find out SSR sequences among the contigs and singleton 
sequences. EST sequences were pasted in FASTA format in the text area. The SSRs were 
screened out by setting the search parameters to identify at least 5 repeats motifs with a maximum 
of 10 base pairs. These parameters strengthen the results. The software detects SSR sequences 
using following information: Sequence Id, SSR motif, No. of repeats, SSR start position and SSR 
end position. 
 Frequency of different repeat motifs with variability in their length was calculated by using 
the formula: 
 
Frequency of repeat =                                                                              × 100  
 
 
 Primer designing: Primers were designed using Primer3 v.0.4.0 software (www.frodo. 
wimit.edu/primer3/) (Rozen and Skaletsky 2000) which were then custom synthesized from 
Genaxy Scientific (New Delhi, India). The parameters used for primer designing were as follows: 
Primer size- 18 to 27 bps, Primer Tm-57 to 63ºC and GC% - 20 to 80%. 
 Functional annotation: BLAST × tool from NCBI (https://blast.ncbi.nlm.nih.gov/Blast) was 
used for putative annotation of designed EST-SSRs by comparative analysis and assignment of 
functions on the basis of EST sequence homology. E value of <1E-5 was taken as a significant 
criterion of homology. Maximum target sequence of 100 along with BLOSUM62 as scoring 
matrix parameter, existence: 11 and extension : 1 as gap cost and conditional compositional score 
matrix adjustment were used as algorithm parameters. 
 PCR amplification: To conduct genetic marker analysis, DNA from leaves of seedlings was 
isolated using CTAB method (Doyle and Doyle 1987). A reaction mixture of 20 µl for PCR 
analysis was prepared using 1 X PCR buffer, 2 mM MgCl2, 1 mM dNTPs, 20 pm of each primer 
(forward and reverse), 1 U Taq DNA polymerase, 50 ng template DNA following a thermal 
profile as : 5 min of initial denaturation at 95°C followed by 40 cycles of 1 min denaturation at 

Number of times particular repeat occurred
 

Total number of repeats of the same length
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94°C, where annealing varied with Tm of each primer for 1 min and extension of 2 min at 72°C, 
further followed by final extension of 5 min at 72°C. The amplified DNA was mixed thoroughly 
with 6 X loading dye and then electrophoresed in 3.5% agarose gel supplemented 0.5 µg/ml 
ethidium bromide followed by a run at a constant voltage at the rate of 5 V/cm for about 3 hrs. 
Polymorphism study was carried out to find out the variability of the germplasm using the 
following formula: 
 
 Per cent polymorphism =                                                                × 100  
 
 
 The Polymorphism information content (PIC) (Anderson et al. 1993) values for alleles at each 
SSR locus was calculated using the formula:  

PIC = 1– ∑ pi2  
 where ‘pi’ is the frequency of the ith allele. 
 Fingerprints of different genotypes were recorded based on the occurrence of unique bands. 
Effective multiplex ratio measures the number of polymorphic loci in the germplasm, analyzed per 
experiment (Varshney et al. 2007). It was calculated by the following formula: E = nβ; where, “β” 
is the fraction of polymorphic markers and is estimated as β = np/(np + nnp), indicating “np” as 
polymorphic loci and “nnp” as non-polymorphic loci, “n” is the multiplex ratio, measured as the 
average number of DNA fragments amplified/detected per genotype using a marker system. The 
utility of a given marker system is a balance between the level of polymorphism detected and the 
extent to which an assay can identify multiple polymorphisms. Marker index (MI) provides a 
convenient estimate of the utility of any marker system (Varshney et al. 2007). It was estimated as 
follows: MI = PIC × E. 
 Here, E and MI values were also calculated for each primer. 
 

 Dendrogram and PCA plot: To carry out data analysis binary matrix was prepared using 
banding pattern generated by all markers by indicating the presence of PCR product band by 1 and 
absence by 0. NTsys pc Version 2.02 (Rohlf 2000) was used to create dendrogram (UPGMA 
clustering) and PCA plots. Similarity matrix was prepared using SimQual function with Jaccard’s 
coefficient of similarity module and dendrogram was constructed using SAHN module of 
clustering with UPGMA clustering method. Nine morphological descriptors of fruit viz., size, 
weight, shape, colour, intensity of colour, presence/absence of dark green stripes on the 
(shoulders) fruit, fruit shoulder shape, fruit cross-sectional shape and shape of pistil scar were used 
to analyze diversity present at the morphological level. H-index was calculated for these 
descriptors to find out morphological homogeneity by finding out the ratio of each category of 
descriptor followed by the sum of their square root. 
 
Results and Discussion 
 EST-SSRs represent exonic regions of the genome which will transcribe into proteins and 
they remain conserved increasing their importance as markers for various molecular studies. For 
their development first and foremost requirement is the availability of EST sequences. In the 
present study, a total of 4200 initial EST sequences of S. lycopersicum, out of total dataset of 
300290 was downloaded from NCBI EST database by choosing EST from database toolbar and 
specifying the name of crop as S. lycopersicum for further search. The dataset was assembled into 
352 contigs and 1,918 singletons leading to a non-redundant dataset of 2,270 sequences with a 
45.95% reduction in redundancy. 

Total number of polymorphic bands
 

Total number of bands 
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   The EG assembler was software used to deduct overlapping sequences and also provided the 
unique sequences without any duplication in order to screen out and discard unwanted sequences; 
further increasing the precision of primer designing. Data output was in the form of ZIP format 
.Cap_all_zip. Repetitive elements including small RNA pseudo genes, LINEs, SINEs, LTR 
elements, vector sequences, organelle and other interspersed repeat were masked by the software 
through automatic screening and cleaning for various contaminants in the EST sequences. The 
server assembled the sequences into contigs and singletons using CAP3 with the overlap identity 
of 80% between one end of a default read to another end (Huang and Madan 1999). Kaur et al. 
(2015) and Vaidya et al. (2015) also reported a significant reduction in redundancy of 22.2% and 
80.33%, respectively, by using EG assembler. A total of 94 SSRs was found, out of which 19 were 
obtained from contigs and 75 from singletons. The SSRs obtained were of di-nucleotide and tri-
nucleotide repeats. A total of 55 di- nucleotide (58.51%) and 39 tri-nucleotide (41.48%) repeats 
was obtained. Five different types of di-nucleotide motifs were observed, of which AT/TA 
(36.36%) repeat motif was most common and GT/TG (7.27%) was least repeated motif. In case of 
tri-nucleotide repeats, 13 different motifs were found, among which TCT/CTT/TTC (17.94%) was 
most common, while GGC and ATC (2.56%) contributed the least. These results are supported by 
previous findings of Kaur et al. (2015), Parmar et al. (2010), Vaidya et al. (2012). A total of 55 
primer pairs were designed from 94 SSR containing EST sequences, as remaining 39 SSR 
containing EST sequences were not found to contain any EST-SSR primer pair by Primer 3. Out 
of these, 20 primer pairs were custom synthesized and were further used to carry out diversity 
studies. Homology analysis with E value of <1E-5 using BLASTx tool revealed high level of 
sequence similarity, based on identity percentage, with four plants species: 14 sequences were 
homologous with S. lycopersicum, 4 showed homology with S. tuberosum, while 2 sequences 
were found to be homologous with Nicotiana tabacum and Coffea canephora (Table 2). 
 Out of the 20 EST-SSR primers pairs used for PCR amplification, of which 10 were of di- and 
other 10 were of tri-nucleotide repeats, 16 produced polymorphism and 4 did not produce any 
amplification. In total, 62 bands were produced, of which 60 revealed polymorphism (96.77%). A 
total of 440 fragments were amplified by all primers among the tomato germplasm varieties used 
which counted for 25.88 fragments per amplified primer and 13.75 fragments per accession. PIC 
values calculated for the amplified primers ranged from 0.15 to 0.92 with an average of 0.47 
(Table 2). A total of 16 unique bands were produced, of which maximum number of 4 unique 
bands were produced by Contig 7 primer in accessions namely, EC-10304 (at 500 bp, 250 bp) and 
EC-528373 (at 150 bp, 400 bp), followed by Contig 340 in EC-2798 (300 bp), EC-251649 (200 
bp) and EC-114375 (100 bp), gi|4387244| in EC-521054 (300 bp), EC-528373 (200 bp) and EC-
168283 (100 bp), gi|4386782| in EC-521 (500 bp, 400 bp, 300 bp), which generated three unique 
bands each. Primer gi|4386508| produced two unique bands in EC-114375 (1000 bp), EC-6486 
(200 bp) and the remaining single unique band was generated by gi|4386388| in EC-29914 (100 
bp). The average E value and the MI value for the EST-SSR primers studied was 1.85 and 0.86, 
respectively. Maximum values of E and MI were found to be 0.46 and 0.42 with primer 
gi|4386508|.  
 Jaccard’s similarity matrix coefficient was obtained through NTSYSpc. The similarity 
coefficient values ranged from 0.10 to 0.87 indicating a broad variety of the germplasm studied. In 
the dendrogram, two main clusters were found with further formation of sub-clusters. Cluster I 
consisted of 25 genotypes, while rest 7 were grouped in cluster II (Fig. 1). The maximum 
similarity of 87% was found between EC-521059 and EC-501074, while minimum similarity of 
10% was observed between EC-12699 and EC-6486. It was found that ‘Solan Vajr’ which is a 
commercial variety, was present on the top of cluster, separating it from rest of the germplasm 
(Fig. 1).  PCA was also done,  which  divided  the germplasm into same groups as depicted by  the  
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dendrogram (Fig. 2). Further, the authentication of the genetic relationship was also found 
congruent with an H-index value of fruit base morphological descriptors. H-index value ranged 
from 0.19 to 0.83 for nine descriptors with values of 0.47, 0.94, 0.19, 0.68, 0.46, 0.42, 0.78, 0.64, 
0.83 and 0.74 for size, weight, shape, colour, intensity of colour, presence/absence of dark green 
stripes on the (shoulders) fruit, fruit shoulder shape, fruit cross-sectional shape and shape of pistil 
scar, respectively. 

 
Fig. 1. Dendrogram of tomato germplasm genetic variance based on EST-SSR analysis.  

 
 EST-SSRs have evolved as an important class of molecular markers because of their easy 
availability, hyper variability, suitability for high throughput analysis and polymorphism in 
comparison to other available markers (Vaidya et al. 2012). In this study, more abundance of di-
nucleotide repeat motifs were detected followed by tri-nucleotide repeat motifs. These results are 
in agreement with those found by Jung et al. (2005) in apricot and peach, Aggarwal et al. (2007) 
in coffee, Zhang et al. (2010) in walnut and Vaidya et al. (2012) in cauliflower. But some other 
findings in maize, rice, sorghum and wheat (Kantety et al. 2002), in barley (Thiel et al. 2003) and 
in oat (Becher 2007) showed that tri-nucleotide motifs were the leading SSR repeat motif type. 
While tetra-nucleotide repeat motifs were found to be the most abundant in sugarcane (Pinto et al. 
2006). This variation in abundance level of EST-SSR may be attributed because of changes in 
SSR search criteria, SSR mining tools and the size of the database searched (Varshney et al. 
2005). In present study broad genetic base of germplasm taken was revealed, which is congruent 
with the morphological findings as the germplasm consisted of small, medium and large varieties 
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and lines of different colours along with other distinct morphological characters. Grouping pattern 
obtained upon PCA was found congruent with dendrogram clustering, further confirming 
authentication of results. Also, high level of polymorphism (96.77%), high PIC (0.15 to 0.92), E 
(0.46) and MI (0.42) values  and  a  sufficient  number  of unique bands obtained using EST-SSRs 

 

 
Fig. 2. Two dimensional PCA plot of tomato germplasm genetic variance based on EST-SSR analysis 

          (1-32: genotype names are provided in Table 1). 
 
reflects their usefulness for conducting diversity and fingerprinting studies. From these 
observation it may be concluded that these EST-SSRs are very promising to conduct varietal 
identification, genetic relationship and diversity studies with different germplasm set as well as for 
other marker studies like gen tagging and QTL identification. Vaidya et al. (2015) also revealed 
high usefulness of markers with more polymorphism, PIC, E and MI values towards markers 
studies. Use of different computational approaches for EST-SSR mining has also increased the 
repository of publicly available EST-SSRs which will prove a much valuable tool for further 
genetic and genomic studies. The use of these markers would reduce the cost and will also 
facilitate cultivar identification, genetic distance assessments, gene mapping and marker-assisted 
selection (MAS) (Sankhyan et al. 2017).  
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