
1 
 

Study of genetic diversity among different tomato 
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1. INTRODUCTION  

Solanaceae is a family of about 94 genera and more than 2950 species, also called as  
nightshades and distributed in most part of the world, more especially in tropical America [1]. In 
Pakistan it is represented by 14 genera and 50 species [2]. Pakistan is producing fresh tomato of 
about 0.47 MT and at the 34th position in fresh tomato production world widely[3].The world financial 
records for vegetables tomato rank first in 14% of world vegetable production (Food and Agriculture 
Organization) [4]. Tomato is grown in almost all over the world. High production and consumption of 
tomato is the major reason for the tomato processing industry. Its worldwide  production reached 
about 126 million tones in 2007 [5]. The collection and assessment of genetic diversity must be 
advantageous to build up better methods for assessment and conservation of tomato germplasm 
resources. The present  study  attempted, therefore, to compare the  local Lycopersicongermplasm 
and  its relatives  growing  in  different  agro-ecological  zones  of  Azad Jammu and Kashmir by using 
protein markers. The main task of this work is to assess thegenetic variations in some tomato 

 
Aims:The aims of this study were to characterize theexisting genetic diversity from Azad 
Jammu & Kashmir and to identify some selectable markers based on total leaf protein 
profiles.The purpose of the investigation was to detect any possible variations among selected 
cultivars and to document the protein profiling for future record.  The total leaf proteins profile 
based on SDS-PAGE showed bands of lower molecular weight common among all the varieties. 
Study design: Study wasconducted on the basis of randomized complete block design 
Place and Duration of Study: Sample: Field experiment was conducted in  different plots in all 
three districts Mirpur, Bhimber and Kotli and lab experiment was conducted  in Department of 
Botany Mirpur University of Science and Technology  during the year 2012-2014. 
Methodology: Please write main points of the research methodology applied.  Plant sample 
such as 1 Red wonder 2 Tomato Galia 3 Rizwan tomato Super special -F1  4  Tomato Red King 
-F1 5 Tomato 117-F1 collected and Following parameters were studied  Morphological analys  
Biochemical analysis by SDS PAGE and Statistical analysis   was performed  
Results:Results was confirmed through cluster analysis, principal component analysis and 
Minitab.Dendrogram was achieved from the cluster analysis of five varieties of 
Lycopersicumesculentumwas based on five morphological traits. Distance estimated based on 
five morphological traits ranged from 6-60 with an average of 33  Proteins distribution patterns 
of fourteen cultivars of Lycopersicumesculentum disclose there are significant variations in 
terms of banding pattern. Analysis of gel electrophorogram of SDS PAGE showed that there are 
significant differences between the bands of all fourteen cultivars. There were total fourteen 
bands present in each tomato variety the molecular weight of marker ranges between 10-
200kDa.  There were two bands No. 12 and 14 common among all fourteen cultivars. These 
bands are of low molecular weight with the molecular weight of 20 and 10kDa, respectively. 
Conclusion:It is concluded from present work that genetic diversity existed among all the 
cultivars. On the basis of all parameter studied,it was found that Red wonder is thebest among 
all lines. 
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varieties of indigenous collection, based on leaf protein patterns [6]. Morphological characteristics are 
precious for the determination agronomic value and taxonomic classification of plants. The 
consistency of scope can be improved by repeating experiments in plentiful environments. The 
genetic variability is the raw material of vegetable breeding industry on which selection acts to 
develop superior genotypes. Greater the eminent amount of variation present for a character in the 
breeding materials, greater is the aptitude for its enhancement through selection. In tomato, yield is 
the snowballing effect of many ingredient characters individually contributing towards yield [7]. 
In recent years, SDS-PAGE of total seed proteins and psychological analysis has been found large 
application in resolving genetic diversity and for intra and inter specific studies [8].  
 The electrophoretic protein profiles and their high fidelity and independence of the ecological 
conditions could be used as genotypic markers in coming future for analysis of protein profiling of 
several plants. These genetic markers arealso extensively used as tackle for the identification and 
inference of the quantitative traits in plant resources, resistant to disease and environmental hassle 
conditions, and other desirable agronomic traits [9]. Statistical tools are extensively used in plant 
propagation and inheritance to study genetic variability in a succession of breeding supplies. This is 
one of the superior techniques for the measurement genetic diversity [10]. These statistical methods 
embrace principal component analysis (PCA) and cluster analysis, which have equivalent 
competence to set up the most appropriate cross combinations [11].To find out the family 
relationships cluster analysis is a appropriate method [12]. The basic purpose of cluster analysis is to 
expand the homogeneity within clusters and increasing heterogeneity between clusters [13].The PCA 
has preference over the cluster analysis in respect to having distinguishing character that by the PCA 
each genotype can be assigned to one group only[14]. 
 

2. MATERIAL AND METHODS  
 
 2.1 Plant Sample 

Seeds of five tomatoes lines were collected from agriculture research centers. The samples were 
stored in labeled glass bottles to ensure safety and grown at Dadyal, Pothi and Nakyal of Districts 
Mirpur, Bhimber and Kotli respectively. The varieties were:  

1. Red wonder              
2. Tomato Galia 
3. Rizwan tomato Super special -F1 
4. Tomato Red King -F1 
5. Tomato 117-F1 
Following parameters were studied  

Morphological analysis 
Biochemical analysis by SDS  
Statistical analysis  
 

2.2 Field Experiment 

Seeds were sown in five plots by using furrows on lines with same length and width on the basis of 
randomized complete block design [15]without the addition of fertilizers in sampling plot respectively 
then seedling shifted to different plots in all three districts Mirpur, Bhimber and Kotli. 

2.3 Morphological Analysis  

Plants were selected at random for five agronomic traits as follows:  
Plant height before shifting and at maturity (cm), area of leaves (cm²), weight of leaves/ plant (g), no 
of flowers/ plant, no of fruits /plants [16]. 
 
2.4 Biochemical Analysis (SDS-PAGE) 
The study of genetic diversity of Lycopersicumesculentum was done by using the sodium Dodecyl 
sulphatepolyacrylamide gel electrophoresis (SDS-PAGE). The present work was the count(3)of 
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preceding work morphogenetic comparison of three tomato cultivars from Azad Jammu and Kashmir, 
Pakistan [17].   

2.4.1 Plant Material 

Leaves of all five tomatoes were crushed to powder form and 0.1g from each sample was  weighedto 
1.5ml micro tubes. 

2.4.2Extraction of protein 

Protein extraction and protein analysis was done by following the FurdiFlorina, 2012[9]. SDS-PAGEis 
asignificant and momentous method for the identification of whole cell proteins at species level. 
Molecular weights of leaves proteins are analyzed by SDS-PAGE by using Fermentas protein ladder 
SM0661 for SDS Gel Electrophoresis the molecular weight of the fermentas SM0661 ranged between 
10kDa to 200kDa.  

2.4.3Preparation of Resolving Gel (10% acryl amide gel) 

The separating gel was lay down by mixing 3 ml (1.875M -HClPh 8.80), 6.9 ml distilled water, 5 ml 
(5% acryl amide), 140μl (SDS 10%),90μl (APS 5%) and 14μl TEMED. 

2.4.4Preparation of Stacking Gel 

Mixed 1 ml (0.6 M Tris-HCl pH 6.8), 7.2 ml distilled water, 1.66 ml (30% acryl amide), 100μl (SDS 
10%), 80μl (APS 5%) and 9μl(TEMED) at the end. 

2.4.5Gel Preparation 

Glass plates were cleaned with 70% ethanol and fixed by using seal gasket and clips; separating gel 
was poured to the cell andlayered with water. After 30 min distilled water was removed, stackinggel 
was added and comb was inserted into the stacking gel[17]. 

2.4.6Sample loading and electrophoresis 

Glass cabinet was fixed with electrophoresis apparatusand filled the electrophoretic trays with 
electrode buffer (25 Mm Tris, 0.1%SDS,192mM glycine). The wells was clean with running buffer, and 
the sample (12ul) and molecular weight marker (10-200 kDa, Fermentas protein ladder) (5μl) was 
loadedat the bottom of each well usingmicropipette and connected the power supply at 120 volts. [17]. 

2.4.7Staining 

After electrophoresis the gel was shifted to tray containingstaining solution which wascomposed of 
trichloroacetic acid solution, ethanol, glacial acetic acid and Coomassie Brilliant Blue (CBB), and was 
shaken gently for 40 min.  

2.4.8De-staining 

Staining was followed by distaining solution containing methanol, acetic acidand distilled water and 
kept over nightuntilthe background of gel disappeared. The picture was taken by geldocumentation 
with white light illuminator [18]. 

2.4.9Data scoring 

Electrophoregram for each variety was scored and the presence (1) or absence (0) of each band was 
renowned. One the basis of electrophoresis band spectra Jacquard’s similarity index was calculated 
by using formula [19](Sneath and Sokal, 1973). The scoring was done by analyzing the presence or 
absence of data regarding the banding patterns on the gel of the leaf storage proteins of tomatoes 
[20]. 

2.5 Statistical Analysis  

The morphological character was analyzed  usingcluster analysis, principal component analysis and 
Minitab.Correlation between  morphologicalas well as biochemical traitswas done by using the 
statistical tools. By using the procedure of cluster analysis, principal component analysis, and Minitab 
computer software programs for windows, data was analyzed statistically [19]. 
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3. RESULTS AND DISCUSSION 
 
Genetic diversity is the richness of the hereditary information in the gene pole of one species. High 
level of inter-species genetic diversity is an assurance for adaptation to changing environmental 
conditions, an indication for adaptation potential of the species and an important part of the 
ecosystem stability. Also genetic diversity is a raw material for tree improvement studies. As such, 
most of the researches about the genetic diversity are in high priority in plants improvement programs 
[25-28]. Genetic diversity can be determined by morphological and physiological characters or 
molecular markers. Morphological and physiologic which is especially enough to get information after 
obtaining to reach the details of information of izoenzim and DNA studies [29-32]. For this, there are 
very much studies about genetic diversity on the different plant species [33-34]. 
 
Dendrogram was achieved from the cluster analysis of five varieties of Lycopersicumesculentumwas 
based on five morphological traits. Distance estimated based on five morphological traits ranged from 
6-60 with an average of 33 (Fig 1). Cluster analysis based on morphological traits clustered the 
genotypes in to two main clusters. The first cluster included the Tomato Red King-F1 line,and the 
second cluster was divided into two sub groups on the basis of similarity and differences. Results  
showed that all four lines were originated from the singleton. The first sub-group included the Rizwan 
tomato Super special -F1 and Tomato 117-F1,and the second sub-group comprised of Red wonder 
and Tomato Galiathatconferred the genetic similarity among them. 
  
PCA bi-plots provided an indication of the similarities and variation between the genetic diversity 
among different accessions of the same genotype and interrelationships between all genotypes. The 
PC1 and PC2 cumulatively explained variation among five lines of Lycopersicumesculentum(Fig 2). 
All the five genotypes grown in three districts remainedscattered in all quadrants, showing great 
genetic inconsistency particularly Red wonderwhich was on top right of ordination plot  while Tomato 
Red King–F1 line was on top left of the ordination plot. 
In the top two quadrants of the projection both the lines Red wonder, and Tomato Red King –F1 were 
scattered and showedthe variation between these two lines. In lower right quadrant of projection 
Tomato Galia was present showing the trend of genetic divergence.  Lower left quadrant of projection 
Tomato 117-F1 and Rizwan Tomato superspecial-F1 lines were present. They were almost 
overlapping in lower quadrant of projection that represented these lines were genetically similar in 
relationship. 
 

3.1 Biochemical analysis by SDS PAGE.  

Proteins distribution patterns of fourteen cultivars of Lycopersicumesculentumdisclosedthat there 
were significant variations in terms of banding pattern. Analysis of gel electrophorogram of SDS 
PAGE showed that there areweresignificant differences between the bands of all fourteen cultivars. 
There were total fourteen bands present in each tomato varietyandthe molecular weight of marker 

ranged between 10-200kDa.  There were two bands (No. 12 and 14)common(meaning ?)among all 
fourteen cultivars. These bands are of low molecular weight with the molecular weight of 20 and 
10kDa respectively. (Fig 3) 
 
Similarity coefficient matrix obtained from the fourteen lines of Lycopersicumesculentum grown in all 
three areas represented that coefficient of similarity ranged between 0.4-0.96296 with an average 
value of 0.5. The minimum similarity was observed between Tomato Red King-F1 grown at Mirpur 
and Red Wonder grown at Kotli with the value 0.4. The maximum similarity was observed between 
the Tomato Red King-F1 grown at Kotli and Tomato Gali grown at Kotli. 
  
Dendrogramwasobtained from the cluster analysis of five lines grown in all three districts of 
Lycopersicumesculentum based on banding pattern on gel as well as similarity coefficient matrix. 
Distance estimated based on genetic similarity ranged between 0.0-3.0 with an average mean value 
of 1.5. Cluster analysis based on genetic similarity clustered the genotypes into three main clusters. 
The first cluster included two sub group the first subgroup included three cultivars Red Wonder (M), 
Tomato Galia (M), and Rizwan tomato super special-F1 (M). Where as second subgroup was 
singleton with Tomato Red King-F1 (M) showed the trend towards the origination of all remaining lines 
from cluster-one. Second cluster was also divided into two subgroups. First sub group comprised of 
singleton cultivar Tomato117-F1 line from district Bhimber. Second sub group divided into two 
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subgroups, second subgroup was consisted of three lines Rizwan tomato super special-F1 (B) and 
Tomato Red King-F1 (B) and Tomato Galia (B) was singleton. Third cluster also clustered into two 
subgroups. First subgroup was  comprised of three lines singleton with the cultivar Red Wonder (B) 
while other two were Red Wonder (K) andRizwan tomato super special-F1 (K) where as second sub 
group consisted of a singleton and a sub group. Singleton Tomato 117-F1 (M) and Tomato Red king-
F1 and Tomato Galia both grown at Kotli showed their trend of origination from singleton Tomato 117-
F1 (M) (Fig 4 ). 
 
The Principal Component Analysis (PCA) tool was used to analyse the data obtained through banding 
pattern, similarity coefficient matrix and cluster analysis of all fourteen lines of tomato grown in three 
localities (Fig 5).  
PCA bi-plots provided an indication of the similarities and variation between the genetic diversity 
among different accessions of the same genotype and interrelationships between all genotypes. The 
PC1 and PC2 cumulatively explained variation among fourteen lines of 
Lycopersicumesculentum(Fig.4). Projection of all genotypes on a two-dimensional plane, based on 
the first two PCs, partially confirmed the results of dendrogram(Table 2) 
 
In the top right quadrant of ordination Red wonder (K), Tomato Galia (K), Rizwan tomato super 
special -F1 (K), Tomato Red King -F1 (K) and Tomato 117-F1 (M) lines were forming a lose group 
represented that all thelines were genetically similar. In the top left quadrant of ordination Red wonder 
(M), Tomato Galia (M) and Rizwan tomato Super special-F1 (M) were  forming a compact group 
represented strong genetic relationship among all three lines of quadrant. In lower right quadrant of 
projection Red wonder (B), Tomato Galia (B) and Tomato 117-F1(B) formed group by showing a 
overlapping pattern. While on the lower left quadrant of projection Tomato Red King-F1 (B) and 
Rizwan tomato Super special -F1 (B)were present showing that all these tomato lines in lower both 
quadrants showed almost overlapping which means these were genetically similar except the Tomato 
Red king–F1 (M) that was far away from other tomato lines showing that it was not similar to other 
tomato lines.  (Separate into two or three grammatically correct sentences for better clearification)  
Morphological trait measurements can provide a simple method of estimation of genetic variation 
while harmoniously assessing genotype presentation under related growing environments [20] 
(Shuaibet al., 2007).  Morphological and molecular data supported self incompatibility (self pollen 
rejection), cross fertilization in plants (allogamy), and green fruits as plesiomorphic in tomatoes 
[21](Luckwill, 1943).Though, evaluation of morphological character is protracted and in general 
phenotypic characters are dependent mostly upon plant developmental stages and environmental 
conditions. 
  
Comparison was based on leaf protein banding patterns in SDS PAGE.The banding patterns showed 
two common bands among all tomato cultivars. The bands of low molecular weight14 and 12 were 
present in all  and recorded among all fourteen tomato lines.  These proteins were of molecular 
weight of 10 kDa of band No.14 which may be the xylem sap proteins as reported in the previous 
work of [22]Repet al., (2003). The other low molecular weight proteins of band No. 14 may be heat 
shock proteins as having molecular weight of 20 kDa as reported previously by [23]Dinget al., (2001). 
The intensity of variationsdepends upon the glance of the bands. However banding patterns of major 
bands obtained did not show variability but there were some variations among the minor bands. No 
work had been reported previously about the leaf proteins analysis of the Lycopersicumesculentumby 
SDS-PAGE. The present work would be a support for future analysis. 
For the achievement of success in breeding programs the information of relationship of fruit yield with 
its constituent traits helps greatly. Singh et al. (2002)[24] reported high genetic divergence for plant 
height, number of days to fruit set, number of fruit clusters per plant, number of fruits per plant, fruit 
weight per plant and fruit yield per plant. The level of relationship between characters with yield can 
be established by studies of correlation. This would help in formulation of a competent breeding 
program for improving the yield prospective by means of its components. This work will be helpful to 
farmers for cultivationof  thesevarieties  in particular areas. The genetic inconsistency proved to be a 
basic material of vegetable breeding industry on which selection acts to expand better genotypes. The 
elevated quantity of divergence present for a character in a genotype favors greatly easy selection of 
genotype for breeding and improvement of the crop plant in future. In tomato, yield was the 
snowballing effect of many constituent characters independently causative towards yield.  
 
 

Table 1. Similarity index based upon morphological traits 



                     Red Wonder      Tomato GaliaRizwan T 

Red Wonder 1  

Tomato Galia 0.98458 1 

Rizwan T -F1 0.96128 0.98282

Tomato RK -F1 0.86228 0.85319

Tomato 117-F1 0.95629 0.97414

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure. 1.Dendrogram based upon Morphological traits

Figure. 2. PCA of Lycopersicumesculentum
 

Table 2:  Index of similarity obtained from SDS 

Red Wonder      Tomato GaliaRizwan T -F1     Tomato RK -F1 Tomato 117

  

0.98282 1  

0.85319 0.82262    1  

0.97414 0.986                0.86494          1

Dendrogram based upon Morphological traits 

 

Lycopersicumesculentum based upon morphological Trait

Table 2:  Index of similarity obtained from SDS -PAGE 

6 

Tomato 117-F1 

1 

based upon morphological Trait 
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                      Red Wonder      Tomato GaliaRizwan T -F1     Tomato RK -F1 Tomato 117-F1 

_________________________________________________________________________________

Red Wonder      1  

Tomato Galia 0.75     1  

Rizwan T -F1     0.75 0.5                      1  

Tomato RK -F1  0.25              0.5   0.5  1  

Tomato 117-F1    0.5 0.5 0.5  0.5    1   

Red Wonder 0.30769          0.307690.30769   0.61538             0.85714         1 

Tomato Galia0.42857       0.42857         0.42857     0.42857  0.81818       0.73684 

                            1  

Rizwan T -F1  0.333330.5   0.5 0.66667  0.7   0.70588  

0.777781 

 

Tomato RK -F10.363640.363640.36364 0.54545 0.631580.625  

0.82353   0.933331 

Tomato 117-F1  0.46154 0.615380.61538 0.615380.85714 0.66667     

                          0.73684                0.82353  0.75 1 

Red Wonder0.53333 0.533330.53333  0.4          0.8695       0.7   

     0.7619       0.73684 0.66667                 0.8                   1                                                   

Tomato Galia0.47059        0.47059 0.47059 0.47059  0.8         0.72727              

 0.78261        0.66667 0.6        0.72727 0.83333 1  

Rizwan T -F1    0.61538 0.61538  0.61538 0.46154 0.76190.66667   

0.705880.625    0.66667  0.9      0.818181 

Tomato RK -F1  0.44444            0.44444     0.44444                0.44444        0.92308 0.78261  

 0.83333 0.72727 0.66667               0.78261 0.8     0.96296      

 0.78261  1 

__________________________________________________________________________________________________ 
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Figure. 3. Gel obtained from SDS-PAGEFigure.4.Dendrogram based upon SDS-PAGE  
Analysis 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure.5. PCA based upon SDS-PAGE analysis 

4. CONCLUSION 
 
It is concluded from the present work that genetic diversity existed among all the cultivars. On the 
basis of all parameter studied it was found that Red wonder is thebest among all lines 
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