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 Cultivated tomato (Solanum lycopersicum L.) an important vegetable crop   is 

reported to have very low genetic diversity. The present study was conducted to 

determine the extent of heritable variation in tomato germplasm. Germplasm 

comprised of 82 accessions including accessions of Solanum lycopersicum L. and four 

wild species S. chilense, S. habrochaites, S. pennellii and S.pimpinellifolium.  

At morpho-physiological level data was recorded for qualitative and 

quantitative traits from seedling to reproductive stages in 2006 and 2007. F-ratio and 

heritability values were high for most of the traits. Cluster analysis revealed grouping 

of accessions based on similarities irrespective of geographical origin. Principal 

Component Analysis (PCA) revealed positive contribution of fruit traits on PC1 while 

vegetative and agronomic traits on PC2. Towards yield Correation studies revealed 

complex pattern of association. Path analysis revealed that direct selection of the 

genotypes with greater equatorial diameter or multiple trait selection for traits which 

exert indirect positive effects through fruit diameter may meet the target of yield 

improvement. The germplasm investigated had enough variation (>50%) which can 

be employed in future breeding programs for yield as well as other vital combinations. 

Keeping in view the results of path analysis and other statistics 19 accessions have been 

identified for yield enhancement program. 

Genetic variance of 82 genotypes was studied for seed protein profile also. 

Out of 23 bands one was monomorphic and 22 were polymorphic. Low 

polymorphism was detected and cultivar identification was not possible. Cluster 

analysis did not reveal differentiation either for agronomic traits or origin. 

 In a representative sample of 39 accessions microsatellite analysis was 

performed employing 15 SSR markers. An average of 2.8 alleles per locus was 

observed. Average Polymorphism Information Content (PIC) value was 0.507. From 

the results it is concluded that SSR markers were effective in detecting polymorphism 

in crops with high genetic similarity. Regarding wild species S. pimpinellifolium was 

distinguishable while for rest of three species it seems pertinent to conclude these as   

cultivated tomato not the wild species.  

ABSTRACT 
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INTRODUCTION 

1.1. Tomato  

 Tomato (Solanum lycopersicum L.) is an annual classified in family 

Solanaceae. Fleshy berry of cultivated tomato has been ranked third in global 

production, after potato and sweet potato (Hsueh-Li tan et al., 2010). Other than fresh 

fruit consumption, processed forms as canned tomatoes, ketchup, and variety of 

sauces, juice, soups, paste and powder are equally popular. Around the world 

cultivation of the crop is attributed to its adaptation in diverse environments. 

Tomatoes are being grown globally with a world production of 130 million tons, 

China being the largest producer (41.87 million tons), followed by USA (12.90 

million tons). In Mexican culinary use of Tomato is reported to be as old as 500 BC. 

It is accepted that the crop was domesticated in New World. Decandolle suggested 

Peru as site of domestication while Jenkins believed in Mexico. However in view of 

Peralta and Spooner (2007) parallel evolution in both areas cannot be ruled out. 

The tomato plants show ample morphological variation. The plants may be in 

form of bushes (determinate) or vines up to six feet tall (indeterminate). The stem and 

leaves are pubescent having non glandular and glandular trichomes with unpleasant 

odour. The stem hair may develop into roots when in contact with soil. The leaves 

display spiral phyllotaxy i.e. one leaf at each node and are petiolate, compound, 

imparipinate. Tomato shoots show sympodial branching with apical meristems. 

Cultivated tomato is autogamous and style is enclosed by the staminal cone to assure 

self pollination. 

1.2. Tomato fruit characteristics 

 Fruit is classified as true due to its development from the ovary. Ovary is 

superior, bicarpellary, syncarpous and bilocular but multilocular and polycarpellary 

syncarpous forms are also common. Fruits display maximum variety in shape, size 

and colors. Botanically its fruit is a berry. The pedicel of the fruit may be joint less or 

articulated. Fruit color changes from green to red, yellow or deep orange upon 

ripening. Fruit size, shape, color, flavor are the aspects which contribute to 

appearance. Its fruit is having fleshy pericarp with skin while pulp contains placenta, 

locules and seeds. Fruits pericarp contains more sugar and less organic acid than 

locular portion so fruits with large locular part are better in taste (Stevens et al., 1977). 
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Other factors affecting flavor are environment, stage of ripeness when harvested and 

storage conditions.  

Despite its recent entry as a crop (Ojo et al., 2009) in agriculture tomato has 

been studied intensively as a model plant for understanding the mechanisms involved 

in variation of different fruit shapes and sizes during domestication (Tanksley, 2004), 

plant pathogen interactions (Emmanuel and Levy, 2002) and the role of important 

phytochemicals which they play in human health. Its genome sequencing is also in 

progress with the objective to understand plant adaptation and diversification (Barone 

et al., 2008). Haploid genome of tomato species have 12 chromosomes and genome 

size equivalent to 950 Mb about 77% of which is heterochromatin and 23%  

euchromatin (Peterson et al., 1996). 

1.3. Tomato production in Pakistan 

   Table 1.1. Area harvested, production and yield during 2006-2011 in Pakistan. 

Year Area (Ha) Production (tonnes) Yield (Tonnes/Ha) 

2011 52247 529620 10.13 

2010 49992 476826 9.53 

2009 53393 561891 10.52 

2008 53150 536217 10.09 

2007 47047 502292 10.70 

2006 46239 468146 10.12 

 

In Pakistan production was 0.52 million tons (http: //faostat.fao.org) for 2011. 

The crop is grown in four provinces with varying production quantities. For 2011 area 

harvested in the country was 52247 hectares with production quantity 52960 tones. 

Yield per unit area was 10.13 tones/ hec. Due to diverse seasons the crop is cultivated 

accordingly and production is available in markets from April to November. In 

Pakistan, very little efforts have been made on the improvement of vegetable crops 

including tomato, because of their secondary importance in the crop husbandry. 

Consequently, in tomato very few local varieties are available for cultivation and most 

of them are selections from introduced seed. 

 

 

http://faostat.fao.org/
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1.4. Nutritional aspects   

Tomato owes its economic importance and popularity to its fruit. Other than 

contributing nutritional elements, color and flavor to food tomato emerged as 

protective food due to antioxidants. Lycopene is one of the antioxidants while β-

carotene is source of Pro vitamin A in human diet. Per capita tomato consumption got 

a boost when epidemiological studies suggested a probable role of tomato products as 

preventive agent against a variety of cancers and degenerative diseases (Willcox et 

al., 2003). Moderate levels of vitamin A and C are reported in the fruit (Foolad, 

2007). Young tomato fruit is known to contain a steroidal glycoalkaloid Tomatine 

common in all tomato genotypes (Davies and Hobson, 1981). However in mature fruit 

its concentration is below LD50 due to degradation of this alkaloid during ripening 

hence intake of mature fruit does not impose a threat. Fruit quality is determined by 

total solids and nutrition in addition to above mentioned characters. Ratio of sugars 

and organic acids in soluble solids determines specific taste of fruit. Fruit color 

changes from green to red, yellow or deep orange upon ripening and influences the 

nutritional significance as well as marketability. Specific color of fully ripened fruit is 

combined effect of plant pigments known as Carotenoids. Lycopene imparts typical 

red color to fruit which is a significant contributor to appearance of both fresh and 

processed tomato products. Orange or yellow color is due to β-Carotene (Khachik et 

al., 2007).  

1.5. Concept of Genetic Diversity 

Genetic makeup of a species that could be analyzed through numerical 

measures is diversity. Literally it means variation at genetic level which is heritable 

but phenotypic diversity is not equal to it in magnitude as most of diversity is hidden 

in forms of recessive alleles (heterozygotes) and differences at molecular level. This 

heterozygosity is imperative for adaptation and hence a tool for survival in changing 

environments for living organisms. Biological diversity is being rapidly lost by human 

involvement (Hirano et al., 2008). Diversity of the crop species or within a species in 

both forms is credited for future food security as it has been a source of uninterrupted 

food supply in past. Genetically improved cultivated plants and animals have fed 

human population since the advent of agriculture.  
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1.6. Tomato Genetic Diversity 

According to a report by State of the Worlds Plant Genetic Resources          

(PR 96/9), among other crops 81% of tomato varieties have been lost in USA. Studies 

of cultivated tomato for estimates of genetic diversity have revealed that cultivated 

tomato retains less than 5% allelic diversity as compared to its weedy and wild 

relatives (Miller and Tanksley, 1990). One reason for low diversity level is observed 

when a crop loses its ability to out breeding as happened with tomato which became 

autogamous during domestication (Rick, 1976). Added to it are successive bottle 

necks which the crop had gone through during domestication in different parts of the 

world other than at the centre of origin respectively. Tomato is rich in germplasm 

resources. Cultivated tomato and 12 species of wild and weedy relatives have been 

identified by Peralta et al. (2006) and named while traditionally recognized species 

were 9 (Rick , 1990) . The wild relatives though with small sized, round and green 

fruits except S. pimpinellifolium with red fruits exhibit a low level of morphological 

diversity but genotypically these are highly diverse (Tanksley, 2004). Rick (1958) 

was of the view that a cultivated crop like tomato with high genetic uniformity needs 

introduction of the wild germplasm for increasing genetic diversity. Natural 

interspecific hybridization and gene flow among wild self compatible tomato species 

have been reported in S. pimpinellifolium and S. lycopersicum in Ecuador and Peru 

(Rick, 1958). Mutations, recombination (Campbell, 1946), independent assortment 

and natural hybridization resulting in gene flow within and between species are 

natural way of generating genetic diversity. Revitalizing cultivated tomato by using 

the natural genetic variation of wild species is expected to be of great economic value. 

Resistance against various diseases in wild relatives of tomato have been reported 

(Kabelka et al., 2002; Bai et al., 2004; and Ammiraju et al., 2003) and many 

introgressed in cultivated tomato. Resistance against various insects (Sanchez-pena et 

al., 2006, Simmons et al., 2005; Frelichowski and Juvic, 2005; and Talekar et al., 

2006) and abiotic stresses as extreme temperatures (Venema et al., 2000; and Dolstra 

et al., 2002), salinity (Foolad, 2004) have been discovered in wild and weedy 

germplasm. Solanum cheesmaniae has been reported to have high sugar and β-

carotene content which can be exploited for quality improvement of tomato (Nuez et 

al., 2004). Introduction of distinctive aroma from Solanum peruvianum into 

germplasm of cultivated tomato has been reported (Kamal et al., 2001). Introgression 
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of genes from S. habrochaites to cultivated tomato resulted in manyfold increase in 

total yield soluble solids content and better color respectively   (Foolad, 2007). Plants 

wild and weedy relatives are the only resources for future food security against large 

scale disastrous starvation (Harlan, 1972b). The tomato land races in Myanmar were 

highly diverse however replacement of this germplasm by high yielding genetically 

uniform varieties posed a threat of extinction (San-San-Yi, 2008).  

1.7. Future challenges 

Breeding objectives for tomato processing cultivars are determinate habit, fruit 

set for once over machine harvest, joint less pedicel to avoid fruit damage due to 

puncturing, total solids, color and acidity. For fresh market varieties large size fruit 

with uniform ripening, increased shelf life, appearance, texture and organoleptic traits 

are major targets. But common objectives for both types include increase of total yield 

and resistance to various diseases as well as abiotic stresses and adaptations to 

extreme environmental conditions (Steven and Rick, 1986). Crop improvement in 

terms of total yield as well as resistance to new pathogen races and pests which are 

constantly evolving in their natural environment is crucial. Changing climatic 

conditions and abiotic stresses are at least few aspects of the challenges if not all that 

we have gone through and shall be facing in times to come.  

Alternatives for natural rubber and cotton are available in synthetic forms but 

for food we lack them. The only way out is the conservation, characterization and 

proper utilization of these natural resources (Garrison, 1992). For genetic 

improvement of crops two crucial factors are genes that control specific traits and the 

understanding to exploit a particular trait for desired genetic gains. Approximately 2 

million accessions for major crops are conserved by Gene banks (Marshall, 1990) 

having treasures of variation. This hidden potential for crop advancement can be 

uncovered only by diversity evaluation. Plant Genetic Resources Program (PGRP) at 

NARC (National Agriculture Research Centre), Islamabad holds a collection of 

tomato germplasm with diverse origin. This study was initiated with the objective to 

characterize this germplasm by agro-morphological and molecular parameters: To 

investigate genetic diversity for morpho-physiological traits, seed proteins and SSR 

markers, study of inter-specific relationships and to determine the level of genetic 

relatedness and to identify promising lines for future tomato breeding program.  
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1.8. Germplasm 

The sum total of all the genes present in a crop and its related species 

constitutes its germplasm. It provides the breeders with the raw material for 

development of the cultivars. A single individual of a particular species does not carry 

all the genetic diversity but its whole population forms the gene pool. So collection, 

conservation and evaluation of germplasm are greatly emphasized by scientists. 

Darwin used the term telescoped evolution for selection induced by human efforts 

(Garrison, 1992). Important scattered genes are used to make vital combinations by 

breeders. This genetic pyramid results in yield enhancement along other desired gains 

but accompanies a weakness in form of genetic erosion. Cultivation of these crops for 

high yield and associated benefits has resulted in rapid loss of land races and wild 

progenitors. The loss of genetic diversity is irreversible. Frankel in 1970 referred to 

genetic diversity in plants and animals as genetic resources.  

1.8.1. Germplasm conservation and evaluation 

To maintain diversity crop germplasm collection has been carried out in local 

as well as global gene banks for conservation of genetic resources of major crops. The 

ex-situ plant conservation includes in vitro storage, field gene banks and seed banks. 

Careful handling is of utmost importance for maintenance of genetic integrity of the 

germplasm in gene banks (Börner et al., 2000). Loss of germplasm in the above 

mentioned institutions due to lack of characterization may lead to genetic wipe out a 

process far more rapid than genetic erosion.  

Vavilov, a Russian geneticist and biologist was founder of the first seed bank 

of the world containing many thousands of wild relatives and landraces of different 

crops to serve as a source of genetic variation for future. Establishment of seed banks 

or gene banks for conservation and maintenance and evaluation of genetic resources 

since then has become a priority. For tomato and wild relatives more than 75000 

Solanum accessions are known to be conserved in gene banks (Larry and Joanne, 

2007). For best utilization of the wealth of genetic resources characterization of 

germplasm becomes important. Initial evaluation of germplasm includes planting 

data, leaf characters, floral characters and seed characters. Further evaluation involves 

description of those agronomic traits that identify the usefulness of an accession for 

particular purpose in particular conditions (Hashmi et al., 1982). It specially includes 
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quality traits, resistance to pests and diseases and stress tolerance (Upadhyaya, 2011). 

It not only, eliminates duplication of accessions in gene bank but is also helpful in 

selection of core collections with maximum diversity and hence better mangement of 

gene banks. Above all provides prior information to breeders facilitating them in the 

selection of suitable materials for crop improvement. Lack of characterization 

becomes a limiting factor for optimum exploitation of available resources. This gives 

a setback to plant breeders as they are not able to select proper parental lines for 

desired genetic gains in crops. Parents with diverse genetic makeup are breeder‘s top 

priority due to resultant high yields as a result of aggravated heterosis. Well evaluated 

germplasm in this regard is highly valuable. Since average lifespan of a successful 

cultivar may be in range of five to ten years, development of new varieties to replace 

the older ones becomes imperative and is a process that needs continuity.  

Acquaintance of genetic diversity among elite germplasm is supportive for the 

classification of accessions / varieties for desirable characteristics determination of 

genetic erosion caused by breeding programs (Hammer and Laghetti., 2005) and 

evaluation of genetic differentiation by different breeding programs (Marchelli and 

Gallo., 2001). For comprehensive diversity analysis a number of techniques have been 

in use. These encompass morphological studies for discrete and continuous traits, 

molecular techniques including molecular markers as proteins and DNA markers. 

1.9. Genetic diversity based on morpho- physiological traits. 

Phenotypic studies for both qualitative and quantitative traits are a necessity 

for cultivar identification as well as diversity studies. For germplasm evaluation Smith 

and Smith (1989), Singh and Tripathi (1985) affirmed morphological studies as 

primary measure. The morphological data of a particular crop is recorded according to 

internationally described descriptors specified for the crop. This data has been 

successfully utilized for identification of genera, species and varieties, relationship of 

taxa, classification and even as an assay for genetic gains of new varieties released or 

to be released. Despite the mode of assessment is laborious, season dependent and 

needs space either green houses or fields (Werlemark et al., 1999), various techniques 

used have confirmed reliability of morphological studies. Phenotypic features were 

found helpful to reflect phylogenetic relationship. Phenotypic studies were employed 

by Child (1990) to classify tomato for in group relationships. Recent phylogenetic 

studies using Amplified Fragment Length Polymorphism (Spooner et al., 2005) and 
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DNA sequences of the single copy GBSSI (waxy) gene (Peralta and Spooner, 2001) 

confirmed the validity of classification by Child. 

Cultivated tomato and wild relatives have been identified and classified on 

basis of fruit morphology which was corroborated further by molecular studies. Nuez 

et al. (2004) distinguished three forms of S. cheesmannii based on morphological 

traits and habitats. Important quantitative morphological traits were reported to differ 

among S. lycopersicum and the wild species S. cheesmanii and S. pimpinellifolium. 

Phenotypic diversity reflects variation in infinite physiological, chemical and 

developmental traits (Eigenbrode, 1996). Diversity was evaluated based on 

morphological traits for screening of 30 tomato genotypes by Singh et al. (2005) 

leading to identification of superior accessions for early maturity, high fruit yield 

plant
-1

, maximum number of fruits plant
-1

. Seventy three genotypes of tomato were 

evaluated for seventeen qualitative and quantitative characters by Joshi and Kohli. 

(2003) to assess the degree of genetic dissimilarity with the objective to select highly 

diverse genotypes as parental lines. The accessions were grouped into fifteen clusters 

indicating wide range of diversity. The genotypes with maximum genetic distance 

were recommended to be used as parents for hybridization program so as to improve 

yield and related traits. 

 Mazzucato et al. (2008) used the phenotypically diverse germplasm 

comprised of fifty nine tomato land races to study marker trait relationships. 15 

morpho-physiological traits were studied for the characterization and grouping. 

Significant variation was reported at genotypic and genotype x environmental 

interaction. Association of high fruit weight genotypes with curved stem end shape, 

flat blossom end shape, high locule number, flat or round fruit shape, thin pericarp 

and compound inflorescence was seen whereas medium and small fruits had low plant 

height, fruit shape round or elongated, thick pericarp and simple inflorescence was 

obvious. Agronomic classification can also assist to identify traits which contribute to 

crop improvement in terms of yield. Since yield is regarded as a complex trait which 

is influenced by environment as well, improvement by selection of a single trait may 

not result in desirable gains. Morphological data comprised of quantitative as well as 

agronomic traits has been analyzed to assess the extent of contribution of one or more 

traits towards yield improvement. Haydar et al. (2007) studied 12 tomato genotypes 

for significant agronomic and morphological traits.  
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High heritability was reported for most of the characters which included days 

to flowering, number of leaves at flowering, number of flowers in three clusters plant
-

1
, number of fruits in three clusters plant

-1
, total number of fruits at harvesting period 

and fruit weight plant
-1

. Correlation studies and contribution of various traits towards 

yield suggested that plant height at flowering and number of flowers is the trait which 

should be taken into consideration as contributors to high yield.  

Ghosh et al. (2010) conducted similar studies in F 2 segregating populations 

of tomato hybrids. It was concluded that yield related traits were environment 

responsive. Selection of traits as fruits plant
-1

 and flowers plant
-1

 was suggested for 

yield improvement due to high direct positive effect of these parameters upon fruit 

yield plant
-1

. Hidayatullah et al. (2008) investigated 36 tomato genotypes for 13 

morpho- agronomic parameters with the objective to measure diversity level and part 

played towards yield. Results depicted sufficient dissimilarity and high heritability. 

Positive association of fruit weight plant
-1

 with a number of traits was seen. Path 

coefficient analysis of the data revealed that fruit diameter should be selected for 

enhancement of yield. 14 cultivars consequently were selected due to high yield for 

further assessment of their performance.  

Morph-agronomic studies were used as one of the parameters for evaluation of 

thirty five landraces of Kenyan tomato by Agong et al. (2001).The results suggested 

that number of fruits plant
-1

 and fruit index (length/width) can be used to improve 

fruit yield. These advantages of morphological variation prove it as right means for 

selection of appropriate landraces/genotypes parents for hybridization. Parthasarathy 

and Aswanth (2002) analyzed performance of 23 tomato cultivars along S. 

pimpinellifolium. Presence of diversity was attributed to diverse parental lines used 

for these cultivars. Accessions as future parental lines were recommended for high 

yield, good fruit size and maximum number of fruits. Sharma and Verma (2001) 

reported similar results for eighteen indigenous and exotic tomato accessions. The 

five clusters formed comprised of genotypes with heterogeneous geographic origin. 

No parallelism between genetic and geographical divergence was reported. Although 

the morphological variation is under influence of environment but the assessment of 

agro-morphological diversity and variation distribution pattern among crop species is 

an appropriate means for germplasm mangement and for crop improvement.  



Chapter # 1 
 

10 
 

Trezopoulos and Bebeli (2010) evaluated 34 Greek tomato land races for 

morphological dissimilarity within and among accessions. Most of the traits except 

stem pubescence density and plant growth type exhibited high diversity. Fruit form 

was found to be responsible for heterogeneity in population. They concluded that use 

of these landraces in future breeding programs would result in desired genetic gains. 

Krasteva et al. (2010) studied 49 determinant tomato accessions for phenotypic 

evaluation like fruit shape, length/width index, mass, fruit maturity as well as 

biochemical aspects (fruit sugar, Vitamin C and dry matter).They grouped the 

material by cluster analysis and reported that accessions fell in groups due to 

similarity in agricultural performance. Evgenidis et al. (2011) investigated morpho-

physiological attributes along quality, yield heterosis etc. of three tomato hybrids and 

four cultivars. Using cluster and principal component analysis they reported that 

cultivars clustered according to origin, evolution and selection basis. They concluded 

that yield components, heterosis and combining ability might serve as base for crop 

improvement.  

Since early 1900s morphological markers have been in use for indirect 

selection of superior phenotypes (Foolad, 2007). Phenotypic diversity is not equal to it 

in magnitude as most of diversity is hidden in forms of recessive alleles 

(heterozygotes) and differences at molecular level. In tomato 1300 morphological and 

physiological markers have been reported but only 400 are known to be mapped 

(Chetelat, 2002; and Mutschler et al., 1987). Phenotypic markers are limited, stage 

specific, field and green house provision is a pre-requisite, labour dependent and 

influenced by environment particularly polygenic or quantitative traits. Another 

problem faced is the epistatic effect and pleiotropism which further restricts the use of 

morphological markers. A combination of techniques may also be employed for 

complete coverage of polymorphism (apparent and hidden) in germplasm. After 

introduction of molecular markers direct identification of genotypes has become 

possible bypassing the shortcomings of morphological evaluation. 
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1.10. Role of biochemical and molecular markers in genetic diversity 

 Cultivated tomato is a self pollinating crop with low levels of genetic 

variations. The number of cultivars developed so far is huge. Cultivar improvement is 

generally based on selection of limited genotypes (Saavedra et al., 2001) which 

further increases the genetic uniformity. To differentiate such closely related cultivars 

morphological parameters do not suffice. Identification, diversity analysis and efforts 

to locate their origin and phylogenetic studies in such a germplasm need the use of 

further sophisticated techniques molecular markers being one of them. The nature of 

markers useful for such studies includes the protein markers and DNA markers. 

Protein markers include isozymes, allozymes and total seed proteins. The 

polymorphism exhibited occurs at the amino acid level.  

Diversity studies of isozymes in tomato showed high degree of similarity of 

the European to Mexican, Central American cultivars than the primitive cultivars of 

the Andean region (Rick and Fobes, 1975) thus suggesting the base of European 

tomatoes to be Mexican not the Andean tomato. Isozymes have also been used to 

characterize the plant germplasm. One of the isozyme acid phosphatase loci APS-1 

was found associated with an agronomically important gene (Mi) which confers 

resistance to nematodes in tomato. This isozyme was used as an indicator of resistant 

gene in tomato germplasm because of tight linkage between the two. Hence 

electrophoresis facilitated the selection of resistant tomato cultivars without using the 

conventional method of growing plants in strongly infested soils. Isozyme markers 

have been used to dissect the quantitative traits into individual genes in tomato. An 

isozyme of phosphoglucoisomerase (PGI-1) was reported to be useful for selection of 

cold tolerant tomato plants due to its association with the genes responsible for cold 

tolerance (Vallejos and Tanksley, 1983).Three isozyme markers were reported to be 

linked to a quantitative trait known to confer resistance against many diseases in 

tomato (Zamir et al., 1984). Similarity level in seed proteins in tomato germplasm  is 

ascribed to narrow genetic base which is consequence of severe selection pressures 

and autogamy.   
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1.10.1. Genetic diversity based on total seed storage proteins 

 Seed protein profiles obtained by SDS-PAGE became popular due to ease of 

performance, being inexpensive and stability shown by protein profiles. Ferguson and 

Grabe (1986) concluded from SDS-PAGE of seeds that seed source, viability and 

seed certification class did not influence cultivar banding pattern. The variability is 

highly heritable (Smith and Smith, 1986) and seed protein profiles are still regarded 

reliable tool for determining genetic homology at the molecular level and for 

systematic methodology related problems (Wei-dong et al., 2006). Additive nature of 

these proteins was used successfully to identify the origin and evolution of plants. 

Origin of hexaploid Solanum was established by Edmonds and Glidewell (1977) from 

the tetraploid S. villosum and the diploid S. ameracanum.  

 Gisela et al. (1992) by vertical isoelectric focusing identified nine alcohol 

dehydrogenase phenotypes along three acid phosphatase phenotypes from tomato 

seed extracts and used to distinguish 12 out of 17 tomato cultivars. They suggested 

that the isozymes could be employed to differentiate between breeding parents and 

their progeny.Using vertical block SDS-PAGE qualitative variation in A protein locus 

was identified as a marker for distinction between male sterile and fertile tomato lines. 

Vishwanath et al. (2011) used total soluble seed proteins to identify 24 tomato 

varieties by SDS-PAGE and detected 19 bands. Differences in banding patterns and 

staining were reported to identify all the varieties.  

 Chakrabarti et al. (2010) employed SDS -PAGE and SEM images of stomata 

for variety identification in tomato. Electrophoregram of eight pure line cultivars with 

20 bands was divided into three regions from high to low molecular weights. The 

banding pattern was able to typify the cultivars as these varied for type and number of 

bands. Elham et al. (2010) characterized eight tomato varieties by electrophoresis of 

seed storage proteins and RAPDs. Bands observed for water soluble and insoluble 

proteins demonstrated polymorphism. In water insoluble proteins one band was 

specific for a variety while three unique bands were recorded in water soluble 

proteins. Analysis of combined data for both types of proteins was used to construct a 

dendrogram which was in agreement with results shown by RAPDs hence SDS-

protein profile was regarded equally useful for genetic studies as RAPDs. Elizabeta et 

al. (2008) employed SDS-PAGE to study the soluble and non-soluble seed protein 

profiles of tomato in 31 samples. They divided the resulting electrophoregrams into 
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three zones according to molecular weights and reported that qualitative and 

quantitative differences in three zones were not ample to distinguish the tomato 

cultivars. 

1.10.2. Genetic diversity based on DNA (SSR) markers 

 The DNA markers have surmounted the restrictions imposed by phenotypic 

and protein markers. These markers owe their origin to DNA polymorphism due to 

alterations in DNA sequence encompassing both expressed and non expressed parts of 

genome. Molecular markers have been used to gain insight into phylogenetic 

relationships among different germplasm resources, pursuit of heterogeneous parental 

lines for hybrid breeding and appraisal of heritable diversity present in crop 

germplasm. The data accomplished by molecular markers has been used for efficient 

gene bank mangement under following perspectives: locating and describing diversity 

within germplasm with respect to taxonomy, evolution, geographic and ecological 

aspects, spotting of duplicates in seed banks, detection of valuable alleles, and core 

collection with greatest extent of diversity and assessing the needs for further 

germplasm acquirement. DNA finger printing has become a powerful tool as 

germplasm of any crop can be well characterized for extent of diversity, screening of 

important traits with homozygosity or heterozygosity circumventing the phenotypic 

evaluation, assessment of progeny performance and construction of saturated linkage 

maps which are prerequisite for QTL analysis and marker assisted selection. 

The wide range of the DNA markers in use include non-PCR based like 

RFLPs (Restriction fragment length polymorphisms) and AFLPs (Amplified fragment 

length polymorphism) and PCR-based markers as RAPDs (Randomly amplified 

polymorphic DNA), SCARs (Sequence characterized amplified region markers), 

VTNRs (Variable number of tandem repeats), SSRs (simple sequence repeats or 

microsatellites) and single nucleotide polymorphic markers (SNPs). The Mendelian 

basis of genetics is applicable to allelic variation studied by DNA markers. Added 

benefits are detection of multiple alleles, small amount of tissue required and 

numerous loci available for DNA analysis. A number of crops have been studied as 

cereals, fruits and vegetable by various types of DNA markers. Tomato is mentioned 

as the first crop which has been mapped for quantitative loci by molecular markers 

(Tanksley et al., 1982). The aspect of QTLs resolution in to distinct units following 

Mendelian inheritance was revealed in a molecular marker employed study in tomato 
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(Paterson et al., 1988). This can assess contribution of individual units towards 

complex traits as yield. 

In tomato various studies for species distinction, genealogies and estimation of 

polymorphism were carried out employing molecular markers (Rao et al., 2006). 

More than fifty traits have been studied fruit shape and size being a focal point of 

molecular maps (Pillen et al., 1996). Many quantitative trait loci segments have been 

physically characterized in tomato by use of DNA markers e.g. base of tomato 

chromosome 1 was found to contain multiple QTLs affecting fruit soluble solids, 

yield and fruit shape. However for typification of germplasm with common origin the 

markers used need to possess high resolving power. One of these markers SSRs 

(Suliman et al., 2002; and Bredemeijer et al., 1998) is locus specific and known to 

detect size polymorphisms. The polymorphism in SSRs is a consequence of 

polymerase slippage during DNA replication or unequal crossing over (Levinson and 

Gutman, 1987). SSR makers or also referred as SSLP (simple sequence length 

polymorphism) are repetitive sequences of DNA which occur as short pieces of mono, 

di or tri nucleotides and have widespread distribution in the eukaryotic genome. These 

can be amplified by PCR and products detected by gel electrophoresis. Nei‘s standard 

genetic distance (Nei and Li, 1979) is generally used for estimation of genetic 

dissociations. In a study conducted to evaluate reproducibility of two marker systems 

by Rajput et al. (2006) the SSR markers were reported to be reproducible while 

RAPDs were difficult to reproduce.  

  SSRs have been in use with success for variety identification, germplasm 

characterization and diversity studies through estimation of genetic distances for 

appropriate use of genetic resources. Number of SSR markers is available for tomato. 

Genetic linkage mapping has been greatly facilitated by molecular markers. A high 

density tomato map is known to contain 77 CAPS and 148 SSR markers                  

(Frary et al., 2005). Recently 2627 SSRs have been screened from an EST dataset 

(Asamizu, 2007). Pritesh et al. (2010) employed twenty three SSR primers to scan 25 

tomato cultivars with determinate, indeterminate habit and different geographical 

locations to determine genetic similarity, unraveling of genetic diversity and genetic 

relationship. Data analysis by Unweighted Pair Group Method with Arithmetic 

averages (UPGMA) resulted in cultivar distribution into five groups. Clustering was 

in accordance with geographical location and growth habit. American lines were 
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clearly distinct from Indian lines. The investigation ascertained the SSR markers 

effective for estimation of heritable variation and genotyping of tomato germplasm. 

  Solomon et al. (2008) conducted a study to assess genetic similarity in thirty 

nine determinate and indeterminate tomato inbred lines from two continents using 60 

SSRs. Phylogenetic analysis clustered the tomato inbred lines with respect to different 

geographic origins. Chinese lines were separated from the Japanese and Korean lines. 

Most of the US lines sub grouped with their own lines. Relationship in growth habit 

i.e. determinate and indeterminate between inbred lines was also established. The 

informativeness of SSR markers for tomato genotyping was acknowledged by the 

results. Nicolas et al. (2008) conducted a study to sample core collection and to 

clarify the status of cherry tomato once considered as ancestor of cultivated tomato. 

144 accessions of cherry tomato (S. lycopersicum var. cerasiforme), 130 accessions of 

cultivated tomato and 66 accessions of S. pimpinellifolium were genotyped using 20 

SSR markers. The results confirmed cherry tomato as a mosaic between S. 

lycopersicum and S. pimpinellifolium genomes. SSR analysis was indicative of intense 

hybridization between cultivated and wild tomato. Number of specific alleles detected 

were low i.e. six for cultivated tomato as compared to thirteen for wild S. 

pimpinellifolium. Total number of alleles detected were 88, 99 and 130 in 

S.lycopersicum, S.lycopersicum var. cerasiforme and  S. pimpinellifolium respectively 

while for core collection both the molecular and phenotypic data was used. The core 

collections were suggested to be useful for comprehension of tomato domestication, 

association analysis, and QTL localization. 

Mazzucato et al. (2008) conducted a marker trait association study in tomato 

germplasm using SSR markers. Significant associations were reported between SSRs 

used and fruit traits.TMS 63 showed association with fruit shape (low or medium fruit 

shape index) while EST253712 was correlated with fruit weight (low fruit weight and 

bilocular) and its related traits.TMS 60 showed association with Inflorescence type. 

The results confirmed reliability of SSR markers for association analysis. Chomdej et 

al. (2008) in a study for introgression of genes resistant to tomato yellow leaf curl 

Thailand virus (TYLCTHV-[2] ) from S. habrochaites to S. lycopersicum used SSR 

markers for revealing the degree of polymorphism in parental lines and to 

discriminate between hybrids and selfed progenies. The markers displayed 

polymorphism in both donor and recipient parents. Hybrids were successfully 
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identified with markers as SSR46, SSR115, SSR117, and SSR 128. The use of these 

markers was considered significant for further analysis of species to upgrade 

selection.  

The linkage maps can be used for genetic analysis of quantitative traits 

regulating disease resistance, marker assisted selection in plant breeding and 

identification of DNA markers linked to single genes of agronomic importance. In an 

investigation Zhu et al. (2006) identified an SSR marker linked to a late blight 

resistant gene. Chaerani et al. (2007) used SSRs, AFLPs and SNPs to construct a 

linkage map for identification of QTL genes conferring resistance against early blight. 

For the objective, populations used were F2 and F3 resulting from a cross between 

susceptible S. lycopersicum and resistant S. arcanum. A high density saturated map 

was constructed and multigenic nature of resistant genes was confirmed.  

Two marker systems SSR and SRAP (Sequence related amplified 

polymorphism) were used to evaluate diversity in closely related tomato cultivars by 

Ruiz et al. (2005).Three SSR markers were able to differentiate the cultivars 

approving SSRs reliability for assessment of diversity in crops with low levels of 

polymorphism. SRAP detected less polymorphism as compared to SSR. The results 

were deemed valuable for preservation and germplasm mangement. Weerasinghe et 

al. (2004) reported successful use of SSRs for hybrid identification in tomato in a 

study undertaken to produce tomato hybrids for dry zone conditions of Srilanka. 

Bands from male and female parents were detected representing true hybrids.  

 He et al. (2003) carried out studies in which new SSR markers were developed 

in tomato. It was reported that combination of five SSR loci were able to differentiate 

all the 19 cultivars confirming the utility of SSRs as cultivar-specific markers for 

germplasm with narrow genetic base as tomato. These markers were said to have the 

potential for spotting gene-trait associations other than variety identification, genetic 

mapping and marker assisted selection due to location in expressed sequences of 

tomato genome.  

 Saavedra et al. (2001) evaluated three gene pools of tomato germplasm by15 

RAPDs and 12 SSR markers. Results of both markers demonstrated low magnitude of 

variation within L. esculentum accessions but wild relatives exhibited high levels of 

diversity. It was recommended that wild germplasm can be used to augment genetic 
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base of cultivated tomato for biotic and abiotic stresses. Alvarez et al. (2001) used 17 

SSRs to study polymorphism and species relationships in 2 cultivars of L. esculentum 

and 29 accessions of the genus Lycopersicum covering eight wild species. The set of 

microsatellites was reported to be useful for diversity analysis within and between the 

species. 24% of the alleles were found to be unique to accessions and 46% to species. 

Few were said to be useful for the accession identification while subspecific 

identification was also possible with some markers. The lack of variation was 

regarded due to autogamous nature of cultivated tomato.  

 Data based upon diversity distribution supported the mating systems described 

by Rick (1979) and hence recommended to be suitable for establishing the species 

relationships. Maximum variation was reported in self incompatible species, highest 

in L. peruvianum followed by L. chilense and L. pennellii. L. pimpinellifolium was 

seen to have maximum diversity in self compatible species. Previous studies done by 

Miller and Tanksley (1990) using RFLPs reported similar results.  

1.11. Statistical tools to evaluate genetic diversity 

Plant genetic resources characterizations based on morphological and 

molecular markers have been increased in the last years. Studies using a wide range of 

marker techniques on hundreds of plant species are the hypothetical basis for 

elucidating genetic variation to propose both breeding and conservation approaches. 

Regardless of increased importance of characterization in plant genetic resources, 

there is insufficient information about investigation of this type of data. Genetic 

diversity within groups may be either estimated for the whole group (parameters to 

choose will depend on type of marker), or envisioned for the association among 

individuals. Quantification approaches are based on type of marker either 

morphological or molecular, reproduction mode and relatedness of individuals. 

Genetic diversity between groups should be quantified either by analysis of molecular 

variance, or Nei‘s parameters, or Wright‘s F-statistics. Efficiency of accession 

identification can be evaluated by maximal probability of identical match by chance 

and number of resolved genotypes (Laurentin, 2009). Recently developed genotypic 

clustering methods for analyzing genetic data offer a powerful tool to evaluate the 

genetic structure of domestic farm animal breeds. Three Bayesian genotypic 

clustering approaches, principle component analysis (PCA) and phylogenetic 
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reconstruction were applied to individual multilocus genotypes to infer the genetic 

structure and diversity of the British pig breeds (Wilkinson et al., 2011). 

 Sampling is the first step for analysis of genetic variability in individual 

genotypes, involving populations or accessions, pure or inbred lines (Mohammadi and 

Parasana, 2003). Sampling influences genetic variation via evenness and richness 

(Frankel et al., 1995). Genetic distance or similarity between two individuals in a 

population or between two populations can be assessed by employing diverse 

statistical dimensions. Selection of distance measurement depends upon two factors 

i.e. the type of variable and scale of measurement used. Normally applied statistics for 

distance estimation among genotypes or populations is Euclidean or straight line 

measure of distance on the basis of morphological data (Lopez et al., 2008), but same 

function for molecular data is achieved mostly by Nei and Li‘s coefficient of 

similarity (1979), Jaccard coefficient (1908), Simple matching coefficient (Sokal and 

Michener, 1958), and modified Roger distance as the data used is in the form of 

binary matrix.  

 For better understanding and detection of genetic variation in large 

populations, multivariate analysis tools are being utilized. The multivariate tool 

employed at present is cluster analysis (Krasteva et al., 2010; Bernousi et al., 2011). 

Hierarchical and nonhierarchical methods for clustering are mostly employed to 

evaluate genetic diversity. After Ward‘s minimum variance method (Ward, 1963), the 

UPGMA (Unweighted Paired Group Method using Arithmetic averages) is the most 

commonly adopted clustering algorithm (Sneath and Sokal, 1973). To explain total 

variation explained by the variables Principal component analysis (PCA) is very 

efficient and potent multivariate approach in this regard. It is second mostly applied 

multivariate analysis tool, which not only allows a number of comparisons between 

treatments, but also augments the significance of these comparisons (Sneddon, 1970). 

PCA is an effective technique, which establishes inter-correlations among variables. 

In addition, it is a useful data reduction technique that eliminates interrelationship 

among variables (Broschat, 1979). Use of PCA, results not only in reduction of the 

number of comparisons between treatment means but interactions among two or more 

variables may be revealed. In taxonomy, it can be used to express multidimensional 

inter-OTU (Operational Taxonomic Unit) distances in 3 or fewer dimensions, which 
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can readily be conceptualized. Multivariate approaches have been used in study of 

genetic variation of diverse crop species (Chandra et al., 2007). 

  Simple correlation measures the degree to which variables vary together or a 

measure of strength of association (Steel and Torrie, 1980). Comprehension of the 

association among plant traits is helpful in selecting appropriate traits that could be 

amalgamated for yield betterment. Correlations between phenotypic characters may 

denote fundamental biological processes that are of significant evolutionary concern. 

Since a single trait can influence directly the vigor of an organism, the co variation 

among multiple phenotypic characters resulting from these types of relationships 

(Stearns et al., 1991) may also strongly affect fitness, potentially making trait – trait 

interactions adaptive (Schlichting, 1989). 

Path coefficient analysis is a type of analysis which resolves the quantitative 

traits into components, their mutual relation and degree of contribution towards yield. 

Cause and effect relationships can be achieved by splitting correlation coefficients 

into direct and indirect effects. The path analysis was initially suggested by Wright 

(1921) and described by Dewey and Lu (1959). This is exploited to weigh the direct 

and indirect influences of morpho-physiological characters upon yield. Such 

information is of great significance as it enables the breeder to identify important 

component traits of yield and explore the genetic resources for selecting high yielding 

genotypes. 
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MATERIALS AND METHODS 

Eighty two genotypes (Species annex 1) of tomato germplasm comprised of 

cultivated accessions of Solanum lycopersicum L. along three check varieties Roma 

(6233), Bari-5 (17861) and Riogrande (17875), 7 accessions of Solanum 

pimpinellifolium L. one accession each of Solanum habrochaites Knapp & Spooner, 

Solanum pennellii Correll and Solanum chilense. (Dunal) Reiche were assessed in the 

present research. The current research conducted for diversity studies of tomato 

germplasm comprised of three experiments including morphological characterization, 

total seed storage proteins by SDS-PAGE and Microsatellite or Simple Sequence 

Repeat (SSR) Analysis at biochemical and molecular levels respectively. For 

morphological characterization experiment was conducted in green house and field 

while last two experiments were conducted in laboratory. Materials and methods for 

these experiments are discussed as under:  

2.1. MORPHOLOGICAL BASIS OF GENETIC DIVERSITY 

2.1.1. Plant materials collection and experiment location 

Seeds of tomato germplasm were obtained from different countries/research 

institutes (Species annex 1). All the experiments were conducted at Plant Genetic 

Resources Program (PGRP), NARC, Islamabad (33.40N and 73.07 E) approximately 

at an altitude of 518 meters above sea level. All of the genotypes have been 

maintained in the gene bank at three storage conditions for active/short-term, 

medium-term and long-term/base collection for conservation and future utilization for 

crop improvement program. The seed was placed in the paper towel till germination at 

25ºC in the growth chamber and then each genotype was transferred in plastic pots 

accommodating twenty seedlings with equal plant spacing. The pots were kept under 

greenhouse conditions with appropriate temperature and irrigated alternate days with 

the help of sprinkler. Seedlings were transplanted in field in Randomized Complete 

Block design with three replications. In field two rows of 3 meter for each genotype 

were planted with 75 and 50 cm inter and intra row spacing respectively. Three check 

varieties Roma (6233), Bari-5 and Riogrande were repeated after every 20 rows. 

Recommended cultural practices were followed throughout the crop season. The field 

work was carried out from March to August during 2006 and 2007. 
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2.1.2. Morpho-physiological characterization 

All genotypes were characterized for 3 quantitative and 6 qualitative traits at 

seedling stage and 17 quantitative and 33 qualitative traits for vegetative, flowering to 

fruit maturity (Table 2.1 and 2.2) during both years. For morphological traits data 

were recorded in accordance with the descriptor of tomato developed by International 

board for plant genetic resources. 

Ten plants per accession were sampled at random for study of morphological 

(qualitative and quantitative) traits. For seedlings qualitative traits data were recorded 

after emergence of first true leaves approximately three weeks old after transferring in 

the plastic pots in green house. The data for hypocotyls color, hypocotyls color 

intensity, hypocotyls pubescence, overall leaf color, midrib color and seedling vigor 

were recorded on genotype basis as discrete traits, and thus can be used as plant 

descriptors representing single value for each genotype, whereas primary leaf length 

(mm), primary leaf width (mm) and hypocotyls length (mm) were measured on ten 

seedlings sampled at random within each genotype and then averaged for analysis and 

presentation. 

Studies for vegetative and reproductive descriptors were carried out after 

transplantation of six week old seedlings in field. Qualitative traits recorded were 

stem pubescence density, number of leaves under first inflorescence, foliage density, 

leaf attitude, degree of leaf dissection and anthocyanin coloration of leaf veins, corolla 

color, blossom type, style position, shape and hairiness. Data recorded for fruits at 

fully ripened stage comprised of exterior color of mature fruit, fruit pubescence, fruit 

shape, fruit size, fruit ribbing at calyx end, easiness of fruit to detach from pedicel, 

fruit shoulder shape, fruit skin color, flesh color of pericarp and core, intensity of 

color, shape of pistil scar, blossom end shape, end scar condition and fruit firmness 

while for exterior color of immature fruit the data was recorded before maturity. 

Quantitative traits included (vegetative and reproductive stages) length of 

sepals (mm), petals (mm) and stamens (mm), fruit weight (g), fruit length (mm), fruit 

width (mm), pedicel length from abscission layer (cm), thickness of fruit skin (mm), 

pericarp thickness (mm), size of core (cm), number of locules and vine length (cm). 

Agronomic traits included number of branches plant
-1

, number of fruits plant
-1

 and 

yield plant
-1

, number of days to flowering and days to maturity. 

      Chapter # 2 
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2.1.3 Data analysis 

Data were subjected to simple statistical analysis like mean, minimum, 

maximum, standard deviation, coefficient of variation, etc. for all the quantitative 

traits to assess the amount of genetic diversity present in the germplasm. Histograms 

showing the range and frequency distribution for different traits were prepared to 

illustrate genetic diversity among genotypes. Simple correlation coefficients between 

all pairs of quantitative characters were also calculated according to Steele and Torrie 

(1980). To study the direct and indirect contribution of various quantitative traits 

towards yield, path coefficient analysis was conducted according to Dewey and Lu 

(1959). Qualitative traits were categorized into different classes and frequency 

percentage was calculated. Qualitative and quantitative data was subjected to analysis 

by numerical taxonomic techniques using two complementary procedures: cluster and 

principal component analyses (Sneath and Sokal, 1973). For qualitative traits cluster 

analysis was based on complete linkage method. Principal component analysis was 

also performed with the same data matrix. To avoid effects due to scaling differences, 

means of each character were standardized prior to cluster analysis. For quantitative 

traits estimates of Euclidean distance coefficients were made for all pairs of 

varieties/accessions. The resulting Euclidean dissimilarity coefficient matrices were 

used to evaluate the relationships between the entries with a cluster analysis using 

Wards method (1963). Scatter plots of first two principal components were produced 

to provide a graphical representation of the pattern of variation among all the 

genotypes of tomato (Statistica version7). 
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Table  2.1.  Descriptors key (IBPGR 1996) used in evaluation of  tomato  germplasm  at Seedling                                                           

stage and Plant qualitative traits. 

 Descriptors  Symbols  Scale 

Seedling qualitative descriptors*   

Hypocotyl color HC 1-green, 2- 1/4 purple from base, 3- 1/2 purple from base, 4-  purple 

Hypocotyl color intensity HCI 3-low, 5- Intermediate, 7-High 

Hypocotyl pubescence HP 0- Absent, 1-Present 

Overall leaf color  OLC 1-low, 3- intermediate, 5- dark 

Midrib color  MC 1-green, 2- purple  

Seedling vigor SV 1- good,  2- weak  

Seedling Quantitative Descriptors. 

Primary leaf length  PLL mm Average of 10 cotyledonous leaves 

Primary leaf width  PLW mm Average of 10 cotyledonous leaves 

Hypocotyl length  HL mm 
Average of 10 hypocotyls measured from soil surface to level  

of  cotyledonous leaf. 

Data for Seedling descriptors* recorded after emergence of first true leaves. 

Plant descriptors*(Qualitative)  

Stem pubescence density  SPD 3-  Sparse, 5- Intermediate, 7-  Dense 

Stem internode length    SIL 3- Short, 5- Intermediate, 7-Long 

Foliage density      FD 3- Sparse, 5- Intermediate, 7- Dense 

No. of leaves under first 

inflorescence     
NLFI 3- Few, 7- Many 

Leaf attitude       LA  3- Semi-erect, 5- Horizontal, 7- Drooping 

Degree of leaf dissection  DLD 3-Low,  5- Intermediate, 7- High 

Anthocyanin coloration of leaf 

veins       
ACL 1- Obscure, 2- Normal 

Corolla color      CC 1-White, 2- yellow, 3- Orange, 4- Others 

Corolla blossom type  CBT 1- Closed,  2- Open  

Style position      SP 
1- inserted, 2- same level as stamens,  3- slightly exerted, 4- highly 

exerted 

Style shape       SS 1- simple, 2- fasciated, 3- divided 

Style hairiness      SH 0- absent, 1- present 
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Fruit  descriptors* 

Exterior color of immature fruit*         ECIF 
1- greenish white, 3- light green, 5- green, 7- dark green, 9- Very dark 

green.  

Presence of green trips on the fruit        GTF 0- absent (uniform ripening), 1- present 

Intensity of green back   IGB  3- slight, 5- intermediate, 7- strong 

Fruit pubescence     FP 3- sparse, 5- intermediate, 7- Dense 

Fruit size        FS 
1- very small (<3 cm), 2- small (3-5 cm), 3- intermediate (5.1-8 cm), 4- 

large (8.1-10 cm), 5-  very large (> 10 cm) 

Exterior color of mature fruit  ECMF  1- green, 2- yellow, 3- orange, 4- pink, 5- red. 

Intensity of exterior color  IEC  3- light, 5- intermediate, 7- dark 

Secondary fruit shape*    SFS 
1- flattened, 2- slightly flattened, 3- rounded, 4- high rounded, 5- heart 

shaped, 6- cylindrical, 7- pyriform, 8- ellipsoid.  

Ribbing at calyx end     RCE 1- very weak, 3- weak, 5- intermediate, 7- strong 

Easiness of fruit to detach from the 

pedicel      
EFDP 3- easy, 5- intermediate, 7- difficult 

Fruit shoulder shape  FSS 
1-flat, 3- slightly depressed, 5- moderately depressed, 7- strongly 

depressed 

Presence / absence of joint less 

pedicel   
P/AJP 0- absent, 1- present 

Skin color of ripe fruit  SCRF 1- colorless, 2- yellow 

Flesh color of pericarp  FCP 1- green,  2- yellow,  3- orange, 4- pink, 5- red 

Flesh color intensity  FCI 3- light, 5- intermediate, 7- dark 

Color intensity of core  CIC 1- green, 2- white, 3- light, 5- intermediate, 7- dark 

Fruit cross-sectional shape  FCS 1- round, 2- angular, 3- irregular 

Shape of pistil scar  SPS 1- dot, 2- stellate, 3- linear, 4- irregular 

Fruit blossom end shape  FBES  1- indented, 2- flat, 3- pointed 

Blossom end scar condition  BESC 1- open, 2- closed, 3- both 

Fruit firmness*  FF 3- soft, 5- intermediate, 7- firm 

Data for plant descriptors* and inflorescence recorded when the fruits of 2nd and 3rd truss were ripened. 

Data for fruit descriptors* were recorded on third fruit of 2nd truss at the fully mature stage. 

Data for exterior color of immature fruit* recorded before maturity. 

Secondary fruit shape* Recorded on fruits of second truss after the fruits turn color. 

Fruit firmness* recorded by pressing together in the palm on the side of fruit at its widest girth, i.e. sideways, 10 days after 
harvesting in full ripeness. 
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Table 2.2.   Descriptors key (IBPGR 1996) used in Quantitative evaluation of tomato germplasm. 

Trait Symbol Scale Description of data recording 

Petal length   PL mm Average of 10 petals from different flowers of different plants 

Sepal length   SL mm Average of 10 sepals from different flowers of different plants 

Stamen length  STL mm Average of 10 stamens from different flowers of different plants 

Fruit weight   FWT g Average of 10 fruits 

Fruit length   FL mm Recorded from Stem end to blossom end, to one decimal place at maturity. 

Fruit width   FW mm 
Recorded at the largest diameter of cross-sectioned fruits, to one decimal place at 

maturity 

Pedicel length 

from abscission 

layer  

PLAL cm Measured from abscission layer to calyx 

Thickness of 

fruit wall  
TFW mm Measured with a dial caliper 

Thickness of 

pericarp  
TP mm Measured from an equatorial section of the fruits 

Size of core  CS cm 
Measured on 10 cross sectional randomly selected fruits at the widest part of the 

core 

No of  locules  LN No Counted on at least 10 fruits 

Vine length  VL cm 
Measured at 10 randomly selected plants from the soil level to the tip of the longest 

stem of a plant 

Number of 

branches plant-1  
NB-1 No Total number of branches plant-1.  Average of ten plants 

Number of fruits 

plant-1 
NF-1 No Total number of fruits plant-1.  Average of ten plants 

Yield plant-1  YP-1 g  Total weight of fruits plant-1.  Average of  ten plants 

No. of days to 

flowering  
DF Days 

From sowing until 50% of plants have at least one open flower in a uniform growing 

environment 

No .of days to 

maturity  
DM Days From sowing until 50% of plants have at least one fruit ripened 

 

 

 



Chapter # 2 
 

26 
 

2.2. TOTAL SEED PROTEIN ANALYSIS:  

                   Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS- PAGE) 

2.2.1. Extraction of Protein 

The purity of tomato genotypes was ensured through selfing all the 82 lines 

for three consecutive years and the seed obtained during the third self fertilized 

generation was used for biochemical and molecular analyses. Eighty two genotypes 

(Species annex1) assessed phenotypically were also evaluated for SDS-PAGE 

markers and five seeds were ground to fine powder with mortar and pestle. For the 

extraction of proteins four hundred micro litter of Protein extraction buffer (PEB) was 

added to 0.01 g of seed flour (fine powder) and vortexed (Automatic lab Mixer      

DH-10) thoroughly to homogenize. In order to purify, the homogenate samples were 

centrifuged (Kubota 1300) at 15, 000 rpm for 10 minutes at room temperature. The 

extracted crude proteins were recovered as clear supernatant, transferred into new 1.5 

ml eppendorf tubes and stored at 2 ºC until they were run on the polyacrylamide gel.  

2.2.2. Electrophoresis 

The electrophoretic procedure was carried out in discontinuous Sodium 

Dodecyl sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) system of 

Laemmli (1970) using Slab type SDS-PAGE Model: AE-6530M, Japan, with 12.25% 

polyacrylamide  resolving gel (3.0 M Tris-HCL (Sigma) pH 9.0, 0.4% SDS (Wako) 

and 4.5% stacking gel (0.4 M Tris-HCl pH 7.0, 0.4% SDS). Electrode buffer (0.025 

M Tris, 129 M Glycine (Sigma), 0.125% SDS) was added to the top pool of the 

apparatus. 15 μl of the supernatant was loaded with the micropipette into the wells of 

the gel. For estimation of molecular weight of the dissociated proteins molecular 

weight standard proteins ―MW-SDS-70 Kit‖ was also loaded in one of the wells. 

Apparatus was connected with constant electric supply (100 V) till the bromophenol 

blue (BPB) reaches the bottom of gel plate. After electrophoresis the gels were stained 

with solution 0.2% (W/V) Coomassie Brilliant Blue (CBB) R 250 dissolved in 10% 

(V/V) acetic acid (Cica), 40% (V/V) methanol and water in the ratio of 10: 40: 50 

(V/V) for an hour. Gels were destained in a solution containing 5% (V/V) acetic acid 

and 20% (V/V) methanol (BDH). Gels were shaken (Double Shaker Mixer DH-10) 

gently until the background of the gel became clear and polypeptide bands were 

clearly visible. The excess CBB was removed by addition of piece of tissue paper 

‗Kimwipe‘ in the destaining solution. After destaining the gel were read after drying 
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the gels on sheets using gel-drying processor for about 2-4 hours. Buffers as well as 

solution preparation (see Annex III) was carried out according to Laboratory manual 

(Characterization and Evaluation of plant genetic resources) by Plant Genetic 

resources Institute, National agriculture Research Center, Islamabad.  

2.2.3 Data interpretation and analysis 

Depending upon the presence or absence of polypeptide bands, similarity 

index was calculated for all possible pairs of protein types. The intensity of bands was 

not taken into consideration. Only the presence of bands was taken as indicative. The 

score was ‗1‘ for presence and ‗0‘ for the absence of bands. Presence and absence of 

bands were entered in a binary data matrix. Dissimilarity matrix was used to construct 

dendrogram by the un-weighted pair group method with arithmetic averages (Sneath 

and Sokal, 1973). Computations were carried out using the Statistica 7. Based on 

results of electrophoresis band spectra, similarity index (S) was calculated for all 

possible pairs of protein type electrophoregrams by following formula (Sneath and 

Sokal, 1973):  

    

S = W/ (A + B - W) 

Where    W = Number of bands of common mobility 

A = Number of bands in protein type ‗A‘ 

B = Number of bands in protein type ‗B‘ 
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2.3. MOLECULAR BASIS OF GENETIC DIVERSITY 

A sub group of 39 accessions selected out of 82 accessions including 3 check 

varieties (Species Annex II) and four wild species were used for molecular 

characterization of tomato by microsatellite (SSR) markers. 

2.3.1. Isolation of total Genomic DNA using Micro-prep extraction method  

Two week old tomato seedlings were used for extraction of total genomic 

DNA. The extraction was carried out using a micro-prep DNA extraction protocol 

(Fulton et al., 1995) as under:  

Fresh micro-prep buffer (DNA Extraction Buffer: 0.1 M Tris, 5 mM 

EDTA.Na2 (Ethylene diamine tetra acetic acid.Sodium) and 0.35 M Sorbitol; Nuclei 

lysis buffer: 0.2 M Tris, 0.05 M EDTA.Na2, 2 M NaCl and 2% CTAB (Cetyl 

trimethyl ammonium bromide); 5% Sarkosyl; 0.1g Na Bisulfite) was prepared and 

stored at room temperature. 50-100 mg of leaf tissue from two week old seedling was 

nestled loosely in the bottom of a 1.5 ml Eppendorf tube. 200 µl of extraction buffer 

was added and tissue ground with a power drill and plastic bit (rinsed bit with water 

between samples). After adding 550 µl of buffer the tissue was vortexed lightly or 

shaken entire rack manually. The tubes were incubated at 65 ºC water bath for 30-60 

minutes with occasional mixing.  

The tubes were filled with chloroform / isoamyl alcohol (24: 1). For thorough 

mixing each tube was vortexed or sandwiched between two racks and vigorously 

inverted or shaken up and down 50-100 times. The tubes were centrifuged at 10,000 

rpm for 5 minutes at room temperature. Aqueous phase was pipetted off (0.5-0.6ml) 

into new microfuge tubes. 2/3 to 1 times cold isopropanol was added to each tube. 

Tubes were inverted repeatedly until DNA was precipitated. Spinning was carried out 

at 10,000 rpm for 5 to 10 minutes and isopropanol was poured off. The pellet was 

washed with 70% ethanol and dried by leaving tubes upside down on paper towels for 

~ 1hour or placing in seed dryer for 15 minutes. DNA pellet was re-suspended in 50 

µl of TE (Tris-EDTA) buffer at 65ºc for 15 minutes.1µl of RNase (10 ng/ml) was 

added to remove RNA. Tubes were spun at 10,000 rpm for 10 minutes and stored at 

4ºC for shorter period (up to one week) or -20ºC for longer storage. After isolation 

concentration of total genomic DNA was monitered by visual assessment of band 

intensity in comparison with lambda DNA molecular standards of known 
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concentrations, i.e. 100, 300 and 500 ng using 1% agarose gel. Fifteen SSR markers 

(Table 3.21) covering twelve chromosomes of tomato were selected for molecular 

evaluation. PCR reaction mixture 20µl in volume contained 2µl of 10 x buffer, 1 µl of 

total genomic DNA, 0.4 µl of dNTPs mix, 1.6 µl of MgCl2, 1 µl each of forward and 

reverse primer, 0.2 µl of Taq Polymerase (Fermentas Life Sciences) and 12.8 µl of 

ddH2O. Amplification was carried out in Applied Biosystem thermal cycler. It was 

programmed to 1 cycle of 5 minutes at 94ºC as initial hot start and strand separation 

step. This was followed by 35 cycles of 1 minute at 94ºC for denaturation, 1 min at 

55ºC for annealing and two min at 72ºC for primer elongation. Finally 1 cycle of 7 

min at 72ºC was used for final extension. Solution preparation for DNA extraction 

and stock preparation for primers is given in Annex IV. 

2.3.2 Electrophoresis of amplified products 

15 µl of amplified products plus loading dye was loaded in 3% high resolution 

agarose gel (Nu Sieve agarose) in 1 x TBE (10 mM Tris-Borate, 1 mM EDTA) buffer 

to separate the amplified products. 50 base pair molecular weight marker (Fermentas 

Life Sciences) was used to calculate the product size. 

2.3.3. Allele scoring and data analysis 

Photographs from Ethidium Bromide stained gels were used to score data for SSR 

analysis. Amplified products from SSR analysis were scored qualitatively for 

presence and absence of each marker allele-genotype combination. Each SSR band 

amplified by a set of primer was considered as a unit character. Data was entered into 

a binary matrix as discrete variables, 1 for presence and 0 for absence of the character. 

The polymorphic information content (PIC) value of a marker was calculated 

according to Anderson et al. (1993). Dissimilarity matrix was used to construct 

dendrogram by the (UPGMA) un-weighted pair group method with arithmetic 

averages (Sneath and Sokal, 1973). Computations were carried out using the 

Statistica- 7 for Windows. 
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RESULTS 

 

A total of 82 accessions (Species annex 1) of tomato germplasm comprised of 

cultivated accessions of Solanum lycopersicum L. along three check varieties Roma 

(6233), Bari-5 (17861) and Riogrande (17875), 7 accessions of Solanum 

pimpinellifolium L. one accession each of Solanum habrochaites S., Solanum 

pennellii Correll and Solanum chilense (Dunal) Reiche were assessed in the present 

research. Genetic variation was investigated for the phenotypic diversity by agro-

morphological characteristics and biochemical/molecular diversity in the form of total 

seed proteins and Microsatellite/Simple Sequence Repeat (SSR) markers. 

3.1. Genetic diversity based on morpho- physiological traits 

Studies were conducted to assess the extent of genetic variation in tomato 

germplasm. Morphological evaluation included qualitative and quantitative traits 

(Table 2.1 and 2.2, Materials and methods) both. At seedling stage data for 

hypocotyls color, hypocotyls color Intensity, hypocotyls pubescence, leaf color, leaf 

midrib color and seedling vigor were recorded. Three quantitative traits for seedlings 

included primary leaf length (mm), primary leaf width (mm) and hypocotyls length 

(mm). Plant descriptors included stem pubescence density, stem internode length, 

number of leaves under first inflorescence, foliage density, leaf attitude, degree of leaf 

dissection and anthocyanin coloration of leaf veins. 

For inflorescence descriptors corolla color, blossom type, style position, style 

shape, style hairiness was studied. Under the heading of fruit descriptors following 

traits were studied: exterior color of immature fruit, presence of green trips on the 

fruit, intensity of green back, fruit pubescence, fruit size, exterior color of mature 

fruit, intensity of exterior color, secondary fruit shape, ribbing at calyx end, easiness 

of fruit to detach from pedicel, fruit shoulder shape, presence/absence of the joint less  

pedicel, skin color of ripe fruit, flesh color of pericarp, flesh color intensity, color 

intensity of core, fruit cross sectional shape, shape of pistil scar, fruit blossom end 

shape, blossom end scar condition and fruit firmness. Quantitative traits studied were 

petal length (mm), Sepal length (mm), Stamen length (mm), fruit weight (g), fruit 

length (mm), fruit width (mm), pedicel length from abscission layer (mm), thickness 

of fruit wall (mm), thickness of pericarp (mm), size of core (cm), number of locules, 
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vine length (cm), number of branches plant
-1

, total number of fruits plant
-1

, total fruit 

weight plant
-1 

(yield plant
-1

), number of days to flowering and number of days to 

maturity. The results are given as under:  

3.1.1. Seedling diversity 

Seedling data was recorded in green house. Quantitative traits studied for 

seedlings were primary leaf length (mm), primary leaf width (mm) and hypocotyls 

length (mm). For quantitative traits (Table 3.1) primary leaf length (PLL) ranged from 

15.2 mm to 31 mm. Mean value with standard error for the trait was 22.6±0.45 and 

standard deviation 4.1. Primary leaf width (PLW) ranged from 4 mm to 8.8 mm while 

mean value was 6.33±0.11 and standard deviation 1.06. Hypocotyl length (HL) 

showed the range from 18.8 mm to 81.4 mm and mean value 35.4±1.3 whereas 

standard deviation being 12.Variance was highest for hypocotyls length 141.46 

followed by primary leaf length (16.8) and 1.13 for primary leaf width. 

 At seedling stage qualitative studies included the following discrete traits 

hypocotyls color, hypocotyls color intensity, hypocotyls pubescence, leaf, midrib  

color and seedling vigor. All categories of hypocotyls colors (Table 3.2) were 

observed in seedlings. Full green hypocotyls were observed in 14 genotypes with 

frequency of 17% percent. Hypocotyls with purple color were distributed into three 

classes. Accessions with one fourth purple from base were (19) 23%. Same 

percentage was noted for germplasm with half purple from the base. However highest 

frequency about (30 genotypes) 37% was recorded for complete purple hypocotyls. 

Hypocotyl intensity was low for (25 accessions) 31% of the germplasm. High 

intensity was noted in 18% (15) accessions while intermediate color intensity was 

observed in 42 accessions i.e. 50% of the germplasm. Pubescent hypocotyls showed 

no variation hence 100% of the germplasm displayed it. 

Thirteen accessions with light leaf color were approximately 16% of the 

germplasm. Dark green color was observed in (23) 28% of the genotypes. More than 

half of the accessions (46) were having an intermediate color with 56% frequency. 

Midrib color was green in 60% of the accessions (49) while 40% of the germplasm 

with 33 accessions had purple midrib. Seedling vigor an important trait was good in 

(64 genotypes) 78% of the germplasm while nearly 22% i.e. 18 accessions showed 

weak seedling vigor.  

 



Chapter # 3 
 

32 
 

Table 3.1.   Mean, Standard Deviation and Range for seedling quantitative traits. 

Traits Mean±SE SD Range         Variance  

Primary leaf length (mm) 22.6±0.45 4.1 15.2-31 16.8 

Primary leaf width (mm) 6.33±0.11 1.06 4- 8.8 1.1 

Hypocotyl length (mm) 35.4±1.3 12 18.8-81 141.5 

 

3.1.2. Qualitative traits 

3.1.2.1. Frequency distribution 

Among various qualitative traits pubescent stem was a common feature of 

tomato plants however density varied. Table 3.2 for frequency distribution of 

qualitative traits shows that based on pubescence density the germplasm was divided 

into three categories. In first category frequency of accessions with sparse pubescence 

(14 accessions) was 17%. Accessions (25) with highly dense hair were approximately 

31%. Medium pubescence was shown by 52% (43 accessions) of the germplasm. 

Accessions studied for internode length revealed that short internode length was 

characteristic of 28% of the (23 genotypes) germplasm. Accessions (17) with long 

internodes were 17% while 50% of the accessions (42) were found to have medium 

internodes. Foliage density was sparse in 7% (6) accessions.Frequency of genotypes 

(32) having dense foliage was 39%. Approximately 54% of the germplasm (44 

accessions) depicted medium foliage density while six accessions (7%) had sparse 

foliage.  

Number of leaves under first inflorescence fell into two categories (a) few (b) 

many leaves under first inflorescence. Majority of the germplasm (55 genotypes, 

67%) had many leaves while 27 genotypes with 33% frequency showed few leaves 

under first inflorescence. Different frequencies for leaf attitude which are semi-erect, 

horizontal and drooping were observed in the germplasm with the predominance of 

semi-erect (45 genotypes; 55%) followed by erect (20 genotypes; 24%) and drooping 

leaf attitude (17 genotypes; 21% approximately). Various degrees of leaf dissection 

were observed. More than fifty percent of the genotypes (43 accessions) displayed 

leaves with moderate dissection. Degree of leaf dissection was low for 29 (35%) 

genotypes. Accessions with deeply dissected leaves were comparatively less frequent 
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i.e. only  12% (10 genotypes) of the whole germplasm. Obscure veins were seen in 

6% of the   accessions (5) whereas majority (77) of the accessions approximately 94% 

was having normal clear veins. No variation for corolla color existed. The germplasm 

showed uniformity for corolla color and blossom type. All accessions produced 

yellow corolla with 100% frequency. Corolla blossom was open in 100% of the 

germplasm. Closed blossom was not observed in any genotype.  

For style position the germplasm under study was observed to be distributed 

with various frequencies in the four categories according to tomato descriptors. Style 

inserted as compared to stamens was shown by 5 genotypes with frequency 

percentage of 6. Same level of style as stamens was observed in 33% (27) accessions. 

Slightly exerted style was observed in 41% of the genotypes (34). Frequency of 

accessions with highly exerted style turned out to be 20% i.e. 16 accessions. Style 

shape of three types was observed. Majority of the germplasm i.e. 72 accessions were 

having simple style with a percentage of 88. Fasciated style was seen in 10% (8) 

accessions. Number of accessions with divided style exhibited minimum frequency of 

2.4% (2 accessions). For style hairiness all the genotypes were distributed into two 

groups: style hairiness 1) present 2) absent. Hairy style was present in 66 accessions 

with a frequency of 80% and absent in 16 accessions with a frequency of 20%. 

Exterior color of immature fruits displayed a range of variation with different 

frequency levels. Majority of the accessions (46) with a frequency of 56% had green 

fruits. Greenish white immature fruits were observed in 30% (25) accessions. The 

frequency for light green fruits was 7% (6 accessions) while dark green fruits were 

possessed by 5 accessions with a frequency of 6%. 

During present studies 68% of the germplasm (56 accessions) produced 

uniformly ripened fruits i.e. fruits without green trips or green shoulder. Only 26 

accessions (32%) displayed fruits with green trips. Among these accessions fruits with 

strong green backs were absent. Intensity of green back ranged between slight to 

intermediate with varying frequencies. Moderate intensity for the character was 

observed in 14 accessions (17%) and fruits with slight green trips were noted in 12 

(15%). Fruit pubescence, one of the traits studied was found to lack variation. Among 

82 genotypes studied, all had sparse pubescence. 

However the germplasm manifested enough diversification for fruit shape. 

Various fruit shapes were observed with different frequencies. The variation seen in 
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shape and size in the germplasm is clear in Figure 3.2. Fruit size in the germplasm 

under studies was also diversified. Out of four categories as proposed by IBPGR for 

tomato descriptors only three were recorded. Very small sized fruit (<3 cm) was 

produced by 19 genotypes frequency being 23.2%. Small sized fruits (3-5 cm) were 

however produced by majority of the genotypes i.e. 45 accessions with frequency of 

55% were noticed. Accessions with intermediate fruit size (5.1-8 cm) were close in 

frequency with first group. 18 accessions with a frequency of 22% fell in the above 

mentioned category. Large sized fruits were not observed. 

 The germplasm was fairly uniform for exterior color of the mature fruits. 

Highest frequency of red fruits in 78 accessions was noted with frequency of 95%. 

Pink colored fruits were noted in 4 accessions with 5% frequency. Fully mature green 

or any other colored fruits were absent. Intensity of exterior color was light in 4 

accessions (5%) while dark in 25 accessions with frequency 30%. Frequency for 

intermediate color intensity was highest 65% i.e. 53 accessions were observed with 

moderate color intensity.  Secondary fruit shape was also a trait that exhibited wide 

diversity. Fruits with flattened shape were recorded in 7% of the germplasm               

(6 accessions). Slightly flattened shape fruits were shown by 20 genotypes with a 

frequency of 24%. Same proportion of the genotypes was seen with round fruits. High 

rounded shape was seen in 16 accessions with 20% frequency. Cylindrical shape was 

recorded in 8 accessions (10%). The accessions with pyriform, heart shaped and 

ellipsoid fruits were less frequent i.e. 5, 4 and 3 accessions with frequencies 6, 5 and 4 

percent respectively. 

Ribbing at the calyx end is differentiated into four types. The fruits of 82 

genotypes were observed to sort into different levels for ribbing. Frequencies for 

intermediate and strong ribbing were 13% and 1.2% with number of accessions 11 

and 1 for two categories. Very weak ribbing was observed in 36 accessions with 44% 

frequency. Fruits with weak ribs were produced by 34 accessions with frequency      

41%. Easy detachment of pedicel from fruit distributed the germplasm into three 

groups. 33% of the genotypes (27) had easily detachable pedicel; 45% frequency was 

recorded for 37 accessions having fruits with intermediate ease while 18 genotypes 

with 22% were observed to have pedicel difficult to detach from fruit. Fruit shoulder 

shape is categorized as flat, slightly depressed, moderately depressed and strongly 

depressed shoulder. The frequencies for four respective categories observed in present 
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investigation are 13% (11 genotypes), 46% (34 genotypes), 39% (32 genotypes) and            

(5 genotypes) 6% in the tomato germplasm. Jointless pedicel was observed in nine 

accessions only while majority of the germplasm (73 accessions) had pedicel with 

joint.The frequency was 89%. 

Ripe fruits of 82 accessions exhibited two types of skin color. Most of the 

accessions (78) with a frequency of 95% had yellow skin while 4 accessions (5%) had 

colorless skin. Based upon the flesh color of the pericarp the germplasm did not 

exhibit variability i.e. all accessions have red pericarp. Green or any other color of the 

pericarp was not observed in the germplasm. Nine accessions had light color intensity   

with a frequency of 11%, deep color intensity was less frequent with 8.5%                  

(7 genotypes). Most frequent level of pericarp color intensity was intermediate 

observed in 66 accessions frequency being 80.4%. Color intensity of core was light in 

more than half of the germplasm (45 accessions) with 55% while white core was 

exhibited by 26 accessions (32%). Lowest number of genotypes (2) was found to have 

dark core color intensity with frequency being 2%. Moderate level of core color was 

noted in nine accessions (11%). Fruit cross sections in the germplasm depicted round 

shapes only. Other shapes as angular and irregular were not observed. Dot shaped 

pistil scar was displayed by 78% of the genotypes (64). Frequencies of stellate           

(8 accessions) and irregular pistil scars (8 accessions) were equal i.e. 10% for each. 

Least number of accessions (only 2) exhibited linear pistil scar with frequency of 

2.4%. Results for frequency distribution of blossom end shape divided the germplasm 

into three categories; 82% of the accessions (67) with flat end shape while 14 

accessions with 17% frequency had pointed end shape. Only one genotype had fruits 

with indented blossom end shape. Blossom end scar condition was closed in 82 

accessions. Rest of the categories i.e. open blossom end scar or both conditions were 

not observed. Fruit shelf life is an important trait as it affects marketability of the 

crop. 37% (30 genotypes) of the germplasm was observed to have low storage life. 

The fruits turned soft after storage while 57% of the germplasm (47 accessions) 

displayed intermediate firmness. Few accessions (5) with 6% were firm after storage. 
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Table 3. 2. Frequency distribution of qualitative traits in tomato gremplasm. 

 

Seedling descriptors 

Hypocotyl color – green (14), one fourth purple from base (19), half purple from base 

(19),  purple (30) 

Hypocotyl color intensity – low (25), intermediate (42), high (15) 

Hypocotyl pubescence – present (82), absent (0) 

Overall leaf color – low (13), intermediate (46), dark (23) 

Midrib color – green (49), purple (33) 

Seedling vigor – good (64), weak (18) 

 

Plant descriptors 

Stem pubescence density – sparse (14), intermediate (43), dense (25) 

Stem internode length – short (23), intermediate (42), long (17) 

Foliage Density – sparse (6), intermediate (44), dense (32) 

Number of leaves under first inflorescence – few (27), many (55) 

Leaf attitude – semi- erect (45), horizontal (20), drooping (17) 

Degree of leaf dissection – low (29), intermediate (43), high (10) 

Anthocyanin coloration of leaf veins – obscure vein (5), Normal, clear (77) 

 

Inflorescence descriptors 

Corolla Color – white (0), yellow (82) 

Corolla Blossom Type – closed (0), open (82) 

Style Position – inserted (5), same level as stamens (27), slightly exerted (34), highly 

exerted (16) 

Style Shape – simple (72), fasciated (8), divided (2) 

Style hairiness – absent (16), present (66) 
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Fruit descriptors 

exterior color of immature fruit – greenish white (25), light green (6), green (46), dark 

green (5) 

Presence of green trips on the fruit – absent, uniform ripening (56), present (26) 

Intensity of green back – strong (0), slight (12), intermediate (14) 

Fruit pubescence – sparse (82) 

Fruit size – very small, <3 cm (19), small, 3-5 cm (45), intermediate, 5.1-8 cm (18), 

large, > 8 cm (0) 

Exterior color of mature fruit – green (0), yellow (0), orange (0), pink (4), red (78) 

Intensity of exterior color – light (4), intermediate (53), dark (25) 

Secondary fruit shape – flattened (6), slightly flattened (20), rounded (20), high 

rounded (16), heart shaped (4), cylindrical (8), pyriform (5), ellipsoid (3) 

Ribbing at calyx end – very weak (36), weak (34), intermediate (11), strong (1) 

Easiness of fruit to detach from the pedicel – easy (27), intermediate (37), strong (18) 

Fruit shoulder shape – flat (11), slightly depressed (34), moderately depressed (32), 

strongly depressed (5) 

Presence / absence of joint less pedicel – absent (9), present (73) 

Skin color of ripe fruit – colorless (4), yellow (78) 

Flesh color of pericarp – green (0), yellow (0), orange (0), pink (0), red (82) 

Flesh color intensity – light (9), intermediate (66), dark (7) 

Color intensity of core – green (0), white (26), light (45), intermediate (9), dark (2) 

Fruit cross-sectional shape – round (82), angular (0), irregular (0) 

Shape of pistil scar – dot (64), stellate (8), linear (2), irregular (8) 

Fruit blossom end shape – indented (1), flat (67), pointed (14) 

Blossom end scar condition – open (0), closed (82), both (0) 

fruit firmness (after storage) – soft (30), intermediate (47), firm (5) 
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3.1.2.2. Cluster analysis 

Cluster analysis based on 27 qualitative variables divided 82 genotypes into 

seven main clusters (I to VII) at linkage distance 9. The dendrogram was constructed 

using complete linkage method (Figure 3.1). One accession was grouped individually 

in cluster I. Cluster II contained four accessions i.e. 5% while 5 (6%) accessions fell 

in cluster III. 11% of the accessions (9) fell in cluster IV. Cluster V got 10%               

(8 accessions) of the germplasm. 23 genotypes (28%) were grouped in clusterVI. 

Cluster VII received 32 accessions (39%). Accessions falling in different clusters on 

qualitative basis are given in Table 3.3. Intra cluster variation was observed in all 

clusters except cluster- I with single accession as shown in Table 3.4. The traits which 

contributed in the clustering involved those of leaves, flowers and fruits. The 

accession grouped in Cluster I was different enough not to fall in any of the clusters. 

Cluster II was uniform for many leaves under first inflorescence, intermediate leaf 

dissection, normal leaf veins and hairy style. While all accessions of the cluster had 

pink colored fruits at maturity with moderate color intensity, colorless fruit skin, flesh 

color of intermediate intensity, flat blossom end shape and uniform ripening             

i.e. absence of green (shoulder) trips. Accessions in cluster III were uniform for 

normal leaf veins, hairy style, fruit difficult to detach from pedicel, moderately 

depressed fruit shoulder, articulated pedicel, moderate exterior color intensity and flat 

blossom end shape. Cluster IV was uniform for simple style shape, presence of green 

(shoulder) trips and moderate intensity of exterior color.  

Cluster V showed polymorphism for maximum traits and uniformity only for 

simple style shape. Cluster VI was observed to have no diversity for anthocyanin 

coloration of leaf veins and style shape. The accessions displayed normal clear veins 

and simple style. Cluster VII also expressed high variation. It was uniform only for 

normal clear veins. Other than accessions of cluster III remaining clusters exhibited 

similarity for red colored mature fruits and yellow fruit skin. The qualitative traits 

studied showed no diversity for corolla color, corolla blossom type, flesh color of 

pericarp, fruit cross section shape and blossom end scar condition hence these were 

omitted from analysis. Among wild relatives five accessions of S. pimpinellifolium 

and one accession of S. pennellii were grouped in cluster VI along cultivated tomato.  
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Figure 3. 1. Dendrogram showing relationship of 82 tomato genotypes on the basis of qualitative traits. 
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 Table  3.3.  Accessions in seven clusters based on Qualitative traits in tomato germplasm. 

Clusters Frequency Accessions 

Cluster  I 1 19902 

Cluster  II 4 10582, 10580, 19291, 10575 

Cluster  III 5 17895, 17869, 19290, 19892, 10589 

Cluster  IV 9 17875, 17864, 17862, 17867, 17888, 17865, 10576, 

17883, 6233 

Cluster V 8 19913, 19893, 17878, 19288, 17882, 17874, 19294, 

10578 

Cluster  VI 23 17909, 19906, 19905, 19890, 19321, 17904, 17902, 

17890, 17889, 17887, 19909, 19897, 17903, 19907, 

19904, 19899, 19900, 19896,Tom round, 19898, 17863, 

19895, 10588 

Cluster VII 32 19887, 19292, AyubAgriculture tomato,Waltar, 10592, 

17856, 17868, 17859, 10573, 19903, Roma king,Ch-

151, 19295, 19908, 19293, 17860, 6235, 19912, 19911, 

19889, 19906, 17877, 19914, 10574, 17858, 6237, 

6234, 17873, 17861(Bari-5), 10581, 6238, 6231 

 

 

 

                                        Figure 3. 2.  Diversity in size and shape of tomato fruits. 
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Table 3.4.    Variation in clusters based on qualitative traits in tomato germplasm. 

Qualitative traits 
Cluster 

1 

Cluster 

2 

Cluster 

3 

Cluster 

4 

Cluster 

5 

Cluster 

6 

Cluster 
7 

Stem pubescence 

density 

- +/- +/- +/- +/- +/- +/- 

Stem internode 

length 

- +/- +/- +/- +/- +/- +/- 

Foliage density - +/- +/- +/- +/- +/- +/- 

No. of leaves under 

first inflorescence 

- - +/- +/- +/- +/- +/- 

Leaf attitude - +/- +/- +/- +/- +/- +/- 

Degree of leaf 

dissection 

- - +/- +/- +/- +/- +/- 

Anthocyanin 

coloration of leaf 

veins 

- - - +/- +/- - - 

Style position - +/- +/- +/- +/- +/- +/- 
Style shape - +/- +/- - - - +/- 

Style hairiness - - - +/- +/- +/- +/- 

exterior color of 
immature fruit 

- +/- +/- +/- +/- +/- +/- 

presence of green 

trips on the fruit 

- - +/- - +/- +/- +/- 

Intensity of green 

back 

- - +/- +/- +/- +/- +/- 

Fruit size - +/- +/- +/- +/- +/- +/- 

Exterior color of 
mature fruit 

- - - - - - - 

Intensity of exterior 

color 

- - +/- - +/- +/- +/- 

Secondary fruit 

shape 

- +/- +/- +/- +/- +/- +/- 

Ribbing at calyx 

end 

- +/- +/- +/- +/- +/- +/- 

Easiness of fruit to 

detach from the 

pedicel 

- +/- - +/- +/- +/- +/- 

Fruit shoulder shape - +/- - +/- +/- +/- +/- 

Presence / absence 

of joint less pedicel 

- +/- - +/- +/- +/- +/- 

Skin color of ripe 

fruit 

- - - - - - - 

Flesh color intensity - - - +/- +/- +/- +/- 

Color intensity of 
core 

- +/- +/- +/- +/- +/- +/- 

Shape of pistil scar - +/- +/- +/- +/- +/- +/- 

Fruit blossom end 
shape 

- - - +/- +/- +/- +/- 

Fruit firmness - +/- +/- +/- +/- +/- +/- 
+/-Polymorphism  
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Two genotypes of S. pimpinellifolium and single accession of S. chilense fell 

in cluster VII. 

3.1.2.3 Principal component analysis (PCA) 

The qualitative data was subjected to another multivariate analysis in present 

studies i.e. Principal component analysis (PCA). It is a data analysis tool that retains 

maximum possible information while reducing dimensionality of a large number of 

inter-related variables. Further it gives additional information on usefulness of the 

characters for defining the groups and calculates an orthogonal set of variables (factors 

or principal components). The number of components extracted in a principal 

component analysis is equal to the number of observed variables being analyzed. The 

first component extracted in a principal component analysis accounts for maximum 

amount of total variance in the original variables however number of principal 

components sufficient to capture maximum variation is determined by eigenvalues. 

Factors with eigenvalues more than one are retained when the PCA is run on 

correlations. Positive loading is indicative of a positive correlation between the 

component and the variable. In order to assess patterns of qualitative trait variation, 

principal component analysis was done by considering all the variables simultaneously. 

The first five components with eigenvalues >1.0 contributed 47.9% of the total 

variability amongst 82 accessions evaluated for qualitative traits. The coefficients 

defining five principal components of the data are given in Table 3.5. These 

coefficients were scaled, to present correlation between observed variables and 

derived components. The first principal component (PC 1) had 14.6% of total variation 

in qualitative traits. The traits with the greatest weight on this component were fruit 

size (0.77), fruits with green shoulder (0.63), intensity of the green back (0.67), fruit 

blossom end shape (0.63), ribbing at the calyx end (0.44) and fruit shape (0.44). The 

variables showing negative high weights on the component included foliage density   

(-0.63), number of leaves under first inflorescence (-0.58) and stem internode length 

(-0.38). The characters with the greatest positive weight on second component (PC 2) 

with 11.8% of total variance were fruit shoulder shape (0.65), easiness of fruit to 

detach from the pedicel (0.56) and ribbing at calyx end (0.51), shape of pistil scar           

(0.47) while variables with negative weights were exterior color of the mature fruit     

(-0.76), skin color of the ripe fruit (-0.76) and fruit shape (-0.35). 
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PC 3 accounted for 8.10% of divergence described largely by degrees of leaf 

dissection (0.54), fruits with green shoulder (0.51), intensity of the green back (0.50), 

flesh color intensity (0.41), intensity of exterior color (0.41) and number of leaves 

under first inflorescence (0.39), foliage density (0.37) and shape of pistil scar (0.34) 

but inversely with fruit blossom end shape (-0.25), ribbing at the calyx end (-0.19) 

and leaf attitude (-0.15). The PC 4 constituted 7.2% of the total variance and variables 

with large weight were exterior color of immature fruit (0.44), color intensity of core 

(0.41) and leaf attitude (0.38). The variables as exterior color of the mature fruit and 

skin color of the ripe fruit (-0.37) had negative weight of equal magnitude while traits 

as fruit shoulder shape (-0.31), anthocyanin coloration of leaf veins (-0.24) and 

easiness of fruit to detach from the pedicel (-0.22) had negative relation with varying 

strength. 

The PC 5 explained 6.2% of the total variation and was associated with leaf 

attitude (0.48), stem internode length (0.40), style shape (0.37) positively. While skin 

color of the ripe fruit and exterior color of the mature fruit (0.31) had same weight in 

positive direction whereas fruit shape (-0.50), anthocyanin coloration of leaf veins     

(-0.44), foliage density (-0.22) and color intensity of core (-0.20) had relatively 

negative weights on PC5. The first two principal components were plotted to observe 

relationship of genotypes. The resulting scatter diagram (Figure 3.3) showed the 

grouping of genotypes S. lycopersicum (A), S. pimpinellifolium(B), S. habrochaites 

(C), S. pennellii (D), S. chilense (E) followed the pattern observed for cluster analysis 

but overlapping for two accessions of S. pimpinellifolium (B) was seen. The scatter 

diagram (Figure 3.4) observed by plotting PC1 and 3 did not show such overlapping 

and all accessions of S. pimpinellifolium were well separated. 
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Table 3.5.  Principal components for Qualitative traits of tomato germplasm. 

 
 PC1 PC2 PC3 PC4 PC5 

Eigenvalue 3.7 2.9 2.2 1.80 1.6 

Cumulative eigenvalue 3.7 6.6 8.1 10.6 12.2 

Proportion of variance 14.6 11.8 8.10 7.2 6.2 

Cumulative variance 14.6 26.4 34.5 41.7 47.9 

Traits Eigen Vectors 

Stem pubescence density 

 
0.19 0.148 0.11 -0.18 0.06 

Stem internode length -0.38 0.22 0.33 0.35 0.40 

Foliage density -0.63 -0.16 0.37 0.24 -0.22 

No. of leaves under first 

inflorescence 
-0.58 0.15 0.39 0.23 -0.19 

Leaf attitude -0.11 0.15 -0.15 0.38 0.48 

Degree of leaf dissection -0.14 0.29 0.54 0.04 -0.13 

Anthocyanin coloration of leaf 

veins 
-0.16 0.003 -0.12 -0.24 -0.44 

Style position -0.35 -0.08 0.14 0.22 0.12 

Style shape -0.01 0.29 0.27 -0.16 0.37 

Exterior color of immature fruit -0.01 -0.06 -0.07 0.44 0.34 

Presence of green trips on the fruit 0.63 -0.12 0.51 0.36 -0.02 

Intensity of green back 0.67 -0.11 0.50 0.34 -0.07 

Fruit size 0.77 0.23 0.25 -0.04 -0.08 

Exterior color of mature fruit 0.11 -0.76 0.34 -0.37 0.31 

Intensity of exterior color -0.3 0.01 0.41 -0.20 -0.14 

Secondary fruit shape 0.44 -0.35 -0.04 0.26 -0.50 

Ribbing at calyx end 0.44 0.51 -0.19 0.09 0.17 

Easiness of fruit to detach from 

the pedicel 
0.07 0.56 0.16 -0.22 0.14 

Fruit shoulder shape 0.29 0.65 0.02 -0.31 0.01 

Skin color of ripe fruit 0.11 -0.76 0.34 -0.37 0.31 

Flesh color intensity 0.04 0.10 0.41 -0.04 -0.10 

Color intensity of core -0.19 0.09 -0.02 0.41 -0.20 

Shape of pistil scar 0.21 0.47 0.34 -0.18 -0.09 

Fruit blossom end shape 0.63 -0.27 -0.25 0.31 0.01 

Fruit firmness -0.22 0.05 0.05 -0.03 -0.17 
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                 Figure 3. 3.   Scatter diagram of first two PCs for qualitative traits in tomato                                         

germplasm.   S.lycopersicum (A), S. pimpinellifolium (B),                                        
S.habrochaites (C), S.pennellii (D), S.chilense (E). 

 

 

 

 

 

 

 

 

 

 

                          Figure  3.4.    Scatter diagram of first and third PCs for qualitative traits in tomato                                          

germplasm. S. lycopersicum (A), S. pimpinellifolium (B), S. habrochaites                                                    
(C), S. pennelli  (D), S. chilense (E). 
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3.1.3. Quantitative traits 

Mean square values for all quantitative traits studied for 82 tomato genotypes 

were highly significant (Table3.7). Mean square for total fruit yield plant
-1

 was highly 

significant (324631.2) followed by number of fruits plant
-1

with a value of 12345.4. 

Vine length had a mean square value of 9823.9 while fruit weight has 5149.9. Fruit 

length showed mean square of 1886.5 and fruit width was equal to 1255.4. Number of 

branches was 734.4. Pedicel length from abscission layer, sepal length, petal length, 

thickness of pericarp, number of locules, stamen length, thickness of fruit wall, core 

size had mean square values of 34.2, 29.4, 20.8, 20.9, 8.5, 5.8, 0.30 and 0.91 

respectively. Values for replication were significant only for sepal length (58.8), 

stamen length (11.3) and thickness of pericarp (3.3). Genotype-year interaction 

showed high mean square values for yield plant
-1 

(173775.9), number of fruit plant
-1 

(3447.0), vine length (3505.3), pedicel length from abscission layer (34.1), fruit 

length (31.7), thickness of pericarp (1.4), core size (0.10), number of locules (1.2), 

number of branches (430.8), and thickness of fruit wall (0.03). For years these values 

were strongly significant for number of fruit plant
-1 

(27770.7), vine length (20336.4), 

core size (0.4), pericarp thickness (19.8), thickness of fruit wall (0.04) and pedicel 

length from abscission layer (72.9). 

3.1.3.1. Variance analysis and Frequency distribution 

Basic statistical data (mean, minimum, maximum, variance, coefficient of 

variation, coefficient of heritability etc.) for quantitative traits measured for all the 

landraces during 2006 and 2007 are presented in Table 3.8. Range, mean and standard 

deviation values for three Check varieties are given in annex V. Variation in petal 

length in germplasm ranged from 6.2 to 13.8 mm and 6.2 to 13.6 mm for 2006 and 

2007 with mean values of 9.8 and 9.7. Coefficient of genotypic and phenotypic 

variability was 14.6 and 17.8 in first year while 14.2 and 17.1 during second year. 

Coefficient of heritability was moderate to high with a value of 0.67 and 0.69 during 

two years. Frequency distribution of the accessions for the trait (Figure 3.5) shows 

10% i.e. 8 genotypes in 2006 and 10 accessions (12%) in 2007 had petal length up to 

8mm. While 40 accessions (49%) in first year and 41 accessions (50%) in second year 

were measured from 8.1 to10 mm, same percentage 32% (26) accessions of 
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Table 3. 6.     Environmental data during crop growth period at NARC, Islamabad. 

Month/Year 
Temperature °C Avg. Relative humidity (%) Rainfall (mm) 

2006 

Avg. 

Min. 

Avg. 

Max.   

March 9.4 24.2 71.2 51.9 

April 13.1 31.5 43.3 20.6 

May 21.2 38.6 39.5 41.3 

June 21.6 37.0 44.8 61.8 

July 23.9 33.5 79.6 492.6 

August 23.2 32.1 82.2 252.2 

    Total: 920 mm 

2007     

March 9.1 22.9 75.1 179.0 

April 14.7 33.3 54 7.33 

May 18.9 34.2 45.5 57.8 

June 22.7 37.6 54.2 104.8 

July 22.7 34.3 75.3 335.1 

August 23.0 33.3 80.3 456.5 

    Total: 140.53mm 

 

Source: Water resources research institute (WRRI) Field Station, NARC, Islamabad  
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Table  3.7.    Mean squares for replications, years, genotypes and genotype- year interaction. 

Characters Replication Years genotypes Genotypes x 

year 

Error 

DF 4 1 81 81 648 

PL  

SL 

42.5 

58.8** 

0.30 

0.20 

20.8** 

29.4** 

0.90 

0.60 

0.90 

0.80 

STL 11.3* 1.0 5.8** 0.30 0.50 

FWT 652.6 280.4 5149.9** 68.6 97.8 

FL 82.1 38.0 1886.5** 31.7** 23.6 

FW 174.0 157.0 1255.4** 22.5 20.2 

PLAL 0.10 73.0** 34.2** 34.1** 0.10 

TFW 0.00 0.04** 0.30** 0.03** 0.00 

TP 3.3* 19.8** 20.9** 1.4** 0.50 

CS 0.10 0.4** 0.91** 0.10** 0.40 

NL 1.30 4.5 8.5** 1.2** 0.50 

VL 203.6 20336.4** 9823.9** 3505.3** 187.0 

NB 83.2 370.2 734.4** 430.8** 30.4 

NF 212.0 27770.7** 12345.4** 3447.0** 121.0 

YP 23676.7 231271.2 324631.2** 173775.9** 20049.9 

*,**
  Signi        *,**Significant at P = 0.05,0.01 levels respectively. DF: degrees of freedom, PL: Petal length (mm), SL: sepal 

length (mm),STL: stamen length, F WT: average fruit weight (g), FL: fruit length (mm), FW: fruit width (mm), 

PLAL: pedicel length from abscission layer (cm),TFW: thickness of fruit wall (mm), TP: thickness of pericarp 

(mm), SC: size of core (cm), NL: number of locules, VL: vine length (cm), NB: no. of branches plant-1, NF: 

number of fruits plant-1,YP: yield plant-1
. 
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comparatively large sized petals ranging from 10.1 to 12 mm were noted in two years. 

More than 12 mm petal size was seen in approximately 9% (7) and 6% (5) of total 

accessions during the two years. In cultivated tomato minimum petal length was 

shown by genotype 10573 in two years whereas maximum by 19321 in 2006 and 

17867 in 2007. The genotype 19903 was noticed with minimum (6.4mm) and 19899 

had (10.8mm) maximum petal size in both years among S. pimpinellifolium 

accessions.  

Sepal length (Figure 3.6) in 82 genotypes varied from 3.8 to 11.4 mm with 

mean values of 7.4 and 7.4 in two years. Genotypic coefficient of variation was 23.4 

and 21.9 and phenotypic coefficient of variation was 26.8 and 24.7 while coefficient 

of heritability was high i.e. 0.76 and 0.78 respectively for 2006 and 2007. In 2006 19 

accessions (23%) and in 2007 18 accessions (22%) were measured up to 6 mm for 

sepal length whereas 38 genotypes (46%) and 39 genotypes (47.5%) fell in 6.1 to 8 

mm in these years respectively. 8.1 to 10 mm size was recorded for 13 accessions 

(16%) of 2006 and 15 accessions (18%) of 2007. 15% i.e. 12 genotypes in 2006 data 

and 12% (10) accessions in 2007 were found to have sepal size  more than 10 mm . In 

both years data minimum sepal length 3.8 was noted for accession 19887. Maximum 

length was 11.4 mm seen in one cultivated tomato genotype i.e.17867 in 2006 while 

two accessions, 17867 and 10580 in 2007. One accession (19903) of wild germplasm 

i.e. S. pimpinellifolium showed minimum 3.8 mm while maximum sepal length 6.6 

mm for 19895 in two years. 

 Minimum length of stamen observed was 5 mm and maximum 9.2 mm with 

mean values of 7.2 in both years. The genotypic coefficients of variation were 9.8 and 

9.9 while phenotypic coefficients of variation were 13.6 and 13.8 respectively in 2006 

and 2007. Coefficient of heritability (0.52, 0.51) during both years was moderate for 

the trait. The overall data regarding stamen length was divided into four categories 

(Figure 3.7). 6% (5) in 2006 and 10% accessions (8) in 2007 were included in 

category 1 with stamen length up to 6 mm. 28% accessions (23) in both years ranged 

in size from 6.1 to 7 mm. 54% of the accessions (44) in first year and 50% (42) in 

next year varied for the length between 7.1 to 8 mm. More than 8 mm stamen length 

was seen in 12% of 2006 genotypes (10) and 11% (9) of 2007. Minimum length for S. 

lycopersicum in 2006 was 5.6 mm in two accessions i.e. 10573, 10588 and 5.4 mm 

was noted in Ayub agriculture cultivar in 2007.                  
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Table  3.8.  Variance analysis for Quantitative Traits. 

Traits Year Mean Range σ
2
g σ

2
p GCV PCV h

2
 F ratio 

PL 2006 9.8 6.2-13.8 2.08 3.04 14.6 17.8 0.67 11.3** 

 2007 9.7 6.2-13.6 1.92 2.8 14.2 17.1 0.69 12.1** 

SL 2006 7.4 3.8-11.4 3.02 4.0 23.4 26.8 0.76 17.04** 

 2007 7.4 3.8-11.4 2.7 3.4 21.9 24.7 0.78 18.8** 

STL 2006 7.2 5-9.2 0.50 1.0 9.8 13.6 0.52 6.4** 

 2007 7.2 5-9.2 0.52 1.02 9.9 13.8 0.51 6.2** 

FWT 2006 33.4 0.39-109 469.5 579.4 65.0 72.0 0.81 22.4** 

 2007 34.5 0.55-113 535.1 620.7 67.0 72.0 0.86 32.3** 

FTL 2006 36.8 8.3-61.9 187.3 214.3 37.2 39.8 0.87 35.6** 

 2007 47.5 7.8-88.2 187.0 207.0 36.7 38.6 0.90 47.6** 

FW 2006 35.1 8.0-61.8 120.9 141.8 31.3 33.9 0.85 29.9** 

 2007 36.0 7.5-59.4 126.6 146.0 31.3 33.6 0.87 33.6** 

PLAL 2006 0.96 0.48-2.5 13.4 13.6 238.4 239.4 0.99 565.9** 

 2007 0.94 0.43-2.5 0.19 0.21 46.4 49.2 0.89 41.8** 

TFW 2006 0.07 0.02-0.23 0.01 0.01 127.4 131.5 0.94 77.8** 

 2007 0.07 0.03-0.16 0.00 0.00 33.3 43.3 0.59 8.2** 

TP 2006 3.4 0.44-6.9 2.2 2.7 42.8 48.0 0.80 21.4** 

 2007 3.8 0.65-7.4 2.1 2.5 38.6 42.4 0.83 25.3** 

SC 2006 0.75 0.11-2.3 0.11 0.16 45.0 53.0 0.72 14.1** 

 2007 0.71 0.10-1.6 0.07 0.10 38.3 45.0 0.72 14.1** 

NL 2006 3.1 2.0-7.4 1.07 1.7 33.2 41.2 0.65 10.3** 

 2007 3.0 2.0-6.1 0.67 1.02 27.6 34.0 0.66 10.5** 

VL 2006 81.2 22.8-190 1011.5 1108.7 39.2 41.0 0.91 53.03** 

 2007 91.1 29.5-185 1579.6 1856.3 43.6 47.3 0.85 29.5** 

NB 2006 20.1 3.6-63.6 113.6 146.3 52.0 58.0 0.78 18.4** 

 2007 19.3 3.4-70.0 107.3 135.4 54.0 60.0 0.79 20.04** 

NF 2006 32.2 1.4-287.6 2529.2 2737.5 157.4 164.0 0.92 61.7** 

 2007 20.3 2.2-155.6 580.9 614.5 119 122.0 0.95 87.3** 

YP 2006 439.4 69-1081.4 55431 75024.02 54.0 63.0 0.74 14.9** 

 2007 398.6 20.3-993 36530.6 56736.3 48.0 60.0 0.64 10.04** 

Mean, Range, Genotypic (σ2g) and Phenotypic variance (σ2p), Genotypic (GCV) and Phenotypic coefficients of 

variation (PCV), coefficient of heritability (h2) and F-ratio for quantitative traits of 82tomatogenotypes. PL: Petal 

length (mm), SL: sepal length (mm), STL: stamen length, FT WT: average fruit weight (g), FTL: fruit length 

(mm), FW: fruit width (mm), PLAL: pedicel length from abscission layer (cm),TFW: thickness of fruit wall 
(mm), TP: thickness of pericarp (mm), SC: size of core (cm), NL: number of locules, VL: vine length (cm), NB: 

no. of branches plant-1, NF: number of fruits plant-1, YP: yield plant-1. 
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       Figure 3.5.   Frequency distribution for petal length (mm) in tomato germplasm. 

 

         Figure 3.6.   Frequency distribution for sepal length (mm) in tomato germplasm. 

 

  

       Figure 3.7.   Frequency distribution for stamen length (mm) in tomato germplasm. 
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       Figure 3.8.   Frequency distribution of average fruit weight (g) in tomato germplasm 

 

       Figure 3.9.   Frequency distribution of fruit length (mm) in tomato germplasm. 

 

 

       Figure 3.10. Frequency distribution of fruit width (mm) in tomato germplasm. 
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  Maximum length in both years was seen for one accession 17882. In S. 

pimpinellifolium genotype 19903 with minimum stamen length of 5 mm while 19899 

with maximum length 7.4 mm were common in both years data. High variation in 

fruit weight was noted ranging from 0.39 g to 109 g and 0.55 to 113 g during first and 

second year respectively with mean values of 33.4 and 34.5. Genotypic coefficient of 

variation (GCV) was 65.0 and 67.0 while phenotypic coefficient of variation (PCV) 

was same (72) for both years. Coefficient of heritability (h
2
) was very high i.e. 0.81 

and 0.86 in 2006 and 2007. Frequency distribution (Figure 3.8) shows that in 2006, 27 

accessions (33%) weighted up to 20 g, 29 accessions (35%) weighted between 20.1 to 

40 g, 18 accessions (22%) had weight from 40.1 to 60 g while 8 genotypes had weight 

more than 60 g. Data for 2007 revealed that 29 (35%) genotypes were up to 20 g, 22 

genotypes (27%) had weight varying between 20.1 to 40 g, 21 accessions (26%) 

ranged between 40.1 to 60 g while 10 accessions (12%) showed more than 60 g. In 

2006 data cultivated tomato genotypes with minimum fruit weight 1.6 g was 19900 

and maximum 109.4 g for accession 17862. For 2007 minimum weight accession was 

same as 2006 but maximum weight (113 g) was seen in 17862. For S. 

pimpinellifolium minimum weight for accession 19897 was 0.39 g and 0.55 g for 

19896 in 2006 and 2007. While maximum weight was 3.2 and 3.6 g for same 

accession i.e. 19895 in both years. 

Fruit length in tomato germplasm under present studies ranged from minimum 

8.3 mm to maximum 61.9 mm with a mean value of 36.8 for 2006. Value for 

genotypic coefficient of variation was 37.2 while for phenotype it was 39.8. During 

2007 the values ranged from 7.8 mm to 88.2mm with mean value 47.5 for 2007. 

Genotypic coefficient of variation was 36.7 and phenotypic coefficient of variation 

was 38.6. Coefficient of heritability was high during both years i.e. 0.87 and 0.90. As 

seen in Figure 3.9 about 10.9% accessions (9) and 8.5% (7) accessions during two 

years had fruit length up to 15 mm, 18% (15) and 21% (17) fell between 15.1 to 30 

mm. Nearly 43% accessions (35) in first year and 45% (37) in second year ranged 

between 30.1 to 45 mm. However 12% (10) in 2006 and 26% (21) in 2007 were found 

to have more than 45 mm length. Minimum fruit length for S. lycopersicum was 11.5 

mm seen in accession 19900 for two years while maximum length in 2006 was 61.9 

mm for accession 6233 and 88 mm for 17895 in 2007.In S. pimpinellifolium minimum 

length was 8.25 mm for accession 19889 in first year while 7.81 mm for accession 
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19896 in next year. Maximum length was 14.8 mm noted for 2006 in accession 19903 

whereas 16.5 mm in 19898 in 2007. 

Variation in fruit width for 2006 ranged between 8 to 61.8 mm with mean 

value 35.1 and for 2007 the measurement varied between 7.5 to 59.4 mm while mean 

value was 36.0.The genotypic and phenotypic coefficients of variation for two years 

were more or less same i.e. 31.3, 31.3 and 33.9 and 33.6 respectively. Coefficient of 

heritability was calculated to be high which was 0.85 and 0.87 for both years. For year 

wise frequency distribution the data was distributed into 4 categories (Figure 3.10). 

Up to 15mm width was noted for 8.5% (7) and 7% (6) accessions during two years. 

While approximately 16% (13) in 2006 and 20% (16) genotypes had width lying 

between 15.1 and 30 mm. More than 50% accessions in two years   (51 in 2006 and 

42 in 2007) had fruit width ranging from 30.1 to 45 mm. Width above 45 mm was 

noticed in 13% of the germplasm in first year and 16% in second year i.e. 11 and 18 

genotypes respectively. Among cultivated tomato minimum width 11.7 mm was 

shown by accession 19900 and maximum 61.8 and 59.4 mm for 17862 persistently 

for two years. Wild genotypes (S. pimpinellifolium) studied had minimum width 8.01 

and 7.5 for 19896 in two years data. Maximum width 16.7 mm was noted for 

genotype 19898 for first year and 17.5 mm for 19895 in next year.  

Pedicel length from abscission layer varied in length from 0.48 cm to 2.5 and 

0.43 to 2.5 with mean values of 0.96 and 0.94 for 2006 and 2007 respectively. 

Genotypic and phenotypic coefficient of variation for first year was 238.4 and 239.4. 

For next year the values were 46.4 and 49.2. High coefficient of heritability was seen 

for both years i.e. 0.99 and 0.89. Frequency distribution shows (Figure 3.11) 29% 

accessions (24) had pedicel length up to 0.70 cm in 2006. For 2007 29% accessions 

(28) fell in this category. Germplasm had 39 (48%) accessions in both years between 

0.71 to 1.0 cm. Approximately 16% of genotypes (13) in 2006 and 11% (9) in 2007 

had pedicel length more than 1.1 cm to 2.0 cm. 7% of the accessions i.e. 6 in first and 

second year were found to have more than 2.1 cm long pedicel. Minimum length of 

pedicel for 2006 in cultivated tomato was 0.48 cm for 17873 and in 2007, 0.43 for 

17909. However maximum length 2.52 and 2.51 was noted for one accession 10575 

during both years. Wild S. pimpinellifolium accessions had minimum length of 0.516 

and 0.48 noted in accession 19903 and 19895 whereas maximum length was 0.74 and 

0.68 for accession 19895 and 19896 respectively during 2006 and 2007. 
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       Figure 3.11.  Pedicel length from abscission layer (cm) in tomato germplasm. 

 

       Figure 3.12.  Frequency distribution of thickness of fruit wall (mm) in tomato germplasm. 

  

 
 

 

       Figure 3.13.   Frequency distribution of pericarp thickness (mm) in tomato germplasm. 
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Thickness of tomato skin varied from 0.02 to 0.23 mm with mean value of 

0.07 during first year and 0.03 to 0.16 with mean value of 0.07 in second year of 

studies. The genotypic coefficients of variation were 127.4 and 33.3 and phenotypic 

coefficients of variation were 131.5 and 43.3 respectively for 2006 and 2007. 

Coefficient of heritability was high (0.94) during first year while moderate (0.59) 

during next year. According to frequency distribution (Figure3.12) the fruit skin 

thickness for about 31% (25 accessions) in 2006 and 27% of the accessions (22) was 

up to 0.05mm. Approximately 34% of the genotypes (28 accessions) in 2006 and 

41.5% (34 accessions) in 2007 ranged between 0.051 to 0.07 mm. 14 genotypes       

(17%) in both years had 0.071 to 0.09 mm thick fruit wall. Above 0.09 mm thickness 

was noted in 18% (15) and 14.6% (12) accessions in 2006 and 2007. In                       

S. lycopersicum two accessions 17869 and 19912 in 2006 showed minimum thickness 

0.034 mm while maximum 0.23 was seen in 17883.While in 2007 minimum value 

noted was 0.039 for 17882 and 0.16 was maximum value for 17904.Wild accessions 

(S. pimpinellifolium) showed a minimum value of 0.02 mm and 0.03 mm wall 

thickness in 19896 whereas maximum value was 0.13 in 19889 and 0.05 in 19898 in 

2006 and 2007. 

The data for thickness of pericarp for two consecutive years ranged from 0.44 

to 6.9 and 0.65 to 7.4 with mean values 3.4 and 3.8 for the trait. The genotypic 

coefficients of variation and phenotypic coefficients of variation were 42.8, 38.6 and 

48 and 42.4 respectively for 2006 and 2007. The coefficient of heritability was high 

with values 0.80 and 0.83 for two years. The frequency distribution (Figure 3.13) seen 

for pericarp thickness up to 2 mm was 18% (15 genotypes) and around 16% (13 

genotypes) for first and second year. Pericarp thickness varying between 2.1 to         

4.0 mm was possessed by 50% (41) genotypes in 2006 and approximately 43% (35) 

genotypes in next year. 27% (22) and 38% (31) of the accessions in 2006 and 2007 

fell in between 4.1 to 6 mm for the trait. 5% (4) of the accessions in 2006 and 4%      

(3 genotypes) had pericarp above 6.0 mm thick. Among the S. lycopersicum 

germplasm for both years the minimum thickness (0.84 and 0.85) noted was for 

accession i.e. 19900 while maximum value of 6.87 was recorded for accession 6233 

in 2006 and 7.4 mm in 2007 for Riogrande (17875). For S. pimpinellifolium minimum 

thickness was observed in 19899 and 19889 during two years. The values for pericarp 

thickness were 0.44 and 0.65 mm. Highest value of the character was 1.76 and 1.85 
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for one genotype 19898 in two years.The measurements for core size during 2006   

for one genotype 19898 in two years.  

The measurements for core size during 2006 varied between 0.11 to 2.3 cm 

with mean value of 0.75 and genotypic and phenotypic coefficient of variation was 

45.0 and 53 while in 2007 it measured between 0.10 to 1.6 cm with mean value 0.71 

while genotypic and phenotypic coefficient of variation was 38.3 and 45.0 during 

2007 respectively. The coefficient of heritability was high with same value i.e. 0.72 

for both years. For cultivated germplasm maximum core size of 2.28 cm and 1.63 cm 

was recorded in 2006 and 2007 for accession 19290 while minimum value was 0.29 

and 0.25 respectively for two years for accession 19912.Wild germplasm                    

(S. pimpinellifolium) was found to have a minimum size of 0.11 and 0.104 for two 

accessions 19897 and 19899 for 2006 and 2007 while accession 19895 had maximum 

core size of 0.30 and 0.312 during both years. According to Figure 3.14 about 8.5% of 

the germplasm (7 accessions) in first year and 9 accessions (11%) showed core size 

up to 0.3 cm. Frequency of germplasm was 24% (20 accessions) and 30%                    

s(24 accessions) for core size ranging between 0.31 to 0.6 cm during first and second 

year. 35 accessions in 2006 and 31 accessions in 2006 and 2007 (43% and 38%) 

possessed core size 0.61 to 0.90 cm. Frequency of germplasm with the size between 

0.91 to 1.0 cm was 10 (12%) and 08 (10%) accessions respectively for two years 

while above 1.0 cm core size was seen in 10 accessions (12%) in both years. 

 Ample variation in locule number i.e. bilocular to multilocular fruit forms for 

the trait was observed in the germplasm. The number of locules ranged between 2 to 

7.4 with mean value 3.1 in 2006 and 2 to 6.1 with mean value of 3.0 in 2007. The 

genotypic and phenotypic coefficients of variation were 33.2, 27.6 and 41.2 and 34.0 

while heritability coefficient was 0.65 and 0.66 for first and second year. In                 

S. lycopersicum the minimum number of locules noted was two for accessions 6233, 

6237, 19914 and 7.4 for accession 19290. For 2007 the accessions 6233, 6234, 6237, 

17864, 17887, 19893, 19911 and 19914 were observed with bilocular condition 

whereas Tom round had 6 locules. Wild germplasm (S. pimpinellifolium) was seen to 

have two genotypes, 19903 and 19897 with two locules and one genotype 19899 with 

2.4 locules in 2006. Six accessions (19889, 19896, 19897, 19898, 19899 and 19903) 

with two locules were observed in 2007 and one accession 19895 with number of 

locules 2.4.  
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       Figure 3.14. Frequency distribution of core size (cm) in tomato germplasm. 

 

       Figure 3.15. Frequency distribution of number of locules in tomato germplasm. 

 

       Figure 3.16. Frequency distribution of Vine length (cm) in tomato germplasm. 
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         Figure 3.17.   Frequency distribution of number of branches plant-1 in tomato germplasm 

 

 Figure 3.18.   Frequency distribution of number of fruits-1 in tomato germplasm 

 

 Figure 3.19. Frequency distribution of yield plant-1 (g) in tomato germplasm 
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The frequency of genotypes (Figure 3.15) with bilocular fruit was 8.5%          

(7 accessions) during first year and 18% (15 accessions) during second year. 47.5% 

and 36.6% of the accessions (39 and 30 respectively) in 2006 and 2007 had number of 

locules between 2 to 3. Accessions with number of locules from 3.1 to 4.0 were (21 

and 27) 25.6% and 33% of the germplasm. For number of locules above 4 the 

frequency was 18% (15 accessions) and 12% (10 accessions) in 2006 and 2007 

respectively.  

Vine length is an important trait. Determinate and indeterminate tomato 

varieties differ in plant height other than flowering pattern. In 2006 vine length for the 

germpasm varied from 22.8 cm to 190 cm with mean value 81.2 whereas during 2007 

it ranged between 29.5 and 185 cm with mean value of 91.1. Genotypic and 

phenotypic coefficient of variation for first year of studies was 39.2 and 41.0 while for 

second year these values were 43.6 and 47.3. Coefficient of heritability for both years 

was high i.e. values being 0.91 and 0.85.Year-wise frequency distribution (Figure 

3.16) depicted that nearly 17% (14 accessions) in 2006 and 8.5%  accessions (7) in 

2007 had plant height up to 50 cm. Between 51 and 100 cm the frequency was 51% 

(42 accessions) and 54% (44) respectively during first and second year.  27% (22) and 

24% (20) of the genotypes had vine length between 101 and 150 cm in 2006 and 2007 

years. Frequency for vine length above 150 cm was low i.e. 5% (4 genotypes) and 

13% (11 genotypes) of the germplasm during 2006 and 2007 fell in the range.             

S. lycopersicum showed a minimum plant height of 22.8 cm in 2006 for genotype 

17909 while maximum height was noticed in 19892. For year 2007 minimum 29.5 cm 

height was recorded in genotype 17906 whereas the highest value was 184.4 cm in 

accession 17863. S. pimpinellifolium was noted to have lowest height (67 cm) of the 

accession 19898. 19897 was the tallest i.e. 190.2 cm in 2006. Data for year 2007 

depicted 19899 with a minimum height of 88.4 cm and maximum height of 164.6 cm 

for the genotype 19896. 

Variation noted in number of branches plant 
-1

 in 2006 ranged between 3.6 and 

63.6 with mean value of 20.1. Genotypic and phenotypic coefficients of variation 

were 52 and 58 respectively. During 2007 the germplasm showed variation for the 

trait from 3.4 to 69.8 with mean value 19.3. Coefficients of variation both genotypic 

and phenotypic were 54 and 60. Heritability coefficient was high for both years i.e. 

0.78 and 0.79.  
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Frequency of distribution (Figure 3.17) of the germplasm into different classes 

is as follows: 34% (28) accessions in first and nearly 44% (36) in second year fell in 

first category with number of branches plant
-1

 up to 15. Most of the genotypes (46) 

56% in 2006 and 49% (40) in 2007 were included in second group ranging from 15.1 

to 30 branches plant
-1

. Number of  branches plant
-1

 between 30.1 and 45 were noticed 

in 7.3% (6 accessions) and round about 5% (4) genotypes in first and second year 

respectively. More than 45 branches were found in 2.4% (2 genotypes) of the 

germplasm for each year. Minimum number of branches was shown by accession 

19900 for both years, the count being 3.6 and 3.4 while maximum value 63.6 was 

shown by 6234 in 2006 and 69.8 by 17863 in 2007. Wild accession                            

(S. pimpinellifolium) 19895 had minimum 15 branches while maximum count was 

42.8 noted in 19897 for first year. In second year the accession 19903 showed least 

number of branches plant
-1 

i.e. 10.6 while highest number 64.8 was noted for 19898               

(S. pimpinellifolium).  

Germplasm depicted sufficient variation for the trait, number of fruits plant
-1

. 

It ranged from 1.4 to 287.6 during 2006 with a mean value of 32.2 and genotypic and 

phenotypic coefficients of variation were 157.4 and 164. For 2007 the range was 2.2 

to 155.6 with a mean value of 20.3. Coefficients of variation both genotypic and 

phenotypic were 119 and 122. Heritability coefficient for the trait for both years was 

quite high i.e. 0.92 for 2006 and 0.95 for 2007. Based upon frequency distribution 

(Figure 3.18) 39 accessions (48%) in first year and 49 (60%) accessions in next year 

were having number of fruits up to 15. More than 15.1 to 30 fruits were shown by 

approximately 26% (21) and 21% (17) of the accessions. Nearly 15% (12) of the 

genotypes in 2006 and 13% (11) in 2007 showed number of fruits between 30.1 and 

45. Accessions with number of fruits above 45 were low i.e. 10 (12%) in first year 

and 5 (6%) in second year. Minimum number of fruits shown in S. lycopersicum was 

1.4 for accession 10589 and maximum was 91.2 shown by 6231 in 2006. During 2007 

lowest number of fruits plant
-1 

was seen for 17876 i.e. 2.2 and highest 58.6 for 

accession 17873. Among S. pimpinellifolium the minimum number 27.6 and 22.6 was 

seen for 19903 during both years. However maximum for two years was seen in two 

different accessions 287.6 by 19898 in 2006 and 155.6 in by 19899 in 2007. 

Considerable variability in the 82 genotypes was observed for total yield   

plant
-1

. It ranged from 69.0 to 1081.4 g with mean value of 439.4 and coefficient of 
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genotypic variation was 54 while phenotypic variation was 63 for 2006. In 2007 it 

ranged from 20.3 to 993 with a mean value 398.6 and coefficient of genotypic 

variation and phenotypic variation were 48 and 60 respectively. Coefficient of 

heritability was high (0.74) in 2006 and (0.64) 2007. Frequency distribution       

(Figure 3.19) for total fruit yield plant
-1

 for 24 accessions (29%) in 2006 and 25 

accessions (30.5%) in 2007 was up to 300 g. 37 accessions (45%) in first year and 46 

accessions (56%) in second year of studies yielded between 301 to 600 g. From 601 to 

900 g yield was recorded for 17 genotypes (21%) and 10 accessions (12%) in two 

consecutive years. Four accessions (5%) in 2006 and 1 accession (1.2%) in 2007 were 

able to give above 900 g plant
-1

. In S. lycopersicum germplasm lowest yielding 

accessions were 19292 with 78 gs and 19900 with 20.4 g while those with highest 

yield were 19295 (1081g) and 17869 (993 g) in 2006 and 2007 respectively. Among 

wild germplasm 19903 yielded 24.3 and 68.8g and 19898 gave maximum yield 

equivalent to 651.4 and 207.8 g during two years. 

Ample diversity was observed for days to flowering during both years. It 

ranged from 40 to 82 days during 2006. The range in 2007 shown by different 

accessions was 40 to 77 days. It was observed that frequency distribution (Figure 

3.20) of germplasm was 3 (4%) in 2006 and 4 (5%) accessions in 2007 flowered 

within 50 days. 30 accessions (37%) in first year and 38 accessions (46%) in second 

year flowered between 51 to 60 days. 61 to 70 days were taken for flowering by 36 

(44%) accessions in 2006 and 32 (39%) accessions in 2007. More than70 days were 

taken by approximately 13 accessions (16%) and 8 (10%) in 2006 and 2007 

respectively. Among S. lycopersicum, genotypes 19890 and 19892 were earliest with 

50 days during 2006 while 19890 were earliest in flowering during 2007 with 48 

days. It was noticed that two accessions (19890, 19892) in 2006 and one accession 

(19890) in 2007 of S. lycopersicum flowered within 50 days. Out of seven accessions 

of S. pimpenellfolium 19897 took 40 days to flower in both years hence was earliest 

while one genotype (19897) and three genotypes (19897, 19899, 19895) of                 

S. pimpinellifolium started flowering within 50 days during 2006 and 2007 

respectively.  

Days to maturity ranged from 60-126 days during 2006 and 64-126 days 

in second year i.e. 2007. Up to 100 days (Figure3.21) were taken by ten genotypes 

(12%) in 2006 and by six genotypes (7%) in 2007. 101 to 110 days were taken by 
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approximately 39 accessions (48%) in 2006 and 36 accessions (44%) in 2007 while 

25 (31%) and 35 accessions (42.7%) took 111 to 120 days for fruiting in two years. 

Late fruiting (above 120 days) was shown by eight accessions (10%) in first year and 

five accessions (6%) in next year.  

Accession 6231 (S. lycopersicum) was earliest to fruit within 90 and 87 days. 

Tom round a genotype of cultivated tomato took maximum days 125 and 126 days to 

fruit during both years. While among seven accessions of wild relatives S. 

pimpinellifolium 19897 was earliest to mature. It took 60 and 64 days respectively 

during 2006 and 2007. S. pimpinellifolium had one accession (19903) in 2006 and 

other (19896) in 2007 taking 125 and 126 days respectively for fruiting. The 

differences noticed in mean values of the measured traits between two years were 

probably due to variation in weather conditions that prevailed during the crop growth 

cycles. Range of average maximum and minimum temperatures, average relative 

humidity and rainfall recorded during both growing seasons is presented in Table 3.6. 

In present study, total rainfall was significantly more in 2007 than 2006. Moreover, 

the temperatures were relatively lower in 2006. These variations in weather most 

likely played a part to the differences observed between 2006 and 2007 for fruit 

length, days to flowering, maturity, number of fruits plant
-1

, total yield plant
-1

and vine 

length. 
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                           Figure 3.20. Frequency distribution for days to flowering in tomato germplasm 

 

 

 

 

 

 

  Figure 3.21. Frequency distribution of days to maturity in tomato germplasm.
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3.1.3.2. Correlation coefficients (2006) 

The genotypic and phenotypic correlation coefficients among quantitative 

traits for 82 genotypes were computed to know the nature and magnitude of 

relationship existing between yield plant
-1

 and various quantitative characters as well 

as mutual association of these characters. Results are described below and presented 

in Table 3.9. At genotypic level among various traits the fruit width was found to 

have positive and significant association (0.25) with yield plant
-1

. Many characters 

under study viz. fruit weight, fruit length, thickness of pericarp, core size, number of 

locules and total number of branches plant
-1

 also had a positive but weak association 

with yield plant
-1

. Petal length, sepal length, stamen length, pedicel length from 

abscission layer, thickness of fruit wall, vine length and number of fruits plant
-1

 

displayed negative and trivial relation with yield plant
-1

. Same trend of weak and non 

significant association positive or negative for all traits was observed at phenotypic 

level.  

Floral traits showed highly significant mutual correlation at genotypic and 

phenotypic level. Among floral traits petal length in 2006 displayed substantial 

positive relationship at both levels with sepal length (0.63, 0.48) and stamen length 

(0.85, 0.51). Petal length showed positive and strong correlation with fruit traits 

including fruit weight (0.52, 0.37), fruit length (0.52, 0.39), fruit width (0.45, 0.34) 

and thickness of pericarp (0.51, 0.39). With core size very strong and positive 

association was exhibited at genotypic level (0.35). At phenotypic level it was also 

significant and positive (0.24). Negative and significant correlation (-0.22) was 

noticed with number of branches plant
-1 

only at genotypic level. With rest of the traits 

the association was negative and poor at both levels.  

Sepal length depicted association with flower as well as fruit traits. Ample 

positive relation with stamen length at both genotypic and phenotypic (0.49, 0.34), 

fruit weight (0.69, 0.53), fruit length (0.59, 0.49), fruit width (0.65, 0.52), thickness of 

pericarp (0.49, 0.36) and core size (0.62, 0.48) was observed. For number of locules 

genotypic (0.34) and phenotypic (0.23) correlations both were positive but level of 

significance varied. Strong but negative association was observed with total number 

of fruits plant
-1 

(-0.47, -0.40). With other traits negative but weak correlation was 

seen. 
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Table  3. 9.  Correlation Co-efficients of Quantitative Traits (2006). 

VAR  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

PL G                

 P                

SL G 0.63 **               

 P 0.48 **               

STL G 0.85 ** 0.49 **              

 P 0.51 ** 0.34 **              

FWT G 0.52 ** 0.69 ** 0.36 **             

 P 0.37 ** 0.53 ** 0.23 *             

FL G 0.52 ** 0.59 ** 0.36 ** 0.82 **            

 P 0.39 ** 0.49 ** 0.25 * 0.78 **            

FW G 0.45 ** 0.65 ** 0.34 ** 0.93 ** 0.81 **           

 P 0.34 ** 0.52 ** 0.23 * 0.89 ** 0.77 **           

PLAL G -0.20 -0.06 -0.20 -0.12 -0.08 -0.10          

 P -0.16 -0.05 -0.14 -0.11 -0.07 -0.09          

TFW G 0.12 0.19 0.23 * 0.07 0.12 0.09 -0.04         

 P 0.09 0.16 0.14 0.06 0.10 0.07 -0.04         

TP G 0.51 ** 0.49 ** 0.32 ** 0.76 ** 0.94 ** 0.74 ** -0.10 0.06        

 P 0.39 ** 0.36 ** 0.21 0.71 ** 0.85 ** 0.69 ** -0.08 0.05        

CS G 0.35 ** 0.62 ** 0.28 * 0.80 ** 0.63 ** 0.84 ** -0.15 0.10 0.5 **       

 P 0.24 * 0.48 ** 0.17 0.70 ** 0.56 ** 0.75 ** -0.12 0.08 0.44 **       

LN G 0.15 0.34 ** 0.15 0.50 ** 0.15 0.61 ** -0.08 -0.06 0.01 0.58 **      

 P 0.11 0.23 * 0.06 0.39 ** 0.11 0.47 ** -0.06 -0.03 0.02 0.41 **      

VL G -0.12 -0.14 -0.16 -0.28 * -0.42 ** -0.32 ** 0.06 -0.19 -0.41 ** -0.2 -0.06     

 P -0.09 -0.11 -0.12 -0.24 * -0.38 ** -0.28 * 0.05 -0.17 -0.36 ** -0.16 -0.04     

NB G -0.22 * -0.20 -0.11 -0.28 * -0.31 ** -0.26 * 0.30 ** -0.15 -0.28 * -0.20 0.03 0.41 **    

 P -0.14 -0.16 -0.10 -0.22 * -0.27 * -0.22 * 0.26 * -0.13 -0.22 * -0.13 0.01 0.34 **    

NF G -0.21 -0.47 ** -0.18 -0.55 ** -0.64 ** -0.67 ** 0.00 -0.07 -0.58 ** -0.54 ** -0.26 * 0.25 * 0.23 *   

 P -0.16 -0.40 ** -0.14 -0.48 ** -0.58 ** -0.60 ** 0.00 -0.06 -0.50 ** -0.46 ** -0.20 0.23 * 0.20   

YP G -0.14 -0.16 -0.13 0.08 0.14 .25 * -0.04 -0.02 0.19 0.20 0.17 -0.11 0.04 -0.01  

 P -0.10 -0.11 -0.07 0.06 0.1 0.19 -0.03 -0.03 0.14 0.11 0.13 -0.10 0.03 0.05  

PL: Petal length (mm), SL: sepal length (mm),STL: stamen length, F WT: average fruit weight (g), FL: fruit length (mm), FW: fruit width (mm), PLAL: pedicel length from abscission layer 

(cm),TFW: thickness of fruit wall (mm), TP: thickness of pericarp (mm), SC: size of core (cm), NL: number of locules, VL: vine length (cm), NB: number of branches plant
-1

, NF: number of fruits 

plant
-1

,YP: yield plant
-1
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 Stamen length displayed positive and strong genotypic correspondence with 

fruit weight (0.36), fruit length (0.36) and fruit width (0.34). Phenotypic correlation 

with respect to these three traits (0.23, 0.25 and 0.23) was also positive and 

significant. Relation with pericarp thickness (0.32) was obviously strong and positive 

at genotypic level while phenotypic level was positive (0.21) but not significant. With 

core size genotypic association was positive (0.28) but significant at 5% probability 

level. Phenotypic association for core size was positive but trivial. Positive but non 

significant correlation with number of locules at both levels was seen. The genotypic 

and phenotypic correlation of stamen length with remaining traits was negative and 

nonsignificant.  

Fruit weight also depicted decidedly positive relation at both phenotypic and 

genotypic levels with fruit length (0.82, 0.78), fruit width (0.93, 0.89), pericarp 

thickness (0.76, 0.71), core size (0.80, 0.70) and locule number (0.50, 0.39) but with 

thickness of fruit wall the association was positive but trivial. Negative and strong 

correlation (-0.55, -0.48) was seen only for number of total fruits plant
-1

. Correlation 

of the trait with vine length (-0.28,-0.24) and total number of branches plant -
1                

(-0.28, -0.22) was negative and significant while with pedicel length it was non- 

significantly negative. Fruit length expressed its highly significant positive relation 

with fruit width (0.81, 0.77), thickness of pericarp (0.94, 0.85) and core size         

(0.63, 0.56) while non significant relation in same direction was noticed for thickness 

of fruit wall, number of locules and yield plant
-1

 for both types of correlation.
 

For vine length (-0.42, -0.38), total number of fruits plant
-1

 (-0.64, -0.58) 

negative and strongly significant association at both levels was displayed. Negative 

correlation with number of branches plant
-1

 differed in significance at genotypic         

(-0.31) and phenotypic level (-0.27) however. Fruit width was positive and strongly 

correlated with pericarp thickness (0.74, 0.69), core size (0.84, 0.75) and number of 

locules (0.61, 0.47) at genotypic and phenotypic levels. Negative associations of the 

trait with varying strength were seen; very strong and negative relation with total 

number of fruits plant
-1 

(-0.67, -0.60) at both levels while with vine length genotypic 

correlation (-0.32) was more strongly significant than phenotypic one (-0.28).With 

number of branches plant
-1 

(-0.26, -0.22) same significance level in negative direction 

for both levels was noticed. 
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Pedicel length from abscission layer showed positive association only with 

number of branches plant
-1

 with different significance at genotypic (0.30) and 

phenotypic (0.26) levels. For other traits non significant either negative or positive                    

associations were observed. Thickness of fruit wall displayed positive and 

insignificant association with thickness of pericarp and core size. Negative and 

insignificant association existed for number of locules, vine length, number of 

branches plant
-1

and total number of fruits plant
-1

. This pattern of association was 

common at phenotypic and genotypic levels. Pericarp thickness showed strong 

positive genotypic and phenotypic correlation with core size (0.5, 0.44). For vine 

length (-0.41, -0.36) and total number of fruits plant
-1 

(-0.58, -0.50) the association 

was strongly negative. 

For number of branches plant
-1 

the relation (-0.28, -0.22) was negative and 

significant. Core size manifested positive correlation with number of locules         

(0.58, 0.41). Strong and negative correlation with number of fruits plant
-1                            

(-0.54, -0.46) while negative and weak genotypic and phenotypic correlation with 

vine length and number of branches plant
-1

was seen. Number of locules depicted 

negative and significant association (-0.26) with number of fruits plant
-1 

only at 

genotypic level. At phenotypic level it was negative but non-significant. While for 

vine length genotypic as well as phenotypic correlation was negative and poor. 

Positive but non- significant association with number of branches plant
-1 

for the trait 

was seen at both levels. Vine length displayed clear cut positive relation               

(0.41, 0.34) with number of branches plant
-1 

and significant correlation (0.25, 0.23) 

with total number of fruits plant
-1

. Number of branches plant
-1 

was observed to have a 

positive significant relation (0.23) with total number of fruits plant
-1 

but only at 

genotypic level. At phenotypic level it was positive (0.20) but non- significant. 

3.1.3.3. Correlation coefficients (2007) 

At genotypic level (Table 3.10) many characters under study as fruit weight 

(0.37), fruit width (0.52), fruit length (0.36), thickness of pericarp (0.40), core size 

(0.45) and number of locules (0.36) were found to have positive and strongly 

significant association with yield plant
-1

. Thickness of fruit wall depicted a positive 

and significant (0.28) correlation with yield at genotypic level. Sepal length, stamen 

length and number of branches plant
-1

 also exhibited positive but non- significant 

correlation. The only negative and significant association was shown by number of 
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Table  3.10.     Correlation Co-efficients of Quantitative Traits (2007). 

VAR  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

PL G                

 P                

SL G 0.65 **               

 P 0.47 **               

STL G 0.79 ** 0.51 **              

 P 0.50 ** 0.33 **              

FWT G 0.48 ** 0.64 ** 0.28 *             

 P 0.36 ** 0.52 ** 0.17             

FL G 0.46 ** 0.54 ** 0.24 * 0.84 **            

 P 0.36 ** 0.46 ** 0.17 0.80 **            

FW G 0.39 ** 0.62 ** 0.24 * 0.92 ** 0.81 **           

 P 0.31 ** 0.50 ** 0.17 0.88 ** 0.78 **           

PLAL G 0.29 ** 0.38 ** 0.12 0.52 ** 0.64 ** 0.45 **          

 P 0.23 * 0.30 ** 0.1 0.45 ** 0.58 ** 0.39 **          

TFW G -0.13 0.07 -0.15 0.28 * 0.39 ** 0.39 ** 0.26 *         

 P -0.1 0.04 -0.11 0.2015 0.27 * 0.27 * 0.2         

TP G 0.41 ** 0.52 ** 0.19 0.85 ** 0.93 ** 0.85 ** 0.53 ** 0.41 **        

 P 0.31 ** 0.41 ** 0.14 0.78 ** 0.86 ** 0.79 ** 0.45 ** 0.29 **        

CS G 0.44 ** 0.68 ** 0.31 ** 0.83 ** 0.75 ** 0.86 ** 0.41 ** 0.27 * 0.7 **       

 P 0.32 ** 0.48 ** 0.2 0.68 ** 0.62 ** 0.73 ** 0.32 ** 0.19 0.55 **       

LN G 0.2 0.35 ** 0.16 0.58 ** 0.27 * 0.69 ** 0.03 0.07 0.34 ** 0.54 **      

 P 0.17 0.25 * 0.15 0.44 ** 0.21 0.51 ** 0.00 0.08 0.24 * 0.41 **      

VL G -0.31 ** -0.30 ** -0.11 -0.35 ** -0.40 ** -.35 ** -0.09 -0.12 -0.32 ** -0.40 ** -0.15     

 P -0.22 * -.24 * -0.07 -0.30 ** -0.36 ** -0.30 ** -0.06 -0.09 -0.26 * -0.30 ** -0.12     

NB G -0.26 * -0.31 ** -0.05 -0.25 * -0.27 -0.17 -0.18 -0.01 -0.17 -0.25 * -0.09 0.69 **    

 P -0.17 -0.23 * -0.01 -0.21 -0.23 * -0.16 -0.15 -0.02 -0.14 -0.18 -0.03 0.62 **    

NF G -0.26 * -0.53 ** -0.2 -0.58 ** -0.66 ** -0.71 ** -0.35 ** -0.37 ** -0.63 ** -0.62 ** -0.37 ** 0.36 ** 0.30 **   

 P -0.2 -0.45 ** -0.15 -0.53 ** -0.61 ** -0.65 ** -0.33 ** -0.29 ** -0.56 ** -0.51 ** -0.3 ** 0.33 ** 0.28 *   

YP G -0.01 0.16 0.06 0.37 ** 0.36 ** 0.52 ** -0.01 0.28 * 0.40 ** 0.45 ** 0.36 ** -0.12 0.16 -0.23 *  

 P 0.048 0.12 -0.02 0.28 * 0.27 * 0.39 ** -0.03 0.16 0.30 ** 0.32 ** 0.27 * -0.08 0.12 -0.11  

Var: Variables,PL: Petal length (mm), SL: sepal length (mm),STL: stamen length, FWT: average fruit weight (g), FL: fruit length (mm), FW: fruit width (mm), PLAL: pedicel length from 
abscission layer (cm),TFW: thickness of fruit wall (mm), TP: thickness of pericarp (mm), SC: size of core (cm), NL: number of locules, VL: vine length (cm), NB: number of branches plant-1, 
NF: number of fruits plant-1, YP: yield plant-1. 
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 fruits plant
-1 

(-0.23) with yield. Negative and non significant relation with yield was 

shown by petal length, pedicel length from abscission layer and vine length. 

Phenotypic correlation studies revealed substantial positive correlation with yield by 

fruit width (0.39), thickness of pericarp (0.30) and core size (0.32). Fruit weight 

(0.28), fruit length (0.27) and number of locules (0.27) manifested positive and 

significant correlation with yield. Four traits i.e. petal length, sepal length, thickness 

of fruit wall and number of branches plant
-1

 also had positive association with yield 

though non-significant. Stamen length, pedicel length from abscission layer, vine 

length and number of fruits plant
-1

 displayed negative and trivial relation with yield 

plant
-1

.
 

Petal length showed strong positive genotypic and phenotypic correlation with 

seven variables viz., Sepal length (0.65, 0.47), stamen length (0.79, 0.50), fruit weight 

(0.48, 0.36), fruit length (0.46, 0.36), fruit width (0.39, 0.31), thickness of pericarp 

(0.41, 0.31) and core size (0.44, 0.32). Correlation (0.29, 0.23) of the trait with pedicel 

length from abscission layer was positive at both levels but varied for strength of 

significance. Mutual correlation of petal length and number of locules at both levels 

was non significant and positive. Very strong and negative genotypic association        

(-0.31) with vine length was seen. Phenotypic relation (-0.22) was also negative but 

less significant. Petal length had negative and significant correlation with number of 

branches plant
-1

and number of fruits plant
-1 

at genotypic level with same value of         

-0.26. Phenotypic relation for these traits was negative and non significant. 

Sepal length was observed to have strong and positive association at genotypic 

and phenotypic level with stamen length (0.51, 0.33), fruit weight (0.64, 0.52), fruit 

length (0.54, 0.46), fruit width (0.62, 0.50), pedicel length from abscission layer        

(0.38, 0.30) thickness of pericarp (0.52, 0.41) and core size (0.68, 0.48). The character 

showed positive and significant association (0.25) with number of locules at 

phenotypic level. The same association was positive and very strong (0.35) at 

genotypic level. With thickness of fruit wall correlation of sepal length was positive 

but non- significant. For both levels strong negative correlation (-0.53, -0.45) between 

the trait and number of fruits plant
-1

was clear. Phenotypic association of sepal length 

with vine length (-0.24) and number of branches plant
-1

 (-0.23) was negative and 

significant while at genotypic level negative and strongly significant correlations i.e.  

(-0.30) and (-0.31) with respect to two traits were seen. Stamen length was positive 
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and significantly correlated with fruit weight (0.28), fruit length (0.24) and fruit width 

(0.24) at genotypic level while phenotypic association was weakly positive. Strong 

and positive correlation (0.31) was seen with core size only. Phenotypic correlation 

for these traits was positive and weak.  

Genotypic and phenotypic correlation of average fruit weight with fruit length 

(0.84, 0.80), fruit width (0.92, 0.88) pedicel length from abscission layer (0.52, 0.45), 

thickness of pericarp (0.85, 0.78), core size (0.83, 0.68) and number of locules (0.58, 

0.44) was markedly significant and positive. Thickness of fruit wall and average fruit 

weight had a positive significant genotypic correlation (0.28) while it appeared to be 

weakly positive at phenotypic level. Very significant but negative (-0.35, -0.30) 

relation existed between fruit weight and vine length at both levels. Genotypic and 

phenotypic correlation with same strength of significance and direction (-0.58, -0.53) 

was observed with number of fruits plant
-1

. With number of branches plant
-1 

significant and negative genotypic association (-0.25) of the trait was clear but the 

association was negative and weak at phenotypic level.  

Fruit length had very significant association in positive direction with a 

number of traits which include fruit width (0.81, 0.78), pedicel length from abscission 

layer (0.64, 0.58), thickness of pericarp (0.93, 0.86) and core size (0.75, 0.62) as 

shown by genotypic and phenotypic correlation studies. Fruit length had strongly 

significant and positive genotypic relation (0.39) with thickness of fruit wall. With 

same direction the phenotypic correlation (0.27) was significant. Fruit length had 

positive and significant genotypic correlation (0.27) with number of locules while 

phenotypic association was 0.21. Negative and strongly significant relation was seen 

with vine length (-0.40, -0.36) and number of fruits plant
-1 

(-0.66, -0.61) at both 

levels. For number of branches plant 
-1 

significant and negative association at 

genotypic (-0.27) and phenotypic level (-0.23) was evident. Fruit width showed strong 

significant and positive correlation with pedicel length from abscission layer (0.45, 

0.39), thickness of pericarp (0.85, 0.79), core size (0.86, 0.73) and number of locules 

(0.69, 0.51) at both levels. However phenotypic correlation (0.27) of fruit width with 

thickness of fruit wall was positive but not as strongly significant as it was at 

genotypic level (0.39). Very strong and negative correlation was observed between 

the parameter with vine length (-0.35, -0.30) at both levels. A comparable association 

of fruit width with number of fruits plant
-1 

(-0.71, -0.65) was noticed. 
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 Pedicel length from abscission layer displayed significant and positive 

association (0.26) with thickness of fruit wall at genotypic level while non significant 

and positive association was seen at phenotypic level. With two traits thickness of 

pericarp (0.53, 0.45) and core size (0.41, 0.32) the parameter exhibited strongly 

significant and positive correlation. While negative and strong association                   

(-0.35, -0.33) with number of fruits plant
-1 

was observed at both levels. Strong and 

positive association between thickness of fruit wall and pericarp thickness (0.41, 0.29) 

was seen for both levels. With core size significant and positive genotypic relation 

(0.27) was obvious while phenotypic relation was positive but minor. Negative and 

highly significant association (-0.37, -0.29) between the fruit wall and number of 

fruits plant
-1 

was apparent genotypically and phenotypically. 

Pericarp thickness showed positive and strong correlation with core size          

(0.70, 0.55) at both levels. With number of locules the direction of association was 

same but for genotypic correlation level of significance (0.34) was stronger as 

compared to phenotypic correlation (0.24). Same attitude was observed for vine 

length i.e. genotypic and phenotypic correlation in negative direction (-0.32, -0.26) 

but level of significance differed. The relation between the trait and number of fruits 

plant
-1 

was negative and highly significant at both levels. Core size showed strong 

positive relation with number of locules (0.54, 0.41) for genotypic and phenotypic 

levels. Intensity of correlation (-0.40, -0.30) between core size and vine length was 

high and negative. Same attribute was noticed (-0.62, -0.51) for number of fruits 

plant
-1

. Association with number of branches plant
-1

 was negative and significant       

(-0.25) as revealed by genotypic correlation studies but phenotypically the relation 

showed low significance with same direction. Number of locules expressed its 

association (-0.37, -0.30) to be negative with intense significance for number of fruits 

plant
-1

. Negative association with traits like vine length and number of branches plant
-

1
was non significant. Vine length manifested positive correlation with high level of 

significance with number of branches plant
-1 

(0.62) and number of fruits plant
-1 

(0.33) 

at genotypic level. Phenotypically the correlation was found to be in same direction 

with same level of significance i.e. 0.62 and 0.33 with first and second parameter 

respectively. Number of branches plant
-1 

was strongly and positively correlated with 

number of fruits plant
-1 

(0.30) as far as genotypic association was concerned but 

phenotypic association (0.28) varied for strength of significance.  
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3.1.3.4. Path analysis 

  Path coefficient analysis was computed separately for two years i.e. 

2006 and 2007 to study the magnitude of direct and indirect influence exerted by 

various traits upon the total fruit weight plant
-1

 presented in Table 3.11. Direct effects 

are however explained as under collectively for both years while indirect effects will 

be described separately for 2006 and 2007. 

Direct effects (2006 and 2007) 

As is obvious from Table 3.11 fruit width showed highest direct positive effect 

of magnitude 1.49 followed by pericarp thickness (0.54), total number of fruits plant
-1

      

(0.49) and core size (0.28) upon total yield. Vine length had also a positive 

contribution (0.05) towards yield. Among fifteen traits studied during 2006 several 

traits had direct but negative influence. Highest negative effect was found to be of 

fruit weight (-1.25) while sepal length, petal length, fruit length, pedicel length, 

stamen length and locule number had a negative effect with magnitude of -0.26, -0.17, 

-0.14, -0.02, -0.01 and -0.01 respectively. Fruit width was also found to show highest 

direct positive effect for 2007 studies equal in magnitude to 1.70. Fruit length had 

direct positive significant effect (0.82) and so was the influence (0.54) of total number 

of fruits plant
-1

. Sepal length was seen to exert its influence (0.04) positively in 2007. 

Pericarp thickness however had negative direct influence (-0.46) in 2007 studies. 

Average fruit weight like 2006 had highest negative direct effect (-0.73) on yield 

plant
-1

. Other traits with significant but negative impact upon yield were petal length 

(-0.45) and locule number (-0.19) as depicted by 2007 data. 

Indirect effects (2006) 

Petal length had an indirect impact upon total yield via fruit width                 

(0.67), thickness of pericarp (0.27) and size of core (0.10) in positive direction 

whereas negative indirect effect influencing the yield was through fruit weight            

(-0.64), sepal length (-0.17) and total number of fruits plant 
-1 

(-0.10). Negative 

association with yield (-0.14) was noted. Sepal length exerted an indirect positive 

effect upon total yield plant
-1 

by fruit width (0.96). It also had positive impact through 

other components as well which include thickness of pericarp (0.26) and core size 

(0.18). A significantly high but negative effect via fruit weight (-0.85) and total 

number of fruits plant
-1

 (-0.23) was noted.  
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Correlation with yield plant
-1 

(-0.16) was negative. Indirect effect of the 

stamen length upon yield in positive direction through pericarp thickness (0.17) and 

fruit width (0.51) was highly significant. Indirect but highest negative effect of stamen 

length upon yield was exerted via fruit weight (-0.45) and sepal length (-0.13). A 

negative indirect contribution though less significant through total number of fruits 

plant
-1

 (-0.09) was observed while towards yield plant
-1

 negative correlation (-0.13) 

was also noted.  

Average fruit weight had strongest positive indirect effect on yield via fruit 

width (1.38), thickness of pericarp (0.41) and core size (0.23). Negative indirect 

impact of fruit weight was seen to be through number of traits. The effects in 

decreasing order are total number of fruits plant
-1

(-0.27), fruit length (-0.11), sepal 

length (-0.18), petal length (-0.09) and vine length (-0.01). Correlation with total yield 

plant
-1

 was (0.08) positive. Fruit length was seen to have a strong indirect positive 

effect through fruit width (1.20), thickness of pericarp (0.50), core size (0.18). Indirect 

effects but negative in direction upon yield were exerted through fruit weight (-1.02), 

total number of fruits plant
-1

 (-0.31), sepal length (-0.16), petal length (-0.09) and vine 

length (-0.02). Positive genotypic correlation (0.14) was noted with yield plant
-1

.  

Fruit width had strong positive indirect effects upon yield through pericarp 

thickness (0.40), and core size (0.24). Negative indirect effects by fruit width through 

fruit weight was strongest (-1.15) followed by total number of fruits plant
-1   

(-0.33), 

sepal length (-0.17) and petal length (-0.08). Negative effect via vine length was 

comparatively less in magnitude (-0.02). Correlation with yield plant
-1

 (0.25) was 

positive. Pedicel length from abscission layer had positive indirect influence through 

fruit weight (0.15) while negative effect (-0.15) was exerted through fruit width. 

Correlation with yield plant
-1 

was (-0.04) insignificant and negative. Thickness of fruit 

skin influenced the yield indirectly in positive direction through fruit width (0.13), 

thickness of pericarp (0.03) and core size (0.03). Negative indirect effect was exerted 

through fruit weight (-0.08) and sepal length (-0.05). Correlation with yield plant
-1 

was negative (-0.02).  

Thickness of pericarp exerted its strongest indirect effect positively through 

fruit width (1.11) and core size (0.14). Indirect effects in negative direction through 

fruit weight (-0.94), total number of fruits (-0.28), fruit length (-0.13), sepal length    

(-0.13) and petal length (-0.09) were pronounced.  
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Association between pericarp thickness and yield was positive (0.19). Core 

size had strongest positive indirect effect through fruit width (1.25). Next to which 

was thickness of pericarp (0.27). Significant negative impacts were through average 

fruit weight (-1.0), total number of fruits plant
-1 

(-0.27) and sepal length (-0.17). 

Correlation with yield plant
-1

 (0.20) was positive.  

Number of locules affected the yield strongly by fruit width in a positive 

direction (0.91) which was followed by core size (0.16). High indirect effect in 

negative direction was observed to be exerted through average fruit weight (-0.63), 

total number of fruits plant
-1 

(-0.13) and sepal length (-0.09). Correlation with total 

yield was (0.17) positive and significant. Vine length had an indirect positive impact 

through fruit weight with a magnitude of 0.35, total number of fruits plant
-1 

  (0.12) 

and fruit length (0.06). Strongest negative indirect effect was noted via fruit width     

(-0.47) next to which came thickness of pericarp (-0.22). Correlation with yield plant
-1 

(-0.11) was negative. Number of branches plant
-1

 had its strong indirect influence 

through fruit weight (0.35) in positive direction and by total number of fruits (0.11) 

while a negative indirect effect via fruit width (-0.38) and pericarp thickness (0.15) 

was estimated. Number of branches plant
-1

 showed (0.04) a positive correlation with 

yield. Total number of fruits plant
-1

 had a strong indirect and positive effect via 

average fruit weight (0.69) and sepal length (0.12). Strong but negative indirect effect 

was noted to be exerted through fruit width (-1.0), pericarp thickness (-0.31) and core 

size (-0.15). Correlation with yield plant
-1

 was (-0.01) negative. 

Indirect effects (2007) 

Highest indirect positive effect (0.67) of petal length (Table 3.11) upon yield 

was exerted via fruit width followed by fruit length (0.38) and stamen length (0.21). 

Strong negative impact through fruit weight (-0.35), pericarp thickness (-0.19) and 

total number of fruits plant
-1

 (-0.14) was noted. Correlation with yield plant
-1

 was      

(-0.01) negative and weak. Highest indirect effect by sepal length was exerted through 

fruit width (1.05) in positive direction followed by fruit length (0.45) and stamen 

length (0.14). Negative indirect effect was noted via fruit weight (-0.47), petal length 

(-0.29), total number of fruits plant
-1 

(-0.28), pericarp thickness (-0.24), pedicel length 

from abscission layer (-0.14) and number of locules (-0.07). Association between the 

trait and yield plant
-1

 was positive (0.16). Indirect effect of stamen length was strong 

and positive via fruit width (0.41) and fruit length (0.20). Negative indirect strong  
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Table 3.11.  Path coefficient analysis (2006 and 2007). 

 Direct (BOLD) and indirect effects of various component characters upon fruit weight per plant in tomato during 2006 and 2007. Last column shows genotypic 

correlation of independent variables with yield plant-1. 

VARIABLES Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Yield 

                 

Petal length 2006 -0.17 -0.17 -0.01 -0.64 -0.07 0.67 0.00 0.00 0.27 0.10 0.00 -0.01 0.00 -0.10 -0.14 

 2007 -0.45 0.02 0.21 -0.35 0.38 0.67 -0.11 0.00 -0.19 0.00 -0.04 0.00 -0.02 -0.14 -0.01 
Sepal length 2006 -0.11 -0.26 -0.01 -0.85 -0.08 0.96 0.00 0.00 0.26 0.18 0.00 -0.01 0.00 -0.23 -0.16 

 2007 -0.29 0.04 0.14 -0.47 0.45 1.05 -0.14 0.00 -0.24 0.00 -0.07 0.00 -0.02 -0.28 0.16 

Stamen length 2006 -0.15 -0.13 -0.01 -0.45 -0.05 0.51 0.00 0.00 0.17 0.08 0.00 -0.01 0.00 -0.09 -0.13 

 2007 -0.35 0.02 0.27 -0.21 0.20 0.41 -0.05 0.00 -0.09 0.00 -0.03 0.00 0.00 -0.11 0.06 

Fruit weight 2006 -0.09 -0.18 0.00 -1.25 -0.11 1.38 0.00 0.00 0.41 0.23 -0.01 -0.01 0.00 -0.27 0.08 

 2007 -0.21 0.02 0.08 -0.73 0.69 1.56 -0.20 -0.01 -0.39 0.00 -0.11 0.00 -0.02 -0.31 0.37 

Fruit length  2006 -0.09 -0.16 0.00 -1.02 -0.14 1.20 0.00 0.00 0.50 0.18 0.00 -0.02 0.00 -0.31 0.14 

 2007 -0.20 0.02 0.07 -0.61 0.82 1.37 -0.25 -0.01 -0.43 0.00 -0.05 0.00 -0.02 -0.36 0.36 

Fruit width  2006 -0.08 -0.17 0.00 -1.15 -0.11 1.49 0.00 0.00 0.40 0.24 -0.01 -0.02 0.00 -0.33 0.25 

 2007 -0.17 0.02 0.06 -0.67 0.66 1.70 -0.17 -0.01 -0.39 0.00 -0.13 0.00 -0.01 -0.38 0.52 

Pedicel length 2006 0.03 0.02 0.00 0.15 0.01 -0.15 -0.02 0.00 -0.05 -0.04 0.00 0.00 0.00 0.00 -0.04 

 2007 -0.13 0.01 0.03 -0.38 0.53 0.76 -0.38 0.00 -0.24 0.00 0.00 0.00 -0.01 -0.19 -0.01 

Thickness of fruit wall  2006 -0.02 -0.05 0.00 -0.08 -0.02 0.13 0.00 0.00 0.03 0.03 0.00 -0.01 0.00 -0.03 -0.02 

 2007 0.06 0.00 -0.04 -0.20 0.32 0.66 -0.10 -0.02 -0.19 0.00 -0.01 0.00 0.00 -0.20 0.28 

Thickness of pericarp  2006 -0.09 -0.13 0.00 -0.94 -0.13 1.11 0.00 0.00 0.54 0.14 0.00 -0.02 0.00 -0.28 0.19 

 2007 -0.18 0.02 0.05 -0.62 0.77 1.45 -0.20 -0.01 -0.46 0.00 -0.06 0.00 -0.01 -0.34 0.40 

Size of core 2006 -0.06 -0.17 0.00 -1.00 -0.09 1.25 0.00 0.00 0.27 0.28 -0.01 -0.01 0.00 -0.27 0.20 

 2007 -0.20 0.02 0.08 -0.61 0.62 1.46 -0.16 -0.01 -0.32 0.00 -0.10 0.00 -0.02 -0.33 0.45 

Number of locules 2006 -0.02 -0.09 0.00 -0.63 -0.02 0.91 0.00 0.00 0.00 0.16 -0.01 0.00 0.00 -0.13 0.17 

 2007 -0.09 0.01 0.04 -0.43 0.22 1.17 -0.01 0.00 -0.16 0.00 -0.19 0.00 -0.01 -0.20 0.36 

Vine length  2006 0.02 0.04 0.00 0.35 0.06 -0.47 0.00 0.00 -0.22 -0.06 0.00 0.05 0.00 0.12 -0.11 

 2007 0.14 -0.01 -0.03 0.26 -0.33 -0.60 0.03 0.00 0.15 0.00 0.03 0.01 0.05 0.19 -0.12 

Number of branches plant-1 2006 0.04 0.05 0.00 0.35 0.04 -0.38 -0.01 0.00 -0.15 -0.05 0.00 0.02 0.01 0.11 0.04 

 2007 0.11 -0.01 -0.01 0.19 -0.22 -0.30 0.07 0.00 0.08 0.00 0.02 0.01 0.07 0.16 0.16 

Number of fruits plant-1 2006 0.04 0.12 0.00 0.69 0.09 -1.00 0.00 0.00 -0.31 -0.15 0.00 0.01 0.00 0.49 -0.01 

 2007 0.11 -0.02 -0.05 0.42 -0.55 -1.22 0.13 0.01 0.29 0.00 0.07 0.00 0.02 0.54 -0.23 
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effect was through petal length (- 0.35), fruit weight (-0.21) and pericarp thickness    

(-0.09). Correlation with yield was positive (0.06). 

Positive indirect effect exerted by average fruit weight via fruit width was 

maximum and positive (1.56). Next in magnitude were fruit length (0.69) and stamen 

length (0.08) influenced the yield. Negative effects were noted via pericarp thickness            

(-0.39), number of fruits plant
-1 

(-0.31), petal length (-0.21), pedicel length from 

abscission layer (-0.20) and number of locules (-0.11). Average fruit weight showed 

positive association (0.37) with fruit yield. Fruit length had strong positive impact     

(1.37) via fruit width followed by stamen length (0.07). Negative influence through 

fruit weight (-0.61) was high followed by pericarp thickness (-0.43), total number of 

fruits plant
-1 

(-0.36), pedicel length from abscission layer (-0.25) and petal length       

(-0.20). Correlation with yield (0.36) was positive. High positive impact of fruit width 

via fruit length (0.66) was seen. Second to which was stamen length (0.06). Negative 

strong influence of fruit width through fruit weight (-0.67) upon yield plant
-1

 was 

noted. Influence via pericarp thickness (-0.39), total number of fruits plant
-1 

(-0.38), 

petal length (-0.17) and pedicel length (-0.17) from abscission layer was also 

significant. Correlation between fruit width and yield plant
-1

 was significant and 

positive (0.52).  

Pedicel length from abscission layer showed an indirect positive effect through 

fruit width (0.76) and fruit length (0.53). Negative and strong effect was exerted via 

fruit weight (-0.38), pericarp thickness (-0.24), total number of fruits plant
-1 

(-0.19) 

and petal length (-0.13). Correlation with yield was negative and non significant         

(-0.01). Thickness of fruit wall exerted positive and strong influence upon yield via 

fruit width (0.66) and fruit length (0.32). Negative influence through average fruit   

weight (-0.20), number of fruits plant
-1 

(-0.20) and pericarp thickness (-0.19) were 

obvious. Correlation with yield plant
-1 

was positive (0.28). 

Thickness of pericarp showed strongest positive indirect influence through 

fruit width (1.45) and fruit length (0.77). Negative indirect influence was exerted 

through fruit weight (-0.62), total number of fruits plant
-1

(-0.34), pedicel length          

(-0.20) from abscission layer and petal length (-0.18). Positive significant correlation 

(0.40) existed between the pericarp thickness and yield. The core size influenced the 

yield via fruit width (1.46), fruit length (0.62) and stamen length (0.08) positively. 
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Negative influence was seen through average fruit weight (-0.61), total 

number of fruits plant
-1 

(-0.33), pericarp thickness (-0.32), petal length (-0.20) and 

pedicel length from abscission layer (-0.16). Correlation with yield plant
-1

 was 

positive (0.45). Number of locules influenced the yield strongly through fruit width 

(1.17) in positive direction. Fruit length was next in magnitude (0.22) and also 

positive.  

Negative indirect effects on yield were through average fruit weight                      

(-0.43) followed by total number of fruits plant
-1 

(-0.20) and pericarp thickness                 

(-0.16). Association between the locule number and yield plant
-1

 (0.36) was positive. 

Vine length exerted its positive effect via average fruit weight (0.26), total number of 

fruits plant
-1

 (0.19), pericarp thickness (0.15), petal length (0.14) and number of 

branches (0.05) while negative impact was exerted through fruit width (-0.60) and 

fruit length (-0.33). Correlation with yield (-0.12) was negative. Number of branches 

plant
-1 

had positive effects upon yield through average fruit weight (0.19), total 

number of fruits plant
-1

 (0.16), petal length (0.11) and pericarp thickness (0.08). 

Negative indirect effect was noted via fruit width (-0.30) and fruit length (-0.22). 

Correlation with yield for the trait was positive (0.16). Positive impact of the number 

of fruits plant
-1

 through average fruit weight (0.42), pericarp thickness (0.29), pedicel 

length from abscission layer (0.13), petal length (0.11), and locule number (0.07) 

while negative impact via fruit width (-1.22) and fruit length (-0.55) were strong. 

Association with yield (-0.23) was negative. 
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3.1.3.5. Euclidean distance 

Seventeen morpho-physiological traits were analyzed by multivariate analyses 

using two complementary procedures: cluster and principal component analyses 

(Sneath and Sokal, 1973). To avoid effects due to scaling differences, means of each 

trait were standardized prior to analyses. Euclidean dissimilarity coefficient matrices 

were employed to expose the patterns of genetic relationship between genotypes with 

cluster analysis. The results are presented in the form of dendrograms (Figure 3.22 

and 3.23) to describe and assess the extent of morphological similarity and to 

understand relationships among genotypes. The Euclidean distance matrix for pair 

wise comparison of 82 tomato genotypes was computed. However it was beyond the 

scope of its presentation in tabulated form. A wide range of genetic distance was 

observed among the genotypes. Between S. lycopersicum and S. pimpinellifolium the 

values of genetic distance ranged from 3 (between 19912 and 19896) to 13.4 (between 

17862 to 19897) followed by 12.8, 12.6, 12.3, 12.1 and 11.7 between 17867 and 

19897, 19290 and 19897, 17875 and 19897, 19294 and 19897 during 2006. Among    

S. lycopersicum germplasm the accessions 17861 and 17873 were the closest with 

minimum genetic distance of 1.24 whereas the accessions 19290 and 19900 showed 

the maximum dissimilarity of 11.10 followed by 10.30, 10.10, 9.90 between 19912 

and 19290, 17862 and 19912, 10588 and 17867 respectively. Among                          

S. pimpinellifolium accessions 19896 and 19903 displayed minimum dissimilarity 

with genetic distance of 4. Between 19903 and 19897 maximum dissimilarity with 

value equal to 9 was noted. The values for few accessions in the descending order 

were 8.6, 8.0, 7.9 and 6.6 between 19898 and 19903, 19896 and 19897, 19897 and 

19889, 19903 and 19899. 

During 2007 for S. lycopersicum germplasm these values ranged from 1.14 

(between 19293 and 17888) to 10.4 (between 17867 and 17863). Genetic distances in 

descending order for some of the genotype pairs were 10.3, 10.2, 10 between 19912 

and 17862, 19900 and 17862, 17873 and 17862 respectively. Among                          

S. pimpinellifolium accessions the estimates of genetic distance ranged from 3.4 

(between 19895 and 19889) to 7.6 (between 19903 and 19899, 19899 and 19889). 

Distances estimated between 19898 and 19903, 19898 and 19889, 19895 and 19896 

were 7.1, 5.9, 5.7 respectively while same distance of 6.5 was noted in two pairs of 

accessions i.e. 19897 and 19903; 19896 and 19898. 
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A wider range of genetic distance between accessions of S. lycopersicum and       

S. pimpinellifolium was observed. The minimum distance was 2.4 between 19900 and 

19889. Other accessions of cultivated tomato showing affinity with the wild 

germplasm were 19904, 17861, 6231, 19912, 19904, 10592 and 19912. Between 

19895 and 19904, 19903 and 17861, 19898 and 6231, 19896 and 19912, 19897 and 

19904, 19899 and 10592 the respective distances were 3.2, 3.6, 3.9, 4.0, 5.4 and 6.6. 

Maximum value for the Euclidean distance was 13.0 between 19899                         

(S. pimpinellifolium) and 17862 (S. lycopersicum). Same accession of S. lycopersicum 

(17862) exhibited ample dissimilarity with other accessions of S. pimpinellifolium 

which include 19897, 19896, 19898, 19903, 19889, 19895, the distance being 12.6, 

12.2, 11.8, 11.5, 10.4 and 10.3 respectively. 

3.1.3.6. Cluster analysis (2006) 

Cluster analysis based on seventeen quantitative traits divided the tomato 

germplasm into six clusters at linkage distance 13.0 during 2006. The dendrogram 

was constructed using Wards method (Figure 3.22). Mean and standard deviations for 

clusters is given in Table 3.12. Cluster I consisted of 23 accessions. The intra cluster 

genetic distance ranged from 2.23 to 6.99. 10574 and 6238 seemed to be closely 

related with a minimum distance of 2.23. Accessions 17878 and 6234 showed 

maximum dissimilarity with a distance of 6.99. The accessions had low mean fruit 

weight (27±12.2), almost equal in fruit length (33±5.9) and width (35±5.7) medium 

vine length (-91.2±27), highest in fruit yield (610±262), early in days to flowering 

(58±5) and fruiting (107±9). Twenty eight accessions were grouped in cluster -II with 

intracluster distance of 1.8 to 7.55. Minimum distance between accession 19293 and 

Waltar was noted while 17883 and 17869 were at maximum distance of 7.55. The 

genotypes had low to medium fruit weight (36±11.6), fruit length (42±9) was more 

than fruit width (38±5), medium length of vine (66±26), low number of fruits plant
-1 

(14±6) and medium yield (425±181). Eleven accessions fell in cluster III and 

minimum intracluster distance was 2.2 between 6237 and 10578. Accessions 19321 

and 6233 manifested maximum dissimilarity with genetic distance of 6.4. The 

genotypes had mean medium fruit weight (55±10.4), fruit length (55±5) more than 

width (43±3.6), thick pericarp (5.7±0.94) and were early in flowering (61±4) and days 

to fruiting (108±3). Cluster IV had 6 accessions. The intra cluster distance ranged 

from 2.1 (between 10582 and 10589) to 7 (19290 and 17882).  
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The accessions had maximum mean fruit weight (77.5±18), fruit width 

(54.2±6), locule number (5.6±1.2) early in days to flowering (58±5), fruiting (104±4) 

and lowest number of fruits plant
-1

(5.6±4.7) with low yield (300±156). The cluster V 

comprised of 9 accessions. Two accessions of S. pimpinellifolium (19896, 19903) 

were also included. Rest of seven accessions belonged to cultivated tomato. The 

genetic distance ranged between 1.24 (between accession 17861 and 17873) to 5.4 

(between 19900 and 19903). Peculiar features were low mean fruit weight (5.14±3.4) 

with nearly same fruit length (17±5.4) and width (18±47), high vine length (98±28), 

high number of fruits plant
-1

 (67±37) with late flowering (72±5) and fruiting (118±6). 

Five accessions belonging to S. pimpinellifolium fell in cluster VI with intracluster 

distance of 7.9 between 19889 and 19897 while 19895 and 19899 were closely related 

with minimum genetic distance of 4.1. Genotypes had a minimum fruit weight 

(1.52±1) with fruit length (12±3) and width (13±4) almost equal, maximum vine 

length (121±46), maximum number of fruits plant
-1   

(183±105), low yield (249±259) 

and earliest in days to flowering (51±6) and maturity (86±20).  
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Figure  3.22.   Dendrogram depicting the genetic relationship of Tomato 

                       germplasm based on 17 morpho- physiological traits during 2006. 
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Table 3.12.     Mean and SD of six clusters for 17 morpho-physiological traits of tomato (2006). 

CLUSTERS 

 

I II III IV V VI 

Frequency 23 28 11 6 9 5 

Traits 

SL 9±1.3 10±0.98 11±1.7 11±0.9 8.3±1.4 9.4±1.2 

PL 7±1.4 7.7±1.3 8.4±1.8 10.5±0.75 6±0.8 5.2±1.2 

STL 7±0.6 7.4±0.56 7.5±1 8±0.8 6.4±3 7±0.3 

FWT 27±12.2 35.5±11.6 55±10 77.5±18 5±3 1.5±1.2 

FL 33±6 42±9 55±5 47±6.6 17±4 12±3 

FW 35±5.7 38±5 43±4 54±6 18±7 13±4 

PLAL 0.8±0.14 0.99±0.2 1.85±0.6 0.98±0.3 0.64±0.13 0.64±0.09 

TFW 0.06±0.02 0.09±0.04 0.07±0.02 0.06±0.03 0.05±0.02 0.06±0.04 

TP 3±0.80 3.8±0.92 6±0.9 4±1 1.5±0.6 0.95±0.6 

SC 0.70±0.25 0.80±0.14 0.94±0.20 1.4±0.5 0.34±0.13 0.20±0.08 

NL 3.2±0.68 3.1±0.9 2.6±0.6 5.6±1.2 2.6±0.4 2.2±0.14 

VL 91±27 66±25 61±24 93±3 98±28 121±46 

NB 24±12 16±7 16±7.3 23±12 22.3±8 28±12 

NF 26±17.3 14±6 10±9.73 6±5 67±37 184±104 

YP 610.4±262 425±181 372±145 300±156 329±249 249±258 

DF 58±5 65±8 61±4 58±5 72±5 51±6 

DM 106±9 112±7 108±3 104±4 118±6 86±20 

PL: Petal length (mm); SL: sepal length (mm); STL: stamen length; FWT: average fruit weight 

(g); FL: fruit length (mm); FW: fruit width (mm); PLAL: pedicel length from abscission layer 

(cm); TFW: thickness of fruit wall (mm); TP: thickness of pericarp (mm); SC: size of core (cm); 

NL: number of locules; VL: vine length (cm); NB: number of branches plant-1; NF: number of 

fruits plant-1; YP: yield plant-1,; DF: Days to flowering; DM: Days to maturity. 
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3.1.3.7. Cluster analysis (2007) 

In 2007 based on the Euclidean distance dendrogram (Figure 3.23) retrieved 

six clusters as in 2006. However variations existed in the fragmentation of the clusters 

and their arrangement. Means and standard deviations for the respective clusters are 

given in Table 3.13. Thirteen accessions were grouped in cluster I. Intracluster genetic 

distance was 1.65 between genotypes 19911 and 19907 while 19898 and 19907 were 

genetically distant with a value of 7.75. Six accessions of S. pimpinellifolium (19889, 

19895, 19896, 19897, 19898 and 19899) fell in the group. The salient features were 

minimum mean fruit weight (4.2±3.5gs) with approximately same fruit length 

(16±6mm) and width (17±7mm), highest vine length (135±39 cm), highest number of 

fruits plant
-1

 (55.4±43), low yield plant
-1

 (172±128gs), early flowering (59±10days) 

and fruiting (104±18days). Genotypes in the cluster II were 8. Within cluster 

accessions 6237 and 10578 manifested maximum genetic similarity with a distance of 

2.9 while 19294 and 10576 showed 6.8. The attributes of the accessions were high 

fruit weight (55±11.6gs), fruit length higher (55±7 mm) as compared to width (43±5), 

thick pericarp (5.2±1 mm), low number of fruits plant
-1

 (6.35±3), low yield plant
-1

 

(327±128) and late flowering (62±5days) and maturity (112±3 days). 

Nineteen accessions fell in cluster III. Intracluster genetic distance varied from 

1.1 (between 17888 and 19293) to 7.4. Maximum dissimilarity (7.4) was seen 

between 17862 and 17902 and also between 17862 and 17906. Accessions had high 

mean fruit weight (56±22gs) while nearly same fruit length (48.1±9mm) and fruit 

width (45±7mm), maximum number of locules (3.4±1), low number of fruits plant
-1

 

(10.4±4), medium yield plant
-1

 (483±135gs) and early flowering (57±3.4days). 

Cluster IV had 19 genotypes. Intracluster genetic distance ranged from 1.86 to 6.98. 

Genetically close accessions were Tom round and Roma king (1.86) whereas 19902 

and 19290 depicted maximum dissimilarity (6.98). Characters of the genotypes were 

medium fruit weight (35±13.5gs), fruit length (40±14mm) and width (39±6), medium 

vine length (75±23 cm), low number of fruits plant
-1

 (11±5), medium yield plant
-1

 

(381±156), late flowering (66±7days) and maturity (113±9days).  

Number of accessions comprising the cluster V was 13. Minimum genetic 

distance equal to 1.7 was shown between accessions 17868 and 10574 and maximum 

was 7.8 between 17863 and 17904. Mean fruit weight of the accessions was medium 

(33±18gs) with close fruit length (36±6.3mm) and width (37±8mm).  
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Vine length was high (104±39 cm) with medium number of fruits plant
-1

 

(20±12), maximum yield plant
-1

 (600±212) and early days to flowering 

(58±3.7days).Ten accessions were grouped in cluster VI. Genetic distance varied 

from 2.09 to 6.82. The accessions 10588 and 17861 were genetically close with a 

distance of 2.09 whereas 19890 and 19903 were observed to be farthest with value of 

6.82. The genotypes were characterized by low mean fruit weight (17±11g), nearly 

same fruit length (30±9.5mm) and width (29±8mm), moderate vine length (95±35 

cm), medium number of fruits plant
-1

 (23±15), low yield plant
-1

 (363±187), medium 

in days to flowering (64±7days) and fruiting (112±6days). One genotype of S. 

pimpinellifolium (19903) was also in the cluster VI. Distribution of accessions in 

clusters for 2006 and 2007 are given in Table 3.14. 

Based on performance during two years (Table 3.15) for individual traits a 

number of accessions were selected for agronomically important traits likely to be 

used in future crop improvement programs. 
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Figure 3. 23.   Dendrogram depicting the genetic relationship of Tomato germplasm  

 based on 17 morpho-  physiological traits during 2007. 
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Table 3.13.   Mean and SD of six clusters for 17 morpho-physiological traits of tomato (2007). 

CLUSTERS 

 I II III IV V VI 

Frequency 13 8 19 19 13 10 

Traits       

PL 9.3±0.9 11±2 11±1 10.3±1 9±0.6 7±0.75 

SL 6±1.2 8.6±2 8.7±2 7.7±1.6 6.7±1 6.2±1.2 

STL 7±0.4 7.25±1.2 7.7±0.6 7.5±0.5 7±0.41 6±0.72 

FWT 4.2±3.5 55±11.6 56±22 35±13.5 33±2 17±11 

FL 16±6 55±7 48.1±9 40±14 36±6.3 30±1 

FW 17±7 43±5 45±7 39±6 37±8 29±8 

PLAL 0.64±0.1 2.1±0.2 0.96±0.3 0.82±0.2 0.79±0.12 0.76±0.2 

TFW 0.04±0.01 0.08±0.02 0.07±0.02 0.06±0.01 0.09±0.03 0.06±0.01 

TP 1.7±0.85 5.2±1 5±0.9 3.6±0.8 3.76±1.1 3.2±1.3 

SC 0.3±0.13 0.88±0.2 0.9±0.2 0.8±0.3 0.73±0.2 0.5±0.2 

NL 2.2±0.2 2.6±0.6 3.4±1 3.4±0.7 3.1±0.7 2.5±0.5 

VL 135±4 97±5 64±3 75±2 104±4 95±4 

NB 27±2 18±9 14±6 19±7 22±2 17.6±6.3 

NF 55.4±4 6.35±3 10.4±4 11±5 20±12 23±2 

YP 172±128 327±128 483±135 381±156 600±212 363±187 

DF 59±10 62±5 57±3.4 66±7 58±3.7 64±7 

DM 104±2 112±3 106±4 113±9 108±4 112±6 

PL: Petal length (mm), SL: sepal length (mm),STL: stamen length, FWT: average fruit weight 

(g), FL: fruit length (mm), FW: fruit width (mm), PLAL: pedicel length from abscission layer 

(cm),TFW: thickness of fruit wall (mm), TP: thickness of pericarp (mm), SC: size of core (cm), 

NL: number of locules, VL: vine length (cm), NB: number of branches plant-1, NF: number of 

fruits plant-1, YP: yield plant-1,DF: Days to flowering, DM: Days to maturity. 
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Table 3.14. Distribution of eighty two tomato accessions in clusters (2006 and 2007). 

 

 Frequency Accessions Frequency  Accessions 

Cluster  2006  2007 
     

I 23 6231, 6234, 10592, 19906, 19288, 19913, 

19892, 6235, 17860, 17878, 19295, 17868, 6238, 

10574, 19893, 19291, 17863,19904, Roma king, 
17858, 19887, 10573, 19890. 

13 6231, 19913, 6234, 19912, 19907, 19911, 19889, 19900, 

19896, 19895, 19897, 19899, 19898 

     

II 28 10581, 17856, 17874, 17859, 17869, 17865, Ayub 

agriculture tomato, 17902, 17877, 19909, 17890, 

17903, Ch-151, 17864, 19292, 19902, 17895, 

19905, Tom round, 17883, 17887, 17904, 19914, 

17889, 19908, 17906, 19293, Waltar 

8 6233, 17875, 6237, 10578, 10575, 10576, 17867, 19294 

 

III 

 

11 

 

6233, 10576, 17875, 6237, 10578, 10575, 17867, 

19294, 17888, 17909, 19321 

 

 

19 

 

10580, 10582, 10589, 17862, 17882, 19295, 10581, 

17864, 19321, 17909, 17859, 17874, 17865, 17890, 

17902, 17888, 19293, 17889, 17906 

     
IV 6 10580, 17882, 17862, 10582, 10589, 19290 

 

19 6235, 17856, 17878, 17903, CH-151, Waltar, 17860, 

19288, 19908, 17883, 19902, 19292, 19892, 19909,  

17895, 19290, 19905, Roma king, Tom round 

     

V 9 
10588, 17861(Bari-5), 17873, 19903, 19896, 

19912, 19900, 19907, 19911 

13 6238, 17858, 10574, 17868, 17869, 17877, 10592, 

19291, 19904, 19906, 17904, 19914, 17863 

  

     

VI 5 
19889, 19898, 19895, 19899, 19897  

10 10573, Ayub Agriculture tomato, 19890, 17887, 19887, 

19893, 10588,  17861 (Bari-5), 17873, 19903     
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Table 3.15. Selected S. lycopersicum  genotypes  based on better performance for important 

morpho-physiological traits during 2006 and 2007. 

 

Traits Range Genotypes identified 
Number of 

Accessions 

 

Average fruit 

weight 

> 50 g 

 

 

17892, 6233, 10575, 10580, 10582, 10589, 17859, 

17862, 17867, 17869, 17874, 17875, 17878, 17882, 

17888, 17909, 19290 

17 

Fruit length 

 

>50 mm 

 

 

 

6233, 10576, 10578, 10582, 17856, 17859, 17862, 

17864, 17865, 17867, 17874, 17875, 17909, 19294, 

19321 

15 

Fruit width 

 

>45 mm 

 

 

10575, 10576, 10580, 10581, 10582, 10589, 17859, 

17862, 17867, 17869, 17875, 17878, 17882, 19290 

14 

Pericarp thickness 

 

>5.00 mm 

 

 

 

6233, 10576, 10582, 10589, 17858, 17859, 17862, 

17864, 17865, 17867, 17869, 17874, 17875, 17882, 

17888, 17909, 19294, 19321 

18 

 

Number of fruits 

plant-1 

 

>30 

 

 

6231, 17861, 17873, 19906, 10588, 19904, 17863, 

19911 

 

8 

Yield plant-1 

 

> 650 g 

 

 

 

19295, 6235, 17860, 17869, 17878, 17863, 19906, 

6231, 17874, 17877, 19291, 19893, 17863, 10589, 

17856, 6233, 17873,Tom Round, 17861 

19 

Days to flowering 

 

< 55 days 

 

 

6231, 10576, 10580, 10582, 10589, 10592, 17859, 

17860, 17889 

9 

Days to maturity 

 

< 104 days 

 

 

6231, 10580, 17859, 17860, 17888, 17889, 19290, 

19291, 19295, 19890, 19892 

11 
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3.1.3.8. Principal component analysis (2006 & 2007) 

In order to assess patterns of variation, principal component analysis was done 

for 82 tomato accessions by considering all the variables simultaneously during both 

years. It was observed that for 2006 five of the 17 principal components (PCs) with an 

eigenvalue higher than 1.0, encompassed 73.9 percent of the total variability amongst 

the 82 tomato genotypes during 2006. The coefficients defining five principal 

components of these data are given in Table 3.16. These coefficients were scaled, to 

present correlation between observed variables and derived components.  

The first principal component had 36.8% percent of total variation in 

morphological traits. PC1 with 36.8 variance illustrated predominantly the variations in 

fruit width (0.93), average fruit weight (0.91), fruit length (0.91), pericarp thickness 

(0.83), core size (0.78), sepal length (0.74), petal length (0.60), pedicel length from 

abscission layer (0.57), stamen length (0.47), number of locules (0.41), thickness of fruit 

wall (0.21), fruit yield plant
-1 

(0.11) and days to maturity (0.08). On the contrary number 

of fruits plant
-1   

(-0.67), vine length (-0.41), number of branches plant
-1 

(-0.36) and days 

to flowering (-0.02) had negative weights. PC 2 accounted for 11.5 % of the total 

variation and revealed the pattern of divergence in vine length (0.46), number of 

branches plant
-1 

(0. 39), number of locules (0.30), stamen length (0.3), number of fruits 

plant
-1 

(0.25) and petal length (0. 24). Sepal length, core size, average fruit weight, fruit 

width and fruit yield plant
-1 

also had positive load on PC2 but comparatively of lower 

magnitude. Negatively contributing traits to the component were days to maturity           

(-0.75), days to flowering (-0.70), thickness of fruit wall (-0.3), pedicel length from 

abscission layer (-0.19) and fruit length (-0.12).  

PC 3 described 9.90 percent of total variation and was associated with number of 

locules (0.63), fruit yield plant
-1 

(0.50), core size (0.44), fruit width (0.30) and number of 

branches plant
-1 

(0.26). Whereas days to maturity, days to flowering and average fruit 

weight were having positive but relatively low weight. Stamen length (-0.50), petal 

length (-0.48), pedicel length from abscission layer (-0.30), number of fruits plant
-1            

(-0.21) were seen to exert negative weights on PC3.Thickness of fruit wall, thickness of  

pericarp and fruit length also had negative influence but of low magnitude. The 

component 4 accounted for 9.09% of divergence represented mainly by days to 

flowering (0.49), days to maturity (0.45), petal length (0.35) and conversely with fruit 
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yield plant
-1 

(-0.49) thickness of fruit wall (-0.47), pericarp thickness (-0.23), number of 

fruits plant
-1 

(-0.16). 

The fifth component constituted 6.6% of total variation and displayed patterns of 

dissimilarity predominantly in pedicel length from abscission layer (0.51), number of 

branches plant
-1 

(0.39), vine length (0.34) and pericarp thickness (0.31). Traits with 

negative weights were stamen length (-0.38), thickness of fruit wall (-0.35), number of 

locules (-0.31) and core size (-0.11). The first two principal components were plotted 

to observe relationships among the genotypes studied during 2006 (Fig 3.24). This 

separation is based on several important agro- morphological differences among the 

tomato accessions. 

In 2007 the first five components with eigenvalues >1.0 contributed 77.7% of 

the total variability amongst 82 accessions evaluated for 17 quantitative traits      

(Table 3.16). Rest of the PCs (6-17) had eigenvalues <1. Principal component 1 

contributed 39.01%. The traits with the greatest weight on this component were fruit 

width (0.93), fruit weight (0.92) fruit length (0.86), pericarp thickness (0.86), core 

size (0.86), sepal length (0.71), petal length (0.56), pedicel length from abscission 

layer (0.54) and number of locules (0.53). The other traits with positive weight on the 

component included, stamen length (0.38) and thickness of fruit wall (0.33). The three 

variables with high negative weight towards genetic variation in this component were   

days to maturity (-0.49) and vine length (-0.35) and number of branches plant
-1 

(-0.74) 

while days to flowering depicted negative weights with low magnitude. 

The PC 2 comprised 11.9% of the total variation. In component 2, variables 

which contributed positively with more weight were days to flowering (0.54), days to 

maturity (0.24), thickness of fruit wall (0.46) and fruit yield plant
-1 

(0.43). Vine length 

and number of locules also had positive weight i.e. (0.29) and (0.16) respectively 

while rest of few traits were seen to contribute positively with low magnitude. 

Whereas characters which contributed negatively included stamen length, petal 

length, sepal length and number of branches plant
-1

 with following values (-0.67),      

(-0.63), (-0.31) and (-0.24) respectively. PC 3 with 11.2% variance exhibited patterns 

of variations mainly in days to flowering (0.71), fruit yield plant
-1

(0.82) and petal 

length (0.22) positively.  while low weights for stamen length and sepal length were 

seen. Oppositely number of fruits plant
-1

, number of branches plant
-1

, thickness of 

fruit wall, vine length and fruit weight had negative weights with values (-0.47)          
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(-0.22), (-0.27), (-0.38) and (-0.14) respectively. The characters with high positive 

weight upon the PC4 with 8.40% variance were vine length (0.64), days to maturity 

(0.52), number of locules (0.43), stamen length (0.38) and petal length (0.28). 

Thickness of fruit wall (-0.33), pedicel length from abscission layer (-0.22) and fruit 

length (-0.13) had negative weights.  

Component 5 contributed 7.2% of variance and illustrated primarily the 

variation in pedicel length from abscission layer (0.65), days to maturity (0.45) vine 

length (0.31), fruit length (0.19), thickness of pericarp (0.18), petal length (0.16). The 

other variables as number of locules (-0.46), number of fruits plant
-1

(-0.39), core size 

(-0.10) contributed negatively. The first two principal components were plotted to 

observe relationship of genotypes in 2007 (Figure 3.25). The genotypes were 

scattered throughout the graph. S. pimpinellifolium (denoted as B) was seen to 

separate from S. lycopersicum (denoted as A) in both years while S. habrochaites (C), 

S. pennellii (D) and S.chilense (E) were mixed with the S.lycopersicum genotypes. 

The pattern of distribution in the graph for these genotypes followed the grouping 

seen in cluster analysis for quantitative traits. 
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Table 3.16.  Principal components analysis for morpho-physiological traits of tomato for 2006 and 2007.  

 2006 2007 

 PC1 PC2 PC3 PC4 PC5 PC1 PC2 PC3 PC4 PC5 

Eigenvalue 6.26 1.95 1.68 1.55 1.12 6.63 2.02 1.90 1.43 1.23 

Proportion of 

variance 

36.8 11.5 9.90 9.09 6.6 39.01 11.9 11.2 8.40 7.2 

Cumulative 
variance 

36.8 48.3 58.2 67.3 73.9 39.01 50.9 62.06 70.5 77.7 

Traits EIGEN  VECTORS  

PL 0.60 0.24 -0.48 0.35 -0.16 0.56 -0.63 0.22 0.28 0.16 

SL 0.74 0.2 -0.15 0.28 -0.07 0.71 -0.31 0.14 0.12 0.06 

STL 0.47 0.3 -0.50 0.29 -0.38 0.38 -0.67 0.18 0.38 0.06 

FWT 0.91 0.17 0.14 -0.01 0.09 0.92 0.04 -0.14 0.05 0.03 

FL 0.91 -0.12 -0.08 -0.15 0.23 0.86 0.10 -0.01 -0.13 0.19 

FW 0.93 0.10 0.30 -0.04 -0.00 0.93 0.20 -0.12 0.12 -0.08 

PLAL 0.57 -0.19 -0.30 -0.08 0.51 0.54 0.07 0.03 -0.22 0.65 

TFW 0.21 -0.3 -0.2 -0.47 -0.35 0.33 0.46 -0.27 -0.33 0.12 

TP 0.83 -0.12 -0.4 -0.23 0.31 0.86 0.12 -0.20 -0.07 0.18 

SC 0.78 0.18 0.44 -0.01 -0.11 0.86 0.12 0.04 0.12 -0.10 

NL 0.41 0.30 0.63 0.29 -0.31 0.53 0.16 -0.01 0.43 -0.46 

VL -0.41 0.46 0.10 0.36 0.34 -0.35 0.29 -0.38 0.64 0.31 

NB -0.36 0.39 0.26 0.23 0.39 -0.74 -0.24 -0.22 0.09 0.01 

NF -0.67 0.25 -0.21 -0.16 -0.10 0.40 0.30 -0.47 0.22 -0.39 

YP 0.11 0.01 0.50 -0.49 -0.10 -0.02 0.43 0.82 0.13 -0.03 

DF -0.02 -0.70 0.17 0.49 -0.01 -0.06 0.54 0.71 0.24 0.09 

DM 0.08 -0.75 0.18 0.45 -0.04 -0.49 0.24 -0.25 0.52 0.45 

    PL: petal length; SL: sepal length; STL: stamen length; FWT: average fruit weight; FL: fruit       

length FW: fruit width; PLAL: pedicel length from abscission layer; TFW: thickness of fruit      

wall; TP: thickness of pericarp; SC: size of core; NL: number of locules; VL: vine length; 

NB:  number of branches plant-1; NF: number of fruits plant-1; YP: yield plant-1,; DF:  Days to 

flowering; DM: Days to maturity. 
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Figure 3.24.    Scatter diagram of first two PCs for quantitative traits in tomato germplasm   

(2006). S. lycopersicum (A), S. pimpinellifolium (B), S. habrochaites (C),  S. 
pennellii (D), S. chilense (E). 

 

 

 

 

Figure  3.25.       Scatter diagram of first two PCs for quantitative traits in tomato germplasm  

(2007).  S. lycopersicum  (A), S. pimpinellifolium  (B), S. habrochaites (C), S. 

pennellii (D),   S. chilense (E). 
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                       Figure 3.26.      Genetic diversity in 2006 and 2007 in tomato germplasm                                 

S. lycopersicum (A), S. pimpinellifolium (B), S. habrochaites (C)                      

 S.  pennellii  (D), S. chilense  (E). 

 

 

A graph plotted for diversity seen in the germplasm during 2006 and 2007 

(Figure 3.26) reflects the pattern of its distribution where R
2
= 0.63. Nearly uniform 

pattern of distribution reflects it to be affected by environmental conditions to a lesser 

extent during two years. Very few S. pimpinellifolium accessions were separated from          

S. lycopersicum. Likely a low number of accessions of S. lycopersicum with different 

attributes were separated from the main group. Both Cluster Analysis and Principal 

Component Analysis revealed potential of germplasm for exploitation in future 

breeding programs based on quantitative traits. 
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3.2 Genetic diversity based on total seed protein profile 

Comparative study of total seed storage protein was carried out by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) procedure to assess 

the genetic diversity in tomato germplasm. The material included 72 accessions of     

S. lycopersicum including three check varieties Bari-5 (17861), Riogrande (17875) 

and Roma (6233), 7 accessions of S. pimpinellifolium, one accession each of                      

S .habrochaites, S. pennellii and S .chilense. 

The electrophoregram showing polypeptide banding pattern of different 

genotypes is given in Figure 3.27 which reflects close relationship among the 

genotypes evaluated in this study, although germplasm represented a wide range of 

geographic origin (Species Annex I). On the basis of banding patterns, the gels were 

divided into three regions (I to III) and all the regions exhibited variation. A total of 

23 bands were recorded in three regions with varying molecular weights i.e. Bands of 

region- 1 varied from 45 KDa to 40 KDa; region- II had its bands ranging from 40 

KDa to 30 KDa and bands of region- III between 29 and 20 KDa. Many protein 

subunits of lower molecular weight i.e. less than 20 KDa were also observed but due 

to inconsistency in reproducibility, they were not recorded. Variation regarding 

density or sharpness of few bands was observed occasionally but this variation was 

not taken into consideration. The three regions exhibited light as well as dark stained 

bands. The frequency of accessions expressing various bands and the degree of 

polymorphism for various bands with molecular weights is given in Table 3.17.  

3.2.1. Seed protein polymorphism 

The region- I consisted of six polypeptides which had band 1 as major band 

with molecular weight 45 KDa and was highly conserved however it showed variation 

for sharpness. In few accessions of S. lycopersicum and in all genotypes of                   

S. pimpinellifolium it was sharp. Region- II consisted of ten bands and it exhibited 

more variations. Bands with different mobility and intensity were observed. First 

three of which i.e. 7, 8, 9 were darkly stained thick bands, molecular weight being in 

range of 40 KDa. In region- III seven bands were taken into consideration with 

molecular weight from about 33 KDa to 24KDa. First five bands were darkly stained.  

Band 1 (region- I) was common in all accessions.  
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Rest of 22 bands showed polymorphism to varying extent. Band 16 (region- 

II) and 18 (region- III) exhibited high polymorphism i.e. 84.1%. Band 6 of region-I 

was expressed in 20% accessions polymorphism being 79%. Band 15 (region II) had 

polymorphism percentage 58.5 whereas bands 20 and 23 (region- III) exhibited 57.3% 

and 53.7% polymorphism respectively. Band 11 (region-II) and 19 (region- III) 

showed 50% polymorphism. Rest of the polypeptide units expressed low 

polymorphism. The polymorphic bands were used for cluster analysis and Principal 

component analysis (PCA). 

3.2.2. Seed protein cluster analysis 

The dendrogram of total seed proteins based on dissimilarity matrix using 

unweighted pair group method with arithmetic averages (UPGMA) was constructed 

(Figure 3.28). The dendrogram revealed genetic variation among the landraces with 

similarity coefficients varying between 0.0 and 3.6. It resulted in formation of eight 

clusters at distance of 2.7. The polymorphism in total seed proteins in eight clusters is 

represented in Table 3.18. Accessions 17890, 19889, 19887 and 17889 most 

dissimilar as compared to other accessions fell into separate clusters I, II, V and VI 

respectively. Table 3.19 shows distribution of accessions in eight clusters. Cluster I 

contained single accession 17890 with minimum number of bands i.e. four. Rest of 

the bands was absent. Cluster II, V and VI, each had single accession with 12 

polypeptides but distribution in separate clusters seems to be due to unique protein 

profile of these accessions. Cluster III contained two accessions 17877 and 6237. It 

exhibited variation for protein bands 14, 15 (region II) and 19, 21 (region III). Cluster 

IV and VII had three accessions each. Cluster IV revealed variation for band 3, 4, 5 

(region I), 7, 8, 12 (region II) and 17, 18 and 22 (region III).Cluster VII was 

polymorphic for band 2 (region I), three bands in (region II) 10, 14, 15 and  two bands 

19, 21in region III.  

Cluster VIII had rest of the 72 accessions with total number of bands varying 

from 11 to 21. Maximum variation for protein profile was observed in this cluster. 

Four bands (2, 3, 5, and 6) in region I, all bands of region II and six bands (18 to 23) 

in region III were polymorphic. Cluster analysis placed the S. lycopersicum,                

S. pimpinellifolium , S. pennellii and   S. chilense close to each other, showing high 

level of similarity among them except for one genotype of   S. pimpinellifolium which 
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grouped separately into cluster II. Seven accessions of S. pimpinellifolium were 

distributed in two clusters.  

Accession 19889 of S. pimpinellifolium was only accession of cluster 2 while 

rest of the 6 accessions were distributed in cluster VIII along S. lycopersicum. These 

accessions could not be identified on the basis of the number and presence/absence of 

the polypeptides. However band 1 in these accessions was sharp as compared to                         

S. lycopersicum accessions. Accessions 19902 (S. habrochaites) in cluster IV and 

19905 (S. pennellii) and 19906 (S. chilense) were distributed in cluster VIII and could 

not be distinguished from S. lycopersicum or S. pimpenellifolium on basis of protein 

profile. Accessions 19896 and 19897 shared the same number and type of 

polypeptides hence these two were exactly identical as far as total seed storage 

proteins are concerned. While remaining four accessions of S. pimpinellifolium 

19895, 19898, 19899 and 19903 were polymorphic for bands 2, 3 (region I), 7, 8, 13, 

15, 16 (region II), 18 and 19 (region III). The analysis for means, and standard 

deviations (SD) for quantitative characters of cluster III, IV, VII and VIII was 

performed presented in Table 3.20. Cluster I, II, V and VI were not included in the 

analysis due to single accession in each of these. The accessions of cluster III got 

maximum fruit weight (39.3±2.1), fruit length (43.7±6.8), fruit width (39.6±1.8), 

pericarp thickness (4.5±0.4) and highest number of branches plant
-1 

(23.5±2.3). 

Cluster IV was observed to attain maximum plant height (85.8±24.5) and maximum 

number of fruits plant
-1 

(60.3±21.4). Accessions of cluster VII were observed to have 

highest fruit yield plant
-1 

(505.1±99.7) and early in flowering (60.7±3.8). Cluster VIII 

got accessions with maximum number of locules (3.2±0.1) and minimum days to 

maturity (107.7±1.3). 
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  Figure 3. 27. Electrophorogram showing types of protein banding pattern separated in 

tomato germplasm. M- protein marker. 
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Table  3.17.   Detailed profile of protein banding pattern in tomato gerrmplasm. 

REGION Band no Accessions expressing 

(%) 

Polymorphism 

(%) 

Molecular 

weight 

I 1 100 0 45KD 

2 62.2 37.8  
3 86.6 13.4  

4 97.6 2.4  

5 68.3 31.7  
6 20.7 79.3  

II 7 93.9 6.1 40KD 

8 70.7 29.3  

9 92.7 7.3  
10 72.0 28  

11 50.0 50  

12 59.8 40.2  
13 70.7 29.3  

14 91.5 8.5  

15 41.5 58.5  

16 15.9 84.1  
III 

 

 
 

 

 
 

17 96.3 3.7 29KD 

18 15.9 84.1  

19 50.0 50  
20 42.7 57.3  

21 95.1 4.9  

22 89.0 11.0 24KD 
23 46.3 53.7 24KD 



Chapter # 3 
 

101 
 

 

Table  3.18. Polymorphism in total seed storage proteins in VIII clusters as revealed by SDS-PAGE                            

in tomato germplasm. ( Polymorphic bands: +/-) 

 Bands CI CII CIII CIV CV CVI CVII CVIII 

Region I 1 + + + + + + + + 

 2 - + - + + - +/- +/- 

 3 - - + +/- + + - +/- 

 4 - + + +/- + + + + 

 5 - - - +/- - + + +/- 

 6 - - - - - - - +/- 

Region II 7 - - + +/- + + + +/- 

 8 - - + +/- + + - +/- 

 9 - - + + - + + +/- 

 10 - - - - + - +/- +/- 

 11 - + + + - - + +/- 

 12 - - + +/- - + + +/- 

 13 - + + + - + + +/- 

 14 - - +/- + + - +/- +/- 

 15 - + +/- - + - +/- +/- 

 16 - + - - - - - +/- 

Region III 17 + + + +/- - - + + 

 18 - + + +/- - - +/- +/- 

 19 + - +/- + - + - +/- 

 20 - + - + + - - +/- 

 21 + - +/- + + + + +/- 

 22 - + - +/- + + +/- +/- 

 23 - - + + - - +/- +/- 
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Figure  3.28. Dendrogram  of Tomato germplasm based on total seed protein 

profile. 
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Table 3.19.   Accessions in eight clusters based on SDS-PAGE in tomato germplasm. 

Clusters Frequency Accessions 

Cluster I 1 17890 

Cluster II 1 19889 

Cluster III 2 17877, 6237 

Cluster IV 3 19902, 19900, 17873 

Cluster V 1 19887 

Cluster VI 1 17889 

Cluster VII 3 Ayub Agriculture  tomato, 19913, 17861 

Cluster VIII 70 6231, 19295, 10580, 10581, 19288, 17887, 19290, 

19321, 19291, 19292, 17868, 6238, 10575, 17883, 

6234, 10589, 17878, 17909, CH-151, Walter, 19909, 

17858, 19294, Tom round,  6233, 19911, 19905, 10574, 

10576, 19895, 17895, 10578, 17875, 19914, 17874, 

19907, 19293, 19890, 17882, 19904, 6235, 17856, 

19908, 10588, 10582, 17865, 10573, 17906, 17867, 

17902, 17903, 17859, 17860, 17864, 19896, 19897, 

17862, 17863, 17904, 19906, 10592, 17869, 19912, 

17888, 19892, 19893, Roma king, 19898, 19899, 19903 
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Table  3.20.   Mean, Standard deviation for some important quantitative traits of clusters based on total 

seed storage proteins by SDS-PAGE in tomato germplasm. 

 

 
Cluster- III  Cluster- IV  Cluster- VII  Cluster -VIII  

Traits Mean±SE SD Mean±SE SD Mean±SE SD Mean±SE SD 

FWT 39.3±2.1 3.0 10.2±5.7 9.9 14.1±4.6 8.0 35.5±2.7 22.5 

FL 43.7±6.8 9.9 21.1±6.0 10.3 30.0±5.7 9.9 37.7±1.7 13.9 

FW 39.6±1.8 2.6 21.9±5.9 10.2 27.8±2.6 4.5 36.2±1.3 11.1 

TP 4.5±0.4 0.6 2.1±0.8 1.4 2.7±0.7 1.2 3.5±0.2 1.5 

LN 3.1±1.1 1.6 2.5±0.1 0.1 3.1±0.4 0.6 3.2±0.1 1.1 

VL 52.1±12.5 17.7 85.8±24.5 42.5 81.9±9.1 15.8 82.1±3.9 32.7 

NB 23.5±2.3 3.25 20.0±8.2 14.2 19.9±3.0 5.2 20.2±1.2 10.5 

NF 12.3±4.1 5.80 60.3±21.4 37.1 45.7±22.9 39.7 28.3±5.2 43.8 

YF 479.5±116.9 165.3 409.5±173.0 299.7 505.1±99.7 172.6 442.0±29.6 248.0 

DF 63.5±0.5 0.71 74.3±1.3 2.3 60.7±3.8 6.7 61.5±0.9 7.8 

DM 108.0±0.0 0.00 115.0±4.6 7.9 114.3±4.7 8.1 107.7±1.3 11.2 

          FWT: average fruit weight; FL: fruit length; FW: fruit width; PLAL: pedicel length from 

abscission layer; TFW: thickness of fruit wall; TP: thickness of pericarp; SC: size of core; 

NL: number of locules; VL: vine length; NB: number of branches plant
-1

; NF: number of 

fruits    plant
-1

; YP: yield plant
-1,

; DF: Days to flowering; DM: Days to maturity. 
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The projections of 82 tomato genotypes into the planes defined by first two 

principal components displayed nearly same pattern of grouping as seen for clustering      

(Figure 3.29). A major group was observed and only a few genotypes were separated 

including one accession of S. pimpinellifolium. Rest of its accessions and three wild 

species S. habrochaites, S. penellii and S.chilense were distributed in the major group 

among cultivated tomato. 

 

 

 

 Figure  3.29.    Scatter diagrams of first two PCs for seed protein profile in                          

tomato germplasm S.lycopersicum (A), S.pimpinellifolium (B),                              

S. habrochaites (C), S. pennellii  (D), S.chilense (E). 
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3.3. Genetic diversity based on microsatellite (SSR) markers 

A total of fifteen microsatellite (SSR) markers (Table 3.21) covering all 12 

chromosomes were utilized to characterize and assess genetic diversity among thirty 

nine tomato genotypes. These accessions were selected from six clusters based on 

quantitative traits for 2006 and 2007. Out of fifteen markers thirteen generated 

polymorphic banding patterns and these were used in the analysis of genetic diversity. 

A total of 37 alleles were detected by these polymorphic markers. Amplification 

profile as revealed by SSR marker 96 across a number of cultivars used is depicted in 

Figure 3.30. 

3.3.1. Characteristics of SSR markers 

Fifteen markers were used in present studies. Out of these one marker (SSR 

45) amplified monomorphic band expressed in all accessions. Marker Tom 236 with 

repeats (AT)16 did not give amplification at all. The rest 13 markers generated 

polymorphic banding patterns. A total of 37 alleles were observed. Number of 

polymorphic alleles ranged from 2 to 4 with allele size ranging from 146 to 278. The 

variation of PCR product sizes among various alleles within the individual SSR locus 

ranged between 2 and 43. Mostly the SSR markers employed in the studies contained 

di- and tri-nucleotide repeats. Among the polymorphic markers, seven (54%) 

amplified 3 alleles, four markers (31%) produced 2 alleles and two markers produced 

4 alleles each. Only one marker generated alleles unique to one or two genotypes. 

SSR111 had allele 1 in one accession only i.e. 10581 and allele 3 in two accessions 

17873 and 19902. Maximum number of polymorphic alleles i.e. 4 was obtained with 

the marker SSR638 and SSR223, while the minimum number of polymorphic alleles 

2 was amplified by SSR96, SSR231, SSR 318 and Tom 152. A cultivar was assigned 

null allele for a microsatellite locus whenever an amplification product could not be 

detected for a particular genotype-marker combination. Maximum null alleles were 

observed by locus Tom 152 while among the accessions 19895 (S. pimpinellifolium) 

showed more null alleles for various loci as compared to others. Most common 

repeats in the markers were TA and AT followed by TC and GA type. The level of 

polymorphism among the tomato cultivars was evaluated by calculating allele number 

and PIC values for polymorphic loci. Each of the primer pairs differed significantly in 

their ability to determine variability among the cultivars. 
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3.3.2. PIC Values 

Polymorphism information content (PIC) value is a reflection of allelic 

diversity and frequency among the varieties. PIC value of each marker can be 

evaluated on the basis of its alleles and it varied greatly for all the SSR loci tested. 

The average number of polymorphic alleles per locus was 2.8. The PIC values for S. 

lycopersicum ranged from 0. 255 (SSR111) to 0.681 (SSR223) with average of 0.508 

per locus. PIC values depicted a positive correlation with number of alleles at SSR 

locus. Average PIC for SSR loci giving two alleles was 0.409, for three alleles per 

locus it was 0.519 and 0.665 for loci with four alleles. The PIC values for S. 

pimpinellifolium varied from 0.278 (SSR231) to 0.694 (SSR 638) with an average of 

0.503. Lowest PIC value for all genotypes irrespective of species was 0.169 observed 

for SSR 111 while was highest 0.697 for SSR223 (Table 3.21). Average PIC for the 

germplasm irrespective of species was 0.507. Lack of correlation between the allelic 

variation and number of repeats in the SSR markers e.g. the microsatellite loci 

containing the repeat motifs (TA)21 and (TA)9 in SSR 318 and Tom 152 respectively, 

showed PIC values of 0.278 and 0.486. Average PIC values were seen to correlate 

with the number of nucleotides per repeat. Average PIC values varied from 0.409, 

0.516 and 0.665 for di, tri- and tetra-nucleotide markers respectively. 

3.3.3. Genetic diversity level 
 

The SSR-derived data were subjected to calculate the genetic distance. The 

dissimilarly matrix was used to determine the level of relatedness among the cultivars 

studied. Pair-wise estimates of distances ranged from 1.73-5.1 (Table 3.22). The       

S. lycopersicum accession 19911 and S. chilense (19906) were found to have genetic 

distance 1.73. Among S. lycopersicum 10588 and 10592 had a distance of 2.0 while 

the accessions 19900 and 17904 had the genetic distance 4.58 followed by 4.47 

between two pairs (19902, 17904) and (19900, 19290). Among S. pimpinellifolium 

accessions minimum genetic distance (2.83) was seen between 19899 and 19898. 

Maximum distance (4.58) was observed between 19897 and 19889. While   

comparing intraspecific minimum genetic distance in S. lycopersicum (1.73) and                          

S. pimpinellifolium (2.83) it is clear that cultivated tomato is more close to each other 

than are the wild relatives. Minimum distance of 2.4 was observed between cultivated 

tomato (17874) and S. pimpinellifolium (19895). Next distance observed was 2.6 

between 19897 (S. pimpinellifolium) and 17875 (S. lycopersicum). 

      Chapter # 3 
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Figure  3.30.   SSR banding pattern of 39 tomato genotypes generated by primer pair SSR-96 
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Table 3.21.    PIC Values and number of alleles for SSR markers in tomato. 

Marker
a
 Chromosome Forward primer Reverse primer No. of 

alleles 

PIC 

SSR20 12 GAGGACGACAACAACAACGA GACATGCCACTTAGATCCACAA 3 0.604 

SSR45 7 TGTATCCTGGTGGACCAATG TCCAAGTATCAGGCACACCA 1 0.000 

SSR47 6 TCCTCAAGAAATGAAGCTCTGA CCTTGGAGATAACAACCACAA 3 0.383 

SSR63 8 CCACAAACAATTCCATCTCA GCTTCCGCCATACTGATACG 3 0.656 

SSR96 2 GGGTTATCAATGATGCAATGG CCTTTATGTCAGCCGGTGTT 2 0.497 

SSR111 3 TTCTTCCCTTCCATCAGTTCT TTTGCTGCTATACTGCTGACA 3 0.255 

SSR223 10 TGGCTGCCTCTTCTCTGTTT TTTCTTGAAGGGTCTTTCCC 4 0.697 

SSR231 3 TGCCAATCCACTCAGACAAA TGGATTCACCAAGGCTTCTT 2 0.375 

SSR318 10 GCAGAGGATATTGCATTCGC CAAACCGAACTCATCAAGGG 2 0.278 

SSR638 4 TGTTGGTTGGAGAAACTCCC AGGCATTTAAACCAATAGGTAGC 4 0.632 

TOM144 11 CTGTTTACTTCAAGAAGGCTG ACTTTAACTTTATTATTGCGACG 3 0.450 

TOM152 5 ATTCAAGGAACTTTTAGCTCC TGCATTAAGGTTCATAAATGA 2 0.486 

TOM184 4 CAACCCCTCTCCTATTCT CTGCTTTGTCGAGTTTGAA 3 0.630 

TOM202 1 TGGTCACCTTCAACTTTTATAC AAATGATAATGAAATGGAGTGA 3 0.654 

TOM236 9 GTTTTTTCAACATCAAAGAGCT GGATAGGTTTCGTTAGTGAACT 0 0.00 

   a
Markers starting with SSR are from SGN and markers starting with Tom are from                                        

Suliman-Pollatscheket al. 2002. 
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 Maximum interspecific distance was 5.1 between 19896 (S. pimpinellifolium) 

and 17887 (S. lycopersicum). Other than S. pimpinellifolium the three wild species 

were included in the studies. S. chilense (19906) showed minimum distance of 1.73 

from 19911 (cultivated tomato) and maximum distance 3.61 from Roma king. S. 

pennellii (19905) was at least distance (2.24) from Bari-5 while maximum distance 

was 3.16 from Waltar. S. habrochaities showed similarity with 10575 with distance 

2.24. For 19290 it expressed maximum distance of 4.47. 

3.3.4. Cluster analysis  

The genetic diversity pattern was assessed by relationship among tomato 

genotypes using UPGMA cluster analysis of the dissimilarity matrix shown in Table 

3.22. Distribution of 39 accessions into four clusters is given in Table 3.23. An 

UPGMA cluster diagram grouped the 39 tomato accessions into four clusters at 

genetic distance of 3.6 (Figure 3.31). Cluster I included 20 accessions (51%) having 

two accessions of S. pimpinellifolium (19895, 19903) and one accession each of S. 

chilense (19906), S.habrochaities (19902) and S. pennellii (19905). Rest of the 

accessions belonged to cultivated tomato. As is given in Table 3.24 the cluster had 

medium fruit weight (31.8±4.1) equal fruit length (36.6±2.5) and (34.9±2.9) width. 

Medium fruit yield (412±27) and medium in days to flowering (62.2±1.2) and 

maturity (110.8±1.5). Cluster II had 10 accessions (25.6%) including three accessions 

of S. pimpinellifolium. The group had peculiar features i.e. low fruit weight 

(22.1±8.02), nearly equal fruit length (28.3±5.3) and fruit width (25.6±4.04), medium 

fruit yield, early flowering (59±3.1) and days to maturity (104±3.6). Two accessions 

19896 and 19889 joined at the highest distance of 4.0.Cluster III comprised of a total 

of seven accessions with 17.9% of germplasm investigated (all cultivated tomato 

accessions). The group had medium fruit weight (32.6±7.8), equal (38±2.3) fruit 

length and fruit width (38±3.8), high fruit yield (460±42.6), medium in days to 

flowering (63.13±1.8) and fruiting (110.7±2.3). Group IV consisted of 2 (6.25%) 

accessions of S. pimpinellifolium (19896 and 19889) with minimum fruit 

weight(1.1±0.4), more or less same fruit length (10.1±2.1) and width (10.7±2.9), low 

in yield (151.1±73.1), medium in days to flowering (59±1.5) and fruiting (119±7). 

Cluster I had two pairs of accessions 19902 and 10580; 17877 and 19902 with 

magnitude 4.25 (maximum genetic distance) while two pairs (19906 and 19903) and 

(19905 and 19911) had minimum distance of 1.73.  
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Table  3.22. Coefficients of  similarity among  pairs of 39 Tomato genotypes 

 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

1                                        

2 2.8                                       

3 3.2 2.4                                      

4 3.3 3.0 2.6                                     

5 2.8 3.2 3.5 3.0                                    

6 2.4 3.2 3.5 3.3 3.7                                   

7 3.5 3.2 3.2 3.3 3.5 2.4                                  

8 3.5 3.2 3.2 3.3 3.7 3.5 3.7                                 

9 3.7 3.7 3.7 3.6 3.5 3.7 3.7 2.0                                

10 3.6 3.6 3.6 3.2 2.6 3.9 3.6 3.0 2.6                               

11 3.3 3.6 3.0 3.5 3.0 3.9 3.6 3.6 3.3 2.8                              

12 4.1 4.4 4.1 3.7 3.6 4.4 4.1 3.6 3.0 2.8 2.8                             

13 3.7 3.2 3.2 3.3 3.2 4.0 3.5 3.7 4.0 3.3 3.3 3.9                            

14 3.5 3.7 3.7 3.3 2.8 3.7 3.7 3.7 3.2 3.0 3.0 3.0 3.2                           

15 3.7 3.7 3.2 3.3 3.2 4.2 3.7 4.0 4.2 3.9 3.9 4.1 2.8 3.2                          

16 3.3 3.6 3.9 3.5 2.6 4.1 4.4 3.3 3.3 3.2 3.5 3.7 3.9 3.0 3.3                         

17 3.3 3.6 3.9 3.7 3.0 3.6 3.6 3.3 2.6 3.2 2.8 2.8 3.9 3.0 3.9 2.8                        

18 4.0 3.7 4.2 4.1 3.2 3.7 3.5 3.7 3.5 3.0 3.9 4.1 4.0 4.0 4.5 3.9 3.6                       

19 4.0 3.7 3.7 3.9 3.7 4.0 3.5 4.0 4.2 3.9 3.6 4.4 3.5 4.2 3.7 4.1 4.4 3.5                      

20 3.9 3.9 4.1 4.0 3.0 3.6 3.3 3.6 3.6 3.2 3.7 4.0 3.9 4.1 4.1 3.5 3.5 2.6 3.3                     

21 4.0 4.5 4.2 4.4 3.7 4.0 4.0 3.7 3.7 3.6 3.6 3.9 4.2 4.2 4.5 3.9 3.6 3.2 3.7 2.6                    

22 4.2 3.7 3.5 4.1 4.0 4.0 3.5 3.2 3.5 3.9 3.6 3.9 3.5 4.0 3.7 3.9 3.6 3.7 3.5 3.3 3.5                   

23 3.5 3.5 3.5 3.9 3.2 3.5 2.8 3.7 4.0 3.6 3.6 3.9 3.2 4.0 3.5 3.9 3.3 3.5 3.5 2.6 3.2 2.4                  

24 3.5 4.5 4.2 4.1 3.7 3.7 4.0 4.0 4.0 3.3 3.6 3.6 3.7 4.0 4.0 3.9 3.6 4.0 4.0 3.6 3.5 3.5 2.8                 

25 4.0 3.7 3.5 3.3 3.5 3.7 3.2 4.0 4.0 3.6 3.6 3.9 2.4 3.2 3.2 3.9 3.6 4.2 3.7 3.9 4.2 3.5 3.2 3.5                

26 3.7 4.0 4.0 4.1 4.2 4.2 4.7 3.7 4.2 4.1 4.6 4.1 3.7 4.2 4.0 3.9 4.4 5.1 4.7 4.6 4.7 4.2 4.0 3.5 3.5               

27 3.6 3.3 3.6 3.7 3.3 3.9 3.6 3.9 3.6 3.7 3.7 3.7 3.6 2.6 3.9 3.7 3.5 4.1 4.4 4.5 4.4 4.4 4.1 4.6 3.6 4.1              

28 3.6 3.6 3.9 3.5 3.6 3.9 4.1 3.3 3.0 2.8 3.2 2.8 3.3 3.0 4.4 3.5 2.8 3.9 4.6 4.0 3.6 3.9 3.6 3.3 3.6 3.9 3.5             

29 3.9 4.1 4.1 3.7 3.9 4.1 4.1 3.3 3.0 3.5 3.2 2.8 4.1 3.0 4.4 3.7 3.2 4.1 4.1 4.5 3.9 4.1 4.4 4.1 4.1 4.6 2.8 2.8            

30 4.0 3.7 4.0 3.9 3.7 4.2 4.2 4.2 4.0 3.6 3.6 3.6 3.7 2.8 3.5 3.3 3.3 4.2 4.0 4.6 4.5 4.2 4.2 4.2 3.7 4.5 3.0 3.3 3.0           

31 4.0 3.7 3.7 3.3 2.8 4.2 4.0 4.0 4.0 3.3 3.6 3.3 3.2 3.2 3.5 3.6 3.9 4.0 4.2 3.6 4.5 4.0 3.7 4.2 3.2 3.7 3.9 3.9 4.1 4.0          

32 3.6 3.6 3.0 2.8 3.6 3.9 3.9 3.3 3.9 4.0 3.5 4.2 3.3 3.6 3.3 3.5 4.0 4.4 3.9 4.0 3.9 3.3 3.9 4.4 3.3 4.1 4.2 4.0 4.0 4.4 3.3         

33 3.3 3.3 3.0 3.2 3.3 3.3 3.0 3.3 3.6 3.2 3.2 4.0 3.0 3.3 3.3 3.7 3.7 3.9 3.9 3.5 4.1 3.3 3.3 3.9 3.0 4.1 4.2 3.7 4.2 4.1 3.0 2.4        

34 3.9 3.6 3.6 3.2 3.3 3.9 3.6 3.6 3.9 3.7 3.5 4.2 3.3 3.6 3.6 3.5 4.0 3.6 3.0 3.5 4.1 3.0 3.6 4.1 3.3 4.6 4.2 4.2 4.0 4.1 3.3 2.4 2.8       

35 3.7 3.5 3.2 2.6 3.5 3.7 3.7 3.5 4.0 3.9 3.6 4.4 3.5 3.7 3.5 3.3 4.1 4.0 3.5 3.6 3.7 3.2 3.7 4.2 3.5 4.5 4.4 4.1 4.1 4.2 3.5 1.7 3.0 1.7      

36 3.5 3.2 3.5 3.0 3.2 3.7 4.0 2.8 3.5 3.3 3.6 3.9 3.2 3.2 3.5 2.2 3.3 4.0 4.0 3.3 4.0 3.2 3.5 4.0 3.5 3.7 3.9 3.3 3.9 3.7 3.2 2.6 3.0 2.6 2.4     

37 3.3 3.0 3.3 2.8 3.3 3.3 3.6 3.0 3.3 3.2 3.5 3.5 3.6 3.0 3.6 2.8 2.8 3.9 4.1 3.7 4.1 3.3 3.3 3.9 3.6 4.1 3.7 2.8 3.5 3.0 3.6 3.5 3.2 3.5 3.3 2.2    

38 2.4 3.2 3.5 3.3 3.2 2.8 3.7 3.7 4.0 3.9 3.6 4.4 3.5 3.5 4.0 3.6 3.6 4.2 4.5 3.9 4.2 4.2 3.7 4.0 3.5 3.5 3.6 3.6 4.1 4.2 3.2 3.0 3.0 3.6 3.5 3.2 3.6   

39 3.5 3.5 3.2 3.3 2.8 3.5 3.2 2.8 2.8 2.2 3.0 3.3 2.8 3.2 3.5 3.3 3.0 3.2 4.0 2.6 3.5 3.2 2.8 3.5 3.2 4.0 3.9 3.0 3.9 4.0 2.8 3.3 2.2 3.3 3.5 2.8 3.0 3.2  

Table 3.24.Coefficients of similarity among pairs of  39 Tomato  genotypes 
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Figure  3.31.   UPGMA cluster analysis showing the diversity and   relationship among 39   

tomato    genotypes based on SSR markers. 
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Table 3.23.      Distribution of 39 tomato accessions in IV clusters based on SSR           

markers. 

Clusters Frequency Accessions 

Cluster I 20 6231, 10580,Roma king, 6233, 10573, 10574, 10575, 

19902, 17856, 17861(Bari-5), 19905, 17874, 19895, 17877, 

17882, 19914,Waltar, 19903, 19911, 19906 

Cluster II 10 10588, 10592, 17859, 17873,, 17883, 19898, 19899, 17875, 

19897, 19900 

Cluster III 7 10581, 19291, 19887, 17887, 17902, 19290, 17904 

Cluster IV 2 19889, 19896 

 

 

 

 

 

 

 

Table 3.24.    Mean, standard deviation for some important quantitative traits of clusters  

                          based  on  DNA (SSR) markers. 

                   Cluster I                   Cluster II                 Cluster III               Cluster IV 

Traits Mean±SE SD Mean±SE SD Mean±SE SD Mean±SE SD 

FWT 31.8±4.1 18.4 22.1±8.02 25.4 32.6±7.8 20.4 1.1±0.4 0.5 

FL 35.6±2.5 11.2 28.3±5.3 16.6 38±2.3 6.12 10.1±2.1  3 

FW 34.9±2.9 13 25.6±4.09 13 38±3.8 10.2 10.7±2.9 4.03 

YP
-1

 412±27 121 329.1±64.3 203.4 460±42.6 112.6 151.1±73.1 103.4 

DF 62.2±1.2 5.3 59±3.1 9.9 63.13±1.8 4.9 59±1.5 2.12 

DM 110.8±1.5 6.5 104±3.6 11.3 110.7±2.3 6.1 119±7 10 

FWT: Fruit weight (g); FL: Fruit length (mm); FW: Fruit width (mm); YP
-1

: Yield plant; DF: Days 

to flowering; DM: Days to maturity.
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Table 3.25.  Polymorphism in 39 tomato accessions for botanical descriptors, SDS and SSR markers. 

Accessions ECMF SFS FWT YP
-1

 DF DM SDS 

 

SSR  

6231 5 2 9 672 54 100 14 16 

6233 5 6 50 544 59 111 12 14 

10573 5 3 31 404 62 114 14 14 

10574 5 3 43 512 62 105 16 15 

10575 4 4 59 210 62 113 13 18 

10580 4 2 63 338 54 101 13 14 

10581 5 2 48 516 62 112 16 14 

10588 5 2 10 465 68 111 18 18 

10592 5 7 9 391 54 111 13 20 

17856 5 7 46 635 63 120 18 17 

17859 5 4 69 444 54 106 17 17 

17861 5 2 8 490 68 120 13 14 

17873 5 2 7 677 73 117 13 17 

17874 5 7 59 586 60 109 14 10 

17875 5 6 76 288 63 112 14 16 

17877 5 2 46 697 64 108 14 18 

17882 5 5 59 398 58 105 12 21 

17883 5 4 44 366 65 105 11 19 

17887 5 4 16 290 66 118 15 20 

17902 5 4 29 443 70 105 14 18 

17904 5 5 23 432 55 107 16 19 

19290 5 1 72 486 66 115 16 20 

19291 4 2 23 655 63 102 16 21 

19887 5 7 17 395 60 116 11 14 

19900 5 3 1.6 56 69 109 14 18 

19911 5 2 8 314 75 120 13 16 

19914 5 3 35 295 57 107 13 16 

Waltar 5 3 34 371 57 113 14 15 

R.King 5 1 24 494 70 112 13 14 

19889 5 4 1.5 224 60 112 11 16 

19895 5 3 3 123 52 93 15 8 

19896 5 3 0.7 78 67 126 16 14 

19897 5 3 0.61 83 40 77 16 17 

19898 5 3 2.4 430 53 89 13 13 

19899 5 3 0.56 91 51 99 11 19 

19903 5 3 1.14 47 69 119 10 15 

19905 5 1 19 259 73 126 14 13 

19906 5 2 17 568 55 104 18 17 

19902 5 2 20 310 69 115 13 14 

ECMF (Exterior color of mature fruit) 4: pink, 5: red; SFS (Secondary fruit shape); 1: 

Flattened, 2: slightly flattened, 3: rounded, 4: high round, 5: heart shaped, 6: 

cylindrical, 7: pyriform, 8: ellipsoid; FWT (g): fruit weight, YP
-1: 

Yield plant
-1

(g), 

DF: Days to flowering, DM: Days to maturity 
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Table 3.26. Distribution of 39 accessions used in SSR studies into SSR, qualitative, 

quantitative (06, 07) and SDS clusters.  

Accession Cluster-SSR Cluster-QL Cluster-Qn06 Cluster-Qn07 Cluster-SDS 

6231 C-I C-VII C-I C-I C-VIII 

10580 C-I C-II C-IV C-III C-VIII 

Roma king C-I C-VII C-I C-IV C-VIII 

6233 C-I C-IV C-III C-II C-VIII 

10573 C-I C-VII C-I C-VI C-VIII 

10574 C-I C-VII C-I C-V C-VIII 

10575 C-I C-IV C-III C-II C-VIII 

19902 C-I C-I C-II C-IV C-IV 

17856 C-I C-VII C-II C-IV C-VIII 

17861(Bari-5) C-I C-VII C-V C-VI C-VII 

19905 C-I C-IV C-II C-IV C-VIII 

17874 C-I C-V C-II C-III C-VIII 

19895 C-I C-VI C-VI C-I C-VIII 

17877 C-I C-VII C-II C-V C-III 

17882 C-I C-V C-VI C-III C-VIII 

19914 C-I C-VII C-II C-V C-VIII 

Waltar C-I C-VII C-II C-IV C-VIII 

19903 C-I C-VII C-V C-VI C-VIII 

19911 C-I C-VII C-V C-I C-VIII 

19906 C-I C-VII C-I C-V C-VIII 

10588 C-II C-VI C-V C-VI C-VIII 

10592 C-II C-VII C-I C-V C-VIII 

17859 C-II C-VII C-II C-III C-VIII 

17873 C-II C-VII C-V C-VI C-IV 

17883 C-II C-IV C-II C-IV C-VIII 

19898 C-II C-VI C-VI C-I C-VIII 

19899 C-II C-VI C-VI C-I C-VII 

17875 C-II C-IV C-III C-II C-VIII 

19897 C-II C-VI C-VI C-I C-VIII 

19900 C-II C-VI C-V C-I C-I 

10581 C-III C-VII C-II C-III C-VIII 

19291 C-III C-II C-I C-VI C-VIII 

19887 C-III C-VII C-I C-VI C-V 

17887 C-III C-VI C-II C-VI C-VIII 

17902 C-III C-VI C-II C-III C-VIII 

19290 C-III C-III C-IV C-IV C-VIII 

17904 C-III C-VI C-II C-V C-VIII 

19889 C-IV C-VII C-VI C-I C-II 

19896 C-IV C-VI C-V C-I C-VIII 
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The magnitude of this distance in cluster II was minimum 2.0 between 10592 

and 10588 whereas maximum was 4.2 between 10588 and 19900. Cluster III had 

lowest intra-cluster distance 2.83 between 10581 and 19887.  Maximum intra-cluster 

distance was 4 between 19290 and 10581. Cluster IV had two accessions with 

maximum intra-cluster distance of 4.6. The distribution of five S. pimpinellifolium 

accessions in cluster I and II among cultivated tomato accessions shows the two 

species to be closely related. While grouping of two accessions in cluster IV indicates 

their distant relation not only with cultivated tomato but also reflects them to be more 

diverse when compared with the rest of their own accessions. 

 Polymorphism displayed by 39 tomato accessions for Botanical descriptors, 

SDS and SSR markers is expressed in tabular form in Table 3.25. For botanical 

descriptors  both qualitative and quantitative ones maximum variation was seen for 

fruit shape, fruit weight, yield plant
-1

, days to flowering and maturity while mature 

fruit color displayed only two colors, red for majority and pink for few. Total seed 

protein profile generated by SDS-PAGE in these accessions showed different types 

and numbers of bands other than 19896 and 19897 which shared same protein type 

and number of bands. 39 accessions used in SSR analysis also included 17 genotypes 

which were selected due to good performance during 2006 and 2007 for various 

morpho-physiological traits. These and rest of SSR accessions were seen to have 

different number and types of SSR alleles so no correlation between traits and SSR 

markers could be established. Same was the case with protein markers.  

When SSR clusters for 39 accessions were compared with clusters formed by 

(Table 3.26) qualitative, quantitative (2006 & 2007) and protein markers no specific 

association pattern was obvious. In qualitative clusters out of 39 accessions 18 

accessions fell in cluster VII,10 in cluster VI , 5 in cluster IV, 2 in cluster II and 

cluster I and III got one accession each. In quantitative clusters 2006, 13 accessions 

were grouped in cluster II, 8 in cluster I, 7 in cluster V while cluster III, IV and VI got 

3,2 and six accessions respectively. For 2007 quantitative clusters received 9 

accessions in cluster I, 8 genotypes were grouped in cluster VI. Each of clusters III 

and V got 6 accessions while 3 and 7 accessions fell in clusters II and V respectively. 

Cluster VIII based on SDS-PAGE got 31 genotypes, none of the accession fell in 

cluster VI while one accession each fell in clusters I, II, III and V. Cluster IV and VI 

received 2 accessions each.  
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Tab Table 3. 27.    Associations among variances estimated for Qualitative, quantitative traits  ( 2006, 

2007), SDS-PAGE and SSR in tomato. 

                           Qualitative     Quantitative06   Quantitative07   SDS-PAGE 

Quantitative(06)  0.234**    

Quantitative(07)  0.061 0.221**   

SDS-PAGE 0.061 -0.095 -0.334**  

SSR 0.123* -0.172* 0.317** -0.090 

 

3.3.5. Association among variances 

Associations among diversity exhibited by all three techniques in tomato germplasm 

are clear in Table 3.27. Qualitative and quantitative evaluation displayed strongly   

significant positive association (0.234). This is an indicator that botanical descriptors 

are effective in studying genetic dissimilarity in tomato germplasm. The relationship 

between genetic diversity investigated by SSR and botanical descriptors both 

qualitative and quantitative was positively significant. This reflects that both the 

techniques proved their worth for exploring genetic variability in a crop like tomato 

well known for low levels of genetic diversity. SDS-PAGE however displayed non 

significant but positive correlation with qualitative traits and negative relation with 

quantitative traits for both years. It is obvious from the table 3.27 that SDS and SSR 

markers relation was negative and non-significant. Out of 82 accessions 70  (85%) 

accessions had fallen  in one cluster i.e. group VIII in  cluster analysis based  on SDS-

PAGE while rest of twelve accessions were distributed in remaining seven clusters. 

According to seed protein profile two accessions 19896 and 19897 

(S.pimpinellifolium) were treated alike due to complete similarity of protein profile 

which showed different phenotypes. However SSR based cluster analysis separated 

these two accessions in cluster 1 and IV. In our studies seed proteins profile showed 

low dissimilarity in comparison with botanical descriptors and DNA markers. In 

addition identification of the genotypes was not possible by the technique. Hence 

biochemical analysis alone might not be efficient for dissimilarity evaluation in 

tomato crop. 
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DISCUSSIONS 

 

4.1 Morphological diversity in tomato 

   4.1.1 Qualitative variation 

The loss of genetic diversity is a major threat for the maintenance and adaptive 

potential in genetic improvement of crop species (Olivera and Steffenson, 2009). 

Huge genetic resources of tomato are available in various gene banks and are 

accessible worldwide for research purposes. Estimation of genetic diversity and 

relationships between germplasm collections are important for facilitating efficient 

germplasm collection, evaluation and utilization (Rafalski, 2009). Significant 

improvement in tomato along with basic information has been reported      

(Kamenetzky et al., 2010). The magnitude of diversity and availability of information 

on plant descriptors and agronomic data are vital for crop improvement (Cruz et al., 

2010). Information from present study will be helpful in the study of genetic 

relationships, representation of genetic diversity and morphological evaluation. For 

seedlings qualitative traits, the germplasm possessed almost all the categories reported 

elsewhere representing optimum diversity for discrete traits in the tomato germplasm 

conserved in the gene bank except for hypocotyls pubescence. Presence or absence of 

hair on vegetative parts and fruits has been used as morphological trait for 

characterization of various tomato genotypes and its wild relatives (Muller, 1940). 

The phenotypic assessment of tomato hypocotyls have been used to identify 

the homozygous or heterozygous nature of tomato plants for mutants (Mochizuki and 

Kamimura, 1985). Monogenic traits were the first to be employed for varietal 

identification and for markers which are still important for most of the crops (Gul et 

al., 2010; Xu et al., 2010). Among nine seedling traits, six were of discrete nature and 

may likely to be incorporated as genotype identification in single or in combination 

(Smýkal et al., 2008). Diversity for seedling vigor is also important to predict plant 

growth and health. Seedling qualitative descriptors have been utilized for 

identification of various crop varieties and as genetic markers for investigation of 

quantitative traits loci (Basunanda et al., 2010; and Ghafoor and Arshad, 2008). 

Incorporation of seedling markers for hybrid identification was recommended to 

lower down the cost of hybrid seeds (Hafen and Stevenson, 1956). 
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 Various qualitative traits for vegetative and reproductive stages other than 

seedlings were diverse enough to distinguish the germplasm. Substantial diversity in 

tomato was reported by others also in agro-morphological traits (Evgenidis et al., 

2011). Qualitative traits are said to be correlated to biotic and abiotic stresses. Stem 

pubescence showed such correlation. The pubescence was observed to develop into 

roots in parts of stem under special conditions. These trichomes were also reported to 

confer resistance against insect
 
herbivory in tomato (Kang et al., 2010). A character 

important in determining the autogamous or allogamous nature of the crop was style 

length for which germplasm displayed ample variation. However exerted style in few 

flowers of some accessions were observed which otherwise had style enclosed or at 

same level with the staminal column. This anomaly was ascribed to effects of high 

temperature though regulated genetically (Rick and Dempsey, 1969) resulting in low 

fruit set due to reduced pollination (Abdalla and Verkerk, 1968; Charles and Harris, 

1972; and Levy et al., 1978).  

  Qualitative traits are crucial for plant description and are influenced by   

consumer‘s preference, socio-economic conditions and natural selection         

(Ghafoor et al., 2001). Tomato fruit appearance serves as a vital parameter of quality. 

Extensive diversity in shapes was seen in the germplasm and has been reported in 

tomato (Bai and Lindhout, 2007). It is mostly the genetics that accounts for the 

diversity observed in the germplasm. The mode of inheritance for shape variation              

(Paran and van der  Knapp, 2007, van der Knaap and Tanksley, 2003, van der Knaap 

et al., 2002; and Liu et al., 2002) is quantitative by nature. Many other traits like stem 

morphology (Coaker et al., 2002), leaf dissection (Hans et al., 2003), size of sepals, 

petals (Frary et al., 2004), stigma exertion (Chen and Tanksley, 2004; and Georgiady 

et al., 2002), fruit size (Nesbitt and Tanksley, 2002), locule number (Barrero and 

Tanksley, 2004), color and firmness (Frary et al., 2003) stick to the same pattern of 

inheritance. Genetic control of qualitative traits through different allelic forms of 

particular genes renders these traits comparatively stable to environmental changes 

hence no considerable change was observed in qualitative traits during two years.  

The variation in fruit size in different cultivars is said to be correlated to 

number of cells along size at the inception of maturity (Cheniclet et al., 2005). The 

close relative of cultivated tomato S. pimpenellifolium accessions were seen to have 

very small (<3 cm) fruits with round shapes only.  
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Wild germplasm was reported to be more diverse genetically despite 

morphological uniformity (Tanksley, 2004). The three other wild types namely          

S. habrochaites, S. chilense and S. pennellii had their attributes like cultivated tomato. 

Specific morphological features mentioned in literature (Taylor, 1986) i.e. densely 

hairy green fruits of S. habrochaites, small green fruits with purple stripes of S. 

chilense and green fruits of S. pennellii were not observed. Fruit color, shape and size 

are important parameters of fruit quality. Mature red colored fruits were predominant 

as compared to pink. This difference is due to yellow skin in red fruits while colorless 

in pink. Intensity of red color was found to vary in the accessions, an indicator of 

lycopene concentration (Brandt et al., 2006; and Helyes et al., 2006) however by 

opting proper irrigation practices its concentration is enhanced (Rosales et al, 2006; 

Toor et al., 2006; and Dumas et al., 2003).  

Fruit firmness was a trait expressed by few accessions. Acquisition of more 

diverse germplasm for fruit firmness as well as breeding efforts in the direction may 

be rewarding. Enhancement of marketable yield is achievable due to low physical 

damage during transport, better flavored fruits due to delayed picking from vines 

(Grierson and Kader, 1986) and storage for longer time without loss of potential 

health benefits (Javanmardi and Kubota, 2006).  

4.1.2   Quantitative variation 

Allelic variation in quantitative traits found in present investigation could be 

utilized in breeding programs because genetically heterogeneous lines are highly 

stable as compared to homogenous ones. Cluster analyses and PCAs scattered plot 

exposed plenty of genetic diversity among the studied genotypes but distribution of 

the genotypes into groups with respect to source was lacking. Rather the 

morphological traits were observed as contributors in clustering and genotype 

grouping was result of morphological similarity not the geographical origin. 

 Mean square values for total fruit yield plant
-1

 was significantly high followed 

by number of fruits plant 
-1

, vine length, fruit weight, fruit length, fruit width and 

number of branches. These results were backed by previous work also. Golani et al. 

(2007) also reported high mean square values for 10-fruit weight, fruit yield, plant 

height in tomato. He suggested the values reflect adequate diversity in germplasm. 

Values for replication were significant for relatively low number of characters. 
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 Genotype-year interaction showed high mean square values for many traits. 

For years these values were strongly significant for a number of traits. High variation 

seen in range values includes genotypic environmental and genotype x environment 

interactions. Environmental changes (Table 3.6) showed a pronounced effect on 

various traits as shown by year-genotype interaction. These results are in concurrence 

with previous findings. Ashrafuzzaman et al. (2010) reported significant variations in 

fruit yield plant
-1

, average fruit weight and number of fruits plant
-1

 in tomato due to 

season-genotype interactions. Similar effects have been stated for other crops as well 

e.g. Chtourou et al. (2011) reported Tunisian tall Fescue population‘s different 

response to variations in environmental conditions as rain fall. Since environmental 

changes influence the optimum gene expression of traits, yield and its components are 

also affected consequently (Westermann and Crothers, 1977). For true estimates 

diversity  the level of genotype x environment interaction is crucial hence evaluation 

of germplasm at different locations or years is imperative (Gonclaves et al., 2003). 

Analysis of variance of the quantitative traits in the present investigation 

revealed significant differences among accessions for all the parameters during both 

years. Range values were quite variable and high. Dissection of visual diversity into 

genotypic and phenotypic components as coefficients of genotypic and phenotypic 

variation is capable of determining the extent of transmissible diversity. Likely 

coefficient of heritability is reported to be reliable for estimation of heritable variation 

as compared to total variation (Nanden Mehta and Asati, 2008). Mean data, range, 

genotypic and phenotypic variation, coefficient of genotypic and phenotypic variation 

along coefficient of heritability revealed high values for most of the traits. Variation 

was maximum for fruit yield plant
-1

 during both years followed by vine length, 

number of fruits plant
-1

 and average fruit weight.  

Genotypic and phenotypic variation in 2006 data were high for fruit yield 

plant
-1

, number of fruits plant 
-1

, vine length and average fruit weight while for 2007 

vine length was next to fruit yield in magnitude. Use of these traits for crop 

betterment is expected to be fruitful. High phenotypic variation than genotypic 

variation in both years reflected to some extent the sensitivity of the traits to 

environmental conditions. Similar results were reported by Rahman et al. (2003) in 

tomato as well as other crops as American cotton (Kale et al., 2007). The genotypic 

and phenotypic coefficient of variation for 2006 and 2007 were highest for number of 
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fruits plant
-1

, average fruit weight, number of branches plant
-1

 and fruit yield plant
-1

. 

Values noted for phenotypic and genotypic coefficient of variations during 2006 and 

2007 are as follows: for number of fruits plant
-1

 (PCV 164; 122) (GCV 157; 119), 

average fruit weight (PCV 72; 72) (GCV 65; 67), number of branches plant
-1

 (PCV: 

58; 60), (GCV: 52; 54) and fruit yield plant
-1

 (PCV: 63; 60), (GCV: 54; 48) . Our 

findings were supported by various independent studies. Ghosh et al. (2010) reported 

high values of GCV and PCV for above mentioned characters as 43, 51 for average 

fruit weight, (57, 65) for number of fruits plant 
-1

, 21, 28 for number of branches 

plant
-1

 and 60, 69 for fruit yield plant
-1

.  

  F-ratio for all traits was highly significant which is suggestive of ample 

variation in the genotypes studied. Coefficient of heritability values ranged between 

0.51 to 0.99 in 2006 and 0.51 to 0.95 in 2007. High coefficient of heritability for 

number of fruits plant 
-1

, vine length, fruit length, fruit width, average fruit weight and 

thickness of pericarp was noted. These findings were supported by work of Mohanty 

(2002) and Upadhyay et al. (2005) for vine length, and Golani et al. (2007) for fruit 

length and Prashanth (2003) for pericarp thickness. Similarly high coefficient of 

heritability for number of fruits plant 
-1

, number of branches plant
-1

, average fruit 

weight and fruit yield plant
-1

 were also reported previously by various studies 

(Mariame et al., 2003; Singh et al., 2002; Bharti et al., 2002; Pradeepkumar et al., 

2001; Prasad and Rai, 1999; Phookan et al., 1998; Padmini and Vadivel, 1997; Singh 

et al., 1997; Pujari et al., 1995; and Mishra and Mishra, 1995). Yassin (1988) also 

reported number of fruits plant
-1

 as a highly heritable character. He suggested it as an 

appropriate criterion for yield improvement due to strong association with it. High 

values of coefficient of heritability reflect insensitivity to environmental changes 

while low values reflect sensitivity. Effects of environmental factors like temperature 

were studied by Sawhney (1983). He observed floral morphology of tomato to be 

affected by temperature fluctuations. Selection based on phenotypes of traits with 

higher coefficient of heritability was supposed to be a reliable mean for crop 

improvement (Das et al., 1998) while for low to medium heritability careful selection 

as well as addition of superior germplasm (Johnson et al., 1955) was suggested to 

augment the transmissible genetic variability. 

  The genetic improvement of the crop relies largely upon the nature and 

relative magnitude of components of genetic variance involved for yield and its 
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components. Ultimate goal of germplasm evaluation is yield and quality improvement 

(Singh et al., 2011). Integration of a genotype with its environment determines its 

performance in the form of yield. Though evaluation of germplasm for identification 

of diverse genotypes for parental lines is essential for germplasm enhancement but 

selection for yield improvement based on single trait (Foolad, 2007) is not rewarding 

hence information regarding role of various traits and their association becomes 

imperative. The average fruit weight, number and fruit weight plant
-1

,
 
fruit width have 

been reported as morphological indicators of yield (Dordevic et al., 2010) which as 

quantitative traits show continuous variation reflecting the additive polygenes             

(Garg et al., 2008; Singh and Narayan, 2004; Chadha et al., 2002; and Kamaruzzahan 

et al., 2000) and interaction with environment, soil conditions and nutritional status 

(Saeed et al., 2008). Selection of high yielding genotypes not only compels to 

determine direction and strength of mutual association of the characters but also 

association between yield and these characters (Mahesh et al., 2011). Correlation 

analysis serves the purpose as it can compute associations due to genetic nature and 

the extent to which environment can distort the genetic expression resulting in 

phenotypic association.  

Correlation of traits is a measure of relation strength between heritable 

characters which is vital in designing selection experiments. Correlation noted among 

different traits is said to be product of either linkage or pleiotropy (Harland, 1939). 

The phenotypic correlation is based on extent of observed association whereas 

genotypic correlation is ascribed to inherent association excluding environmental 

pressures. In present studies the correlation coefficients revealed higher genotypic 

values than phenotypic ones. These observations have been reported previously in 

tomato (Shravan et al., 2004) and other crops as maize (Bello et al., 2010). The 

difference was attributed to greater contribution of genotypic factors whereas 

Bhambota et al. (1994) suggested the low phenotypic correlation value due to dilute 

expression at phenotypic level because of high proneness to environmental pressures. 

Strongly positive correlation between fruit weight, fruit length, fruit width, pericarp 

thickness, core size and number of locules was seen whereas vine length had strong 

but negative association with the traits. With same traits number of branches and 

number of fruits plant
-1

 also depicted negative and strong association.  
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Nevertheless strong and positive correlation was seen between vine length, 

number of branches and number of fruits plant
-1

. Similar findings were reported by 

Bernousi et al. (2011). Mutual correlation of traits at genotypic and phenotypic levels 

between fruit length and pericarp thickness was strongest and positive next to which 

was association between fruit width and fruit weight in magnitude. The pericarp is 

commonly thicker in elongated fruits as compared to round fruits. Indirect effect of 

shape through internal structure i.e. pericarp and locular material ratio affects 

(Grierson and Kader., 1986) the flavor and taste of the fruit. Whereas fruit width and 

fruit weight are interdependent because large sized fruits are generally round with 

greater equatorial diameter  and comparatively less thick pericarp. Most probably it is 

this association which results in more solids in blocky fruits while low solids in round 

large sized fruits as they contain more number of locules and juicy placental tissues. 

Positive association of major yield characters leads to effective component breeding 

but negative association of traits will not result in desired gains (Nemati et al., 2009) 

since improvement in one trait may occur at the cost of other (Salahudin et al., 2010).  

The fruit yield plant
-1

 was positively correlated at genotypic and phenotypic 

level with average fruit weight, fruit width, number of locules, thickness of pericarp, 

core size and fruit length, while negative with vine length and number of fruits. 

Mohanty et al. (2003) also described negative association between fruit yield and vine 

length. He suggested determinate types to be high yielders due to greater number of 

fruits plant
-1

. However Mayavel et al. (2005) reported opposite results i.e. vine length 

was positively associated with yield. Indu Rani (2008) reported negative association 

between number of fruits plants
-1

 and yield supporting present results. The 

quantitative traits evaluated in present studies may serve as base of multiple trait 

selection for high yielding genotypes.  

Since correlation coefficient is not able to show cause- effect relation among 

traits where many variables are involved as in case of yield (Fakorede and Opeke, 

1985; and Toker and Cagirgan, 2004). For such studies path coefficient analysis is 

promising (Esposito et al., 2009). Data subjected to path analysis revealed strongest 

negative direct effects of the average fruit weight compensated by its positive high 

indirect effect through fruit width in 2006 and 2007 upon yield. These results were 

strengthened by findings of Prasad and Rai (1999) while contradicted by Dudi and 

Kalloo (1982).  
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Fruit length however was seen to exert its direct effect in opposite directions 

during two years, negative in first and strongly positive in second year. Indirect 

effects during both years were positive through fruit width, and the trait also 

expressed positive genotypic correlation with yield. Ghosh et al. (2010) stated 

negative direct effect of fruit length upon yield and negative genotypic correlation 

with yield plant
-1

. Singh et al. (1989), Sharma and Verma (2000) and Joshi et al. 

(2004) reported fruit length as one of few direct traits influencing fruit yield. The 

contrasting direct effects of the trait in two years seem to reflect the susceptibility of 

phenotypic traits to changing climatic factors. Vine length and number of branches 

showed positive but weak direct effect and significantly positive indirect effect 

through average fruit weight. Literature regarding path analysis of tomato supports the 

present results. Indeterminate tomato vines are reported to have more number of 

branches and bear large sized fruits but less in number (Mohanty, 2003).  

Number of fruits plant
-1

 showed significant positive direct and indirect effect 

through average fruit weight. Vine length and number of fruits plant
-1

 showed 

negative genotypic correlation with yield plant
-1

. Various traits as fruit weight, 

pericarp thickness having positive correlation with yield and negative direct effects 

were observed to exert indirect positive effects through fruit width. It seems 

appropriate to give weight to indirect effects where direct effect is negative and 

genotypic correlation is positive reported also by Ullah et al. (2010). Improvement 

programs based on indirect selection of yield components as compared to direct 

selection of single trait were found more fruitful (Ford, 1964). Fruit width showed 

highest direct effect upon yield during both years in positive direction. Genotypic 

correlation of fruit width was positive with fruit yield in both years but strongly 

significant according to 2007 data.  

The three floral traits depicted direct negative effects but profound indirect 

positive effect through fruit width. Core size, fruit length also exerted their indirect 

but strong positive effects upon yield through fruit width. Present studies manifested 

the direct effect of fruit width as strongly positive upon yield. Other traits have also 

shown positive indirect effects through this parameter. These results are in accordance 

with that of Hidayatullah et al. (2008). Tiwari and Upadhyay (2011) however reported 

the fruit diameter to exert positive but indirect effect upon fruit yield. Direct effect 

was reported to be negative.  
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It is expected that direct selection of the genotypes with greater equatorial 

diameter or multiple trait selection from the present material which involves those 

which exert indirect but strong positive effects through fruit diameter may meet the 

target of yield improvement.  

Euclidean dissimilarity coefficients were calculated for all accessions. For 

both years maximum distance was noted between S. lycopersicum and                         

S. pimpinellifolium 13.4 (2006) and 13 (2007). Pair of accessions with greatest 

distance 13.4 and 13 was S. lycopersicum (17862) and S. pimpinellifolium (19897) 

and S. lycopersicum (17862) and S. pimpinellifolium (19899) respectively. Both 

accessions of S. lycopersicum were having same geographical origin i.e. sub-continent 

while wild S. pimpinellifolium accessions belonged to Peru (19897) and USA 

(19899).This genetic distance is measure of diversity between cultivated and wild 

germplasm. Minimum dissimilarity estimate was 3 and 2.4 for pairs of S. 

lycopersicum (19912) from USA and S. pimpinellifolium (19896) from Ecuador in 

2006 and S. lycopersicum (19900) from Ecuador and S. pimpinellifolium (19889) 

USA. The natural introgression of S. pimpinellifolium with S. lycopersicum has been 

reported by Rick (1958) hence it might be one of the reasons of low genetic 

dissimilarity between the two species. S. pimpinellifolium owes its acceptance as an 

attractive source of germplasm because of reciprocal hybridization and close affinity 

with cultivated tomato. It has been exploited for conferring resistance against 

Fusarium wilts (Bohn and Tucker, 1940) and bacterial speck due to Pseudomonas 

tomato (Pilowsky, 1982) as well as a contributor of high solid genes (Stoner and 

Thompson, 1966). 

Among cultivated tomato germplasm the distance varied from 1.24 to 11.10 in 

2006 and 1.14 to 10.4 in 2007. Both accessions with dissimilarity distance of 1.24 

were having same geographic origin while pair of accessions with distance of 11.10 

(2006) were from diverse geographical areas. This increased dissimilarity may be 

ascribed to adaptations of the accessions in accordance to the geographical conditions. 

 For 2007 however pair of accessions with minimum distance and maximum 

distance had the same origin. Minimum distance among the accessions of                   

S. lycopersicum with same geographical origin might be a consequence of use of 

common parental lines and high genetic distance in accessions with same 

geographical origin on the other hand can be ascribed to use of diverse parental lines 
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during breeding. Comparatively low value of maximum genetic distance in wild         

S. pimpinellifolium (7.6 and 9) as compared to S. lycopersicum may be due to small 

sample size used in present studies. While relatively large sample size of                     

S. lycopersicum encompassed comparatively more diverse accessions and hence 

resulted in higher genetic distance among the material. For the present study, tomato 

germplasm contained genotypes from various sources and the clustering pattern 

exhibited the formation of well characterized and coherent groups that indicated the 

practical value of data sets and analysis (Rodiño et al., 2009; and 2010). 

 Cluster analysis and PCA proved to be valuable as statistical tools in exposing 

genetic dissimilarity. Cluster analysis disclosed sufficient genetic variability among 

the investigated germplasm. Pattern of accessions grouping in the clusters was 

heterogeneous with respect to the geographical origin of germplasm whereas 

accessions from different geographic regions merged in the same cluster. This may be 

attributed to frequent exchange of germplasm by the breeders and farmers or transport 

to various markets from where the seed of different sources is distributed throughout 

the country. Germplasm with common origin is not necessarily having same degree of 

similarity as was obvious from distribution of accessions in different clusters. 

Distribution of S. pimpinellifolium accessions with diverse origins in different clusters 

followed morphological differences.  

It seems appropriate to conclude that cohesion of accessions in same clusters 

was based on morphological likeness, many observations for which have been 

reported previously for other crops also. Balkaya et al. (2005) ascribed clustering of 

the genotypes to different morphological structures and special characteristics and not 

to any association between the morphological characters and geographical origin of 

the white head cabbage. Rodriguez et al. (2005) grouped most of the populations of 

nabicol crop mainly due to their earliness and not related to their geographic origin. 

             Intra-cluster distance ranged from 1.24 to 7.55 in 2006 while for 2007 it was 

1.1 to 7.8. Joshi and Kohli (2003) reported 15 clusters for 73 tomato genotypes with 

low intra-cluster genetic distance from 0.00 to 2.74 and attributed this to low intra-

cluster diversity. While our findings show ample intra-cluster heritable variability as 

highest intracluster genetic distance was seen in cluster II i.e. 1.8-7.55 (2006) and 1.1 

to 7.4 (2007) for cluster III. Maximum fruit weight, fruit length, number of locules 

and thick pericarp were salient features of the cluster IV (2006) however total number 
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of fruits plants
-1

 and yield was minimum. Cluster IV (2007) had similar features with 

medium yield. The advantage due to highest fruit weight of the group is nullified due 

to low mean fruit number and yield plant
-1

. Gonclaves et al. (2008) opined that for 

commercial production germplasm having highest fruit weight with low productivity 

do not suffice. Accessions of cluster I (2006) were observed with low to medium fruit 

weight, medium number of fruits plant
-1

 and maximum yield plant
-1

 and same was the 

attitude of Cluster V in 2007 i.e. medium fruit weight and high yield. The diverse 

parental lines from these clusters might be selected for hybridization regarding yield 

enhancement of the crop. Cluster analysis of quantitative traits manifests their 

importance for breeding purposes in tomato.  

               The Principal component analysis (PCA) results indicated that more than 

70% of the variability observed can be explained by first five components during both 

years. Variables with high score on PC 1 characterize fruit size while variables that 

show high correlation with PC 2 are related to vegetative characteristics. The 

clustering pattern and PCA graphs plotted for first two components resulted in 

distribution of S. habrochaites, S. chilense and S. pennellii with S. lycopersicum. 

Since the qualitative and quantitative traits of these species were different from those 

described in literature regarding identification of wild tomato species based on their 

colors other than red and very small sizes, our studies identified these as cultivated 

tomato. 

             Heterogeneity observed in some quantitative traits as fruit weight, length, 

width, thickness of pericarp, vine length, number of fruits plant, days to flowering and 

maturity under field evaluation is not unusual. Genetic inconsistency in field triats in 

two years may be attributed to varying environmental conditions during 2006 and 

2007 in Islamabad (experimental field area). It was observed during our studies that 

heavy rains resulted in radial or vertical cracking of fruits in few genotypes. Similarly 

sudden drop in temperature resulted in formation of flowers not only with excessive 

number of sepals, petals and stamens but also alteration in their pattern of fusion 

resulting in abnormal fruits and decline in marketable yield. These effects of low 

temperature upon morphology of flower and fruit have been reported (Sawhney, 

1983; and Lozano et al., 1998). According to Li and Rutger (2000) genetic variation 

within a country is associated with ecological and environmental heterogeneity 

instead of geographical distribution  
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             Our studies regarding agro-morphological diversity confirm that the tomato 

germplasm possesses substantial variation. Terzopoulos and Bebeli (2010) reported 

wide intra-population diversity in tomato landraces and suggested modified approach 

to population characterization than that used for the homogeneous varieties. Variation 

of quantitative traits is a source of assessment of genetic variability within and 

between geographical regions that is expressed by the diversity (Ghafoor et al., 2005). 

Ample level of diversity studied for most of the traits signifies the tomato germplasm 

investigated to be suitable for direct as well as indirect selection for high yielding 

cultivars. 

4.2     Proteomic diversity in tomato  

The SDS-PAGE revealed dissimilarity in the storage protein profile in tomato 

germplasm under investigation but its magnitude was low. In present investigation, in 

three regions 23 bands were recorded. Variation was observed in all the three regions 

investigated and except for band B1 region I rest of the 22 bands expressed 

polymorphism to varying extent. Variation on the basis of protein peptides has been 

reported for tomato whose pattern differences were used to distinguish the genotypes. 

In three independent studies tomato seed protein profile employing SDS-PAGE for 

diversity analysis and cultivar identification was investigated. Chakrabarti et al. 

(2010) showed a total of 20 bands in eight and Vishwanath et al. (2011) reported 19 

bands in 24 tomato cultivars. While Elahm et al. (2010) reported 13 water soluble and 

9 water non soluble bands. This disparity in number of polypeptide subunits may be 

ascribed to differences in genotypes used, gel percentage, preference of major 

subunits for evaluation and size of the gel. These authors also reported the genotypes 

investigated to be polymorphic and technique identified the cultivars successfully. 

 In our study due to low polymorphism seed protein profiles generated could 

not be exploited in identification of tomato accessions. Elizabeta et al. (2008) also 

divided tomato seed storage proteins in three zones based on the molecular weight 

and observed low variation in protein banding not enough for identification of tomato 

varieties. Mennella et al. (2001) reported poor polymorphism in tomato germplasm. 

However storage protein profile observed in present studies can be used to 

discriminate tomato germplasm from other species on the basis of banding pattern in 

three regions. This technique has proven its worth as useful tool in supporting 

classical taxonomic studies. 
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 Protein types and their features deviated in various crop species, which may 

help in species distinction at seed stage and to assess the purity of genetic resources 

(Rahman and Hirata, 2004). Isemura et al. (2001) indicated the potential of protein 

electrophoresis to investigate genetic variation and to classify plant varieties. Band 1 

(region 1) which exhibited zero% polymorphism differed for its intensity i.e. it was 

thick in most of cultivated accessions and sharp in few genotypes of cultivated tomato 

and all of S. pimpinellifolium. Whether the variation is consequence of quantitative 

nature is not clear though Elizabeta et al. (2008) has already reported tomato seed 

proteins differences mainly of quantitative nature. Verification of quantitative 

/qualitative nature of this band and its probable use in species identification due to 

diverse intensity needs further investigation.  

  SDS-PAGE based cluster analysis using UPGMA revealed eight clusters. The 

clusters produced on the basis of SDS-PAGE grouped the accessions differently and 

gave no comprehension about agronomic performance or origin. One main group 

consisting of genotypes from various sources was revealed by cluster analysis and 

PCA. Only a few of the genotypes were scattered and separated from the main group. 

It was not possible to correlate the accessions to the source and relationship of 

markers with yield was also lacking. This shows that expression profile is least 

affected by environment as reported by various studies on cereal crops (Sanni et al., 

2008). Low variance observed for total seed protein was not enough and distinction at 

inter specific as well as intra specific level of the genotypes was not possible. The 

germplasm which exhibited some degree of separation based on quantitative traits 

was mixed together in one major cluster on the basis of SDS-PAGE analysis. The 

accessions that differed on the basis of phenotypic characterization and evaluation 

exhibited similar banding patterns for seed proteins. Two accessions of                       

S. pimpinellifolium 19897 and 19896 were observed to have exactly same protein 

profile. The identical protein profile seems to be due to highly conserved storage 

proteins in these morphologically distinct genotypes. Genotypes with similar banding 

pattern are suggested to be studied further for biochemical analysis. 2-D 

electrophoresis and DNA markers in this regard should be applied to rule out 

duplications in the germplasm for better gene bank mangement (Beckstrom-Stenberg, 

1989).  
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Comparison of clusters based on protein profile versus quantitative traits 

exposed the latter to be more reliable and significant with respect to selection of 

accessions for breeding programs. As stated by de Vries (1996), electrophoresis 

should be used in association with morphological, anatomical and cytological studies 

for added information. Six accessions of S. pimpinellifolium which exhibited some 

degree of distinction on basis of quantitative and qualitative characters were 

distributed in one major cluster along cultivated tomato on the basis of SDS-PAGE 

analysis while one accession (19889) was included in cluster II. Other wild species 

studied included S. chilense, S. hirsutum, S. pennellii (one accession each).These were 

also distributed among the cultivated genotypes by SDS based cluster analysis and 

SDS- PCA.  

However quantitative and qualitative evaluation of last three species and 

resultant cluster analysis and PCA also distributed them among S. lycopersicum. This 

leads to their identification as cultivated tomato. The meager polymorphism can be 

ascribed to the same ancestral lines used for development of various cultivars under 

investigation. Low genetic diversity results in increased susceptibility of the crops to 

biotic and abiotic stresses including seasonal fluctuations (Kumar and Arora, 1992). 

This augments  not only necessity of collection and acquisition of germplasm from 

centre of origin but further evaluation and conservation of genetically diverse 

germplasm along intra specific hybridization using diverse parental lines as well as 

inter specific hybridization with wild and weedy relatives.  

 4.3. Genetic diversity based on SSR markers 

Adaptation of narrowly based advanced varieties for intensive cultivation is 

one main reason of depletion of variation. Assessment of diversity at inter as well as 

intra specific levels in crops is essential for sustained agriculture. The autogamy in 

crops like tomato results in uniformity. To evaluate diversity in such species which 

are expected to have low diversity level, DNA markers provide a good substitute due 

to limitations of morphological and biochemical markers or these may be used in 

association. In current studies along two above mentioned techniques 15 

microsatellite markers were used to assess the genetic diversity of tomato germplasm. 

The microsatellite markers used in this study were well distributed amongst the 12 

chromosomes.  
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The results indicated significant genetic variation among 39 tomato genotypes 

studied. Multiallelism is one of the main characteristic of these markers (Jones et al., 

2001). In this study the number of alleles detected varied from 2 to 4. The average 

number of polymorphic alleles per marker was 2.8 alleles per locus with an average 

PIC 0.507. Similar results were reported by He et al. (2003).They reported average 

2.7 alleles per locus with average PIC value 0.37 after testing 19 varieties using 65 

polymorphic SSR loci. Solomon  et al. (2008) employed 35 SSR markers to evaluate 

genetic diversity in 39 inbred lines and reported average of 4.3 alleles per locus and 

average PIC 0.31. Low average number of alleles per locus in current investigation 

was observed however higher number of alleles was not considered essential for PIC 

values and distinction of accessions (Ashkenazi et al. 2001).The polymorphism 

revealed by 13 markers corroborates significant variation in the germplasm 

investigated. The diversity observed in a self compatible crop was suggested to be the 

result of occurrence of different homozygotes instead of heterozygotes (Alvarez et al. 

2001).  

Few markers generated two alleles in some accessions. He et al. (2003) 

ascribed it either to mutation or heterozygous fragments still present in the accessions. 

Thus intra specific variation in the germplasm is valuable and can be utilized more 

easily for crop improvement. Inter specific crossing for the purpose goes together 

with disadvantage in form of linkage drag of unwanted traits. Positive association of 

allelic variation is expected with the number of repeats in particular SSR locus. Such 

association has been reported in tomato by Smulder et al. (1997). Our results 

demonstrate lack of correlation between the PIC values and number of repeats in the 

SSR markers e.g. markers with substantial difference in repeat number like (TA)21 

and (TA)9 in SSR 318 and Tom 152 respectively had 0.278 and 0.486 PIC values. 

Average PIC values were seen to correlate with the number of nucleotides per repeat. 

Average PIC values varied from 0.409, 0.516 and 0.665 for di-, tri- and tetra-

nucleotide markers respectively. Lack of such correlation between PIC value and 

number of nucleotides per repeat was reported not only for tomato (Alvarez et al., 

2001) but for other crops like ryegrass (Jones et al., 2001). However results of Danin 

Poleg et al. (2001) for Cucumis supported present studies. The inconsistency among 

reports might be due to the genotypes used and selection of microsatellite primers 

with scorable alleles. 
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  The average PIC value for S. pimpinellifolium was 0.503 comparatively low 

than cultivated tomato 0.508. This possibly is the consequence of limited number of 

accessions (7 only) used in the evaluation as compared to larger sample size of 

cultivated tomato. Among germplasm accession 19895 (S. pimpinellifolium) showed 

more null alleles for various loci as compared to other accessions. While among 

markers locus Tom 152 was more prone to giving null alleles as compared to others. 

Alvarez et al. (2001) also reported these relatively frequent in wild accessions e.g.      

S. habrochaites one of the wild species used in their studies and attributed null alleles 

to mutations in primer binding sites and reliance of null alleles on accessions in 

addition to markers.  

Close relation was observed between accessions of S. lycopersicum 10592 and 

10588 with a linkage distance of 2.0 whereas the accessions 19900 and 17904 had the 

maximum level of genetic distance 4.58 followed by 4.47 between two pairs (19902, 

17904) and (19900, 19290). In current studies the dendrogram resulted in four 

clusters. The clustering pattern reflected relatedness among the genotypes irrespective 

of their geographical origin. Genotypes with diverse geographical origin were 

grouped together. This genetic similarity of the genotypes might have resulted due to 

common ancestors or exchange of germplasm between regions. Converse findings 

were reported by Solomon et al. (2008) who reported clustering of 39 cultivars into 

four groups with respect to their geographical origin.  

In an independent investigation Pritesh et al. (2010) stated the grouping of 25 

tomato cultivars according to geographical origin and cluster analysis separated 

American lines from Indian lines. Seven accessions included in our studies of wild 

species S. pimpinellifolium were separated in to three groups. Two accessions were 

grouped in cluster IV and remaining five fell in two groups, three in cluster II and two 

in cluster I along cultivated tomato. Several PCR fragments common to both were 

also observed. Previously Alvarez et al. (2001) reported clustering of various tomato 

species based on SSR studies into two groups. One group included self incompatible 

species while other included S. lycopersicum and other wild species including            

S. pimpinellifolium (all self compatible), treating them as more or less same species. 

This relation, according to Rick (1979) was result of introgression between these 

species. Reciprocal classification between the two species has been reported to be 

successful (Rick,1958). 
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  Same pattern of distribution was observed in germplasm under investigation. 

The two species have many morphological and agronomic traits as red fruit color, 

bilocular fruits and indeterminate vines in common other than autogamy. Thus close 

relationship between the two is clear from previous and current results. Other wild 

accessions S. chilense, S. habrochaites and S. pennellii together fell in cluster I. The S. 

chilense (19906) was seen to have very close relation with cultivated tomato 

(accession 19911) as the minimum distance was 1.73 between the two species. 

S.pennellii (19905) was at least distance of (2.24) from Bari-5 while maximum 

distance was 3.16 from Waltar. S. habrochaities showed similarity with 10575 with 

distance 2.24. For 19290 it expressed maximum distance of 4.47. The grouping of S. 

chilense, S. habrochaites and S. pennellii together with S. lycopersicum in cluster I 

was based on similarity which was also obvious from phenotypic studies. Instead of 

typical green to whitish green fruits with purple stripes (Peralta and Spooner, 2006) 

we observed red fruits in phenotypic evaluation. Based on morphological attributes 

and molecular studies it seems pertinent to conclude these as genotypes of cultivated 

tomato not the wild species.  

The primer Tom 236 which failed to amplify the expected PCR fragments 

might be tested for additional tomato genotypes. This marker on chromosome 9 is 

reported to be located near gene Ph-ROL with a genetic distance of 5.7 cM conferring 

resistance against late blight (Zhu et al., 2006). Its association with traits as fruit 

puffiness, locule number and number of seeds has also been reported (Mazzucato et 

al., 2008). From the results it is concluded that SSR markers were effective in 

detecting polymorphism. Though tomato is well known for low diversity but the 

germplasm investigated had enough variation which serves as a base for future 

improvement of the crop.  

4.4. Comparative study of diversity at morphological, biochemical and molecular   

levels. 

Conventionally genetic diversity of genotypes is assessed on differences 

manifested in range of morphological and agronomical characters. A variety of 

molecular techniques exist for computing genetic diversity presently. The most 

common ones are RFLP, RAPD, AFLP and SSR. All detect polymorphism in 

sequence variation in a genome but differ in principle, application, type and amount 

of polymorphism detected and cost and time requirements (Karp et al., 1997).  
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In our study, genetic variation in tomato germplasm was measured at three 

different levels. Each marker has its own significance and detects variability to 

different extents. Level of variation may be correlated with the specificity of the 

marker. Morphological markers detect variation at phenotypic level for which 

considerable variation was observed during both years.  

Among molecular and biochemical markers, molecular or DNA based markers 

were more efficient and gave clear variation among the genotypes. DNA based SSR   

markers cluster analysis resulted in grouping at lowest genetic distance as compared 

to Protein markers. This confirms the ability of the marker to expose the variation 

even when its level is low as in tomato.  

The relationship between genetic diversity investigated by SSR and botanical 

descriptors were significant in that they revealed linearity for two techniques to 

resolve genetic diversity. Wang Ri-sheng et al. (2006) used the morphological and 

SSR markers to differentiate tomato cultivars.SSR markers like morphological 

markers distinguished the tomato cultivars differing in color of mesocarp and fruit 

size. Briard et al. (2002) studied the genetic diversity of wild seakale (Crambe 

maritime L.) using morphological and RAPD markers and observed little relation 

between results of morphological and molecular classification. Lage et al. (2003) 

evaluated the genetic diversity in synthetic hexaploid wheat parents using AFLP and 

agronomic traits and reported non-significant correlation between genetic distances 

obtained from AFLP and agronomic data. Hamza et al. (2004) studied the genetic 

diversity of 26 Tunisian winter barley cultivars using SSR markers and morphological 

traits and reported significant correlation between the two diversity measures and 

correspondence of clusters constructed using morphological and SSR data. Jacoby et 

al. (2003) reported similarity in clustering of genotypes using molecular and 

morphological characters in Solanum. Several investigators compared the efficiency 

of morphological, biochemical and molecular markers for genetic diversity 

assessment in different crop species. Mazzucato et al. (2010) employed 

morphological and SSR markers to assess intra-accession heritable variation in Italian 

land race ‗A pera Abruzzese‘. The SSR studies set apart the Abruzzese from 

Canestrino but not from Albenga type. No association between phenotypic and SSR 

markers were established. However the data furnished by investigation was said to be 
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effective for identification of landraces, depiction of variability and valuable for crop 

improvement.  

In our studies the three markers facilitated to resolve issues related to genetic 

diversity in tomato but to different extents. This indicates the level of validity of each 

technique. Seed proteins gave low levels of genetic diversity. Botanical descriptors, 

SSR and SDS-PAGE markers revealed variance in resolving the intensity of genetic 

dissimilarity in tomato germplasm in present investigation. In previous studies many 

researchers have noted that total seed protein studies gave less polymorphism as 

compared to molecular markers. Bahrman et al. (1999) while assessing the genetic 

diversity of 26 winter barley varieties using molecular, biochemical and 

morphological markers, observed higher differentiation levels between varieties using 

DNA markers compared to biochemical and morphological markers. Our results 

revealed that SDS-PAGE did not show high dissimilarity and was unable to identify 

the cultivars. It is evident from association of variances that SDS-PAGE has opposite 

i.e. negative relation with SSR markers and Botanical descriptors. To judge exact 

degree  to which seed protein markers can discover polymorphism and differentiate 

among the cultivars more tomato germplasm from heterogenous sources needs to be 

collected and evaluated by SDS-PAGE. 
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CONCLUSIONS/ RECOMMENDATIONS 

The present study evaluated tomato germplasm for extent of diversity by 

qualitative, quantitative, biochemical (SDS-PAGE) and DNA markers (SSR). The 

descriptors developed for morphological characters have facilitated phenotypic 

evaluation. For qualitative characters a considerable variability was observed for 

various traits except plant pubescence, corolla color and blossom type. Qualitative 

traits are important for narrating varieties and characters like seedling vigor, foliage 

density and style length seem to be adaptations of germplasm against biotic and 

abiotic stresses. 

  Analysis of variance exposed significant heterogeneity among accessions for 

all parameters. Sensitivity of different traits to environmental conditions was also 

obvious. Association of various traits with yield was not clear but Path coefficient 

analysis showed fruit width to have the highest direct positive effect, an option for 

single trait selection while other characters as fruit length, weight, number of locules, 

core size etc  with strong indirect but positive effects through fruit width can be used 

for yield enhancemrnt through multiple trait selection. 

Multivariate analysis like cluster analysis provides an excellent appraisal of 

genotypes hence identification of diverse parental lines is possible which provides 

base for crop improvement. Genotypes with best performance during two years for 

different traits were selected from particular clusters. PCA results indicated that more 

than 70% of the variability observed can be explained by first five 

components.Variables with high score on PC1 characterize fruit size while for PC2 

agronomic traits had positive loading.  

  Seed protein profile detected low polymorphism. Association of seed protein 

profile with respect to geographical location in clusters was non- significant. 

Identification of cultivars on basis of protein profile was not possible. This might be 

the consequence of narrow genetic base however further germplasm should be 

analyzed for seed proteins to have a better assessment of variation.  

Diversity analysis by SSR markers revealed variation in cultivated tomato at 

84% similarity which is reflective of high resolving power of these markers. More 

SSR markers should be employed for marker trait associations and cultivar 

identification. Close relation of S. pimpinellifolium with S. lycopersicum was 

observed. Hence interspecific crossing between two species is recommended for 
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genetic base broadening of cultivated tomato. Three wild species S. chilense, S. 

habrochaites and S. pennellii in the germplasm had all the attributes of cultivated 

tomato. Cluster analysis at biochemical and molecular level also distributed them 

among S. lycopersicum. More wild genotypes should be studied for evaluated for 

incorporation of precious genes into cultivated tomato. 

 The relationship of genetic diversity investigated by SSR markers and botanical 

descriptors were significant as linearity was revealed between the two to resolve 

genetic variability. In our studies SDS-PAGE showed non significant relation with 

other techniques. It is suggested to use it in combination with other techniques to have 

clear picture of diversity level. 

 Further evaluation of tomato germplasm is required for biotic and abiotic   

stress resistance and adaptation under extreme climatic conditions in the country. 
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Species Annex I 
   

Accession number, local name and collection site of tomato genotypes used  in  morpho-
physiological and seed protein profile  studies. 

S.No Accession No Species Local name Collection site 

1 6231 S.lycopersicum  Pakistan 

2 6233 ― Roma tomato " 

3 6234 ―  " 

4 6235 ―  " 

5 6237 ―  " 

6 6238 ―  " 

7 10573 Tomato  Unknown 

8 10574 ―  " 

9 10575 ―  " 

10 10576 ―  " 

11 10578 ―  " 

12 10580 ―  " 

13 10581 ―  " 

14 10582 ―  " 

15 10588 ―  " 

16 10589 ―  " 

17 10592 ―  " 

18 17856 S.lycopersicum Nagina Pakistan 

19 17858 ― Eva " 

20 17859 ― Feston " 

21 17860 ― Pusa ruby " 

22 17861 ― Bari-5 " 

23 17862 ―  " 

24 17863 ― P.bahar " 

25 17864 ― Saryab long " 

26 17865 ― Punjab chuhara " 

27 17867 ― Avinash2 " 
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Contd. Species Annex 1 

 

28 

 

17868 

 

― 

 

Arka alak 

 

" 

29 17869 ― Arka abha " 

30 17873 ― Bari.tom5 " 

31 17874 ― Nozomi " 

32 17875 ― Riogrande " 

33 17877 ― Kuri hara " 

34 17878 ― Money maker " 

35 17882 ― Chinesexiaugshm " 

36 17883 ―  " 

37 17887 ―  " 

38 17888 ―  " 

39 17889 ―  " 

40 17890 ―  " 

41 17895 S.lycopersicum  Pakistan 

42 17902 ―  " 

43 17903 ―  " 

44 17904 ―  " 

45 17906 ―  " 

46 17909 ―  " 

47 19288 ―  " 

48 19290 ―  " 

49 19291 ―  " 

50 19292 ―  " 

51 19293 ―  " 

52 19294 ―  " 

53 19295 ―  " 

54 19321 ―  " 

55 19887 ―  El Salvador 

56 19889 S. pimpinellifollium  USA 

57 19890 S. lycopersicum  Czechoslov 

58 19892 ―  England 
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59 19893 ―  Nepal 

60 19895 S. pimpinellifollium  Ecuador 

61 19896 ―  Ecuador 

62 19897 ―  Peru 

63 19898 ―  Peru 

64 19899 ―  USA 

65 19900 S. lycopersicum  Pakistan 

66 19902 S. habrochaites  Peru 

67 19903 S. pimpinellifolli  Indonesia 

68 19904 S. lycopersicum  Thailand 

69 19905 S. pennellii  Mexico 

70 19906 S. chilense  Peru 

71 19907 S. lycopersicum  Brazil 

72 19908 ―  Taiwan 

73 19909 ―  USA 

74 19911 ―  Peru 

75 19912 ―  USA 

76 19913 ―  Indonesia 

77 19914 ―  Philippines 

78 Ayub Agri ―  Pakistan 

79 Ch_151 ―  " 

80 R.King ―  " 

81 TomRound ―  Unknown 

82 Waltar ―  Unknown 
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Species Annex II 
 Accession number, Local name, collection site  of tomato genotypes used in SSR  

S.No Acc.No Species Local name Collection site 

1 6231 S.lycopersicum  Pakistan 

2 6233 ― Roma tomato " 

3 10573 ―   

4 10574 ―   

5 10575 ―   

6 10580 ―   

7 10581 ―   

8 10588 ―   

9 10592 ―   

10 17856 ― Nagina Pakistan 

11 17859 ― Feston ― 

12 17873 ― Bari tomato 5 ― 

13 17874 ― Nozomi ― 

14 17875 ― Riogrande ― 

15 17877 ― Kuri hara ― 

16 17882 ― Chinesexiaugshm ― 

17 17883 ― CLN-2116-B ― 

18 17887 ― CLN-1555 ― 

19 17902 ― CLN-1621-E ― 

20 17904 ― CLN-1621-L ― 

21 19290 ―  ― 

22 19291 ―   

23 19887 ―  El Salvador 

24 19889 S. pimpinellifollium  USA 

25 19895 S. pimpinellifollium  Ecuador 

26 19896 S. pimpinellifollium  Ecuador 

27 19897 S. pimpinellifollium  Peru 

28 19898 S. pimpinellifollium  Peru 

29 19899 S. pimpinellifollium  USA 

30 19900 S. lycopersicum  Ecuador 

31 19902 S. habrochaites  Peru 

32 19903 S. pimpinellifollium  Indonesia 

33 19905 S. pennellii  Mexico 

34 19906 S. chilense  Peru 

35 19911 S. lycopersicum  Peru 

36 19914 ‖  Philippines 

37 Waltar ―   

38 R.King ―   

39 17861 ― Bari-5  
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Annex III 

Solutions for SDS-PAGE 

Preparation of buffers 

Following buffers were utilized for protein extraction and SDS-PAGE 

electrophoresis. 

Protein extraction buffer 

(0.05 M Tris-HCl pH 8.0, 0.2 percent SDS, 5 M Urea, 1percent ß-mercaptoethanol) 

Tris       0.6057 g 

Sodium Dodecylsulphate (SDS)
* 
    0.2 g 

Urea
*
        30.3 g 

Distilled water      about 70 ml 

HCl (conc.)      Adjust to pH 8.0 

2-Mercaptoethanol     1 ml 

       Total volume of 100ml 

 A little bit Bromophenol blue (BPB) was added. Buffer solution was stored in a refrigerator. 

Tris; Tris (hydroxymethyl) aminomethane. 

*SDS and urea solubilize and denature proteins. 

Solution A    

 

(3.0 M Tris-HCl pH 9.0, 0.4 percent SDS) 

Tris        36.3 g 

SDS       0.4 g 

Distilled water      About 70 ml 

HCl (conc.)      Adjusted to pH 8.8 

       Total volume of 100ml 

Stored in refrigerator 
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Solution B 
 

(0.493 M Tris-HCl pH 7.0, 0.4 percent SDS) 

Tris       5.98 g 

SDS       0.4 g 

Distilled water      About 80 ml 

HCl (conc.)      Adjusted to pH 7.0 

Stored in refrigerator 

Solution C 

(30percent Acryl amide, Acrylamide/Bis = 30: 0.8) 

Acrylamide
*
        30 g 

Bis-acrylamide (Bis)
*
       0.8 g 

Distilled water       Total volume of 100 ml 

Stored in refrigerator. 

*
Acrylamide and Bis-acrylamide are highly toxic and carcinogenic. Gloves were used 

while preparation of solutions using these reagents. 

 

10 percent APS 

Ammonium per Sulfate (APS)     0.1 g 

Distilled water       Total volume 1 ml 

Can be stored in refrigerator for few days but it is better to use freshly prepared solution for good 

results. 

Electrode Buffer Solution 

(0.025 M Tris, 0.129 M Glycine, 0.125 percent SDS) 

Tris        3.0 g 

Glycine        14.4 g 

SDS         1.25 g 

Distilled water       Total volume of 1000 ml 

Stored at room temperature. 
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Staining Solution 

Methanol        440 ml 

Acetic Acid        60 ml 

Distilled water       500 ml 

Coomassie Brilliant Blue (CBB)
*
 R250   2.25 g 

        Total volume of 1litre 

Solution was stirred for 30 minutes and then filtered, stored at room temperature. *CBB is a protein 

staining dye. 

 

Destaining Solution 

 Methanol        200 ml 

Acetic Acid        50 ml 

Distilled water       750 ml 

        Total volume of 1litre 

Stored at room temperature 

Separation Gel with 1 mm thickness (For one large gel) 

Separation gel        15 percent  

Solution A         5 ml 

Solution C        10 ml 

10percent APS        200 µl 

Distilled water        5 ml 

TEMED         15 µl 

TEMED (N-N-N-N-Tetramethyl ethylene diamine) was added at the end. 

Stacking Gel (For one large gel) 
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Stacking gel         4.5 percent 

Solution B         2.5 ml 

Solution C         1.5 ml 

10percent APS        70 µl 

Distilled water        6.0 ml 

TEMED         17 µl 

 

TEMED was added at the end and shaken well. 

Laboratory manual (Characterization and Evaluation of plant genetic resources) by Plant Genetic 

resources Institute, National agriculture Research Center, Islamabad.   
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Annex IV 

Solution preparation for DNA extraction 

 

DNA extraction buffer 

Components MW Final.conc 100ml 200ml 500ml 

Sorbitol 182.2 0.35 M 6.38 g 12.75 g 31.88 g 

Tris base 121.14 0.10 M 1.21 g 2.42 g 6.05 g 

EDTA.Na2 372.24 5 mM 0.168 g 0.37 g 0.93 g 

  

Adjust pH to 7.5with HCl. 

Nuclei lysis buffer 

Components MW Final.conc 100ml 200ml 500ml 

Tris-base 121.14 0.20 M 2.42 g 4.84 g 12.1 g 

EDTA.Na2 372.24 0.05 M 1.86 g 3.72 g 9.3 g 

NaCl 58.44 2.0 M 11.69 g 23.38 g 58.45 g 

CTAB  2% 2.0 g 4.0 g 10.0 g 

 

Sarkosyl 

Components Available Final.conc 100ml 200ml 500ml 

SARKOSYL 30% 5% 16.7 ml 33.3 ml 83.3 ml 

H2O -  - 18.3 ml 166.7 ml 416.7 ml 

 

 

Micro prep buffer 

 
Extraction buffer 

Nuclei Lysis buffer 

5%Sarkosyl 

NaBisulphite 

5 ml 

5 ml 

2 ml 

0.1g 
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Master mix for SSR Polymerase chain reaction 

Components Stock Conc Final Conc Vo l / Rxn 

dd H2O - - 12.8μl  

PCR buff 10 x 1x 2 μl  

d NTPs 10 mM. Each  0.2 mM(200μM) 0.4 μl  

Mgcl2 25 mM 2 mM 1.6 μl  

SSR primer (F) 20 pmol/μl 20p mol/ rxn 1 μl  

SSR primer (R) 20 pmol/μl 20p mol/ rxn 1 μl  

Taq Polymerase 5u/μl 1 unit/ rxn 0.2 μl  

Template DNA 20 ng/μl 20 ng/μl 1 μl  

Total Vol:              20 μl  

Master mix for SSR PCR: - 19 μl of Master mix and 1μl of DNA sample were added to each PCR tube. 

 

 

 

 

PCR Thermal cycler profile 

PCR Thermal cycler used: 96 Well (AB Applied Biosystems) 

PROFILE TEMP TIME NO.OF 

CYCLES 

Initial Strand 

Separation 

94 °C 5 min 1 

Denaturation 94 °C 1 min  

Annealing 50-52 °C 1 min 35 

Primer Extension 72 °C 2 min  

Final Extension 72 °C 7 min 1 

Soaking 4 °C Continuous  
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SSR  Primer preparation (Stock solution) 

S.No SSR primer n.mols  dd H2O (μl)  work. soln dd H2O Qty /reaction 

1 TOM 202-F 52.1  521 20 μl 80 μl 1 μl 

 TOM 202-R 42.0  420 ― ― ― 

2 SSR96-F 48.3  483 ― ― ― 

 SSR96-R 52.8  528 ― ― ― 

3 SSR111-F 59.8  598 ― ― ― 

 SSR111-R 53.4  534 ― ― ― 

4 SSR638-F 48.4  484 ― ― ― 

 SSR638-R 43.2  432 ― ― ― 

5 TOM152-F 50.4  504 ― ― ― 

 TOM152-R 47.2  472 ― ― ― 

6 SSR47-F 46.6  466 ― ― ― 

 SSR47-R 48.0  480 ― ― ― 

7 SSR45-F 49.5  495 ― ― ― 

 SSR45-R 47.3  473 ― ― ― 

8 SSR63-F 47.6  476 ― ― ― 

 SSR63-R 52.9  529 ― ― ― 

9 TOM236-F 46.0  460 ― ― ― 

 TOM236-R 46.0  460 ― ― ― 

10 SSR223-F 58.5  585 ― ― ― 

 SSR223-R 55.3  553 ― ― ― 

11 TOM144-F 48.6  486 ― ― ― 

 TOM144-R 47.6  476 ― ― ― 

12 SSR20-F 40.7  407 ― ― ― 

 SSR20-R 46.2  462 ― ― ― 

13 TOM184-F 60.8  608 ― ― ― 

 TOM184-R 55.1  551 ― ― ― 

14 SSR318-F 46.6  466 ― ― ― 

 SSR318-R 44.8  448 ― ― ― 

15 SSR231-F 47.8  478 ― ― ― 

 SSR231-R 49.4  494 ― ― ― 
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                                                                   Annex V 

                      Mean, Standard Deviation and Range of Check varieties 
Traits Units Roma tomato Bari-5 Riogrande 

 

Seedling traits 
  Mean±SE SD Range Mean±SE SD Range Mean±SE SD Range 

PLL mm 19±0.76 2.4 17-23 21±0.73 2.3.6 18-24 21.1±0.24 0.78 20-22 

PLW mm 6.2±0.25 0.78 5-7 6.8±0.13 0.42 6-7 4.4±0.16 0.51 4-5 

HL mm 35.8±1.2 3.9 33-43 44±2.4 3.5 35-55 40.6±1.1 3.5 35-45 

Floral traits 

PL mm 9.4±0.5 1.7 7-11 7±0.2 0.6 6-8 9±0.2 0.6 8-10 

SL mm 6.6±0.3 0.84 6-8 5.6±0.3 1.07 4-7 8.6±0.3 0.84 8-10 

StL mm 6.2±0.13 0.42 6-7 6±0.4 1.15 3-5 5.8±0.24 0.78 5-7 

Fruit traits 

FWt g 50.4±2.3 7.3 42-64 8±0.6 2.1 3-10 76±5.9 18.5 45-110 

FL mm 61.8±1 3.2 54.5-65.1 22.9±1.4 4.4 16.5-28.9 63.8±1.5 4.9 54.6-72.1 

FW mm 40.4±0.5 1.7 37-43.4 24.5±1.05 3.3 18.3-29.5 49.5±1.6 5.16 39.1-59 
PLAL cm 2.16±0.08 0.27 1.88-2.72 0.64±0.04 0.15 0.51-0.93 2.15±0.06 0.19 1.84-2.5 

TFW mm 0.105±0 0.02 0.08-0.16 0.058±0 0.01 0.04-0.07 0.122±0 0.02 0.09-0.16 

TP mm 5.9±0.49 1.57 4.4-9.5 2.2±0.08 0.27 1.5-2.56 6.8±0.36 1.15 4.91-8.86 

CS cm 0.82±0.01 0.04 0.76-0.88 0.46±0.02 0.06 0.38-0.55 0.9±0.06 0.19 0.7-1.24 

NL Number 2±0 0 2 2.6±0.16 0.5 2-3 2.5±0.16 2-3 0.5 

VL cm 47±3.2 10.2 35-65 98±1.3 4.15 89-102 42.5±1.7 5.4 32-51 

NB Number 20.1±2.04 6.4 13-32 25.4±1.8 5.8 15-35 8.3±0.4 1.3 6-10 

NF Number 15.4±0.8 2.54 13-20 60.6±10.5 33.4 22-115 5.3±0.78 2.49 1-9 

YP g 544.3±53.8 170 275-820 490±66.6 210 291-932 187.5±48.7 154 32-490 

DF Days 62.3±0.15 0.48 62-63 67.2±0.32 1.03 66-69 62.5±0.22 0.7 62-64 

DM Days 106±0.25 0.81 105-107 120.4±0.16 0.51 120-121 109.5±0.22 0.7 108-110 
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