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1. INTRODUCTION 

Brinjal also known as eggplant (Solanum melongena L., 2n=2x=24) is one of 

the few cultivated solanaceous species originated in the old world. India along with 

Indo-China is considered to be the centre of its diversity (Vavilov, 1951; Lester and 

Hasan, 1991). It is a major vegetable crop in several countries like India, Japan, 

Indonesia, China, Bulgaria, Italy, France, USA and many African countries. It is an 

economically important vegetable crop of India with the production of 12,634.13 MT 

from an area of 691.54 ha and average productivity of 18.2 MT/ha (NHB, 2012).  

The consumption of fruits and vegetables is important in improving the 

defence mechanism in human body against various ailments, and thus there is a 

growing interest among consumers for the health benefits from foods. Brinjal fruit 

serves as a good source of minerals and vitamins, and hence, it is important for 

human nutrition (Kalloo, 1988). It is also compared with tomato in terms of total 

nutritional value. It has been used in traditional medicines for treatment of asthma, 

bronchitis, cholera, dysuria and for lowering blood cholesterol (Khan, 1979). 

Various cultivars of brinjal and its wild, weedy forms found in India and 

Indo-China are grouped in S. melongena complex, and S. insanum has been regarded 

as the progenitor of cultivated brinjal (Lester and Hasan, 1991). The cultivated 

brinjal germplasm, including a wide range of landraces and cultivars, is further 

divided into three sub-heads based on fruit shape i.e., var. depressum (dwarf, early 

types), var. esculenta (round or egg-shaped fruits) and var. serpentinum (long slender 

forms) (Choudhury, 1976).  

Solanum is a large genus. Among 22 Indian species, there is a group of five 

related species namely, S. melongena, S. incanum sobriquet S. coagulans, S. 

xanthocarpum, S. indicum and S. maccani (Ram, 2012). S. incanum, a wild form of 

S. melongena is found in southern India and it has also been described as S. cumingii. 

Under domestication process this wild form gave rise to S. ovigerum (small 

round/oblong fruits with white green or violet colour) which evolved progressively 

into advanced cultivars with large fruits. S. insanum, widespread in India is probably 



 
 

a form of S. ovigerum which reversed to the wild state with strong prickliness. Later 

on all these taxa were brought under the umbrella of S. melongena (Ram, 2012). 

Another important wild relative of S. melongena is S. macrocarpon also known as 

tomato brinjal, is one among the 22 Indian species having thick leaves, blue/violet 

flowers, white coloured fruits (Behera and Singh, 2002).  

Till now, a large number of brinjal cultivars are known and are characterized 

by variation in morphology (growth habit and plant vigour, hairiness and prickliness, 

fruit colour, size and shape), physiology (earliness of flowering, water need and 

uptake) and biochemical features (Daunay et al., 2001). Conventionally, 

morphological descriptors are used for establishing the identity of varieties in various 

crops but these suffer from many drawbacks such as influence of environment on 

trait expression, epistatic interaction etc. Electrophoresis of seed protein and Isozyme 

analysis has overcome these limitations to some extent in recent past. Nevertheless, 

many powerful DNA based techniques are now available for identifying genotypes  

since all genetic differences between individuals are laid down in the primary 

sequence of their genomic DNA. Different methods viz., RFLP, RAPD, AFLP, SSR, 

ISSR assay, are now reported for identification of many crop varieties (Kumar, 

2005). 

Enforcement of trade related aspect of intellectual property rights agreements 

(TRIPs) under Word Trade Organisation (WTO) has resulted in worldwide shift from 

free exchange and unhindered exploitation to controlled access to plant genetic 

resources. Intellectual property rights of plant breeders and farmers need to be 

protected either by adaptation of patent system or some form of effective sui generis 

system. United Nation (UN) convention on biological diversity (CBD) (1993) 

recognizes the sovereignty of nations over their plant genetic resources and rights of 

farming community to receive compensation for direct and indirect commercial 

exploitation of traditional varieties.  

To comply with these international developments, India has enacted 

Protection of Plant Varieties and Farmer’s Rights Act (PPVFR) to provide legal 

framework for plant breeders and farmers rights. Enforcement of this act and 

eventual increased private sector investment would mean greater ownership related 



 
 

disputes in future (Bhat, 2008). DNA fingerprinting through its high precision in 

indentifying plant genotypes, holds considerable promise as a reliable tool for 

intellectual property protection of crop varieties and germplasm. Different molecular 

marker techniques are accessible today for fingerprinting plant germplasm but 

information on their relative efficacy in particular crop is not clear.  

Kerala Agricultural University is a pioneer public sector institute in breeding 

and crop improvement and several varieties including hybrids of vegetables have 

been released so far (Rajan and Prameela, 2004). In brinjal crop, four varieties 

including one F1 hybrid have been released and several others are in pipeline. 

Molecular data have not been developed for these varieties and since genetic 

variability detected through molecular markers in Solanaceous crops is relatively 

low, the relationship of cultivated species with its wild relatives also need to be 

elucidated for further exploitation.          

 In this context the present study was taken up with the following specific 

objectives: 

1. To characterize four brinjal varieties, three accessions and two wild relatives 

using molecular markers.  

2. To develop DNA fingerprint specific to the four varieties released by KAU. 

 

 

 

 

 

 

 

  



 
 

 

  

 Review of Literature  



 
 

2. REVIEW OF LITERATURE 

 

2.1 General background 

Brinjal along with potato, tomato, pepper and tobacco belongs to the 

Solanaceae family and are economically important crops. Solanum melongena L., the 

cultivated brinjal, was originally described by Linnaeus, (1753) on the basis of plants 

which were cultivated in Asia, Africa and America. A large number of cultivars are 

now known and characterized by their variability in morphology, physiology and 

biochemical features (Daunay et al., 1991).   At the beginning of the 20th century, a 

very refined study on the family Solanaceae, focusing on the largest genus Solanum 

was done for its characterization (Daunay et al., 2001). Other taxonomists have also 

contributed to the characterization of this genus, considering specific characters of 

taxonomic significance (Correll 1962; Seithe and Anderson 1982; Whalen 1984; 

Bohs, 1999). The vast amount of available literature has however, led to a 

considerable confusion surrounding the genus, for which 1,000 to 1,400 Solanum 

species have been associated to more than 3,000 binomial names (Daunay and 

Lester, 1988).  

India and Indo-China region represent the centre of brinjal diversity (Vavilov, 

1951; Lester and Hasan, 1991), but the affinities of brinjal (S. melongena) to related 

species remain uncertain. Taxa that are morphologically similar to brinjal are 

difficult to classify (Karihaloo and Gottlieb, 1995), and the delimitation of the 

cultivated brinjal from the weedy forms Solanum insanum and its wild progenitor 

Solanum incanum is unclear (Lester and Hasan, 1990). It is also recognized that S. 

incanum taxa described for Indian lines are distinct from those in Africa and the 

Middle East (Lester and Hasan, 1991). Furthermore, Lester and Hasan (1991) noted 

that both S. melongena and S. incanum have been frequently confused with the less 

closely related scarlet brinjal Solanum aethiopicum L., the gboma brinjal Solanum 

macrocarpon L. and with other wild species.  

 Kerala Agricultural University (KAU) has released three varieties of brinjal 

viz., Surya, Swetha, Haritha and one F1 hybrid Neelima, having different yield and 



 
 

morphologically important traits. In addition to these varieties, KAU is also having a 

large collection of brinjal accessions, having resistance to bacterial wilt (Rajan and 

Prameela, 2004).       

2.1.1 Important characters for morphological scoring  

Wide morphological diversity has been reported in brinjal and their wild 

types for plant morphology (inflorescence, leaf and fruit), physiology and 

biochemical properties (Collonier et al., 2001). Fruit shape, size, colour and taste are 

the most noticeable characters that vary among the individuals (Fray et al., 2007). 

Morphological diversity among the Solanaceae family members which cover genus, 

species and cultivars is really noteworthy (Knapp et al., 2004). Flowers, fruits and 

leaves are important plant parts used commonly in taxonomy as they were targets of 

the domestication process (Doganlar et al., 2002, Knapp et al., 2004).  

2.1.1.1 Vegetative characters 

S. melongena has a wide diversity in plant morphology such as plant growth 

habit, vigour, hairiness, prickliness, fruit shape, size, colour and yield potentials. 

Fruit colour, size and shape are the most distinctive characters that vary between the 

cultivated solanum species and their wild types (Kumar et al., 2008).     

2.1.1.2. Reproductive characters  

  Brinjal is an annual herbaceous plant. Inflorescence is often solitary but 

sometimes it constitutes a cluster of 2 to 5 flowers. Solitary or clustering of 

inflorescence is a varietal character. Flower is complete, actinomorphic and 

hermaphrodite. Calyx is five lobed, gamosepalous and persistent. It forms cup like 

structure at the base, corolla is five lobed gamopetalous with margins of lobes 

incurved. There are five stamens which are free and inserted at the throat of corolla, 

anthers are cone shaped free and apical dehiscence. Ovary is hypogynous, 

bicarpellary, syncarpous and with basal placentation. In brinjal, heterostyly is a 

common feature. Four types of flowers have been reported depending on the length 

of styles, viz., (i) long-styled with large ovary, (ii) medium-styled with medium size 



 
 

ovary, (iii) Pseudoshort-styled with rudimentary ovary and (iv) true short-styled with 

very rudimentary ovary (Krishnamurthi and Subramaniam, 1954). 

Brinjal is usually self-pollinated but the extent of cross pollination is reported 

as high as 29 per cent and hence, it is classified as often cross pollinated or 

facultative cross pollinated crop. Out crossing takes place with the help of insects. 

Flowers generally emerge 40 to 45 days after transplanting. Anthesis occurs 

at about 6 to 8 a.m. and usually between 9.30 and 11.15 a.m. during winter. Stigma 

receptivity is highest during anthesis. Anthers usually dehisce 15 to 20 min. after the 

flowers have opened. The receptivity of the stigma can be observed from its plump 

and shiny appearance which gradually becomes brown with the loss of receptivity. 

The period of effective receptivity ranges from a day prior to flower opening until 

about four days after opening. Pollen usually remains viable for a day during summer 

and 2-3 days in winter under field conditions (Nothmann et al., 1983). 

2.1.1.3 Characteristics of the genotypes identified for the study 

Surya (SM 6-7) is a high yielding variety developed by single plant selection 

method from an Annamalai collection SM 6. This variety was released in the year 

1992. It is also resistant to the bacterial wilt caused by Ralstonia solanacearum E. F. 

Smith. Its morphological futures are non prickly stem and leaves, green leaves with 

violet tinged vein, glossy, oval and medium sized purple coloured fruits. 

The variety Swetha (SM 6-6) is developed from Annamali collection (SM 6) 

by single plant selection method. It is a high yielding variety released in the year 

1997. It is having bushy growth habit with light purple tinge on the leaf stalk, violet 

flowers, plant non prickly, fruits white, medium to long (12.67 cm), born solitary or 

occasionally in clusters. It is resistant to bacterial wilt and tolerant to fruit borer 

under field condition. 

The variety Haritha (SM 141) is a local collection from Cochin. It was 

developed by single plant selection method and released in 1998. Spreading habit, 

non prickly stem, green leaves and vein, white flowers, light green, long and fleshy 



 
 

fruits with less seeds are the key characters. This variety is also resistant to bacterial 

wilt caused by Ralstonia solanacearum E. F. Smith. 

Neelima is the high yielding hybrid with Surya and SM 116 as its parents. It 

was released in 1998. Spreading habit, non prickly stem, green leaves with violet 

veins, purple flowers, large oval to round, glossy violet fruits are the important 

morphological characters and it is also resistant to bacterial wilt (Rajan and 

Prameela, 2004). 

The accessions SM 396 and SM 397 are the better performing genotypes 

identified at KAU for their high yield and disease resistance. The genotupes are 

under multi locational trials prior to release as variety. 

S. melongena var. insanum are shrubs of  75 cm size, leaves alternate, 

angulate, prickly along the nerves, base obliquely truncate, apex (sub)acute; petiole 

also prickly, flowers 1-4, extra-axillary, corolla purple to violet, acute, berry oblong-

globose, small and solitary, 3 cm across, fruiting calyx enlarging, seeds minutely 

pitted (Martin and Rhodes, 1979). 

S. macrocarpon is a wild relative grown for its large, glabrous leaves, used as 

a green vegetable. Fruits have large, often clasping calyx. They are sub spherical and 

large (3-10 cm in diameter, 2-6 cm long), cream white, green-white or green. Fruits 

are sweeter in taste and most preferred. At full maturity fruits turn yellow, orange or 

brown with cracked surface (Bukenya and Carasco, 1994). 

2.2 Genetic markers in plants 

Genetic markers are measurable inherited genetic variations, used to 

understand genetic components. There are different types of genetic markers with 

different properties, each having its own advantages and disadvantages to assess the 

genetic variations among natural populations. Currently, the most commonly used 

genetic markers are molecular markers. Due to the rapid developments in the field of 

molecular genetics, a variety of different techniques have emerged to analyze genetic 

variation during the last few decades (Whitkus et al., 1994; Karp et al., 1996, 1997a, 

b; Parker et al., 1998; Schlötterer, 2004). These genetic markers may differ with 



 
 

respect to important features, such as genomic abundance, level of polymorphism 

detected, locus specificity, reproducibility, technical requirements and financial 

investment. No marker is superior to all others for a wide range of applications. The 

most appropriate and important genetic marker will depend on its specific 

application, the presumed level of polymorphism, the presence of sufficient technical 

facilities or know-how, time constraints and financial limitations. Generally markers 

are divided in to three broad classes: those based on visually assessable traits 

(morphological and agronomic traits), those based on gene product (biochemical 

markers), and those relying on a DNA assay (molecular markers). Genetic markers 

are widely used by breeders and conservationists to study genetic diversity and to 

assist in crop improvement. 

2.2.1 Morphological markers 

The earliest studies of genetic characterization and divergence are based on 

morphological markers such as qualitative and quantitative traits (Arriel et al., 2007). 

These markers are inexpensive and simple to score and are based on distinct 

phenotypes such as plant colour, plant height, seed characteristics, etc. The apparent 

disadvantage of such markers is prominent in studies of genetic diversity where the 

expression of the phenotype is highly influenced by environmental conditions. Lack 

of adequate genome coverage because of limitation of the number of markers and 

problems of dominance can also be mentioned as weaknesses of morphological 

markers (Brown, 1978). Furthermore, the expression of these characters which are 

influenced by the environment may require that plants be grown to a suitable stage 

before certain characters can be scored. 

2.2.2 Biochemical markers 

Biochemical markers are markers derived from study of the chemical 

products of gene expressions. These are also termed as isozyme/allozyme markers or 

protein markers. According to Karp et al. (1997), the agro-morphological markers 

resulted in the development of biochemical markers that complement its drawbacks. 

According to Gottlieb (1981) the oldest biochemical technique used to study 

variations is isozyme analysis. It has the power to reveal polymorphism of alleles at 



 
 

particular locus on the basis of protein mobility (Brown et al., 1978). Isozyme 

technique is fast, cheap and simple. However, isozyme markers are not as plentiful as 

DNA markers; these underestimates the level of genetic diversity (Dudnikov, 2003) 

and sometimes interpretation of bands become difficult due to complex banding 

profiles arising from polyploidy or duplicate genes. In addition, proteins with 

identical electrophoretic mobility (co-migration) may not be homologous (Morell    

et al., 1995). Isozyme studies in plants have demonstrated differences in pattern and 

band intensities by tissue types and developmental stages (Montarroyos et al., 2003). 

Although isozymes have limitations but the technique was used for genetic diversity 

analysis in many species (Dudnikov, 2003) and it appeared to be more informative at 

lower taxonomic levels, particularly at species and population level characterization 

(Brown, 1990). Isozyme markers were applied to characterise Coffea Arabica 

(Berthaud et al., 1988). However, their use on wild C. arabica species 

characterizations from Ethiopia had failed to reveal polymorphism, indicating that 

isozyme technique is not appropriate for diversity study in Coffea arabica due to the 

small number of isozyme systems available (Berthaud et al., 1988). Paillard et al., 

(1996) also tried to construct isozyme based genetic map for coffee and were 

unsuccessful due to the low polymorphism level.  

2.2.3 Molecular markers 

Molecular markers are fragments of nuclear, mitochondrial or chloroplast 

DNA, with specific sequences such as RFLP, RAPD, AFLP, ISSR, SSR etc.  These 

technologies based on polymorphism in DNA, can be considered as objective 

measures of variations and have catalyzed research in a variety of disciplines such as 

phylogeny, taxonomy, ecology, genetics and plant breeding. Markers are informative 

only if, they are polymorphic in populations. Level of polymorphism is an important 

determinant of what a marker is useful for. Different types of molecular markers with 

different properties exist, each with its own advantages and disadvantages (Karp      

et al., 1997; Weising et al., 2005). However, it is extremely difficult to find 

molecular markers which could adequately meet all the ideal properties (Lowe et al., 

2004). Depending upon the type of the study to be undertaken, one can identify 

between varieties of marker systems that could fulfill the objective of the study 



 
 

(Weising et al., 2005). Many authors also suggest the use of more than one type of 

molecular marker in a single experiment (Karp et al., 1997). The DNA based marker 

systems are generally classified as hybridization-based (non-PCR) markers and PCR 

based markers (Joshi et al., 1999). 

2.3 PCR- based molecular marker techniques  

DNA fingerprinting is a technique, which has been widely adapted to 

differentiate organisms at the species and subspecies levels (McClean et al., 1994). 

The techniques used for cultivar identification are designed to detect the presence of 

specific DNA sequences or combination of sequences that uniquely identify the 

plant. Cultivar identification can be achieved more accurately using DNA 

fingerprinting data, especially in materials characterized by high genetic variations 

between cultivars. The most closely related cultivars are usually distinguished with 

the DNA fingerprinting methods (Beckmann and Soller, 1986). The application of 

DNA fingerprinting could be very valuable in the identification of cultivars and 

species and could help to create more efficient breeding programs through the 

detection of genetic linkages between DNA fingerprinting bands and agriculturally 

important quantitative trait loci (QTL). The high variability of DNA fingerprinting 

described in humans, animals and plants allows the identification of different 

individuals, genotypes, and species (Lin et al., 1993). 

2.4 Polymerase Chain Reaction (PCR)  

The Polymerase Chain Reaction (PCR) technique has been the basis of a 

growing range of new techniques for genome analysis based on the selective 

amplification of genomic DNA fragments (Saiki et al., 1988). Williams et al. (1990) 

reported the use of PCR with short oligonucleotide primers of arbitrary (random) 

sequence to generate markers, the basis of the Random Amplified Polymorphic DNA 

(RAPD). Welsh and McClelland (1990) also reported on Arbitrarily Primed 

Polymerase Chain Reaction (AP-PCR). DNA Amplification Fingerprinting (DAF) 

was also reported as another technique of PCR used in various experiments 

(Caetano-Anolles et al., 1991). The PCR reaction requires deoxynucleotides, DNA 

polymerase, primer, template and buffer containing magnesium (Taylor, 1991). 



 
 

Typical PCR amplification utilises oligonucleotide primers which hybridise to 

complementary strands. The product of DNA synthesis of one primer serves as 

template for another primer. The PCR process requires repeated cycles of DNA 

denaturation, annealing and extension with DNA polymerase enzyme, leading to 

amplification of the target sequence. This results in an exponential increase in the 

number of copies of the region amplified by the primer (Saiki et al., 1988). The 

technique can be applied to detect polymorphism in various plants, animals, bacterial 

species and fungi.  

The introduction of the PCR technique has revolutionized standard molecular 

techniques and has allowed for the proliferation of new tools for detecting DNA 

polymorphism (Hu and Quiros, 1991). The electrophoresis pattern of fragments 

generated by each primer for one isolate can be used as DNA fingerprints for 

assaying diversity (Tommerup et al., 1998). Polymorphism between two individuals 

is generally scored as presence or absence (non-amplification) of a particular DNA 

fragment. The absence may result from deletion of a priming site or insertion 

rendering site too distant for successful amplification. Insertion can change the size 

of a DNA fragment without preventing its amplification (Williams et al., 1990). PCR 

is simple, fast, specific, sensitive and the main advantage of this technique over 

others is its inherent simplistic analysis and the ability to amplify extremely, small 

quantities of DNA (Welsch et al., 1991).  

2.5 Molecular markers for varietal characterization 

Markers based on differences in DNA sequences between individuals 

generally detect more polymorphism than morphological and protein based markers 

and thus constitutes a new generation of genetic markers (Bostein et al., 1980; 

Tanksley et al., 1989). Hence, varietal profiling methods that directly utilize DNA 

could potentially address all the limitations associated with morphological and 

biochemical data. Cultivar identification using DNA fingerprinting is currently being 

investigated in a number of laboratories using different methods (Weising et al., 

1995). 



 
 

Polymerase chain reaction (PCR) based techniques make use of random or 

specific primers to amplify random or specific DNA fragments from the genome. 

They are simple to perform, easily amenable for automation and used to assay a large 

number of samples. These include Randomly Amplified Polymorphic DNA (RAPD) 

(Williams et al., 1990), Amplified Fragment Length Polymorphism (AFLP) (Vos    

et al., 1995), Simple Sequence Repeats (SSR) (Tautz,1989), Inter Simple Sequence 

Repeats (ISSR), DNA Amplification Fingerprinting (DAF), Sequence Tagged Sites 

(STS), Sequence Characterized Amplified Regions (SCAR), Expressed Sequence 

Tags (EST) etc. Of these, RFLP and SSR are co-dominant markers, while others are 

largely dominant markers. Out of the several molecular marker systems available, 

ISSR and SSR markers were utilized in the present study.   

 2.7 Inter simple sequence repeats (ISSR) markers 

ISSRs are DNA fragments of about 100-3000 base pairs located between 

adjacent, oppositely oriented microsatellite regions. ISSRs are amplified by PCR 

using microsatellite core sequences as primers with a few selective nucleotides as 

anchors into the non-repeat adjacent regions (16-18 bp). About 10-60 fragments from 

multiple loci are generated simultaneously, separated by gel electrophoresis and 

scored as the presence or absence of fragments of particular size. The ISSR primer is 

composed of microsatellite sequences either unanchored (Gupta et al., 1994; Wu     

et al., 1994) or anchored at the 5` or 3` end by two or four arbitrary nucleotides 

(Zietkiewicz et al., 1994; Fang et al., 1997). The sequence between the two binding 

sites in opposite orientation within suitable distance is amplified and loss or gain of 

binding sites are detected as band polymorphism (Yang et al., 1996). The addition of 

a different base at the 5` or 3` end renders their binding sites more specific and 

reproducible (Barth et al., 2002).  

ISSR method has been used extensively to identify and determine 

relationships at the species and cultivar levels (Martins et al., 2003). This method is 

widely applicable because it does not need sequence data for primer construction and 

is rapid, inexpensive and randomly distributed throughout the genome. The ISSR 

method has been reported to produce more complex marker patterns than the RAPD 

approach, which is advantageous when differentiating closely related cultivars 



 
 

(Parsons et al., 1997; Chowdhury et al., 2002). In addition, ISSR markers are more 

reproducible than RAPD markers (Goulão and Oliveira, 2001), because ISSR 

primers, designed to anneal to a microsatellite sequence, are longer than RAPD 

primers, allowing higher annealing temperatures to be used. Also because of the 

multilocus fingerprinting profiles obtained, ISSR analysis can be applied in studies 

involving genetic identity, parentage, clone and strain identification, and taxonomic 

studies of closely related species. In addition, ISSRs are considered useful in gene 

mapping studies (Godwin et al., 1997).  

ISSR markers have proven valuable for fingerprinting studies and genetic 

diversity investigations in several crops such as corn (Kantety et al., 1995) finger 

millet (Salimath et al., 1995) rice (Blair et al., 1999; Joshi et al., 2000; Girma et al., 

2007), tea (Assefa et al., 2003) and coffee (Aga, 2005; Tesfaye, 2006). ISSRs have 

been successfully used to estimate the extent of genetic diversity at inter and intra 

specific level in a wide range of crop spices which include wheat (Nagaoka and 

Ogihara., 1997), plantago (Wolff and Morgamrichard, 1998), vigna (Ajibade et al., 

2000) and sweet potato (Huang and Sun, 2000).  

ISSR markers linked to the traits of agronomic importance have been 

sequenced and used as STS markers in marker aided selection. An attractive possibility 

is thus the use of ISSR as probes for in-situ hybridization for physical mapping of 

homologous chromosome sites (Pasakinskiene et al., 2000). Another advantage in the 

use of ISSR markers lies in their linkage to SSR loci. Although microsatellites 

themselves are non functional and selectively neutral, they are known to be linked to 

coding regions and to mark gene rich regions (Kojima et al., 1998). 

Non anchored ISSRs are arbitrary multiloci markers produced by PCR 

amplification with a microsatellite primer (Borent and Branchard, 2001). They are 

advantageous because no prior genomic information is required for their use. The 

technique is reported to be stable across a wide range of PCR parameters. 

Polymorphisms were abundant among seven dicot species tested with two tri-

nucleotide and two tetra-nucleotide primers. Thus, non anchored ISSR markers are a 

good choice for DNA fingerprinting. 



 
 

Goulao et al. (2001) used two microsatellite based methodologies (SSR and 

ISSR) for fingerprinting and determination of similarity degree between 41 

commercial cultivars of apple. A total of 13 SSR primer sets were used and 84 

polymorphic alleles were amplified. Seven ISSR primer yielded a total of 252 bands, 

of which 176 (89.1%) were polymorphic. This study indicated that the results obtained 

based on the RAPD, AFLP, SSR and ISSR techniques were significantly correlated. 

The SSR and ISSR markers were found to be useful for cultivar identification and 

assessment of phenotypic relationship revealing advantages, due to higher 

reproducibility over other commonly employed PCR-based methods.  

For molecular characterisation of cultivated chestnut, 125 RAPD and 157 ISSR 

polymorphic markers were amplified using 28 and seven primers respectively. High 

level of congruence among the two marker systems was obtained from comparison of 

phenetic similarities based on the percentage of shared fragments. ISSR markers 

revealed important advantages over RAPDs, due to a high effective multiplex ratio 

(12.5 for ISSR compared with 2.2 for RAPD analysis) and reproducibility (Goulao     

et al., 2001). 

Zehdi et al. (2004) used 14 microsatellite primers to examine the genetic 

diversity in Tunisian date-palm germplasm showing a high level of polymorphism in 

49 accessions from three oases, with little geographic structure within Tunisia. 

The genetic makeup of micropropagated and regenerated plantlets of banana 

was assessed by RAPD and ISSR markers (Venkatachalam et al., 2007). The plantlets 

were analyzed for their genetic stability using RAPD and ISSR markers. A total of 50 

RAPD and 12 ISSR primers resulted in 625 distinct and reproducible bands showing 

homogeneous RAPD and ISSR patterns. Based on these results they confirmed their 

monomorphic nature with no genetic variation among the plantlets analyzed. 

The genetic variability of the Moroccan landraces of sorghum has been 

reported by Medraoui et al. (2007). Thirty-eight RAPD primers and four ISSR primers 

were used. The percentage of polymorphic fragments revealed with ISSR (98%) was 

higher than the one revealed with RAPD (85%). The level of the variability obtained 



 
 

through the two techniques was very high. Nevertheless, ISSR markers revealed more 

diversity than RAPD (0.995 ± 0.006 against 0.946 ± 0.031).  

Utilizing inter simple sequence repeats (ISSRs), the genetic diversity of 33 

Greek tomato (Solanum lycopersicum L.) landraces and three cultivars, three cherry 

tomato (S. lycopersicum var. cerasiforme) cultivars and two accessions of Solanum 

pimpinellifolium L. were studied (Terzopoulos and Bebeli, 2008). Furthermore, 12 

ISSR primers were also used to identify 27 morphotypes derived from seven landraces. 

Based on Jaccard's coefficient, an average genetic similarity of 0.797 (ranged from 

0.56 to 0.95) was found among the accessions. Cluster analysis using the UPGMA 

method placed all tomato landraces and cultivars into a single group, while the cherry 

hybrids and the S. pimpinellifolium accessions were placed in a second group. The 

ISSR data distinguished all the 27 morphotypes from each other and grouped the 

morphotypes derived from the same landrace together. The ISSR technology proved 

useful in describing genetic diversity among Greek tomato landraces and was capable 

of distinguishing the closely related morphotypes. 

Liu et al. (2008) used three molecular marker systems, RAPD, ISSR and 

SRAP, for identification and genetic diversity analysis of 35 elite late-bolting radish 

cultivars. Detected by 35 RAPD primers, 22 ISSR primers and 17 SRAP primer 

combinations, the proportions of polymorphic bands were 85.44 per cent, 85.20 per 

cent and 85.41 per cent, respectively, and the mean genetic similarity coefficients 

between pairs of genotypes were 0.781, 0.787 and 0.764, respectively. Each of the 

three molecular marker systems could identify all the cultivars. Five sets of three 

RAPD primers, three sets of three ISSR primers and 16 sets of three SRAP primer 

combinations were able to distinguish all the cultivars. A linear relationship was 

observed between Resolving power (Rp) of a primer and its ability to distinguish 

genotypes. The 35 cultivars were clustered into three major groups based on the 

RAPD, ISSR and marker combination data with UPGMA, which were in high 

accordance with their own origins and main characteristics. The results demonstrated 

that these three marker systems could be useful for identification and genetic 

diversity analysis of radish cultivars. 



 
 

Li et al. (2008) used Inter simple sequence repeat (ISSR) for DNA fingerprint 

analysis of thirty four major cultivated strains of Auricularia auricula in China. On the 

basis of ISSR analysis, the 34 strains were clustered by UPGMA and two specific 

ISSR bands from strain 173 and 186 were converted into two sequence characterized 

amplified region (SCAR) markers which were used to rapid strain identification. The 

genetic background of cultivated strains of A. auricula was similar and nomenclature 

of the cultivated strains was confused and full of synonyms. Utilization of ISSR 

fingerprint and its SCAR marker for rapid identification of cultivated strains in           

A. auricula was thus made practicable and significant. 

Diversity and genetic relationship in 100 cashew germplasm accessions were 

analyzed by Thimmappaiah et al. (2009) using RAPD and ISSR markers. Using 10 

selected RAPD primers 60 bands were generated, of which 51 were polymorphic 

(85%), and with 10 selected ISSR primers 67 amplified bands were observed with 58 

polymorphic bands (86.6%). By combining markers, a total of 127 bands were 

detected, of which 109 bands (85.8%) were polymorphic and produced on an average 

of 5.45 polymorphic bands per primer. Primers with high polymorphic information 

content and marker index were identified for discriminating accessions. High 

percentage of polymorphism (>85%) observed with different markers indicated high 

level of genetic variation existing among the accessions. Genetic relationship estimated 

using similarity co-efficient (Jaccard’s) values between different pairs of accessions 

varied from 0.43 to 0.94 in RAPD, 0.38 to 0.89 in ISSR and 0.43 to 0.87 with 

combined markers suggested a diversity (dissimilarity) ranging from 6 to 57 per cent, 

11 to 62 per cent and 13 to 57 per cent respectively and the diversity skewed around 50 

per cent indicated moderate diversity. The cluster analysis with UPGMA method 

separated the accessions broadly into 13 clusters and in that three into smaller clusters. 

 Kalpana et al. (2012) reported genetic variations and relationships between 

14 Morus alba and two Morus lhou (ser) koidz cultivars using the RAPD and ISSR 

markers with a set of 40 RAPD primers and 10 ISSR primers. Polymorphism 

exhibited by RAPD, ISSR and RAPD + ISSR primers among the sixteen samples 

were 66.67 per cent, 55.05 per cent and 64.11 per cent respectively. The genetic 

relationship between mulberry varieties and genetic dissimilarity coefficients were 



 
 

estimated for each pair of accessions. The dissimilarity coefficients ranged between 

0.123–0.378 and 0.095–0.285 for RAPD and ISSR markers respectively. 

Dendrogram generated by UPGMA clustering method clustered the genotypes into 

three and four groups by RAPD and ISSR fingerprint. 

Liu and Wu (2013) reported ISSR markers in forty nine potato onion 

cultivars (Allium cepa L. var. aggregatum G. Don). Several polymorphic amplified 

bands, with an average of 8.41 per primer, were obtained from seventeen ISSR 

primers. The percentage of polymorphism was 93.5 per cent. Genetic similarity 

varied from 0.4969 to 0.8616, the average value of the effective number of alleles, 

Nei's genetic diversity and Shannon's information index was 1.4716, 0.3072 and 

0.4590, respectively. Forty nine varieties were classified into six groups according to 

the ISSR (D = 0.72). These results showed that combined methods were more 

accurate for characterization of the genetic diversity and identification of potato 

onion cultivars. 

2.7.1 ISSR markers in brinjal 

ISSR analysis was performed by Isshiki et al. (2008) in eight cultivars of 

brinjal and 12 accessions in eight related Solanum species to evaluate the applicability 

of this analysis for assessing the phylogenetic relationships and identifying cultivars. A 

total of 552 polymorphic amplified bands were obtained from 34 of the 100 primers 

tested, and the percentage of polymorphism was 99.1 per cent. Cluster analysis based 

on the ISSR markers classified the Solanum species into seven groups. Combining the 

ISSR markers obtained by a few of the 34 primers was enough for distinguishing the 

eight cultivars of brinjal. This ISSR analysis was demonstrated to be available for the 

phylogenetic study and the cultivar identification. 

Molecular characterization of 19 advanced cultivars and landraces of brinjal 

was carried out using RAPD and ISSR markers. Twenty nine RAPD primers generated 

a total of 240 amplified fragments, while 23 anchored and non-anchored ISSR primers 

produced 299 fragments. Of these, 66 (27.5%) RAPD and 56 (18.73%) ISSR 

fragments were polymorphic (Tiwari et al., 2009). 



 
 

Ali et al. (2011) analyzed the diversity of brinjal using ISSR and RAPD 

procedures and subdivided 143 Chinese-cultivated brinjal based on genetic diversity 

index (GDI) and canonical discriminant analysis. ISSR markers were more effective 

than RAPD markers for detecting genetic diversity, which ranged from 0.10-0.51, 

slightly lower than what is known from other crops. 

Genetic relationships between ten genotypes of brinjal were studied by 

Mahmoud et al. (2012) using ISSR markers. Seven out of 20 ISSR primers were 

used to assay the levels of polymorphism among the Egyptian cultivars of brinjal. 

Variations in banding patterns were observed among these ten genotypes where 24 

monomorphic and 47 polymorphic distinct fragments (61% of polymorphism) 

accounted for high level of polymorphism between them. The genetic relationships 

based on ISSR markers were developed using SPSS computer program. 

Kumchai et al. (2013) used RAPD and ISSR markers for identification of 

interspecific hybrids between cultivars of brinjal and its wild relative S. torvum, which 

has disease resistance and desirable traits for crop improvement, population were 

developed through hybridization and embryo rescue. Twenty one hybrid progenies 

were obtained and examined based on morphological traits, RAPD and ISSR markers. 

Five of them were confirmed to be true interspecific hybrids. Eighteen and 14 bands 

from seven RAPD and 14 ISSR primers, respectively, were polymorphic and present in 

all the five hybrid seedlings and their parents. 

  2.8 Simple sequence repeats (SSR) or Microsatellite markers 

Simple sequence repeat or microsatellite is the term used to refer tandemly 

repeated short nucleotide units between 1-5 bp in the genome (Staub and Serquen, 

1996; Powell et al., 1996). These repeats show a genome-wide distribution and can 

be placed in either genes or non-coding regions of the nuclear genome or else in 

extra-nuclear genomes (Nunome et al., 2003ab; Varshney et al., 2005). In the 

genome, this distribution was reported to be collected around particular regions of 

the chromosomes such as centromeric areas. For the generation of SSR markers, 

sequence data would be required. Polymerase slippage during DNA replication, or 

slipped strand mispairing, is considered to be the main cause of variation in the 



 
 

number of repeat units of a microsatellite, resulting in polymorphism that can be 

detected by gel electrophoresis.  

SSR is a PCR based molecular method (Staub and Serquen, 1996) and the 

principle is the detection of polymorphism resulting from different numbers of repeat 

units in different individuals and is observed co-dominantly (Powell et al., 1996; 

Jones, et al., 1997). The level of polymorphism is very high which makes SSR an 

ideal marker for mapping, diversity studies, fingerprinting and population genetics 

(Jones et al., 1997; Mohan et al., 1997). However, the major disadvantage is related 

with development of SSR primers. 

An important advantage of SSRs is their ability to detect genetic diversity at a 

higher level of resolution than other methods. Furthermore, they are co-dominant, 

information may be obtained from a small amount of plant material at any stage of 

development, and the data are not affected by environmental conditions (Lanteri and 

Barcaccia, 2005). In addition, SSR primers and data can be shared among labs. 

Different methods have been used for the characterisation of SSR loci. 

Initially, microsatellites were isolated from partial genomic libraries with small insert 

size. Large numbers of clones were screened by colony hybridization with repeat 

containing probes. Later, in order to reduce the time invested in microsatellite 

isolation and to significantly increase yield, library enrichment techniques were 

developed (Holton, 2001; Zane et al., 2002). Microsatellite loci have been developed 

using RAPD-PCR of genomic DNA (Ender et al. 1996; Lunt et al. 1999; Liu, 2008) 

and an AFLP-PCR approach called FIASCO (Fast Isolation by AFLP of Sequences 

Containing repeats) (Zane et al., 2002; Sun et al., 2008; Zang et al., 2008). 

Among the classes of repetitive DNA sequences that have proven amenable 

for PCR amplification, SSRs remain the best choice of markers (Jacob et al., 1991). 

SSRs include a variety of di-, tri-, tetra- and penta-nucleotide tandem repeats 

(Hamada et al., 1982; Tautz, 1989; Weber and May, 1989) that can detect high levels 

of polymorphism at multiple loci and which can serve as a major source of genetic 

variation thus aiding individual identification. 



 
 

SSR loci can be amplified by PCR using primers, which are complimentary 

to the region flanking repeats. It is estimated to have a total of 5 × 10
3 

to 3 × 10
5    

microsatellites per plant genome (Condit and Hubbell, 1991). Rongwen et al. (1995) 

used SSRs to develop unique DNA profiles or fingerprints for 96 soybean cultivars. 

Seven SSR loci clearly differentiated all except two closely related individuals. 

Similar results were reported for other crop species viz., grape (Thomas and Scott, 

1993; Botta et al., 1995, avocado (Lavi et al.,1994), sorghum (Brown et al.,1996), 

hops (Brady et al., 1996), cucumbers and melons (Katzir et al.,1996), apple (Szewc-

McFadden et al., 1996; Guilford et al., 1997), barley (Russell et al., 1997) etc. The 

screening of microsatellite alleles in varieties generated a database useful for variety 

identification and the development of molecular markers for marker assisted 

selection (Garland et al., 1999) 

Struss et al. (1998) estimated genetic diversity among 163 barley genotypes. 

15 barley microsatellite markers detected a total of 130 alleles. The number of alleles 

per microsatellite marker varied from 5 to 15. On an average 8.6 alleles per locus 

were observed. 

Vander et al. (2000) Conducted a study to develop a simple sequence repeat 

(SSR) markers in Eucalyptus from amplified inter simple sequences repeat (ISSR).  

Eucalyptus grandis and its 36 progenies, E. urophylla, E. nitens, E. globulus and     

E. comaldulensis were studied. The result showed the species specific banding 

pattern. They also reported the feasibility of the microsatellite for eucalyptus 

germplasm characterization. 

Alvaez et al. (2001) used 17 microsatellite loci to study diversity among 31 

tomato accessions comprising nine species of the genus Lycopersicon. The 

microsatellite polymorphism were used to estimate the distribution of diversity 

throughout the genus to evaluate the efficiency of microsatellites for establishing 

species relationships in comparison with existing phylogeny reconstructions. 

Huang et al. (2002) used a set of 24 wheat microsatellite markers, 

representing at least one marker from each chromosome, for assessment of genetic 

diversity in 998 accessions of hexaploid bread wheat (Triticum aesrivum L.) which 



 
 

originated from 68 countries of five continents. A total of 470 alleles were detected 

with an average allele number of 18.1 per locus. 

He et al. (2003) developed 56 SSR markers, out of which 19 had detected 

polymorphism among 24 cultivated peanut genotypes. The average number of alleles 

per locus was 4.25. They identified 14 alleles at PM50 locus when 48 genotypes 

were surveyed. Using five such highly polymorphic markers they differentiated 24 

cultivated groundnut genotypes. 

Meerow et al. (2003) studied genetic variation with in Cocos nucifera 

germplasm collections at two locations in South Florida, representing eight cult ivars 

with SSR microsatellite DNA loci. A total of 67 alleles were detected, with eight the 

highest number at any one locus. 

Benor et al. (2008) determined the genetic diversity of 39 determinate and 

indeterminate tomato inbred lines collected from China, Japan, S. Korea, and USA. 

Using 35 SSR polymorphic markers, a total of 150 alleles were found with moderate 

levels of diversity, and a high number of unique alleles existing in these tomato lines. 

The mean number of alleles per locus was 4.3 and the average polymorphic 

information content (PIC) was 0.31. Unweighted Pair Group Method with Arithmetic 

Mean (UPGMA) clustering at genetic similarity value of 0.85 grouped the inbred 

lines into four groups. 

To provide simple sequence repeat (SSR) based DNA fingerprinting 

information for sugarcane cultivars that were developed in Yunan Province, China. 

(Xin-Long et al., 2010), genomic DNAs from 27 cultivars were amplified with 8 

pairs of polymorphic SSR primers. A total of 129 bands were obtained, including 

123 polymorphic bands (95.35%). The mean value of polymorphic information 

content (PIC) was 0.9445, and the genetic similarity coefficient ranged from 0.269 to 

0.767. 

RAPD and SSR were applied to assess genetic diversity in 61 tomato 

varieties from different species (Meng et al., 2010). Two thousand sixty two and 869 

clear fragments were amplified by RAPD and SSR, respectively. On the other hand, 



 
 

more polymorphic products were found with SSR as compared to RAPD, i.e., 100 

and 43.84 per cent, respectively. In addition, a higher value of the average similarity 

coefficient and lower PIC value were reflected in RAPD (0.79, 0.407) compared to 

SSR (0.56, 0.687) and concluded that SSR was a higher effective marker than RAPD 

to assess genetic diversity in tomato accessions. 

2.8.1 Simple sequence repeats (SSR) markers in brinjal  

Nunome et al. (2009) constructed simple sequence repeat (SSR) enriched 

genomic libraries in order to develop SSR markers, and sequenced more than 14,000 

clones. From these sequences, they designed 2,265 primer pairs to flank SSR motifs 

and identified 1,054 SSR markers from amplification of 1,399 randomly selected 

primer pairs. The markers have an average polymorphic information content of 0.27 

among eight lines of S. melongena. Of the 1,054 SSR markers, 214 segregated in an 

intraspecific mapping population. They constructed cDNA libraries from several 

brinjal tissues and obtained 6,144 expressed sequence tag (EST) sequences. From 

these sequences, they designed 209 primer pairs, seven of which segregated in the 

mapping population. On the basis of the segregation data, they constructed a linkage 

map, and mapped 236 segregating markers to 14 linkage groups. The linkage map 

spans a total length of 959.1 cM, with an average marker distance of 4.3 cM. These 

markers proved to be a useful resource for qualitative and quantitative trait mapping 

and for marker-assisted selection in brinjal breeding. 

Molecular characterization of brinjal genotypes collected from different 

geographical regions of Turkey was carried out using SSR and RAPD markers 

(Demir et al., 2010). With amplification of five SSR loci, the number of alleles per 

microsatellite locus ranged from 2 to 10, with a total of 24 alleles. The greatest 

number of alleles was found at the emf21H22 locus (10 alleles); followed by 

emh11O01 and emf21C11 as five and four alleles, respectively. The average number 

of alleles per locus was 4.8. Using 11 decamer RAPD primers, 100 bands were 

amplified, among which 29 were polymorphic. The number of bands per primer 

ranged from 7 to 14. Primer OPB07 was the most polymorphic, generating 64 per 

cent polymorphic bands; the rest of the primers gave less than 50 per cent 



 
 

polymorphism. UPGMA dendrograms were used to examine the genetic relatedness 

of the genotypes. 

Yan et al. (2011) used 101,270 brinjal expressed sequence tag (EST) 

sequences at public databases to search for simple sequence repeats (SSRs) and 405 

potential SSR loci were identified from 388 sequences. The highest proportion 

(34.07%, 138) was represented by tri-nucleotide, followed by di-nucleotide (19.51%, 

79) and hexa-nucleotide (15.8%, 64). Among the di-nucleotide repeats, AG/CT was 

the most common (55.69%), followed by AT/AT (31.64%) and AC/GT (12.66%). 

Further, 288 pairs of primers were developed from these sequences. A random set of 

100 EST-SSR primers were amplified in 12 brinjal accessions and 88 successfully 

amplified PCR products. Thirty two markers revealed 83 polymorphic alleles among 

the 42 cultivated accessions and the number of allelles per locus varied between two 

and six (mean 2.6). Polymorphic information content (PIC) values among the 42 

cultivated types were calculated and varied from 0.045 to 0.701 (mean 0.289). The 

markers showed low frequency transferability in Solanaceae. The 32 SSRs were 

used to evaluate genetic diversity. These SSRs proved valuable markers for future 

genetic study, such as genetic diversity estimation, linkage mapping, association 

mapping and molecular breeding. 

Muñoz-Falcón et al. (2011) used forty two eggplant accessions, which 

included 25 Striped accessions, of which 19 were of the Listada type (six accessions 

of Listada de Gandía, eight of Other Spanish Listada, and five of Non-Spanish 

Listada) and six of the Other Non-Spanish Striped group, and 17 Non-Striped 

accessions were characterized with 17 genomic SSRs and 32 EST-SSRs. Genomic 

SSRs had, as a mean, a greater polymorphism and polymorphic information content 

(PIC) than EST-SSRs. For two SSR markers, Listada de Gandía accessions were 

proved to be genetically diverse, specific and universal alleles. All the Listada 

accessions clusterd together in the multivariate PCA and UPGMA phenograms 

performed, and are separated from the Other Non-Spanish Striped and Non-Striped 

accessions. Also, Listada de Gandía accessions were clearly differentiated from the 

Other Spanish Listada and Non-Spanish Listada accessions in these analyses. SSR 

markers revealed great utility to obtain a specific fingerprint for the Listada de 



 
 

Gandía brinjal as well as to establish the uniqueness and distinctness of this landrace. 

This information was very helpful for the enhancement and protection from imitation 

of Listada de Gandía, and contributed to support its potential recognition with a 

Protected Designation of Origin (PDO) status. 

The use of AFLP and SSR markers confirmed the existence of genetic 

variation within each group of brinjal. In this respect, SSRs were more reliable than 

AFLPs to distinguish closely related brinjal materials and for allowing detection of 

specific universal SSR markers for the Almagro and Listada de Gandía landraces. 

Correlation coefficients between distances based on morphological, AFLP and SSR 

markers were moderate, reflecting the different genetic information provided by the 

three markers. The results showed that morphological and molecular markers 

provided complementary information, and when used in combination were very 

useful for the protection of local materials of brinjal (Prohens et al., 2011). 

Tümbilen et al. (2011) identified genic microsatellite (SSR) markers from an 

expressed sequence tag library of S. melongena and used for analysis of 47 

accessions of brinjal and closely related species. The markers had very good 

polymorphism in the 18 species tested including eight S. melongena accessions. 

Moreover, genetic analysis performed with these markers showed concordance with 

previous research and knowledge of brinjal domestication. These markers were 

valuable resource for studies of genetic relationships, fingerprinting, and gene 

mapping in brinjal.  

Molecular markers specific for Solanum elaeagnifolium (silverleaf 

nightshade) were not available. Zhu et al. (2012) identified 35 simple sequence 

repeat (SSR) primer pairs from potato, tomato and brinjal and tested these for cross-

species transferability in S. elaeagnifolium. Among them, 13 primer pairs 

successfully produced bands representing different alleles. The polymorphic 

information content ranged from 0 to 0.84. The transferable rate of SSR from potato, 

tomato and eggplant to S. elaeagnifolium was 20 per cent, 40 per cent and 46 per 

cent, respectively. SSR analysis revealed high level of genetic diversity among 40 

individuals collected within a paddock. Highly polymorphic and transferable cross-



 
 

species SSR markers were useful for determining the extent of genetic diversity in S. 

elaeagnifolium populations. 

Wen et al. (2012) used 105 brinjal SSR markers to analyze the genetic 

polymorphism of 34 brinjal high generation materials. The result indicated that there 

were 47 markers showing polymorphisms among the tested materials which had 148 

polymorphism sites. The polymorphic information content (PIC) varied from 0.025 

to 0.909, showed high genetic polymorphism. The similarity coefficient of the tested 

materials was between 0.63 to 0.93, implied little genetic differences and relatively 

narrow genetic base. By UPGMA cluster analysis, they classified the tested materials 

into two clusters and four sub-clusters. The result of SSR molecular marker was 

almost the same with that of fruit trait cluster analysis. 

Chinnappareddy et al. (2012) in the Indian Institute of Horticulture Research 

(IIHR) brinjal breeding program produced five genotypes with increased yield and 

excellent producer acceptance. Molecular profiles of these genotypes were developed 

using 39 EST-SSR primers for maximum discrimination and repeatability at 35 loci. 

In total, there were 181 alleles with the number of alleles per locus ranging from 9.0 

(EEMS 24) to 3.0 (EEMS 46 and EEMS 20), with a mean of 5.02 alleles per locus 

ranging from 85 to 300 bp. Polymorphic information content of the markers ranged 

from 0.343 to 0.794. Expected heterozygosity ranged from 0.560 to 0.880 and the 

probability of identity ranged from 0.010 to 0.376. Pair-wise comparison of 

microsatellite data led to development of an unweighted pair group method with 

arithmetic mean dendrogram and DNA barcodes for easy and accurate identification 

of brinjal genotypes with combinations of their morphological traits. The results 

indicated that 'IIHR-3' and 'IIHR-7' originated from a single source and 'Arka Anand' 

is a cross between 'IIHR-3' and 'SM-6-6', indicated a good fit with genetic similarity 

values. The DNA barcode fingerprint was deposited and used for clear identification 

of brinjal genotypes and to address intellectual property rights related issues. 

Hurtado et al. (2012) assessed the diversity and relationships of 52 accessions 

of brinjal from three geographically distant secondary centers of diversity (China, 

Spain, and Sri Lanka) using 28 morphological descriptors and 12 highly polymorphic 

genomic SSRs. A wide variation was found for most morphological traits, and 



 
 

significant differences among the three centers of diversity were detected for 22 of 

these traits. The SSR characterization identified 110 alleles and allowed obtaining a 

unique genetic fingerprint for each accession. Many alleles were found to be private 

to each origin, but no universal alleles were found for any of the origins. The PCA 

analysis showed that the genetic differentiation among origins was less clear than for 

morphological traits, although the analysis of the population structure showed that 

accessions mostly group according to the origin, but also provides evidence of 

migration among the three secondary centers of diversity. The genetic diversity (HT) 

within each origin was high, ranging between HT = 0.5400 (Sri Lanka) and HT = 

0.4943 (China), while the standardized genetic differentiation (G’ST) among origins 

was moderate (G’ST = 0.2657). The correlation between morphological and SSR 

distances was non-significant (r = 0.044), indicating that both data were 

complementary for the conservation of germplasm and breeding of brinjal. 

Adeniji et al. (2012) used seven Solanum species (brinjal) for molecular 

diversity. Thirty nine Solanum accessions, a landrace and tomato variety (LBR 48) 

were molecularly analyzed by simple sequence repeat (SSR) marker technique. A 

dendrogram was obtained based on the Jaccard’s coefficient of similarity and 

unweighted pair group method with arithmetic mean (UPGMA) clustering. A total of 

417 alleles were amplified with the number of alleles ranging from 5 to 38. 

Polymorphism was fairly high (0.05 to 0.92) among SSR markers with high number 

of repeats. Findings indicated that entries originated from different parts of the world 

did not form a distinct cluster, and there was no association between SSR marker 

pattern and geographical origin. 

Hence, in conclusive summary of the available reviewed literature pertaining 

to DNA fingerprinting in brinjal necessitates the utility of proposed research work. 

Earlier work done in this regard is very limited and thus indicates the suitability of 

ISSR and SSR markers for DNA fingerprinting brinjal genotypes. 
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3. MATERIAL AND METHODS 

The study on “DNA fingerprinting of brinjal (Solanum melongena L.) 

varieties and related species”  was carried out at the Centre for Plant Biotechnology 

and Molecular Biology (CPBMB), College of Horticulture, Vellanikkara during the 

period 2011-2013. The material used and methodologies adopted are presented in 

this chapter. 

3.1 Materials  

3.1.1 Plant Materials 

The brinjal varieties/accessions selected for the study included Solanum 

melongena genotypes- Surya, Swetha, Haritha, Neelima, SM 116, SM 396, SM 397 

and two wild relatives S. melongena var. insanum and S. macrocarpon. Breeder 

seeds were obtained from the Department of Olericulture, College of Horticulture, 

Kerala Agricultural University. Seeds were sown in pots and one month old 

seedlings (ten seedlings per variety) were transplanted and maintained in pot culture 

at open condition. 

3.1.2 Laboratory chemicals, glasswares and equipment items 

The chemicals used in the study were of good quality (AR grade) procured 

from Merck India Ltd., HIMEDIA and SISCO Research Laboratories. The Taq DNA 

polymerase, dNTPs, Taq buffer and molecular markers used were supplied by 

Bangalore Genei Ltd. All the plasticware used were obtained from Axygen and 

Tarson India Ltd. ISSR and SSR primers were obtained from Sigma Aldrich 

Chemicals Pvt. Ltd. Centrifugation was done in High speed refrigerated centrifuge 

(KUBOTA 6500). NanoDrop
R
 ND-1000 spectrophotometer was used for the 

estimation of quality and quantity of DNA. The DNA amplification was carried out 

in Veriti Thermal Cycler (Applied Biosystem, USA) and agarose gel electrophoresis 

was performed in horizontal gel electrophoresis unit (BIO-RAD, USA). The details 

of laboratory equipment items used are given in Annexure I. 

 



 
 

3.2 METHODS 

3.2.1 Morphological analysis 

 Morphological characters of brinjal varieties/accessions maintained at 

CPBMB Vellanikkara in pots were recorded as per the minimal descriptor of 

NBPGR (Srivastava et al., 2001). The characters observed were as follows:  

a) Plant growth habit 

b) Leaf and petiole colour 

c) Presence of prickles on leaves, stem and calyx.   

d) Flower colour 

e) Fruit colour  

f) Fruit shape  

g) Fruit curvature 

h) Fruit position   

3.2.2 Molecular analysis 

 Molecular analysis of the varieties/accessions were carried out with two 

different marker systems- Inter simple sequence repeats (ISSR) and simple sequence 

repeats (SSR). 

3.2.2.1 Genomic DNA extraction 

 Young tender, pale green leaves (first to third from the tip) were collected on 

ice from individual plants in each accession. The surface was cleaned by washing 

with sterile water and wiping with 70 percent alcohol. The fresh leaves were ground 

into a fine powder in liquid nitrogen along with β -mercaptoethanol and PVP using 

ice-cold mortar and pestle in order to prevent browning due to phenol oxidase 

activity.  

 Among the most commonly used protocols, CTAB method developed by 

Rogers and Bendich (1994) was used for the extraction of genomic DNA.  The 

reagents required for DNA isolation are given in Annexure II. 



 
 

Reagents used are, 

 I. CTAB buffer (2X):      

     - 2 per cent CTAB (w/v)  

                         - 100mM Tris (pH8) 

                         - 20mM EDTA (pH8) 

                                    - 1.4M NaCl  

                         - 1 per cent PVP 

 II. 10 per cent CTAB solution:              

   - 10 per cent CTAB (w/v)        

              - 0.7M NaCl. 

            III. TE buffer:                            

-10mM Tris (pH8) 

-1mM EDTA (reagent 1 and 3 autoclaved and stored at room 

temperature) 

 IV . Chloroform: isoamyl alcohol (24:1 v/v) 

 V. Isopropanol 

           VI. Ethanol 70 per cent and 100 per cent 

           VII. Sterile distilled water 

Procedure: 

 One gram of clean leaf tissues was ground in pre-chilled mortar and pestle in 

the presence of liquid nitrogen.  

 4ml of extraction buffer (2x), 50μl of β-Mercaptoethanol and a pinch of Poly 

Vinyl Pyrolidone (PVP) were added to the mortar. 

 The homogenized sample was transferred into an autoclaved 50ml centrifuge 

tube and 3ml of pre-warmed extraction buffer was added (total 7ml).  



 
 

 The contents were mixed well and incubated at 65ºC for 20 to 30 minutes with 

occasional mixing by gentle inversion. 

 Equal volume (7ml) of chloroform: isoamyl alcohol (24:1) was added and 

mixed by inversion to emulsify. Spun at 10,000 rpm for 15 minutes at 4ºC 

 After centrifugation the contents got separated into three distinct phases.   

 Aqueous topmost layer    -  DNA and RNA 

       Interphase       -  fine particles and proteins 

       Lower layer                  -  Chloroform, pigments and cell debris 

 Transferred the top aqueous layer to a clean centrifuge tube and added 1/10
th

 

volume of 10 per cent CTAB solution and equal volume of chloroform: 

isoamyl alcohol (24:1) and mixed by inversion. 

 Centrifuged at 10,000 rpm for 15 minutes at 4ºC. 

 Transferred the aqueous phase into a clean centrifuge tube and added 0.6 

volume of chilled isopropanol and mixed by quick gentle inversion till the 

DNA precipitated. Kept at -20ºC for half an hour for complete precipitation. 

 Centrifuged at 10,000 rpm for 15 minutes at 4ºC. Gently poured off the 

supernatant. 

 Washed the DNA pellet with 70 per cent ethanol followed by 100 per cent 

ethanol. 

 Spun for 5 min at 10,000 rpm and decanted the ethanol. 

 Air dried the pellet, dissolved in 50µl of sterilized water and stored at -20ºC. 

 Loaded the samples on 0.8 per cent agarose to observe the quantity and quality 

of DNA. 

3.2.3 Purification of DNA 

 The DNA which had RNA as contaminant was purified by RNase treatment 

and further precipitation. 

 

 



 
 

Reagents used are, 

 Phenol: chloroform mixture (24:1, v/v) 

 Chilled isopropanol 

 70 per cent ethanol 

 TE buffer 

 Chloroform: Isoamyl alcohol (24:1, v/v) 

 1 per cent RNase 

 One per cent solution was prepared by dissolving RNase (Sigma, USA) in TE 

buffer at 100
0
C for 15 minutes. The solution was cooled to room temperature, 

dispensed into aliquots and stored at -20
0
C

.
 

Procedure  

 To 100 µl DNA sample, RNase solution (2 µl) was added and incubated at 

37
0
C

 
in dry bath for 1 hour. 

  The volume was made up to 250 µl with distilled water. 

 Added equal volume of chloroform: isoamyl alcohol (24: 1) mixture and mixed 

gently. 

 Centrifuged at 10,000 rpm for 15 minutes at 4
0
C.  

 Transferred the aqueous phase into a fresh micro centrifuge tube and added 

equal volume of chloroform: isoamyl alcohol (24: 1)  

 Centrifuged at 10,000 rpm for 15 minutes at 4
0
C. 

 Transferred the aqueous phase into a clean centrifuge tube and added 0.6 

volume of chilled isopropanol and mixed by quick gentle inversion till the 

DNA precipitated. Kept at -20ºC for half an hour for complete precipitation.  

 Incubated the mixture at -20
0
C for 30 minutes and centrifuged at 10,000 rpm 

for 15 minutes at 4
0
C.  



 
 

 Washed the DNA pellet with 70 per cent ethanol  

 Air dried the pellet, dissolved in 50 to 100 µl sterilized water.  

 Loaded the samples on 0.8 per cent agarose gel at constant voltage of 100 V to 

test the quality and to find whether there was any shearing during RNase 

treatment. 

3.2.4 Electrophoresis of DNA 

 The quality of isolated DNA was evaluated through agarose gel electrophoresis 

(Sambrook et al., 1989).  

Reagents and Equipments 

1. Agarose - 0.8 per cent (for genomic DNA) 

                    - 2 per cent (for PCR ISSR and SSR samples) 

2. 50X TAE buffer (pH
 
8.0) 

                  - Tris buffer 

                  -  Acetic acid 

                  - 0.5mM EDTA 

3. Tracking/loading dye (6X)  

                  -Bromophenol blue 

                           -Glycerol 

4. Ethidium bromide (stock 10 mg/ml; working concentration 0.5 µg/ml) 

Composition of reagents is provided in Appendix III. 

Procedure  

 The gel tray was prepared by sealing the ends with tape. Comb was placed in 

gel tray about 1 inch from one end of the tray and positioned the comb 

vertically such that the teeth are about 1 to 2 mm above the surface of the tray. 



 
 

 Prepared 0.8 per cent agarose (0.8 g in 100ml) in a glass beaker or conical flask 

with 100 ml 1X TAE buffer. Micro waved for 45 to 60 seconds until agarose 

was dissolved and solution was clear.  

 Solution was allowed to cool to about 42 to 45 
0
C before pouring. (4µl 

Ethidium bromide was added at this point to a concentration of 10 µl/ml) and 

mixed well.   

 Poured this warm gel solution into the tray to a depth of about 5 mm. Allowed 

the gel to solidify for about 30 to 45 minutes at room temperature.  

 To run, gently removed the comb and the tape used for sealing, placed the tray 

in electrophoresis chamber, and covered (just until wells are submerged) with 

electrophoresis buffer (the same buffer used to prepare the agarose).  

 To prepare samples for electrophoresis, added 1 μl of 6x gel loading dye for 

every 5μl of DNA solution. Mixed well and loaded 6μl DNA sample per well. 

Loaded suitable molecular weight marker (λDNA EcoRI/ HindIII double 

digest) in one lane. 

 Electrophoresed at 70 volts until dye has migrated two third the length of the 

gel. 

 Intact DNA appears as orange fluorescent bands. If degraded, it appears as a 

smear because of the presence of a large number of bands, which differ in base 

length. The gel profile was examined for intactness, clarity of DNA band, 

presence of RNA and protein. 

3.2.5 Gel Documentation 

Gel documentation was done with BioRad Gel Documentation System using 

PDQuest™ software. PDQuest is a software package for imaging, analyzing, and 

databasing 2-D electrophoresis gels. PDQuest can acquire images of gels using any 

of several Bio-Rad imaging systems. An image of a gel is captured using the 

controls in the imaging device window and displayed on computer screen.  



 
 

3.2.6 Assessing the quality and quantity of DNA by spectrophotometer 

 The purity of DNA was further checked by using NanoDrop ND-1000 

spectrophometer. Nucleic acid shows absorption maxima at 260nm whereas proteins 

show peak absorbance at 280nm. Absorbance is recorded at both wavelength and 

purity is indicated by the ratio OD260/OD280. The values between 1.8 and 2.0 indicate 

that the DNA is pure and free from proteins. The quantity of DNA in the pure sample 

was calculated using the relation 1 OD260 equivalent to 50µg double stranded 

DNA/ml sample. 

                         1 OD at 260 nm = 50 µg DNA/ml 

        Therefore OD260 × 50 gives the quantity of DNA in µg/ml. 

Procedure for quantity detection using Nanodrop 

 Connected the Nanodrop spectrophotometer to the System and open the 

operating software ND-100. 

 Selected the option Nucleic acid. 

 With the sampling arm open, pipetted 1µl distilled water onto the lower 

measurement pedestal. 

 Closed the sampling arm and initiated a spectral measurement using the operating 

software on the PC. The sample column is automatically drawn between the 

upper and lower measurement pedestals and the spectral measurement is made. 

 Set the reading to zero with sample blank. 

 1µl sample was pipetted onto measurement pedestal and select measure. 

 When the measurement was complete, opened the sampling arm and wiped the 

sample from both the upper and lower pedestals using a soft laboratory wipe. 

Simple wiping prevents sample carryover in successive measurements for 

samples varying by more than 1000 fold in concentration. 

3.3 Molecular Markers used for the study 

 Two types of markers were used for the study which includes ISSR (Inter 

Simple Sequences Repeats) and SSR (Simple Sequence Repeats). Under each marker 



 
 

analysis system, DNA from all of the nine genotypes of brinjal were amplified 

separately with all the selected primers. This would help to obtain amplification 

pattern for a particular variety with different primers in a marker system 

simultaneously.  

  3.3.1 DNA amplification conditions 

The PCR condition required for effective amplification in ISSR and SSR 

analysis include appropriate proportions of the component of the reaction mixture. 

The reaction mixture includes template DNA, assay buffer A or B, MgCl2, Taq DNA 

polymerase, dNTPs and primers. The aliquot of this master mix were dispensed into 

0.2ml PCR tubes. The PCR was carried out in Veriti Thermal Cycler (Applied 

Biosystem, USA). 

 Another important factor, which affect amplification rate is the temperature 

profile of thermal cycle. The thermocycler was programmed for desired times and 

temperature for denaturation, annealing and polymerization. 

3.3.2 ISSR (Inter Simple Sequence Repeat) analysis 

 The good quality genomic DNA (25-30 ng/µl) isolated from brinjal leaf 

samples were subjected to ISSR analysis. ISSR primers with good resolving power 

were used for amplification of DNA. The primers for assay were selected after an 

initial screening. 

 PCR amplification was performed in a 20 µl reaction mixture and the 

composition of the reaction mixture consisted of, 

a) Genomic DNA (30 ng)  - 2 µl 

b) 10X Taq assay buffer B  - 2.0 µl 

c)  MgCl2    - 2.0μl 

c) dNTP mix (10 mM each)  - 1.5 µl 

d) Taq DNA polymerase (3U)  - 0.4 µl 

e)  Primer (10 pM)    - 1.5 µl 

f) Autoclaved distilled water  - 10.6µl 

                                Total volume - 20.0 µl 



 
 

The amplification was carried out with the following programme 

                                   94
0
C for 4 minutes  - Initial denaturation  

                                   94
0
C for 45 seconds - Denaturation 

                         43
0
C to 55

0
C for 1 minutes  -         Primer annealing   

                                   72
0
C for 2 minutes  - Primer extension 

                                   72
0
C for 8 minutes  - Final extension  

 4
0
C for infinity to hold the sample 

3.3.2.1 Screening of ISSR primers and analysis 

 Thirty six primers (ISSR Technologies) were screened for ISSR analysis 

and are listed in Table 1. Primers were selected from literatures based on previous 

studies in ISSR analysis in brinjal.  

 The amplified products were run on 2 per cent agarose gel using 1X TAE 

buffer stained with ethidium bromide along with marker (100-bp DNA ladder). The 

profile was visualized under UV (312 nm) transilluminator and documented for 

further analysis. The documented ISSR profiles were carefully examined for 

amplification of bands.  

 

 

 

 

 

 

 

 

 

 

35 cycles  



 
 

Table 1: List of ISSR primers screened with brinjal samples 

Sl. No Primer Nucleotide Sequence 

1 UBC 811 5’GAGAGAGAGAGAGAGAC3’ 

2 UBC 813 5’CTCTCTCTCTCTCTCTT3’ 

3 UBC 814 5’CTCTCTCTCTCTCTCTA3’ 

4 UBC 815 5’CTCTCTCTCTCTCTCTG3’ 

5 UBC 834 5’AGAGAGAGAGAGAGAGYT3’ 

6 UBC 835 5’AGAGAGAGAGAGAGAGYC3’ 

7 UBC 836 5’AGAGAGAGAGAGAGAGYA3’ 

8 UBC 840 5’GAGAGAGAGAGAGAGAYT3’ 

9 UBC 844 5’CTCTCTCTCTCTCTCTRC3’ 

10 UBC 890 5’VHVGTGTGTGTGTGTGT3’ 

11 UBC 866 5’CTCCTCCTCCTCCTCCTC3’ 

12 UBC 807 5’AGAGAGAGAGAGAGAGT3’ 

13 UBC 843 5’CTCTCTCTCTCTCTCTRA3’ 

14    UBC S2 5’CTCTCTCTCGTGTGTGTG3’ 

15 UBC 820 5’GTGTGTGTGTGTGTGTC3’ 

16 UBC 854 5’TCTCTCTCTCTCTCTCRG3’ 

17 UBC 845 5’CTCTCTCTCTCTCTCTRG3’ 

18 UBC 817 5’CACACACACACACACAA3’ 

19 UBC 826 5’ACACACACACACACACC3’ 

20 UBC 818 5’CACACACACACACACAG3’ 

21 ISSR 04 5’ACACACACACACACACC3’ 

22 ISSR 05 5’CTCTCTCTCTCTCTTG3’ 

23 ISSR 06 5’GAGAGAGAGAGAGAGAC3’ 

24 ISSR 07 5’CTCTCTCTCTCTCTTG3’ 

25 ISSR 08 5’GAGAGAGAGAGAGAGAT3’ 

26 ISSR 09 5’CTCTCTCTCTCTCTCTCG3’ 

27 ISSR 10 5’ACACACACACACACACG3’ 

28 ISSR 15 5’TCCTCCTCCTCCTCC3’ 

29 SPS 03 5’GACAGACAGACAGACA3’ 

30 SPS 08 5’GGAGGAGGAGGA3’ 

31 UBC 868 5’GAAGAAGAAGAAGAAGA3’ 

32 UBC 895 5’- AGAGTTGGTAGCTCTTGATC-3’ 

33 UBC 899 5’-CATGGTGTTGGTCATTGTTCCA -3’ 

34 UBC 880 5’- GGAGAGGAGAGGAGA-3’ 

35 UBC 892 5’ - TAGATCTGATATCTGAATTCCC-3’ 

36 UBC 900 5’ - ACTTCCCCACAGGTTAACACA-3’ 

 

 



 
 

3.3.3 SSR (Simple Sequence Repeat) analysis 

             The good quality genomic DNA (20 to 25ng/µl) isolated from brinjal leaf 

samples were subjected as per the procedure reported by Demir et al. (2010). SSR 

primers supplied by sigma, USA were used for amplification of DNA. So SSR 

primers for the assay were selected after an initial screening of primers. 

The amplification was carried out in Veriti Thermal Cycler (Applied 

Biosystem, USA). PCR amplification was performed in a 20 µl reaction mixture 

which consisted of,  

            a) Genomic DNA (30ng)  - 2.0µl 

 b) 10X Taq assay buffer A  - 2.0µl 

 c) dNTP mix (10mm each)  - 1.5µl 

 d) Taq DNA Polymerase (1U) - 0.3µl 

 e) Forward Primer (10pM)  - 0.75µl 

 f) Reverse Primer (10pM)  - 0.75µl 

 g) Autoclaved Distilled Water -           12.7µl 

  Total volume   - 20.0µl 

The thermocycler was carried out with the following programme 

                                   94
0
C for 3 minute  - Initial denaturation  

                                   94
0
C for 1 minute  - Denaturation 

                         53
0
C to 55

0
C for 1 minute  -         Primer annealing 

                                   72
0
C for 1 minute  - Primer extension 

                                   72
0
C for 5 minutes  - Final extension  

 4
0
C for infinity to hold the sample 

3.3.3.1 Screening of SSR Primers and analysis 

Sixty one primer combinations were screened by PCR for SSR analysis and 

are listed in Table 2. The amplified products were run on two per cent agarose gel 

using 1X TAE buffer stained with ethidium bromide along with marker (100bp 

ladder). The profile was visualized under UV (312 nm) transilluminator and 

documented. The documented SSR profiles were carefully examined for 

amplification of DNA as bands.  

35 cycles  



 
 

Table 2: List of SSR primers screened with brinjal samples 

Sl. 

No. 

Name of 

Primers 

Sequence 

1 LE aac001 F 5’- AGGAAGAGCGTGAGTCTGAAC-3’ 

R 5’-TCCTGCGCCACTTTAGAG-3’ 

2 LE aat001 F 5’-GATGGACACCCTTCAATTTA-3’ 

R 5’-TCCAAGTATCAGGCACACC-3’ 

3 LE aat004 F 5’- CAGGATCAGAACAGCGATG-3’ 

R 5’-CCACTGGTATCCATCTTTCAC-3’ 

4 LE aat005 F 5’- GGTCATGCAGGTTGGATTAC-3’ 

R 5’-AACCTTCCTTCCTATTGGC-3’ 

5 LE aat006 F 5’- GCCACGTAGTCATGATATACATAG-3’ 

R 5’-GCCTCGGACAATGAATTG-3’ 

6 LE aat007 F 5’-CAACAGCATAGTGGAGGAGG-3’ 

R 5’-TACATTTCTCTCTCTCCCATGAG-3’ 

7 LE aat008 F 5’-GAGTCAACAGCATAGTGGAGGAGG-3’ 

R 5’-CGTCGCAATTCTCAGGCATG-3’ 

8 LE ac001 F 5’-TGCCTTCCATCTAACCAATC-3’ 

R 5’-CTGTGGCAAATATGTCCCTAAG-3’ 

9 LE act001 F 5’- AATCATCAACTTTAAACTGTGACAC-3’ 

R 5’-TGCATTGAGATGATGAGTCGTTGG-3’ 

10 LE agat001 F 5’- TCCAGATAGTCAGTCAGTCAGACAGC-3’ 

R 5’-TCTCTATCTTTAAGAGTGGGAGAAC-3’ 

11 LE aga001 F 5’-TTCTTCACTGTTGACAGAGAGAC-3’ 

R 5’-CATTAGTTGAGAGTGATACCGC-3’ 

12 LE ag001 F 5’- GCTCGAGCACATATAGAAGAGAATCA-3’ 

R 5’-CCATTTCATCATATCTCTCACCTTGC-3’ 

13 LE ag002 F 5’- AGACGCTTCGACGGGGTTTA-3’ 

R 5’-AGGACAGGTGAATGGGTCAAAGA-3’ 

14 LE ag003 F 5’-ACCCTAAAACTAACGACATTCAACG-3’ 

R 5’-TTCGTGGACTAATGTATGAAGTGTACC-3’ 

15 LE at001 F 5’-GCGCGAGCTCTCTCTGATCTCT-3’ 

R 5’-TTGTAATTGCATCGGCCACG-3’ 

16 LE at002 F 5’-TACTGCATTTCAGGTACATACTCATC-3’ 

R 5’-ATAAACTCGTAGACCATACCCTC-3’ 

17 LE at003 F 5’- GAGAAGTTGGTGCATTCATAAC-3’ 

R 5’-AAACAGTAAACCAAACACTTGC-3’ 

18 LE at004 F 5’- GCCAGTTGATCATCATCATGAGTACA-3’ 

R 5’-AGAAGCCAATGAAGTGAGTGTTGC-3’ 

19 LE at005 F 5’- TGCAGCCTTTGGGTAAAC-3’ 

R 5’-ATAGTTTGAAGAGAGGGAGAAAG-3’ 

20 LE at006 F 5’- CATAATCACAAGCTTCTTTCGCCA-3’ 

R 5’-CATATCCGCTCGCTCGTTTCGTTAGTAAT-3’ 

21 LE at007 F 5’-GCCCTAGATCTCACAAGCC-3’ 

R 5’-CACAAAGCTGAATGATACGAAG-3’ 
 



 
 

 

 

 

 

22 LE at008 F 5’-AAGCGCGAGCTCTCTCTGATCTC-3’ 

R 5’-CCACGATCTCCGCCATATGC-3’ 

23 LE at011 F 5’- TGGGCTGACTTCGAGTTTG-3’ 

R 5’-CGAGAAAGGGCAGAGAATG-3’ 

24 LE at012 F 5’-CGGCAAAGGGACTCGAATTC-3’ 

R 5’-GTGGCGGAGTAGAAACCTTAGGA-3’ 

25 LE at013 F 5’- ATCACAAGCTTCTTTCGCCACA-3’ 

R 5’-ACCCATATCCGCTCGTTTCG-3’ 

26 LE at014 F 5’-TGTGTTGCGTCATTACCACTAAC-3’ 

R 5’-CCCAACCACCAATACTTTCC-3’ 

27 LE at015 F 5’-GGATTGTAGAGGGTGTTGTTGG-3’ 

R 5’-TTTGATAATGACTTTGTCGATG-3’ 

28 LE at016 F 5’- CCCAAATGCTATGCAATACA-3’ 

R 5’-AGTTCAGGATTGGTTTAAGGG-3’ 

29 LE at017 F 5’- TGAGAACAACGTTTAGAGGAGCTG-3’ 

R 5’-GGGGCAGAATCTCGAACTC-3’ 

30 LE at019 F 5’- TGCCTCTCTTCAAAGATAAAGC-3’ 

R 5’-CGGAAAGTTCTCTCAAAGGAG-3’ 

31 LE aat001 F 5’-GATGGACACCCTTCAATTTA-3’ 

R 5’-TCCAAGTATCAGGCACACC-3’ 

32 LE at010 F 5’- TGGCTCTGCTCAACTCAAGAACTAC-3’ 

R 5’-CACGTGAGGTTAGCCAGTGCATC-3’ 

33 LE at018 F 5’- CGGCGTATTCAAACTCTTGG-3’ 

R 5’-GCGGACCTTTGTTTTGGTAA-3’ 

34 SSRKAU1 F 5’-AATTCACCTTTCTTCCGTCG-3’ 

R 5’-GCCCTCGAATCTGGTAGCTT-3’ 

35 SSRKAU2 F 5’-TTCAGGTATGTCTCACACCA-3’ 

R 5’-TTGCAAGAACACCTCCCTTT-3’ 

36 SSRKAU3 F 5’-GGGTTATCAATGATGCAATGG-3’ 

R 5’-CCTTTATGTCAGCCGGTGTT-3’ 

37 SSRKAU4 F 5’-TGCCAATCCACTCAGACAAA-3’ 

R 5’-TGGATTCACCAAGGCTTCTT-3’ 

38 SSRKAU7 F 5’-GAAGGGACAATTCACAGAGTTTG-3’ 

R 5’-CCTTCAACTTCACCACCACC-3’ 

39 SSRKAU8 F 5’-AATGAAGAACCATTCCGCAC-3’ 

R 5’-ACATGAGCCCAATGAACCTC-3’ 

40 SSRKAU9 F 5’-ACATGAGCCCAATGAACCTC-3’ 

R 5’-AACCATTCCGCACGTACATA-3’ 

41 SSRKAU10 F 5’-GCGATGAGGATGACATTGAG-3’ 

R 5’-TTTACAGGCTGTCGCTTCCT-3’ 



 
 

 

 

 

42 SSRKAU11 F 5’-TGTTGGTTGGAGAAACTCCC-3’ 

R 5’-AGGCATTTAAACCAATAGGTAGC-3’ 

43 SSRKAU12 F 5’-TCCTCAAGAAATGAAGCTCTGA-3’ 

R 5’-CCTTGGAGATAACAACCACAA-3’ 

44 SSRKAU13 F 5’-GGAATAACCTCTAACTGCGGG-3’ 

R 5’-CGATGCCTTCATTTGGACTT-3’ 

45 SSRKAU15 F 5’-TGTTGCTCGAACTCTCCAAA-3’ 

R 5’-CATAGGAGAGGTAACCCGCA-3’ 

46 SSRKAU16 F 5’-GTTTCTATAGCTGAAACTCAACCTG-3’ 

R 5’-GGGTTCATCAAATCTACCATCA-3’ 

47 SSRKAU17 F 5’-TTCGTTGAAGAAGATGATGGTC-3’ 

R 5’-CAAAGAGAACAAGCATCCAAGA -3’ 

48 SSRKAU18 F 5’-CCGTTACCTTGGTCCATCAC-3’ 

R 5’-GGGAGATGCCACATCACATA-3’ 

49 SSRKAU6 F 5’-TGGCATGAACAACAACCAAT-3’ 

R 5’-AGGAAGTTGCATTAGGCCAT-3’ 

50 SSRKAU19 F 5’-ATTGTACAAAGACCCGTGGC-3’ 

R 5’-GTTGCACACTGGATCAATGC-3’ 

51 SSRKAU20 F 5’-AGGGTCCTTCGTTTGGAACT-3’ 

R 5’-GCATTCCACTTGTGAAGCAT-3’ 

52 SSRKAU21 F 5’-GGTCCAGTTCAATCAACCGA-3’ 

R 5’-TGAAGTCGTCTCATGGTTCG-3’ 

53 SSRKAU22 F 5’-GCAGAGGATATTGCATTCGC-3’ 

R 5’-CAAACCGAACTCATCAAGGG-3’ 

54 SSRKAU23 F 5’-TGGCTGCCTCTTCTCTGTTT-3’ 

R 5’-TTTCTTGAAGGGTCTTTCCC-3’ 

55 SSRKAU24 F 5’-CCGAGGCGAATCTTGAATAC-3’ 

R 5’-GCACCATCTCTTGTGCCTCT-3’ 

56 SSRKAU25 F 5’-CTCGTCTTTAGGTATCAATGGAGAT-3’ 

R 5’-TCAATGCTACTCAATGGCTCA-3’ 

57 SSRKAU5 F 5’-GATCGGCAGTAGGTGCTCTC-3’ 

R 5’-CAAGAAACACCCATATCCGC-3’ 

58 SSR 306 F 5’-ACATGAGCCCAATGAACCTC-3’ 

R 5’-AACCATTCCGCACGTACATA-3’ 

59 SSR 45 F 5’-TGTATCCTGGTGGACCAATG-3’ 

R 5’-TCCAAGTATCAGGCACACCA-3’ 

60 SSR 48 F 5’-ATCTCCTTGGCCTCCTGTTT-3’ 

R 5’-GTCATGGCCACATGAATACG-3’ 

61 SSR350 F 5’-GGAATAACCTCTAACTGCGGG-3’ 

R 5’-CGATGCCTTCATTTGGACTT-3’ 



 
 

3.4 Diversity analysis using ISSR assay 

 Fifteen different ISSR primers were selected from the previous screening 

(Table 1) for diversity analysis of the selected genotypes. 

3.5 Scoring of bands and data analysis 

 Scoring of bands on agarose was done with the Quantity one software 

(BioRad) in the Gel Doc imagination system. 100 bp ladder was used as molecular 

weight size marker for each gel along with DNA samples. The fingerprint was 

developed from clear distinct band for each genotype. The bands were scored as 1 for 

presence and 0 for absence respectively and their size recorded in relation to the 

molecular weight marker used. The bands were also depicted in an word excel 

format based on molecular weight. Different colour codes were provided to the 

amplicons of same size with respect to a particular primer in different genotypes ie. 

bands of same size unique to a genotype was given green colour, those shared by two 

genotypes were given yellow colour and so on.  The fingerprint results obtained from 

ISSR and SSR were transformed into data matrix as discrete variables. Jaccards 

coefficient of similarity was measured and a dendrogram based on similarity 

coefficient was generated by using  Unweighted pair Group Method with Arithmetic 

means (UPGMA). Only distinct and well resolved fragments were scored. The 

resulting data were analysed using the software package NTsys (Rohlf, 2005). 

 Resolving power (Prevost and Wilkinson, 1999) was used to identify the 

primers that would distinguish the accessions most efficiently. Resolving power (Rp) 

of ISSR primers was calculated as the sum of ‘band informativeness’ of the bands 

product by the primer. Band informativeness (Ib) is = 1(2(0.5-p)), where p is the 

proportion of accession containing the band. Resolving power of the primer is 

represented as : Rp =  Σ Ib. 

 Polymorphic information content (PIC) value of the primer is represented as 

PIC= 1- Σ pi
2
, where pi is the frequency of the i

th
 allele. Thus confirming the 

suitability of the primer selected for the DNA fingerprinting. The PIC value 

(Hollman et al., 2005) of the marker detects polymorphism within a population 

depending on the detectable alleles and their frequency.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Results 



 
 

4. RESULTS 

 

The results of different experiments carried out for DNA fingerprinting of 

four varieties, three accessions and the related species are described in this chapter.    

4.1 Morphological characterisation  

Morphological characters were recorded as per the minimal descriptor list of 

NBPGR (Srivastava et al., 2001). Morphological parameters observed for the 

different genotypes are listed in Table 3. Among the genotypes studied the main 

morphological variations were observed for plant growth habit, flower colour, fruit 

shape and colour. The specific characteristics of the genotypes can be observed in the 

Plate 1 and 2. 

4.1.1 Vegetative characters   

1. There are three type of growth habit in brinjal viz., prostrate, intermediate 

and erect. Most of the varieties/accessions had intermediate growth habit 

except Swetha, SM 116 and S. macrocarpon which were erect in stature. 

The SM 396 accession was having a prostrate growth habit.  

2. In petiole, four types of colors were observed among the genotypes viz., 

violet, greenish violet, green and dark violet. Among all the genotypes, 

Surya, S. melongena var. insanum and S. macrocarpon were having violet 

petiole. Neelima, SM 116 and SM 397 were dark violet colored. Haritha 

and SM 396 having green and Swetha was the only one accession 

observed which was having greenish violet petiole colour. 

3. Two main leaf colours observed were green and dark green. Among the 

genotypes, Haritha and SM 396 were green and others were dark green 

colored. 

4.  SM 397 and S. melongena var. insanum were the only accessions having 

prickles on leaves, stem and calyx.  In other genotypes, prickles were 

completely absent. 

 



 
 

4.1.2 Reproductive characters            

1. Brinjal flowers are basically of two colours either white or violet. Among 

the varieties/accessions under investigation Haritha was the only variety 

with white flowers. 

2. Varieties/accessions varied greatly in there fruit characteristics like fruit 

colour and fruit shape. There were purple, white, green and striated fruits. 

Haritha, SM 396 and S. melongena var. insanum were having green 

fruits. Swetha and S. macrocarpon were having white fruits. Surya, 

Neelima, SM 116 and SM 397 were purple fruited.  

3. Swetha and Haritha were having the long fruit shape, other genotypes 

were oval shaped. The wild relatives S. melongena var. insanum and       

S. macrocarpon belonged to the round fruited category.  

4. Swetha and Haritha were the only two varieties having slightly curved 

fruit. 

5. S. macrocarpon was having semi pendent fruit position and others were 

pendent in nature for fruit position.        

 

 

 

 

 

 

 

 

 

 

 



Table 3: Morphological characters of brinjal varieties/accessions and related species 

Morphological 

characters  

                                                                             varieties / accessions/related species  

Surya  Swetha  Haritha  Neelima  SM 116  SM 396  SM 397  S. melongena 

var. insanum 

S. macrocarpon.   

Plant growth habit  Intermediate  Erect  Intermediate  Intermediate  Erect  Prostrate  Intermediate  Intermediate  Erect  

Leaf colour  Dark green  Dark green Green  Dark green  Dark green  Green  Dark green  Dark green  Dark green  

Petiole colour  Violet  Greenish 

violet  

Green  Dark Violet  Dark Violet  Green  Dark Violet  Violet  Violet  

Presence of 

prickles on leaves  

Absent  Absent  Absent  Absent  Absent  Absent  Present  Present  Absent  

Presence of 

prickles on stem  

Absent  Absent  Absent  Absent  Absent  Absent  Present  Present  Absent  

Presence of 

prickles on calyx  

Absent  Absent  Absent  Absent  Absent  Absent  Present  Present  Absent  

Flower colour  Light Violet  Bluish 

violet  

White  Bluish violet  Bluish violet  Light 

Violet  

Bluish violet  Light Violet  Bluish violet  

Fruit colour  Purple  Milky 
white  

Green  Purple  Purple  Green  Purple  Green  Milky white  

Fruit shape  Oval  Long   Long     Oval  Oval  Oval  Oval  Round  Round  

Fruit curvature  None  Slightly 

curved  

None None  None  None  None  None  None  

Fruit position  Pendent  Pendent  Pendent  Pendent  Pendent  Pendent  Pendent  Pendent  Semi pendent  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

b. Swetha 

 

 a. Surya                                                                                 

  

d. Neelima (hybrid) 

Plate 1: Morphological characters of the brinjal varieties and hybrid released by KAU  

c. Haritha                                                                           



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
a. SM 116                                                                  b. SM 397 

 
c. SM 396 

 

 
d. S. melongena var. insanum e. S. macrocarpon 

Plate 2: Morphological characters of the three accession and two wild relatives 



 
 

4.2 Molecular characterisation  

4.2.1 Isolation, purification and quantification of DNA 

 As reported in many other crops young leaves were selected as the ideal 

part for extraction of genomic DNA.  The leaves were collected in the morning (8 to 

9 am) from potted plants. Young tender, pale green leaves (1g) yielded good quality 

DNA in sufficient quantity.  

Genomic DNA isolated through the CTAB method reported by Roger and 

Bendich (1994) was not pure and had RNA contamination (Plate 3a). There was no 

browning of the extract when β-mercaptoethanol was added. RNase treatment and 

further precipitation gave sufficient quantity of good quality DNA from leaf sample. 

The agarose gel electrophoresis indicated clear discrete band without RNA 

contamination (Plate 3b) and spectrophotometric analysis gave ratio of UV 

absorbance (A260/280) between 1.8 and 2.0 (Table 4). 

4.3 Molecular Marker Analysis: 

 The protocol for different marker assays- ISSR and SSR were validated with 

bulked DNA of brinjal varieties. Different primers were screened with the genomic 

DNA of three selected varieties utilizing the validated protocols. 

4.3.1 Inter Simple Sequence Repeat (ISSR) analysis: 

4.3.1.1 Primer screening for ISSR assay: 

 Thirty six ISSR primers used for amplification of the genomic DNA with 

thermal settings mentioned earlier (3.3.2) gave different amplification pattern (Plate 

4a and Table 5) for the bulked DNA. Based on the amplification pattern, 10 primers 

were selected for ISSR analysis. Details are provided in Table 6. 

4.3.2 Simple Sequence Repeat (SSR) analysis: 

4.3.2.2 Primer screening for SSR assay: 

 Sixty one primer sets were screened for amplification of SSR region in the 

genomic DNA of brinjal with thermal settings mentioned earlier (3.3.3). The 

amplification observed is presented in Plate 4b and Table 7. Based on the best 

amplification pattern, 10 primer sets (Table 8) were selected for SSR fingerprinting 

of brinjal genotypes. 



 
 

 

 

 

 

 

 

 

 

 

 

 

M: Molecular weight marker λ DNA(Eco RI/ Hind III digest)   Lane 1 to 5 brinjal DNA samples 

a. Rogers and Bendich method before RNase treatment 

 

 

 

 

 

 

 

 

     

 

 

     M: Molecular weight marker λ DNA(Eco RI/ Hind III digest) Lane 1 to 5 brinjal DNA samples 

         b.  Rogers and Bendich method after RNase treatment 

 

Plate 3 : Isolation of DNA from tender leaves in brinjal  

  

 

 



 
 

 

 

 

 

 

 

 

Table 4: Quality and quantity of DNA isolated from brinjal genotypes assessed 

by Nano Drop spectrophotometer 

 

Genotype 

UV 

absorbance at 

260 nm (A260) 

UV 

absorbance at 

280 nm (A280) 

A260/280 
Quantity 

(ng/µl) 

Surya 4.956 2.588 1.82 247.81 

Swetha  10.422 5.669 1.84 521.01 

Haritha  10.422 5.569 1.85 540.90 

Neelima  43.277 22.501 1.89 2163.85 

SM 116 23.314 12.950 1.80 1165.69 

SM 396 14.150 7.707 1.84 707.52 

SM 397 26.473 14.337 1.85 1323.64 

S. melongena 

var. insanum 

9.584 4.914 1.87 478/99 

S. macrocarpon 25.062 14.248 1.87 1253.11 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

M : Marker 100bp ladder,  B: Control, 1-10: Amplification pattern with different primers 

a. Screening of ISSR primers for amplification of brinjal DNA 

 

 

 

 

 

 

 

 

 

 

 

 
      M : Marker 100bp ladder,  B: Control, 1-12: Amplification pattern with different primers 

b. Screening of SSR primers for amplification of brinjal DNA 

 

 

Plate 4: Screening of ISSR and SSR primers for amplification of brinjal 

genomic DNA 

  

 

 



 
 

Table 5: Details of amplification with the 36 primers screened for ISSR                     

assay in brinjal genotypes 

                      
l. 

No 

Primers Amplification pattern 

No. of 

Bands 

type of bands  Remarks 

Distinct    Faint 

1 UBC 811 8 7 1 Selected 

2 UBC 813 1 1 0 Not selected 

3 UBC 814 0 0 0 Not selected 

4 UBC 815 2 1 1 Not selected 

5 UBC 834 6 5 1 Not selected 

6 UBC 835 4 2 2 Not selected 

7 UBC 836 3 0 3 Not selected 

8 UBC 840 6 4 2 Not selected 

9 UBC 844 5 4 1  Selected 

10 UBC 890 4 2 2 Not selected 

11 UBC 866 7 5 2 Selected 

12 UBC 807 9 6 3 Selected 

13 UBC 843 0 0 0 Not selected 

14 UBC S2 8 7 1 Selected 

15 UBC 820 2 1 1 Not selected 

16 UBC 854 7 6 1 selected 

17 UBC 845 1 0 1 Not selected 

18 UBC 817 0 0 0 Not selected 

19 UBC 826 8 5 3 Selected 

20 UBC 818 0 0 0 Not selected 

21 ISSR 04 7 5 2 Selected 

22 ISSR 05 3 1 1 Not selected 

23 ISSR 06 7 4 3 Not selected 

24 ISSR 07 0 0 0 Not selected 

25 ISSR 08 10 3 7 Selected 

26 ISSR 09 4 2 2 Not selected 

27 ISSR 10 6 4 2 Selected 

28 ISSR 15 6 5 1 Selected 

29 SPS 03 6 1 5 Not selected 

30 SPS 08 6 0 6 Not selected 

31 UBC 868 7 5 2 Selected 

32 UBC 895 7 6 1 Selected 

33 UBC 899 8 5 3 Selected 

34 UBC 880 8 6 2 Selected 

35 UBC 892 0 0 0 Not selected 

36 UBC 900 0 0 0 Not selected 

 

 



 
 

 

 

 

 

 

Table 6: Details of ISSR primers selected for fingerprinting 

 

 

 

 

 

 

 

 

Sl. No. Primer Annealing 

temperature (ºC) 

Nucleotide Sequence 

1 UBC 868 43  5’GAAGAAGAAGAAGAAGA3’ 

2 UBC 807 45  5’AGAGAGAGAGAGAGAGT3’ 

3 ISSR 08 45  5’GAGAGAGAGAGAGAGAT3’ 

4 ISSR 15 45  5’TCCTCCTCCTCCTCC3’ 

5 UBC 811 47  5’GAGAGAGAGAGAGAGAC3’ 

6 ISSR 04 47  5’ACACACACACACACACC3’ 

7 ISSR 10 47  5’ACACACACACACACACG3’ 

8 UBC S2 51  5’CTCTCTCTCGTGTGTGTG3’ 

9 UBC 826 52  5’ACACACACACACACACC3’ 

10 UBC 866 55  5’CTCCTCCTCCTCCTCCTC3’ 



 
 

Table 7: Details of amplification pattern with the 61 primers screened for SSR 

assay in brinjal genotypes                          

 

Sl. 

No 

Primer Amplification pattern 

No. of 

Bands 

type of bands  Remarks 

Distinct    Faint 

1 LE aac001 1 0 1 Not selected 

2 LE aat001 0 0 0 Not selected 

3 LE aat004 1 1 0 Not selected 

4 LE aat005 0 0 0 Not selected 

5 LE aat006 0 0 0 Not selected 

6 LE aat007 0 0 0 Not selected 

7 LE aat008 0 0 0 Not selected 

8 LE ac001 1 1 0 Selected 

9 LE act001 0 0 0 Not selected 

10 LE agat001 0 0 0 Not selected 

11 LE aga001 0 0 0 Not selected 

12 LE ag001 0 0 0 Not selected 

13 LE ag002 0 0 0 Not selected 

14 LE ag003 0 0 0 Not selected 

15 LE at001 0 0 0 Not selected 

16 LE at002 0 0 0 Not selected 

17 LE at003 0 0 0 Not selected 

18 LE at004 0 0 0 Not selected 

19 LE at005 0 0 0 Not selected 

20 LE at006 0 0 0 Not selected 

21 LE at007 0 0 0 Not selected 

22 LE at008 0 0 0 Not selected 

23 LE at011 0 0 0 Not selected 

24 LE at012 0 0 0 Not selected 

25 LE at013 0 0 0 Not selected 

26 LE at014 0 0 0 Not selected 

27 LE at015 0 0 0 Not selected 

28 LE at016 0 0 0 Not selected 

29 LE at017 0 0 0 Not selected 

30 LE at019 0 0 0 Not selected 

31 LE aat001 1 1 0 Not selected 

 



 
 

32 LE at010 0 0 0 Not selected 

33 LE at018 0 0 0 Not selected 

34 SSRKAU1 1 1 0 Selected 

35 SSRKAU2 0 0 0 Not selected 

36 SSRKAU3 0 0 0 Not selected 

37 SSRKAU4 0 0 0 Not selected 

38 SSRKAU7 0 0 0 Not selected 

39 SSRKAU8 1 1 0 Not selected 

40 SSRKAU9 1 1 0 Selected 

41 SSRKAU10 0 0 0 Not selected 

42 SSRKAU11 0 0 0 Not selected 

43 SSRKAU12 0 0 0 Not selected 

44 SSRKAU13 1 1 0 Selected 

45 SSRKAU15 0 0 0 Not selected 

46 SSRKAU16 0 0 0 Not selected 

47 SSRKAU17 1 1 0 Selected 

48 SSRKAU18 0 0 0 Not selected 

49 SSRKAU6 0 0 0 Not selected 

50 SSRKAU19 0 0 0 Not selected 

51 SSRKAU20 0 0 0 Not selected 

52 SSRKAU21 0 0 0 Not selected 

53 SSRKAU22 0 0 0 Not selected 

54 SSRKAU23 1 1 0 Selected 

55 SSRKAU24 0 0 0 Not selected 

56 SSRKAU25 0 0 0 Not selected 

57 SSRKAU5 0 0 0 Not selected 

58 SSR 306 1 1 0 Selected 

59 SSR 45 1 1 0 Selected 

60 SSR 48 1 1 0 Selected 

61 SSR350 1 1 0 Selected 

 

 

 

 

 

 



 
 

 

 

 

 

Table 8: Details of SSR primers selected for fingerprinting 

 

 

Sl. 

No. 

 

Name of 

Primer 

 

Annealing 

temperature 

(ºC) 

 

Sequence 

1 SSRKAU1 53 
F 5’-AATTCACCTTTCTTCCGTCG-3’ 

R 5’-GCCCTCGAATCTGGTAGCTT-3’ 

2 SSR 306 53 
F 5’-ACATGAGCCCAATGAACCTC-3’ 

R 5’-AACCATTCCGCACGTACATA-3’ 

3 SSR 45 54 
F 5’-TGTATCCTGGTGGACCAATG-3’ 

R 5’-TCCAAGTATCAGGCACACCA-3’ 

4 LE ac001 53 
F 5’-TGCCTTCCATCTAACCAATC-3’ 

R 5’-CTGTGGCAAATATGTCCCTAAG-3’ 

5 SSR 48 54 
F 5’-ATCTCCTTGGCCTCCTGTTT-3’ 

R 5’-GTCATGGCCACATGAATACG-3’ 

6 SSRKAU17 55 
F 5’-TTCGTTGAAGAAGATGATGGTC-3’ 

R 5’-CAAAGAGAACAAGCATCCAAGA-3’ 

7 SSRKAU9 53 
F 5’-ACATGAGCCCAATGAACCTC-3’ 

R 5’-AACCATTCCGCACGTACATA-3’ 

8 SSR350 53 
F 5’-GGAATAACCTCTAACTGCGGG-3’ 

R 5’-CGATGCCTTCATTTGGACTT-3’ 

9 SSSKAU23 53 
F 5’-TGGCTGCCTCTTCTCTGTTT-3’  

R 5’-TTTCTTGAAGGGTCTTTCCC-3’ 

10 SSRKAU13 53 
F 5’-GGAATAACCTCTAACTGCGGG-3’  

R 5’-CGATGCCTTCATTTGGACTT-3’ 

 

 

 

 

 

 



 
 

 

4.4. DNA fingerprinting of the brinjal varieties/accessions and wild relatives 

4.4.1. Surya 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Surya with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 5a and Table 9. 

Seventy four different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 9). Most of 

the primers amplified eight distinct bands for the variety Surya while it was only five 

for the primer UBC 868 and UBC S2. The primer UBC 826 gave 10 distinct bands.  

Fingerprint was developed based on clear distinct bands and is provided in Fig.1a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Surya with the 10 selected primers in SSR analysis is presented in Plate 5b and Table 

10. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 10). The amplicons ranged in size from 200bp to 300bp. Fingerprint  

developed based on clear distinct bands is provided in Fig.1b. 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

M- marker  (100bp),   
1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7- ISSR10, 

8-UBCS2, 9- UBC826, 10- UBC866.  

a.  Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M- marker (100bp),  

               1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              

               7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                           

 b. Amplification with SSR primers 
 

 

Plate 5: Amplification pattern of brinjal variety Surya with the selected        

ISSR and SSR primers 

  

 

 



 
 

 

Table 9: Amplification pattern depicted for the brinjal variety Surya with the 

10 selected ISSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 7 11 11 9 11 10 11 8 13 9 

Distinct 

Amplicons 

5 8 9 6 9 9 8 5 10 8 

Distribution (Mol. 

Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 

 



 
 

 

 

 

 

Table 10: Amplification pattern depicted for the brinjal variety Surya 

with the 10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. Size/ 

bp) 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

 

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

    

Fig 1: Fingerprint for brinjal variety Surya through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

4.4.2. Swetha 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Swetha with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 6a and Table 11. 

Seventy three different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 11). Most of 

the primers amplified eight distinct bands for the variety Swetha while it was only 

three for the primer ISSR 15. The primer UBC S2 and UBS 826 gave 10 distinct 

bands.  Fingerprint was developed based on clear distinct bands and is provided in 

Fig.2a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Swetha with the 10 selected primers in SSR analysis is presented in Plate 6b and 

Table 12. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 12). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.2b. 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

     M- marker  (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04,                     

7- ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 

 

      M- marker  (100bp), B- blank  

                   1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              

                   7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

                                b. Amplification with SSR primers 

 

 

Plate 6: Amplification pattern of brinjal variety Swetha with the selected                            

ISSR and SSR primers 

  

 

 



 
 

 

Table 11: Amplification pattern depicted for the brinjal variety Swetha 

with the 10 selected ISSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 4 8 9 8  11 9 12 10 12 9 

Distinct 

Amplicons 

4 6 7 3 9 8 9 10 10 7 

Distribution (Mol. 

Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 



 
 

 

 

 

Table 12: Amplification pattern depicted for the brinjal variety Swetha 

with the 10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. Size/ 

bp) 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 
Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

 

         1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

               

Fig 2: Fingerprint for brinjal variety Swetha through ISSR and SSR analysis  

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

4.4.3. Haritha 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Haritha with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 7a and Table 13. 

Seventy five different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 2000bp (Table 13). Most of 

the primers amplified seven distinct bands for the variety Haritha while it was only 

three for the primer ISSR 15. The primer UBC S2 and UBC 826 gave 12 distinct 

bands.  Fingerprint was developed based on clear distinct bands and is provided in 

Fig.3a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal variety 

Surya with the 10 selected primers in SSR analysis is presented in Plate 7b and Table 

14. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 14). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.3b. 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 
 M- marker (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7- 

ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

    
 

 

 
 

 

 
 

 

 

 
 

   M- marker (100bp), B- blank  

                1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              
                7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

                                        b. Amplification with SSR primers 

 

Plate 7: Amplification pattern of brinjal variety Haritha with the selected                 

ISSR and SSR primers 

 

 



 
 

 

Table 13: Amplification pattern depicted for the brinjal variety Haritha 

with the 10 selected ISSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 5 7 10 7 11 8 9 14 13 7 

Distinct 

Amplicons 

5 6 10 3 7 7 6 12 12 6 

Distribution (Mol. 

Size/ bp) 

          

2000           

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           



 
 

 

 

 

 

 

Table 14: Amplification pattern depicted for the brinjal variety Haritha with 

the 10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. Size/ 

bp) 

          

300           

250           

225           

200           

 

 

 

 



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Mol size (bp)           

2000           

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800         

 

  

700           

600           

500           

400           

a. ISSR fingerprint 

         1 2 3 4 5 6 7 8 9 10 

Primers SSR 
KAU1 

SSR 
306 

SSR 
45 

LEac 
001 

SSR 
48 

SSR 
KAU17 

SSR 
KAU9 

SSR 
350 

SSR 
KAU23 

SSR 
KAU13 

Mol size (bp)           

300           

250           

225           

200           

b.  SSR fingerprint 

 

 

 

Fig 3: Fingerprint for brinjal variety Haritha through ISSR and SSR analysis  

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

4.4.4. Neelima 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal F1 hybrid 

Neelima with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 8a and Table 15. 

Eighty one different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 15). Most of 

the primers amplified nine distinct bands for the F1 hybrid Neelima while it was only 

five for the primer UBC 868. The primer UBC 826 gave 10 distinct bands. 

Fingerprint was developed based on clear distinct bands and is provided in Fig.4a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal F1 hybrid 

Neelima with the 10 selected primers in SSR analysis is presented in Plate 8b and 

Table 16. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 16). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.4b. 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 
 

    M- marker (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7-       

ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 
 

 

    M- marker (100bp), B- blank  

                1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              
                7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

b. Amplification with SSR primers 

 

 

 

Plate 8: Amplification pattern of brinjal F1 hybrid Neelima with the selected     

ISSR and SSR primers 

 

 



 
 

 

 

Table 15: Amplification pattern depicted for the brinjal F1 hybrid Neelima 

with the 10 selected ISSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 10 10 11 13 12 13 5 12 8 9 

Distinct 

Amplicons 

7 4 4 7 8 6 2 6 3 5 

Distribution (Mol. 

Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 



 
 

 

 

 

 

Table 16: Amplification pattern depicted for the brinjal F1 hybrid Neelima with 

the 10 selected SSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution  

(Mol. size/bp) 

 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

  1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 
Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

   

        1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

 

Fig 4: Fingerprint for brinjal hybrid Neelima through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

 

4.4.5. SM 396 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 396 with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 9a and Table 17. 

Eighty four different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 17). Most of 

the primers amplified ten distinct bands for the accession SM 396 while it was only 

two for the primer ISSR 15. The primer ISSR 08 gave 12 distinct bands.  Fingerprint 

was developed based on clear distinct bands and is provided in Fig.5a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 396 with the 10 selected primers in SSR analysis is presented in Plate 9b and 

Table 18. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 18). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.5b. 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

   M- marker (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7-   
ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

   M- marker (100bp),   
1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7-   

ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 
             M- marker(100bp), B- blank  
               1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              

               7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

b. Amplification with SSR primers 

 

 

Plate 9: Amplification pattern of brinjal accession SM 396 with the selected  

ISSR and SSR primers 

 

 

 



 
 

 

 

Table 17: Amplification pattern depicted for the brinjal accession SM 396 with 

the 10 selected ISSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 4 9 12 6 13 10 11 12 13 9 

Distinct 

Amplicons 

4 8 12 2 11 10 9 11 10 7 

Distribution (Mol. 

Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           



 
 

 

 

 

 

 

Table 18: Amplification pattern depicted for the brinjal accession SM 396 with 

the 10 selected SSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total Amplicons 1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution (Mol. 

Size/ bp) 

          

300           

250           

225           

200           

 

 

 

 

 



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 
Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

 

        1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

 

Fig 5: Fingerprint for brinjal accession SM 396 through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

4.4.6. SM 397 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 397 with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 10a and Table 19. 

Eighty three different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 19). Most of 

the primers amplified nine distinct bands for the accession SM 397 while it was only 

three for the primer ISSR 15. The primer UBC 826 andUBC 811 gave 11 distinct 

bands.  Fingerprint was developed based on clear distinct bands and is provided in 

Fig.6a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 397 with the 10 selected primers in SSR analysis is presented in Plate 10b and 

Table 20. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 20). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.6b. 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

    M- marker (100bp),   
1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7-   

ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 

 

 

 
   M- marker (100bp), B- blank  

                1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              

                7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

b. Amplification with SSR primers 

 

 

Plate 10: Amplification pattern of brinjal accession SM 397 with the selected  

ISSR and SSR primers 

 

 



 
 

 

 

Table 19: Amplification pattern depicted for the brinjal accession SM 397 with 

the 10 selected ISSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 5 10 11 7 12 10 9 12 11 6 

Distinct 

Amplicons 

5 9 10 3 11 10 9 9 11 6 

Distribution (Mol. 

Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 



 
 

 

 

 

Table 20: Amplification pattern depicted for the brinjal accession SM 397 

with the 10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. Size/ 

bp) 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 
868 

UBC 
807 

ISSR 
08 

ISSR 
15 

UBC 
811 

ISSR 
04 

ISSR 
10 

UBC 
S2 

UBC 
826 

UBC 
866 

Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

 

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

 

Fig 6: Fingerprint for brinjal accession SM 397 through ISSR and SSR analysis  

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

4.4.7. S. melongena var. insanum 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of S. melongena 

var. insanum with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 11a and Table 21. 

Fifty two different clear distinct loci were observed with the 10 ISSR primers 

and the amplicons ranged in size from 400bp to 1900bp (Table 21). Most of the 

primers amplified nine distinct bands for the S. melongena var. insanum while it was 

only two for the primer ISSR 15. The primer ISSR 08 and UBC 820 gave 10 distinct 

bands.  Fingerprint was developed based on clear distinct bands and is provided in 

Fig.7a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of S. melongena 

var. insanum with the 10 selected primers in SSR analysis is presented in Plate 11b 

and Table 22. 

Nine different clear distinct loci were observed with the 10 SSR primers 

(Table 22). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.7b. 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

   M- marker (100bp),   
1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7-     

ISSR10, 8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 M- marker (100bp), B- blank  
               1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              

              7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

b. Amplification with SSR primers 

 
 

Plate 11: Amplification pattern of S. melongena var. insanum with the selected  

ISSR and SSR primers 

  

 

 



 
 

Table 21: Amplification pattern depicted for the S. melongena var. insanum 

with the 10 selected ISSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 7 11 12 5 11 6 10 10 10 8 

Distinct 

Amplicons 

7 5 10 2 6 5 8 8 10 7 

Distribution 

(Mol. Size/ bp) 

          

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           



 
 

 

 

 

Table 22: Amplification pattern depicted for the S. melongena var. insanum 

with the 10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. size/ bp) 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 
Mol size (bp)           

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a.  ISSR fingerprint 

  

         1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

 

Fig 7: Fingerprint for S. melongena var. insanum through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

 

4.4.8. S. macrocarpon 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of S. macrocarpon 

with the 10 selected primers in ISSR analysis with the thermal settings identified is 

presented in Plate 12a and Table 23. 

Seventy different clear distinct loci were observed with the 10 ISSR primers 

and the amplicons ranged in size from 400bp to 2000bp (Table 23). Most of the 

primers amplified six distinct bands for the S. macrocarpon while it was only three 

for the primer UBC 868. The primer ISSR 08 gave 12 distinct bands.  Fingerprint 

was developed based on clear distinct bands and is provided in Fig.8a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of S. macrocarpon 

with the 10 selected primers in SSR analysis is presented in Plate 12b and Table 24. 

Seven different clear distinct loci were observed with the 10 SSR primers 

(Table 24). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.8b. 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

M- marker (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7- ISSR10, 

8-UBCS2, 9- UBC826, 10- UBC866.  

a. Amplification with ISSR primers 

 

 

 

 

 

 

 

 

 

 

 

M- marker (100bp), B- blank  

             1-SSR KAU1, 2- SSR 306, 3- SSR 45,  4- LEac001, 5- SSR 48, 6- SSR KAU17,              
             7- SSR KAU 9, 8- SSR 350, 9- SSR KAU 23, 10- SSR KAU 13                                   

b. Amplification with SSR primers  

                          

 

Plate 12: Amplification pattern of S. macrocarpon with the selected  

ISSR and SSR primers 

  

 

 



 
 

Table 23: Amplification pattern depicted for the S. macrocarpon with the 

10 selected ISSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total Amplicons 8 7 5 4 11 8 3 9 9 9 

Distinct 

Amplicons 

5 6 5 3 4 4 3 7 6 6 

Distribution (Mol. 

Size/ bp) 

          

2000           

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 



 
 

 

 

 

Table 24: Amplification pattern depicted for the S. macrocarpon with the 

10 selected SSR primers  

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU

1 

SSR 

306 

SSR 

45 

LEac

001 

SSR 

48 

SSR 

KAU

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. Size/ 

bp) 

          

300           

250           

225           

200           

 

 

 

 

 

  



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 
868 

UBC 
807 

ISSR 
08 

ISSR 
15 

UBC 
811 

ISSR 
04 

ISSR 
10 

UBC 
S2 

UBC 
826 

UBC 
866 

Mol size (bp)           

2000           

1900           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

  

         1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b. SSR fingerprint 

 

 

 

Fig 8: Fingerprint for S. macrocarpon through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

 

4.4.9 SM 116 

A. ISSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 116 with the 10 selected primers in ISSR analysis with the thermal settings 

identified is presented in Plate 13 and Table 25. 

Sixty eight different clear distinct loci were observed with the 10 ISSR 

primers and the amplicons ranged in size from 400bp to 1800bp (Table 25). Most of 

the primers amplified eight distinct bands for the accession SM 116 while it was only 

two for the primer ISSR 15. The primer UBC 807 and UBC 826 gave nine distinct 

bands.  Fingerprint was developed based on clear distinct bands and is provided in 

Fig.9a. 

B. SSR profile 

The amplification pattern observed for the genomic DNA of brinjal accession 

SM 116 with the 10 selected primers in SSR analysis is presented in and Table 26. 

Eight different clear distinct loci were observed with the 10 SSR primers 

(Table 26). The amplicons ranged in size from 200bp to 300bp. Fingerprint was 

developed based on clear distinct bands and is provided in Fig.9b. 

4.5 SSR profile for the F1 hybrid Neelima and its parents 

The F1 hybrid Neelima and its parents Surya and SM 116 were further 

analysed together with the 10 selected primers to detect polymorphism so as to prove 

the hybridity (Plate 14a and 14b). All the 10 primers gave monomorphic bands in all 

the three genotypes- Neelima and its parents Surya and SM 116. Thus the primers 

selected were not found good enough to prove hybridity of Neelima.         

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

 
 

         M- marker (100bp),   

1- UBC868, 2- UBC807, 3- ISSR08, 4- ISSR15, 5- UBC811, 6- ISSR04, 7- ISSR10, 8-                      
UBCS2, 9- UBC826, 10- UBC866.  

 

  

Plate 13: Amplification pattern of brinjal accession SM 116 with the selected  

ISSR primers 

 

 

 

  

 



 
 

 

Table 25: Amplification pattern depicted for the brinjal accession SM 116 with 

the 10 selected ISSR primers. 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC8

68 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 

Total 

Amplicons 

6 9 9 7 8 9 11 10 10 9 

Distinct 

Amplicons 

5 9 5 2 7 8 8 8 9 7 

Distribution 

(Mol. Size/ bp) 

          

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

 



 
 

 

 

 

 

Table 26: Amplification pattern depicted for the brinjal accession SM 116 with 

the 10 selected SSR primers 

 1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac0

01 

SSR 

48 

SSR 

KAU 

17 

SSR 

KAU 

9 

SSR 

350  

SSR 

KAU 

23 

SSR 

KAU 

13 

Total 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distinct 

Amplicons 

1 0 1 1 1 1 0 1 1 1 

Distribution 

(Mol. size/ bp) 

          

300           

250           

225           

200           

 

 

 

 

 



 
 

 1 2 3 4 5 6 7 8 9 10 

Primers UBC 

868 

UBC 

807 

ISSR 

08 

ISSR 

15 

UBC 

811 

ISSR 

04 

ISSR 

10 

UBC 

S2 

UBC 

826 

UBC 

866 
Mol size (bp)           

1800           

1700           

1600           

1500           

1400           

1300           

1200           

1100           

1000           

900           

800           

700           

600           

500           

400           

a. ISSR fingerprint 

 

         1 2 3 4 5 6 7 8 9 10 

Primers SSR 

KAU1 

SSR 

306 

SSR 

45 

LEac 

001 

SSR 

48 

SSR 

KAU17 

SSR 

KAU9 

SSR 

350 

SSR 

KAU23 

SSR 

KAU13 

Mol size (bp)           

300           

250           

225           

200           

b.  SSR fingerprint 

 

 

 

Fig 9: Fingerprint for brinjal accession SM 116 through ISSR and SSR analysis 

1 2 3 4 5 6 7 8 9 

Colour code for sharing of bands among genotypes 



 
 

                                                                

                                                                     S- Surya, SM- SM 116, N- Neelima 

M- marker(100bp), B- blank 1- SSR KAU1, 2- SSR 306, 3- SSR 45, 4- LEac001, 5- SSR 48. 

a.  Amplification with SSR primers (1 to 5) 

 

 

 

 

 

 

 

 

 

 

 

                                                                   S- Surya, SM- SM 116, N- Neelima  
M- marker(100bp), B- blank, 6- SSR KAU17, 7- SSR KAU 9, 8- SSR 350, 9 KAU 23, 

 10- SSR KAU 13  

b. Amplification with SSR primers (6to 10) 

 

Plate 14: Amplification pattern of brinjal F1 hybrid Neelima and its parents 

Surya and SM116 with the selected SSR primers 

 



 
 

4.6  Diversity analysis of nine brinjal genotypes using 15 ISSR primers 

In order to perform the diversity analysis, characterisation was done with five 

additional primers (Plate 15) so as to generate the ISSR data with 15 primers (Table 

27 ). The details of amplification with the five additional primers are as follows.   

UBC 844 

The primer UBC 844 generated a total of thirteen clear, distinct and 

reproducible bands and it could detect four polymorphic bands (Plate15.1). The per 

cent of polymorphism was 69.23. 

UBC 854  

The ISSR primer UBC 854 was able to generate eighteen amplicons. They 

were distinct and reproducible. It could generate nine polymorphic bands out of 

eighteen amplicons (Plate15.2) and the per cent of polymorphism was 50. 

 UBC 880 

A total of fifteen amplicons were produced by the primer UBC 880. They 

were clear, distinct and reproducible (Plate15.3). It could generate eight polymorphic 

bands out of fifteen amplicons and the per cent of polymorphism was 53.33. 

UBC 895 

The gel profile with the amplification of UBC 895 gave a total of fourteen 

amplicons and all amplicons were clear and distinct. It could generate nine 

polymorphic bands (Plate15.4), giving a polymorphism percentage of 64.28. 

UBC 899 

The ISSR primer UBC 899 was able to generate a total of thirteen amplicons. 

It detected five polymorphic amplicons (Plate15.5) giving a polymorphism 

percentage of 38.46.  

The consolidated data for diversity analysis with the 15 primers is presented in Table 

28.       



 
 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

      

 

 

 

   

 

 

 

M- marker (100bp), B- blank,  1- Surya, 2- SM 116, 3- Neelima, 4- Swetha,  

5- Haritha, 6- SM 396, 7- SM 397, 8- S. melongena var. insanum, 9- S. macrocarpon 

 

Plate 15: Amplification pattern of brinjal accessions with the five ISSR primers. 

1. UBC 844 2. UBC 854 

3. UBC 880 

4. UBC 895 5. UBC 899 

 

  

  



 
 

 

 

 

 

 

Table 27: Details of selected ISSR primers used for diversity analysis 

Sl. 

No. 

Name of 

Primer 

Annealing 

temperature (ºC) 
Sequence 

1 UBC 868 43  5’GAAGAAGAAGAAGAAGA3’ 

2 UBC 807 45  5’AGAGAGAGAGAGAGAGT3’ 

3 ISSR 08 45  5’GAGAGAGAGAGAGAGAT3’ 

4 ISSR 15 45  5’TCCTCCTCCTCCTCC3’ 

5 UBC 811 47  5’GAGAGAGAGAGAGAGAC3’ 

6 ISSR 04 47  5’ACACACACACACACACC3’ 

7 ISSR 10 47  5’ACACACACACACACACG3’ 

8 UBC S2 51  5’CTCTCTCTCGTGTGTGTG3’ 

9 UBC 826 52  5’ACACACACACACACACC3’ 

10 UBC 866 55  5’CTCCTCCTCCTCCTCCTC3’ 

11 UBC 844 46 5’CTCTCTCTCTCTCTCTRC3’ 

12 UBC854 49 5’TCTCTCTCTCTCTCTCRG3’ 

13 UBC880 43 5’- GGAGAGGAGAGGAGA-3’ 

14 UBC895 53 5’- AGAGTTGGTAGCTCTTGATC-3’ 

15 UBC899 59 5’-CATGGTGTTGGTCATTGTTCCA -3’ 

 

 



 
 

 

 

 

 

 

Table  28: Details of amplification with the 15 primers for ISSR assay                                

in brinjal genotypes 

 

Sl 

No 

Primer Total no 

of 

amplicons 

No of 

polymorphic 

amplicons 

No of 

monomorphic 

amplicons 

Polymorphism 

(%) 

Resolving 

power(Rp) 

Polymorphic 

information 

content (PIC) 

1 UBC 868 8 7 1 87.00 9.99 0.83 

2 UBC807 15 11 4 73.33 18.44 0.91 

3 ISSR 08 18 11 7 38.88 20.66 0.92 

4 ISSR 15 15 10 5 66.66 14.44 0.95 

5 UBC811 20 15 5 75.00 21.77 0.96 

6 ISSR 04 14 12 2 85.71 17.10 0.91 

7 ISSR 10 18 15 3 83.33 19.77 0.92 

8 UBC S2 22 18 4 81.81 21.10 0.93 

9 UBC826 18 13 5 72.22 22.22 0.93 

10 UBC866 16 11 5 68.75 17.33 0.94 

11 UBC 844 13 9 4 69.23 28.44 0.93 

12 UBC 854 18 9 9 50.00 15.77 0.88 

13 UBC 880 15 8 7 53.33 20.88 0.91 

14 UBC 895 14 9 5 64.28 23.99 0.92 

15 UBC 899 13 5 8 38.46 22.22 0.91 

Total 237 163 74 1007.93 294.20 13.81 

Average 15.8 10.8 4.9 67.19 19.61 0.92 



 
 

 

4.6.1 Resolving power (Rp) of 15 selected ISSR primers 

The resolving power (Rp) calculated for random primers is presented in Fig. 

11. It ranged between 9.9 (UBC 868) and 28.44 (UBC 854) with an average of 19.15.    

4.6.2 Plolymorphic Information Content (PIC) value for the 15 selected ISSR 

primers   

The Plolymorphic Information Content (PIC) value calculated for the 15 

selected ISSR primers (Fig. 12) varied from 0.83 to 0.96 and hence were found good 

enough for evaluating the genotypes.    

4.6.3 Cluster analysis for the brinjal varieties  

Genetic similarity coefficient for the varieties ranged from 0.51 to 0.84 

(Fig.10). Highest similarity (84%) was observed between brinjal varieties Surya and 

the hybrid Neelima (Table 29). The variability observed among the S. melongena 

genotypes studied was 29 per cent (Table 21). The genotypes Surya, Swetha, SM 

396, SM 397 and the hybrid Neelima indicated a similarity of 73 per cent. The 

accession SM 116 was little more distinct among the other genotypes. S. melongena  

var. insanum  was found to group together with the melongena genotypes with 37 per 

cent variability and S. macrocarpon showed the maximum variability of 49 per cent. 

 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

Fig 10: Resolving power (Rp) of 15 selected ISSR primers 
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Fig 11: Polymorphic Information Content (PIC) value for 15 selected 

 ISSR primers  
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Fig 12:  Dendrogram for brinjal genotypes with ISSR and SSR markers 

 

 

 

 

 

 



Table 29: Similarity matrix of different brinjal genotypes based on the proportion of shared ISSR and SSR fragments 

 

 Surya SM116 Neelima Swetha Haritha SM396 SM397 S. melongena 

var. insanum 

S. 

macrocarpon 

Surya 1.0000         

SM116 0.6828    1.0000        

Neelima 0.8391 0.7056    1.0000       

Swetha 0.7366    0.7416 0.7322    1.0000      

Haritha 0.7059    0.7191    0.7104    0.7268    1.0000     

SM396 0.7826    0.7500    0.7500    0.7473    0.7166    1.0000    

SM397 0.7312    0.6978    0.7459    0.7624    0.7797    0.7901    1.0000   

S. melongena 

var. insanum 

0.6327 0.7151    0.6440    0.6862    0.7011    0.6684    0.7081   1.0000  

S. macrocarpon 0.5000    0.5026    0.5231    0.5306    0.4949    0.4951    0.5101    0.4925    1.0000 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Discussion  



 
 

5. DISCUSSION 

Brinjal (Solanum melongena L.) is an important Solanaceous vegetable crop 

of the sub-tropics and tropics. The name brinjal is popular in Indian subcontinent and 

is derived from Arabic and Portuguese terms, binjan and birinjala. The name 

eggplant has been derived from the shape of the fruit of some varieties, which are 

white and resembling chicken eggs. It is also called aubergine (French) in Europe.  

Brinjal is an important vegetable in the warm areas of Far East, being grown 

extensively in India, Bangladesh, Pakistan, China, Philippines and is also popular in 

Egypt, France, Italy and United States. In India, it is one of the most common, 

popular and principal vegetable crops grown throughout the country except at higher 

altitudes. It is a versatile crop adapted to different agro-climatic regions and can be 

grown throughout the year. Though a perennial, it is grown commercially as an 

annual crop. A number of cultivars are grown in India, consumer preference being 

dependent upon fruit colour, size and shape. 

Being originated in India/Indochina; wide genetic variability occurs in the 

natural population and is being exploited in crop improvement programmes. Efforts 

have been made to develop varieties with high yield and quality through selection as 

well as hybridization. The genotypes evaluated in the study include three released 

varieties, one F1 hybrid, three selected accessions and two wild relatives. Kerala 

Agricultural University has released three brinjal varieties viz., Surya, Swetha, 

Haritha and one F1 hybrid Neelima which are high yielding and wilt resistant (Rajan 

and Prameela, 2004). Among these, Surya (SM 6-7) is the first variety of brinjal 

which was released at national level by Kerala Agricultural University having purple 

and oval fruits. Surya and Swetha (SM 6-6) were developed by single plant selection 

from an Annamalai collection SM 6. Haritha was developed from SM 141, which is 

a local collection from Cochin with white flowers, long and green fruits. Neelima 

(Surya x SM 116) is the hybrid released for cultivation having high yield and wilt 

resistance. The accessions SM396 and 397 selected for the study are the ones 

identified for their robust nature and high yield which are in pipeline for variety 

release. The two wild relatives selected are S. macrocarpon and S. melongena var. 

insanum. Both are unique for their morphological characters. S. macrocarpon is also 

known as tomato brinjal and is characterised with spiny leaves and tomato like green 

fruits. The S. melongena var. insanum included in the study is a perennial with small, 



 
 

solitary fruits commonly referred as ‘temple chunda’ and is mainly used for rituals 

and ayurvedic medicines.       

There exist wide genetic diversity within the cultivated species as well as 

between the wild relatives. Efforts have been made to characterize these cultivars and 

wild relatives through molecular tools (Sunseri et al., 2010; Ali et al., 2011; Adeniji 

et al., 2012; Hurtado et al., 2012) based on which, similarity/divergence among 

many of the genotypes have been worked out.  

There are many reports on molecular markers in which two or more 

combinations were used for overcoming the drawback of individual marker systems 

and thus to generate wholesome information about the material under study (Parani 

et al., 1997; Popov et al., 1998). In the present investigation, a combination of two 

molecular marker systems viz., ISSR and SSR analysis were used to establish a 

comprehensive DNA fingerprint data with which the variety could be identified.  

5.1 DNA isolation 

 Pale green tender leaves (1
st
 or 2

nd
 leaf from tip) were used for DNA 

extraction from brinjal genotypes. The protocol suggested by Rogers and Bendich 

(1994) using 2x CTAB extraction buffer yielded good quality DNA. The 

electrophoresed DNA showed distinct bands without smear.  

 The major problem encountered in the isolation and purification of high 

molecular weight DNA from plant species is the degradation of DNA due to 

endonuclease, polyphenols and other secondary metabolites that directly and 

indirectly interfere with subsequent enzymatic reactions. The addition of antioxidant, 

β-mercaptoethanol and PVP (poly vinyl pyrrolidone) during grinding was found 

effective in obtaining good quality DNA.  

5.1.1 Purification and Quantification of DNA 

 The quality of DNA was tested by subjecting it to agarose gel electrophoresis 

as well as spectophotometric method. DNA was visualized on 0.8 per cent agarose 

gel under UV light by ethidium bromide staining. A DNA sample is reported as of 

high quality if it had a band of high molecular weight with little smearing and a low 

amount of RNA (Wettasingf and Peffley, 1998). The DNA extracted showed high 

amount of RNA as a smear below it. To remove RNA, RNase A was used. Use of  

 



 
 

RNase A has been reported by several workers (Raval et al., 1998; Gallego and 

Martinez, 1996). In the present investigation, the RNase treated DNA sample on 

electrophoresis showed a high molecular weight DNA, which formed a single band 

just below the well. This indicted that the DNA under test was of good quality.   

 In the spectrophotometeric method, the ratio of optical density at 260 and 280 

nm was worked out to test the quality. The absorbance ratio was calculated as OD at 

260/280, for the various samples. Those samples with ratio between 1.8 and 2.0 were 

considered to be of high quality. All the samples under the study recorded a ratio 

between 1.8 and 2.0. 

5.2 Molecular Marker Analysis 

Molecular marker technology provides novel tools for DNA fingerprinting of 

varieties, establishing the fidelity of progenies, germplasm characterization, diversity 

and population structure analysis etc. Molecular markers successfully developed 

during the last two decades have largely overcome the problems that are associated 

with phenotype-based markers. Most of the molecular markers are developed by 

PCR (Polymerase Chain Reaction) technology and amplifies unique regions on the 

genomic DNA based on the primers designed for DNA amplification. In the present 

study, two such PCR based marker systems, ISSR and SSR were utilized for DNA 

fingerprinting of brinjal varieties/accessions and wild relatives. 

5.2.1 ISSR analysis 

The marker system called ISSR (Inter Simple Sequence Repeats) is a PCR 

based method, that asses variation in the numerous microsatellite regions dispersed 

throughout the genome. In this technique reported by Zietkiewicz et al., (1994), 

primers based on microsatellites are utilized to amplify inter simple sequence repeat 

sequences in the DNA. When the primer successfully locates two microsatellite 

regions within an amplifiable distance away on the two strands of the template DNA, 

the PCR reaction generates a band of a particular molecular weight for that locus 

representing the intervening stretch of DNA between the microsatellites. The method 

uses a single oligonucleotide primer composed of 4 to 10 tri or di nucleotide repeats 

and ending with 3’- or 5’- anchor sequence. 

ISSR is highly sensitive, reproducible marker system and has been 

successfully applied in genetic and evolutionary studies of many species, including 

rice (Joshi et al., 2000), wheat (Nagaoka & Ogihara, 1997), fingermillet (Salimath et 



 
 

al., 1995), Vigna (Ajibade et al., 2000). Few studies have been performed in brinjal 

to determine the genetic diversity using ISSR markers (Isshiki et al., 2008; Ali et al., 

2011; Kumchai et al., 2013). The ISSR marker requires small amounts of DNA and 

does not require information on DNA sequence. ISSR primers are designed from 

SSR motifs and can be undertaken for any plant species containing a sufficient 

number and distribution of SSR motifs in the genome (Gupta et al., 1996; Buhulikar 

et al., 2004). ISSR targets the highly variable microsatellite regions of the nuclear 

genome providing a large number of polymorphic fragments (Gupta et al., 1994). 

Therefore this technique has been used extensively to evaluate genetic diversity both 

within and between plant populations in angiosperms and gymnosperms (Osborn et 

al., 2005). 

The ISSR markers are found useful in the fingerprinting of cultivated and 

wild species germplasm, and in understanding the evolutionary relationships of 

various crops such as apple (Goulao et al., 2001), Solanum lycopersicum L. 

(Terzopoulos and Bebeli 2008) and Auricularia auricula (Li et al., 2008).  

The Rp values for the ISSR primers selected in the study ranged from 9.99 to 

28.44. The Rp values reported for variability analysis in various crops is in 

conformity to the values observed in the present study. The PIC values ranged 

between 0.83 and 0.96 for ISSR primers. The PIC values indicate the extent of 

polymorphism detected by the primer among the genotypes studied.  

5.2.2 SSR analysis 

 Microsatellites, or simple sequence repeats (SSRs), are becoming 

increasingly attractive markers in molecular breeding, diversity assessment and 

fingerprinting (Morgante and Olivieri, 1993; Powell et al., 1996). SSRs are short 

tandemly repeated sequence motifs of approximately 1-8 bp in length, which are 

scattered throughout the genome and can vary between individuals in repeat length. 

High frequencies of polymorphism have been described for SSRs in brinjal (Nunome 

et al., 2009; Sunseri et al., 2010; Meng et al., 2010) and several other plant species 

(Saghai-Maroof et al., 1994; Gupta et al., 1996; Chase et al., 1996). Primer pairs 

designed for the flanking sequences can be used in PCR reactions for site-specific 

amplification of the microsatellite, thereby producing sequence-tagged microsatellite 

markers (Powell et al., 1996). 



 
 

 Simple sequence repeats or microsatellites provide an ideal tool for diversity 

studies due to their high information content, ease of genotyping through PCR, co-

dominant and multi allelic nature and high discriminating power (Russell et al., 

1997). In addition, only small amounts of DNA are required and the quality of the 

DNA need not to be as high as for most of the other advanced DNA assay methods 

(Rafalski et al., 1996). 

5.3 Fingerprinting of brinjal varieties/accessions and wild relatives 

Four released varieties of brinjal from KAU three accessions and two wild 

relatives were selected for the study. These varieties have different parentage and are 

not unique in their morphological parameters. The morphological characters of the 

genotypes observed as per the minimal descriptor of NBPGR is provided in Table 3. 

The genotypes selected were with diverse characters, the flower colour varying from 

white to violet, the fruit colour-green to purple, fruit shape round to long and with 

striking difference in presence of prickles, petiole colour, plant growth habit etc.    

The amplification pattern observed in ISSR and SSR assay were utilized for 

developing fingerprint for the selected varieties, accessions and wild relatives. 

This study has helped to characterize the genotypes and make fingerprint data 

useful for the variety registration and detecting infringement of breeder’s right and 

biopiracy. 

5.3.1 Surya 

Surya (SM 6-7) is a high yielding variety developed by single plant selection 

method from an Annamalai collection SM 6, having intermediate growth habit, non- 

prickly stem and leaves, violet petiole colour, light violet flower and purple fruit 

colour (Plate 1a) which can be morphologicaly evaluated to distinguish the variety. 

(Rajan and Prameela, 2004).  

The molecular fingerprint developed for the variety ‘Surya’ indicated 58 

amplicons of which 21 ( 36.2 %) were monomorphic and shared with all the other 

eight genotypes (Fig 1a, Table 30). Among the ten primers, UBC 811 amplified one 

unique band (500 bp) for this variety. It indicated 84 per cent similarity with the 

hybrid Neelima for which Surya is the maternal parent and thus substantiating the 

high similarity. However, the fingerprint developed through ISSR assay was unique  



 
 

Table 30: Details of amplifications with the selected 10 ISSR primers and 

sharing of bands with the other genotypes 

Primers  Amplicons Surya  Swetha  Haritha Neelima SM 

396 

SM 

397 

SM 

116  

SI* SM** 

UBC 

868 

Total  4 4 5 4 4 5 4 5 3 

Monomorphic 1 1 1 1 1 1 1 1 1 

Unique  0 0 0 0 0 0 0 0 1 

UBC 

807 

Total  5 5 5 7 6 6 6 4 8 

Monomorphic 3 3 3 3 3 3 3 3 3 

Unique  0 0 0 1 0 0 0 0 2 

ISSR 
08 

Total  7 6 8 6 9 8 5 8 11 

Monomorphic 4 4 4 4 4 4 4 4 4 

Unique  0 0 0 0 0 0 0 1 4 

ISSR 

15 

Total  5 3 3 4 2 3 2 2 4 

Monomorphic 2 2 2 2 2 2 2 2 2 

Unique  1 1 1 0 0 0 0 0 1 

UBC 

811 

Total  7 9 7 8 9 9 7 6 11 

Monomorphic 3 3 3 3 3 3 3 3 3 

Unique  0 0 0 0 0 0 0 0 0 

ISSR 
04 

Total  7 8 7 5 7 9 8 5 6 

Monomorphic 2 2 2 2 2 2 2 2 2 

Unique  0 0 0 0 0 0 0 0 0 

ISSR 

10 

Total  6 6 5 7 6 6 6 6 3 

Monomorphic 1 1 1 1 1 1 1 1 1 

Unique  0 0 0 1 0 0 0 0 1 

UBC 

S2 

Total  4 8 10 8 9 7 7 7 6 

Monomorphic 0 0 0 0 0 0 0 0 0 

Unique  0 2 2 0 0 0 0 0 0 

UBC 
826 

Total  7 8 9 7 7 9 6 8 5 

Monomorphic 4 4 4 4 4 4 4 4 4 

Unique  0 0 1 0 0 0 0 0 0 

UBC 

866 

Total  6 7 5 7 6 6 6 7 5 

Monomorphic 1 1 1 1 1 1 1 1 1 

Unique  0 0 0 0 0 0 0 0 1 

Grand 

total 

Total 58 64 64 63 65 68 57 58 62 

Monomorphic 21 21 21 21 21 21 21 21 21 

Unique  1 3 4 2 0 0 0 1 10 

SI*- S. melongena var. insanum; SM**- S. macrocarpon 



 
 

 

for the variety Surya (Fig. 13). The molecular profile developed through SSR assay 

was not good enough to distinguish the genotypes. The amplification pattern 

observed with the 10 selected SSR primers were uniform among the S. melongena  

genotypes. 

5.3.2 Swetha 

The variety Swetha (SM 6-6) was developed from Annamali collection (SM 

6) by single plant selection method. It is a high yielding variety with erect growth 

habit, non-prickly plant, bluish violet flower colour, long and white coloured fruits 

(Plate 1b) are the key characters to distinguish the variety (Rajan and Prameela, 

2004). 

The ISSR fingerprint developed for the variety Swetha was distinct for the 

genotype. The ten primers selected provided 64 amplicons of which 21 were 

monomorphic (Table 30, Fig. 13). Three unique amplicons were observed with the 

primers ISSR 15 (1500 bp) and UBC S2 (1700 bp, 1200 bp). These bands of 

relatively higher molecular size could be characteristic to this variety. The long white 

coloured fruits is a distinguishing feature of this variety among the other genotypes 

and the unique bands could be associated with this character.  

The SSR profile developed for the variety Swetha was not distinct and was 

same as the other S. melongena varieties/accessions.  

The similarity matrix (Table 29) indicated that this variety is closer to the 

accession SM 397 (76%) and the variability observed was maximum with the wild 

relative S. macrocarpon (47%).  

5.3.3 Haritha 

The variety Haritha (SM 141) is the local collection from Cochin and 

developed by single plant selection method. Intermediate growth habit, green leaf 

and petiole colour, white flowers, long and green coloured fruits with less seeds 

(Plate 1c)  are the main morphological characters to distinguish the variety. (Rajan 

and Prameela, 2004). 

The ISSR profile for the variety Haritha indicated 64 amplicons of which 

32.8 per cent were monomorphic among the nine genotypes studied (Table 30).  
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Fig 13: ISSR/SSR fingerprint developed for the nine solanum genotypes 
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Unique amplicons to distinguish this genotype (Fig. 13) was observed with the 

primers ISSR 15 (1200 bp), UBC S2 (2000 bp, 400 bp) and UBC 826 (400 bp). 

White flowers and long, green coloured fruits were the distinguishing morphological 

characters for this variety and the unique bands may be the markers linked to these 

characters. The SSR profile was same as the other seven melongena genotypes. The 

fingerprint developed with the ISSR profile was good enough to identify the variety 

(Fig. 13). 

5.3.4 Neelima 

Neelima is a high yielding hybrid of brinjal developed with Surya and SM 

116 as its parents. Hybrid vigour, intermediate growth habit, non-prickly stem, dark 

violet petiole colour, bluish violet flower colour, large and oval fruits (Plate 1d) are 

the key characters to distinguish this hybrid (Rajan and Prameela, 2004).   

The fingerprint developed for the hybrid Neelima through ISSR and SSR 

analysis is depicted in Fig. 4. The ten selected ISSR primers provided 63 amplicons 

of which 33.3 per cent were monomorphic among the genotypes studied (Table 30). 

Two unique bands were observed (Fig.13) for Neelima with the primers UBC 807 

(1100bp) and ISSR 10 (1300 bp). It shared maximum amplicons with the maternal 

parent Surya and the similarity coefficient worked out was 84 per cent (Fig. 10, 

Table 29). Among the seven Solanam melongena  genotypes studied, Surya and SM 

116 were observed to have maximum variability (32%), thus substantiating the 

selection of parents and the hybrid vigour reported for this genotype.  

The SSR profile developed for hybrid Neelima was same as for the other 

melongena genotypes.  

5.3.5 SM 116  

SM 116 is a high yielding accession of brinjal, collected from IARI, New 

Delhi. It has erect growth habit, non-prickly stem and fruit, dark violet petiole colour, 

bluish violet flowers, purple and oval fruits (Plate 2a) are the morphological 

characters distinguish the accession (Srivastava et al., 2001). 

The fingerprints developed through ISSR and SSR analysis are depicted in 

Fig. 9. In ISSR assay, no unique band was observed for this accession but the  

 



 
 

fingerprint developed was unique (Fig. 13). It can be used to distinguish this 

accession from the other brinjal genotypes. The ISSR primers provided 57 amplicons 

of which 36.8 per cent were monomorphic (Table 30). The SSR profile developed 

was same as for the other melongena genotypes. 

5.3.6 SM 396 

SM 396 is a high yielding accession of brinjal from the local collection. The 

morphological characters which distinguish the accession (Plate 2c) are prostrate 

growth habit, green petiole colour, light violet flowers, green and oval fruits     

(Table 3).   

The fingerprints developed through ISSR and SSR analysis are provided in 

Fig. 5. No unique band was noticed in the fingerprints generated by both ISSR and 

SSR marker systems. In ISSR assay out of the total 65 bands 32.3 per cent were 

monomorphic with all the genotypes studied (Table 30). It indicated maximum 

similarity (79%) with the accession SM 397 (Fig. 10, Table 29). However, the 

fingerprint generated by ISSR assay was unique for the accession.  

5.3.7 SM 397 

SM 397 is the local collection and high yielding accession of brinjal, having 

intermediate growth habit, dark violet petiole colour, oval and purple fruits, prickles 

on stem, leaves, and calyx (Table 3, Plate 2b).   

The fingerprints developed through ISSR and SSR analysis are depicted in 

Fig. 6. No unique band was noticed in the fingerprints generated by both the marker 

systems. In ISSR assay, total 68 amplicons were observed of which 30.8 per cent 

were shared with all the other genotypes (Table 30). However, the fingerprint 

generated by ISSR marker systems was unique enough to identify this genotype  

(Fig. 13).  

5.3.8 S. melongena var. insanum 

S. melongena var. insanum is the wild relative of brinjal having intermediate 

growth habit, violet petiole colour, round and green small fruits, prickles on stem, 

leaves, and calyx (Table 3, Plate 2d).     



 
 

The fingerprints developed through ISSR assay (Fig. 13) was good enough to 

characterise the genotype. Out of the total 58 amplicons observed in the ISSR assay, 

36.2 per cent were monomorphic among the genotypes studied (Table 30). One 

unique band (1900 bp) was observed with the primer ISSR 08. The dendrogram 

created (Fig. 10) indicated the clear relation of this genotype with the others. Though 

it clustered along with the other melongena genotypes it stood separately with 37 per 

cent variability (Table 29).  

The SSR primers 306 and SSR KAU 9 gave two distinct bands to identify 

this genotype. None of the other genotypes including S. macrocarpon did not 

amplifying there two loci with the selected primers. SSR being a co dominant marker 

system, these two primers which gave amplicons unique to the genotype are of great 

value in breeding programmes including S. melongena var. insanum.     

5.3.9 S. macrocarpon 

S. macrocarpon is another wild relative of brinjal, with erect growth habit, 

thick and dark green coloured leaves, violet coloured petiole, bluish violet flowers, 

round and milky white fruits (Table 3, Plate 2e).  

The fingerprints developed through ISSR and SSR analysis were observed to 

be distinct for this genotype (Fig. 13). The ten selected ISSR primer gave 62 

amplicons of which 33.8 per cent were monomorphic. Since it is a different species, 

the variability observed was also high. Six out of the 10 primers gave unique bands 

for this genotype (Fig. 13) and the variability observed was over 50 per cent (Table  

29). This wild relative occupied a distant distinct position in the dendrogram (Fig. 

10) as compared to the other genotypes. 

The SSR profile developed for this genotype was also unique. The primer 

SSR KAU 23 which amplified all melongena genotypes did not amplify S. 

melongena var. insanum and S. macrocarpon. However the primers SSR 306 and 

SSR KAU 9 clearly distinguished S. melongena var. insanum and S. macrocarpon  

(Fig. 13).    

The fingerprints for the brinjal genotypes Surya, Swetha, Haritha, Neelima, 

SM 116, SM 396, SM 397, S. melongena var. insanum and S. macrocarpon were 

unique and distinct. Though individual primers of each marker system gave several 



 
 

 amplicons shared among the genotypes, these were unique when put together, 

forming specific fingerprints of the particular genotype. Thus the fingerprint 

developed can be used effectively to prove identity of the genotypes. 

The SSR primers tested did not distinguish between the solanum genotypes 

and thus was not good enough to prove the hybridity of Neelima.  

5.4 Genetic variability analysis 

The amplification pattern observed in ISSR and SSR analysis was scored and 

analysed for relatedness/ variability among the genotypes. The computer package 

NTSYS-PC (Rohlf, 2005) was used for cluster analysis. The dendrogram and the 

similarity matrix obtained by UPGMA cluster analysis of the ISSR and SSR markers 

are given in Fig. 10 and Table 29. The dendrogram clearly distinguished 

the Solanum genotypes into three groups. All the cultivars of S. melongena were 

categorized into a single group. Hybrid Neelima and its maternal parent Surya 

showed maximum (84 %) similarity. The accession SM 116 was 79 per cent similar 

and separated from other melongena genotypes.  

All the varieties and accessions of brinjal were categorized into a single 

group with 79 per cent similarity in the present dendrogram. Low level of molecular 

polymorphism between cultivars of brinjal were also observed using allozyme 

markers (Isshiki et al., 1994a and Isshiki et al., 1994b) and microsatellite markers 

(Nunome et al., 2003).  This low level of the polymorphism was assumed to be due 

to the narrow genetic background of brinjal.   

   Maximum variability observed in the study was 49 per cent and it was for 

the genotype S. macrocarpon. The data indicating that the taxonomic position of S. 

macrocarpon should be outside the section Melongena, have been obtained by the 

several studies of AFLP (Furini and Wunder, 2004 and Mace et al., 1999), seed 

protein (Karihaloo et al., 2002). In the present study also, S. macrocarpon is clearly 

separated from the other genotypes.   

The previous studies of crossability (Daunay et al., 1991), isozymes  (Isshiki 

et al., 1994a), mtDNA (Isshiki et al., 2003) and seed protein (Karihaloo et al., 2002) 

recognized relationships of S. melongena var. insanum with the other 

related Solanum species. In the present study it showed 71 per cent similarity with 
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 the S. melongena varieties and accessions and was grouped in between S. 

macrocarpon and S. melongena.    

 The results of the present study throw light upon the low detectable genetic 

variability in brinjal through the selected molecular marker systems. Though the 

genotypes selected for the study were quite distinct with respect to morphological 

characters, very low variability at molecular level was observed between S. 

melongena genotypes studied. The markers developed were not found linked to any 

distinct morphological character except in case of variety Swetha. The marker 

systems studied relate to the repeats (SSR) and its flanking regions (ISSR) which 

need not be part of expressed regions (exons) in the genome. Markers based on the 

transcriptome and single nucleotide polymorphism might give better information on 

the genetic variability in brinjal observed at expression level. However, the data 

generated based on 10 different primers would be novel information to use as a 

fingerprint for a particular genotype. Among the marker systems studied, ISSR was 

found to be better than SSR to characterise the brinjal genotypes. The unique 

amplicons observed for the S. melongena var. insanum with the primers SSR 306 and 

SSR KAU 9 are of great value for use in the MAS programe involving cultivated 

melongena genotypes. Similarly, the primer SSR KAU 23 is good enough to detect 

all S. melongena varieties/accessions. Further characterisation of the unique bands 

observed in the ISSR and SSR assay would be effective in developing trait related 

markers for molecular breeding in brinjal. 
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6. SUMMARY 

The study entitled “DNA fingerprinting of brinjal (Solanum melongena L.) 

varieties and related species” was carried out at the Center for Plant Biotechnology 

and Molecular Biology, College of Horticulture Vellanikkara during the period 2011-

2013. The objective of the study was to characterize the four brinjal varieties 

released by Kerala Agricultural University using molecular markers such as ISSR 

and SSR and to develop a DNA fingerprint specific to each variety, with which the 

variety could be identified and its fidelity could be detected. Three brinjal accessions 

selected for their better performance (SM 116, SM 396, SM 397) and two wild 

relatives - S. melongena var. insanum and S. macrocarpon were also characterised in 

the study.  Breeder seeds were obtained from the Department of Olericulture, 

College of Horticulture, Kerala Agricultural University and maintained at CPBMB, 

for characterisation. 

The salient findings of the study are as follows: 

1. Morphological characters were recorded for all the nine genotypes with 

respect to six vegetative and five reproductive characters. The data recorded 

was used to validate the genotypes which was used for fingerprinting. All the 

genotypes exhibited their true characters described earlier.  

2. The protocol suggested by Rogers and Bendich (1994) was found ideal for 

isolation of DNA from the brinjal genotypes. The RNA contamination was 

completely removed through RNase treatment. 

3. Two molecular marker systems namely, ISSR and SSR were employed for 

characterisation of the selected genotypes. A total of 36 ISSR primers and 61 

SSR primer pairs were screened for their ability to amplify the DNA 

fragments. Out of these, 10 ISSR primers and 10 SSR primer pairs were 

selected based on the number of bands and nature of amplicons. 

4. The Resolving power (Rp) of the ISSR primers was calculated and the values 

ranged between 9.9 and 28.44. The ISSR primers UBC 854 and UBC 899 

showed high resolving power. 



 
 

5. The Polymorphic Information Content (PIC) was calculated and it ranged 

between 0.83 and 0.96 for ISSR primers indicating the suitability of primers 

to detect polymorphism. The ISSR primers UBC 811 and ISSR 15 recorded 

highest PIC values. 

6. Distinct bands were used for developing DNA fingerprint of brinjal 

varieties/accessions and wild genotypes through ISSR and SSR analysis. 

7. The amplicons for each primer shared among the genotypes were analyzed 

and demarcated with different colour codes in the fingerprints developed. 

Most of the amplicons were found shared among the genotypes. However, the 

pattern of sharing was different and good enough to separate out the 

genotypes. Certain primers amplified unique bands for different genotypes 

and these could be further characterized to develop trait specific markers.     

8. The brinjal varieties and accessions were monomorphic with respect to the 

SSR analysis performed in the study. In order to prove the hybridity of 

Neelima, it was compared along with its parent Surya and SM 116. The SSR 

primers evaluated could not distinguish the hybrid and its parents. 

9. The SSR primers SSR 306 and SSR KAU 9 were found to be good enough to 

distinguish the Solanum species. 

10. The scored data based on ISSR and SSR amplicons was used to construct a 

dendrogram using the NTSYS pc (version 2.02i) software. Similarity 

coefficient ranged from 0.51 to 0.84. The highest similarity (84 %) was 

observed between brinjal hybrid Neelima and its maternal parent Surya. 

11. The variability observed among the Solanum melongena genotype was only 

29 per cent in ISSR analysis. 

12. The S. macrocarpon was the most distinct one from other brinjal genotypes 

with 49 per cent variability. 

13. The fingerprint developed is good enough to provide varietal identity and the 

analysis could reveal variability/ relatedness among the selected genotypes. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

References 



 
 

 

7. REFERENCES 

 Adeniji, O. T., Kusolwa, P., Reuben, S. O. W. M. and Deo, P. 2012. Molecular 

diversity among seven Solanum (eggplant and relatives) species assessed by 

simple sequence repeats (SSRs) markers. Afr. J. Plant Sci. 11(90): 15643-

15653. 

Aga, E. 2005. Molecular genetic diversity study of forest coffee tree (Coffea arabica 

L.) populations in Ethiopia: Implications for conservation and breeding, 

Faculty of Landscape Planning, Horticulture and Agricultural Science, 

Swedish University of Agricultural Sciences (SLU). 

Ajibade, S. R., Weeden, N. F. and Chite, S. M. 2000. Inter-simple sequences repeat 

analysis of genetic relationships in the genus Vigna. Euphytica 111: 47-55. 

Akkaya, M. S., Bhagwat, A. A. and Cregan, P. B. 1992. Length polymorphism of 

simple sequence repeats DNA in soybean. Genet. 132:11 311-139. 

Ali1, Z., Xu, Z. L., Zhang, D. Y., He, X. L., Bahadur, S. and Yi, J. X. 2011. 

Molecular diversity analysis of eggplant (Solanum melongena L.) genetic 

resources. Genet. Mol. Res. 10(2): 1141-1155. 

Alvarez, A. E., Weil, C. C. M., Smulders, M. J. M. and Vosman, B. 2001. Use of 

microsatellites to evaluate genetic diversity and species relationships in the 

genus Lycopersicon. Theor. Appl. Genet. 103: 1283-1292. 

Ano, G., Hebert, Y., Prior, P. and Messiaen, C. M. 1991. A new source of resistance 

to bacterial wilt of eggplants obtained from a cross Solanum aethiopicum L. 

x Solanum melongena L.  Agronomie 11: 555-560. 

Arriel, N. H. C. , Mauro, A. O. D., Arriel, E. F., Unêda-Treviso, S. H., Costa, M. M., 

Bárbaro, I. M. and Muniz, F. R. S. 2007. Genetic divergence in sesame 

based on morphological and agronomic traits. Crop Breed. Appl. 

Biotechnol. 7: 253-261. 

Assefa, K. 2003. Phenotypic and molecular diversity in the Ethiopian cereal, Tef 

[Eragrostistef (Zucc.) Trotter]. Doctoral thesis, Acta Universitatis 

Agriculturae Sueciae, Agraria. 426p. 



 
 

Balami, S. 2007. Genetic diversity analysis of the wild Coffea arabica L. populations 

from Harenna forest, bale mountains of Ethiopia, using Inter Simple 

Sequence Repeats (ISSR) Marker. MSc thesis, Addis Ababa University, 

Addis Ababa, 69p. 

Barth, S., Melchinger,  A. E. and Lübberstedt, T. H.  2002. Genetic diversity in 

Arabidopsis thaliana L. Heynh. investigated by cleaved amplified 

polymorphic sequence (CAPS) and inter-simple sequence repeat (ISSR) 

markers. Mol. Ecol. 11: 495–505. 

Beckman, J. S. and Soller, M. 1986. Restriction fragment length polymorphism in 

plant  genetic improvement. Oxford surveys of Plant Mol. Cell Biol. 3:197-

250. 

Behera, T. K. and Singh, N. 2002. Inter-specific crosses between eggplant (Solanum 

melongena L.) with related Solanum species. Sci. Hortic. 95: 165-172. 

Benor, S., Zhang, M., Wang, Z. and Zhang, H. 2008. Assessment of genetic variation 

in tomato  (Solanum lycopersicum L.) inbred lines using SSR molecular 

markers.  J. Genet. Genomics 35 :(6) 373-379. 

Berthaud, J. and Charrier, A. 1988. Genetic resources of Coffea. In: Clarke, R., J. and 

Macrae, R. (eds.), Coffee Agronomy. Elsevier Applied Science, London & 

New York, pp. 1-42. 

Bhat, K. V. 2008. DNA fingerprinting and cultivar identification. In: Parsad, R., 

Gupta, V. K., Bhar, L. M. and Bhatia, V. K. (eds.), Advances in Data 

Analytical Techniques. IASRI New Delhi, pp. 101-109. 

Blair, M. W., Panaud, O. and McCouch, S. R. 1999. Inter-simple sequence repeats 

(ISSR) amplification for analysis of microsatellite motif frequency and 

fingerprinting in rice (Oryza sativa L.). Theor. Appl. Genet. 98:780-792. 

Bohs, L. 1999. Cyphomandra (Solanaceae). Flora Neotropica Monograph. New 

York Botanical Garden, 63p. 

http://www.sciencedirect.com/science/article/pii/S1673852708600545
http://www.sciencedirect.com/science/article/pii/S1673852708600545
http://www.sciencedirect.com/science/article/pii/S1673852708600545


 
 

Bornet, and Branchard, 2001. Nonanchored Inter Simple Sequence Repeat (ISSR) 

Markers: reproducible and specific tools for genome fingerprinting. Plant 

Mol. Biol. Rep.19:209-215. 

Botstein, D., Raymond, W. L., Skolnick, M. and Ronald, W. D. 1980. Construction 

of a genetic linkage map in man using Restriction Fragment Length 

Polymorphisms. Am. J. Hum. Genet. 32: 314-331. 

Botta, R., Scott, N. S., Eynard, I. and Thomas, M. R. 1995. Evaluation of 

microsatellite sequence-tagged site markers for characterizing Vitis vinifera 

cultivars. Theor. Appl. Genet. 34: 99–102. 

Brady, J. L., Scott, N. S. and Thomas, M. R. 1996. DNA typing of hops (Humulus 

lupulus) through application of RAPD and microsatellite marker sequences 

converted to sequence tagged sites (STS). Euphytica 91: 277–284. 

Brown, A. H. D. 1978. Isozymes plant population genetic structure and genetic 

conservation. Theor. Appl. Genet. 52:145-157. 

Brown, A. H. D. 1990. The role of isozyme studies in molecular systematics. In: P. 

Y. Ladiges and L. W. Martinelli (eds.), Plant Systematics in the Age of 

Molecular Biology, CSIRO, Melbourne, pp. 39-46. 

Brown, S. M., Hopkins, M. S., Mitchell, S. E., Senior, M. L., Wang, T. Y., Duncan, 

R. R., Gonzalez-Candelas, F. and Kresovich, S. 1996. Multiple methods for 

the identification of polymorphic simple repeats (SSRs) in sorghum 

(Sorghum bicolor (L) Moench). Theor. Appl. Genet. 93: 190–198. 

Buhulikar, R. A., Stanculescu, D., Preston, C. A. and Baldwin, I. T. 2004. ISSR and 

AFLP analyses of the temporal and spatial population structure of the post-

fire annual Nicotiana attenuate in Utah. J. Ecol. 4: 1-13. 

Bukenya, Z. R. and Carasco, J. F. 1994. Biosystematic study of Solanum 

macrocarpon – S. dasyphyllum complex in Uganda and relations with 

Solanum linnaeanum. East Afric. Agric. For. J. 59(3): 187-204. 

 



 
 

Caetano-Anolles, G., Bassam, B. J. and Gresshoff, P. 1991. DNA amplification 

fingerprinting using very short arbitrary oligonucleotide primers. Mol. 

Biotechnol. 9: 553-557. 

Chase, M., Kessli, R. and Bawa, K. 1996. Microsatellite markers for population and 

conservation genetics of tropical trees. Am. J. Bot. 83: 51-57. 

Chinnappareddy, L. R. D.,  Khandagale, K., Reddy, S. H. S., Kanupriya, C., 

Chennareddy, A. and Singh, T. H. 2012. SSR-based DNA barcodes as a tool 

for identification of eggplant genotypes. Int. J. Veg. Sci. 18(3): 260-271. 

Choudhury, B. (1976). Vegetables. (4
th

 Ed.) National Book Trust, New Delhi. 

Chowdhury, M. A., Vandenberg, B. and Warkentin, T. 2002. Cultivar identification 

and genetic relationship among selected breeding lines and cultivars in 

chickpea (Cicer arietinum L.). Euphytica 127: 317-325. 

Collonnier, C., Fock, I., Kashyap, V., Rotino, G. L., Daunay, M. C., Lian, Y., 

Mariska, I. K., Rajam, M. V., Servaes, A., Ducreux , G. and Sihachakr , D. 

2001. Applications of biotechnology in eggplant. Plant Cell Tissue Org. 

Cult. 65: 91-107. 

Condit, R. and Hubbel, S. 1991. Abundance and DNA sequence of two-base repeat 

regions in tropical tree genomes. Genome 23:55-60. 

Correll, D. S. 1962. The potato and its wild relatives. Contributions from Texas 

Research Foundation Botanical Studies 4: 1-606. 

Cruz, A. R. R., Paixao, A. L. D., Machado, F. R., Barbosa, M. F. F. and Junqueira, C. 

S. 2004. Metodologiapara obtenção de plantas transformadas de Coffea 

canephora por co-cultivo ecalosembriogênicoscom A.tumefaciens. Boletim 

de Pesquisa e Desenvolvimento. Embrapa, Brasilia, Brasil, 58: 15p. 

Daunay, P. and Laterrot, H. 1991. The use of wide species for the genetic 

improvement of brinjal eggplant (Solanum melongena L.) and tomato 

(Lycopersicon esculentum). In: Hawkes, J. G., Lester, R. N. and Nee, M. 

(eds.), Solanaceae III: Taxonomy, Chemistry, Evolution. Royal Botanical 

Gardens Kew, London, pp. 389-412. 

http://www.cabdirect.org/search.html?q=au%3A%22Chinnappareddy%2C+L.+R.+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kiran+Khandagale%22
http://www.cabdirect.org/search.html?q=au%3A%22Reddy%2C+S.+H.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kanupriya%2C+C.%22
http://www.cabdirect.org/search.html?q=au%3A%22Aswath+Chennareddy%22
http://www.cabdirect.org/search.html?q=au%3A%22Singh%2C+T.+H.%22


 
 

Daunay, M. C. and Lester, R. N. 1988. The usefulness of taxonomy for Solanaceae 

breeders, with special reference to the genus Solanum and to Solanum 

melongena L. (eggplant). Capsicum Newsl. 7:70–79. 

Daunay, M. C., Lester, R. N., Gebhardt, C., Hennart, J. W., Jahn, M., Frary, A. and 

Doganlar, S. 2001. Genetic resources of eggplant (Solanum melongena) and 

allied species: a new challenge for molecular geneticists and eggplant 

breeders. In: Berg R. G., Barendse, G. W. M., Weerden, G. M. and Mariani, 

C. (eds.), Solanaceae V: advances in taxonomy and utilization. Nijmegen 

University Press, pp. 251-274 

Demir, K., Bakır, M., Sarikamis, G. and Acunalp, S. 2010. Genetic diversity of 

eggplant (Solanum melongena) germplasm from Turkey assessed by SSR 

and RAPD markers. Genet. Mol. Res. 9(3): 1568-1576. 

Doganlar, S., Frary, A., Daunay, M. C., Lester, R. N. and Tanksley, S. D. 2002. 

Conservation of gene function in the solanaceae as revealed by comparative 

mapping of domestication traits in eggplant. Genet. 161: 1713-1726.  

Dudnikov, A. J. 2003. Allozymes and growth habit of Aegilops tauschii: genetic 

control and linkage patterns. Euphytica 129: 89-97. 

Ender, A, Schwenk, K, Städler, T, Streit, B, and Schierwater, B. 1996. RAPD 

identification of microsatellites in Daphnia. Mol. Ecol. 5:437-441. 

Fang, D. Q. and Roose, M. L. 1997. Identification of closely related citrus cultivars 

with intersimple sequence repeat markers. Theor. Appl. Genet. 95:408–417.   

Fan-juan, M., Xiang-yang, X., Feng-lan, H. and Jing-fu L. 2010. Analysis of genetic 

diversity in cultivated and wild tomato varieties in Chinese market by 

RAPD and SSR.  Agric. Sci. China 9(10):1430-1437. 

Frary, A., Doganlar, S. and Daunay, M. C. 2007. “Eggplant”, genome mapping and 

molecular breeding in plants. Genomics 5:231-257. 

 

http://www.cabdirect.org/search.html?q=au%3A%22Demi%CC%87r%2C+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Bak%C4%B1r%2C+M.%22
http://www.cabdirect.org/search.html?q=au%3A%22Sar%C4%B1kam%C4%B1s%CC%A7%2C+G.%22
http://www.cabdirect.org/search.html?q=au%3A%22Acunalp%2C+S.%22
http://www.cabdirect.org/search.html?q=do%3A%22Genetics+and+Molecular+Research%22
http://www.sciencedirect.com/science/article/pii/S1671292709602340
http://www.sciencedirect.com/science/article/pii/S1671292709602340
http://www.sciencedirect.com/science/article/pii/S1671292709602340


 
 

Furini, A. and Wunder, J. 2004. Analysis of eggplant (Solanum melongena)-related 

germplasm: morphological and AFLP data contribute to phylogenetic 

interpretations and germplasm utilization. Theor. Appl. Genet. 108: 197-

208. 

Gallego, F. J. and Martinez, I. 1996. Molecular typing of rose cultivars using RAPD. 

J. Hortic. Sci. 71(6): 901-908. 

Garland, S. H., Lewin, L., Abedinia, M., Henry, R. and Blakeney, A.1999. The use 

of microsatellite polymorphisms for the identification of Australian 

breeding lines of rice (Oryza sativa L.). Euphytica 108:53–63. 

Girma, G. 2007. Relationship between wild rice species of Ethiopian rice with 

cultivated rice based on ISSR marker. MSc thesis Addis Ababa University, 

Addis Ababa, 56p. 

Godwin, I. D., Aitken, E. A. B. and Smith, L. W., 1997. Application of inter simple 

sequence repeat (ISSR) markers to plant genetics. Electrophoresis 18:1524-

1528. 

Gottlieb, L. D. 1981. Electrophoretic evidence and plant populations. Prog. 

Phytochem.7: 1-46.  

Goulao, L., Monte-Corvo, L. and Oliveira, C. 2001. Phenetic characterization of 

plum cultivars by high multiplex ratio markers: Amplified Fragment Length 

Polymorphisms and Inter Simple Sequence Repeats. J. Am. Soc. Hort. Sci. 

126:  72-77. 

Goulão, L. and Oliveira, C. M. 2001. Molecular characterisation of cultivars of apple 

(Malus domestica) using  microsatellite (SSR and ISSR) markers. Euphytica 

122: 81-89.  

Goulão, L., Valdiviesso, T., Santana, C. and Oliveira, C. M. 2001. Comparison 

between phenetic characterisation using RAPD and ISSR markers and 

phenotypic data of cultivated chestnut (Castanea sativa). Genet. Resour. 

Crop Evol. 48: 329–338. 



 
 

Guilford, P., Prakash, S., Zhu, J. M., Rikkerink, E., Gardiner, S., Bassett, H. and 

Forster, R. 1997. Microsatellites in Malus domestica (apple): abundance, 

polymorphism and cultivar identification. Theor. Appl.Genet. 94: 245-249. 

Gupta, M., Chyi, Y. S., Romero-Sevenson, J. and Owen, J. L. 1994. Amplification of 

DNA markers from evolutionarily diverse genomes using single primers of 

simple sequence repeats. Theor. Appl. Genet. 8: 998. 

Gupta, P. K., Balyan, H. S., Sharma, P. C. and Ramesh, B. 1996. Microsatellites in 

plants: a new class of molecular markers. Curr. Sci. 70: 45-54. 

 HaiYan, G.,  HuaiZhi L.,  Yang L.,  XiAng, L. and  HuoYing, C. 2011. 

Characterization of novel developed expressed sequence tag (EST)-derived 

simple sequence repeat (SSR) markers and their application in diversity 

analysis of eggplant.  Afr. J.  Biotechnol. 10(45): 9023-9031. 

Hamada, H., Petrino, M.G. and  Kakunaga, T. 1982. A novel repeated element with 

Z- DNA forming potential is widely found in evolutionarily diverse 

eukaryotic genomes. Proc. Natl. Acad. Sci. United States of Amer.Biol. Sci. 

79: 6465-6469. 

Hasan, S. M. Z. and Jasen, P. C. M.  1994. Solanum L., In: Siemonsma, J. S. and 

Piluek, K. (eds.), Prosea: Plant Resources of South-East Asia No 8 

Vegetables. Prosea Foundation, Bogor, Indonesia, pp. 249-252.  

He, G. H., Meng, R., Newman, M., Gao, G., Pittman, R. and Prakash, C. S. 2003. 

Microsatellites as DNA markers in cultivated peanut (Arachis hypogaea L.). 

BMC plant bio.  3:3. 

He, G. H. and Prakash, C. S. 1999. Identification of polymorphic DNA markers in 

cultivated peanut (Arachis hypogea L.). Euphytica 97: 143-149. 

Hollman, A. B., Stier, J. C., Casler, M. D., Jung, G. and Brilman, L. A. 2005. 

Identification of putative velvet bengrass clones using RAPD marker. Crop 

sci. 45: 923-930. 

http://www.cabdirect.org/search.html?q=au%3A%22Ge+HaiYan%22
http://www.cabdirect.org/search.html?q=au%3A%22Li+HuaiZhi%22
http://www.cabdirect.org/search.html?q=au%3A%22Liu+Yang%22
http://www.cabdirect.org/search.html?q=au%3A%22Li+XiAng%22
http://www.cabdirect.org/search.html?q=au%3A%22Chen+HuoYing%22
http://www.cabdirect.org/search.html?q=do%3A%22African+Journal+of+Biotechnology%22


 
 

Holton, T A.2001. Plant genotyping by analysis of microsatellites. In R. J. Henry 

(eds.), Plant genotyping: The DNA fingerprinting of plants. CABI 

Publishing, Oxon, UK. pp. 15-27. 

Hu, J. and Quiros, C. F. 1991. Identification of broccoli and cauliflower cultivars 

with RAPD markers. Plant Cell Reporter 10:505-511. 

Huang, J. and Sun, S. M. 2000. Genetic diversity and relationships of sweet potato 

and its wild relatives in Ipomoea series Batatas (Convolvulaceae) as 

revealed by inter-simple sequence repeat (ISSR) and restriction analysis of 

chloroplast DNA. Theor. Appl. Genet. 100: 1050-1060. 

Huang, X. Q., Borner, A., Roder, M. S. and Ganal, M. W. 2002. Assessing genetic 

diversity of wheat (Triticum aestivum L.) germplasm using microsatellite 

markers. Theor. Appl.  Genet. 105: 699-707. 

Hurtado, M., Vilanova, S., Plazas, M., Gramazio, P., Fonseka, H. H., Fonseka, R. 

and Prohens, J. 2012. Diversity and Relationships of Eggplants from Three 

Geographically Distant Secondary Centers of Diversity. Pols One 7(7): 

41748. 

Isshiki, S., Iwata, N. and Khan, M. M. R. 2008. ISSR variations in eggplant 

(Solanum melongena L.) and related Solanum species. Sci. Hortic. 117: 

186-190. 

Isshiki, S., Okubo, H. and Fujieda, K. 1994a. Phylogeny of eggplant and related 

Solanum species constructed by allozyme variation. Sci. Hortc. 59: 171-176. 

Isshiki, S., Okubo, H., Oda, N. and Fujieda, K. 1994b. Isozyme variation in eggplant 

(Solanum melongena L.). J. Jpn. Soc. Hort. Sci. 63: 115-120. 

Jacob, H J., Lindpainter, K., Lincoln, S E. Kusumi ,K., Bunker, R K., Mao ,Y.P., 

Dzau ,V J., Ganten, D. and Lander, E.S. 1991. Genetic mapping of a gene 

causing hypertension in the stroke-prone spontaneously hypersensitive rat. 

Cell  67: 213-224. 

Jones, N., Ougham, H. and Thomas, H. 1997. Markers and mapping: we are all 

geneticists now.  New Phytol. Vol.137, pp.165-177 



 
 

Joshi, S. P., Gupta, V. S., Aggarwal, R. K., Ranjekar, P. K. and Brar, D. S. 2000. 

Genetic diversity and phylogenetic relationship as revealed by inter simple 

sequence repeat (ISSR) polymorphism in the genus Oryza. Theor. Appl. 

Genet. 100:1311-1320. 

Joshi, S. P., Prabharkar, K., Ranjek, A., Vidya, R. and Gupta, S. 1999. Molecular 

markers in plant genome analysis. Plant Molecular Biology Group, Division 

of Biochemical Science, Natural Chemical Laboratory, Pune, 411008, India. 

Kalloo, G. 1988. In: Vegetable Breeding, vol. III. CRC Press, Boca Raton. 

Kalpana, D., Choia, S. H., Choia, T. K., Senthilb, K. and Leea, Y. S. 2012. 

Assessment of genetic diversity among varieties of mulberry using RAPD 

and ISSR fingerprinting. Sci. Hortic. 134: 79–87. 

Kantety, R. V., Zeng, X., Bennetzen, J. L. and Zehr, B. 1995. Assessment of genetic 

diversity in popcorn (Zea mays L.) inbred lines using Inter-Simple Sequence 

Repeat (ISSR) amplification. Mol. Breed. 1: 365-373. 

Karihaloo, J. L. and Gottlieb, L. D. 1995. Allozyme variation in the eggplant, 

Solanum melongena L. (Solanaceae). Theor. Appl. Genet.  90:578–583. 

Karihaloo, J. L., Kaur, M. and  Singh, S. 2002. Seed protein diversity in Solanum 

melongena L. and its wild and weedy relatives. Genet. Res. Crop Evol. 49: 

533–539. 

Karp, A. S., Kresovich, K. V., Bhat, W. G. and Ayad, T. H., 1997. Molecular tools 

in: plant genetic resources conservation: A Guide to the technologies. IPGRI 

Technical Bulletin No. 2. International Plant Genetic Resources Institute, 

Rome, Italy. 

Karp, A., Seberg, O. and Buiatti, M. 1996. Molecular techniques in the assessment of 

botanical diversity. Ann. of Bot. 78:143–149. 

Katzir, N., Danin-Poleg. Y., Tzuri, G., Karchi, Z., Lavi, U. and Cregan, P. 1996. 

Length polymorphism and homologies of microsatellites in several 

Cucurbitaceae species. Theor. Appl. Genet. 93:1282-1290. 



 
 

Khan, R. 1979. Solanum melongena and its ancestral forms. In: Hawkes, J., Lester, 

R. and Skelding, A. (eds.), The Biology and Taxonomy of the Solanaceae. 

Academic Press, London, pp. 629-36. 

Knapp, S., Bohs, L. and Spooner, D. M. 2004. Solanaceae a model for linking 

genomics with biodiversity. Comp. Funct. Genomics 5: 285-291.  

Kojima,T., Nagaoka, T., Noda, K. and Ogihara, Y.1998. Genetic linkage map of 

ISSR and RAPD markers in einkorn wheat in relation to that of RFLP 

markers. Theor. Appl. Genet. 96:37–45. 

Kresovich, S. K., Szewc-McFadden, A. K., and Bliek, S. M. 1995. Abundance and 

characterization of simple-sequence repeats (SSRs) isolated from a size-

fractionated genomic library of Brclssicu nnpus L. (rapeseed). Theor. Appl. 

Genet. 91: 206-211. 

Krishnamurthy, S. and Subramanian, D. 1954. Some investigations on the types of 

flowers in brinjal (Solanum melongena L.) based on the style length and 

fruit set under natural conditions. Indian J. Hort. 11: 63-67. 

Kumar, G., Meena, B. C., Kar, R., Tivari, S. K., Gangopadhayay, K. K., Bisht, I. S. 

and Mahajan, R. K. 2008. Morphological diversity in brinjal (Solanum 

melongena L.) germplasm accession. Plant Genet. Resour. 6: 232-236.    

Kumar, J. 2005. Biotechnology patenting. J. of intellectual properties rights 9: 471-

480. 

Kumchai, J., Wei, Y. C., Lee, C. Y., Chen, F. C. and Chin, S. W. 2013. Production of 

interspecific hybrids between commercial cultivars of the eggplant 

(Solanum melongena L.) and its wild relative S. torvum. Genet. Mol. Res. 12 

(1): 755-764. 

Lanteri, S. and Barcaccia, G. 2005. The role of biotechnology, workshop. Villa 

Gualino, Turin, Italy. http://www.fao.org/biotech/docs/lanteri 

Lavi, U., Akkaya, M., Bhagwat, A., Lahav, E. and Cregan, P. B. 1994. Methodology 

of generation and characteristics of simple sequence repeat DNA markers in 

avocado (Persea americana M.). Euphytica 80:171-177.  

http://www.fao.org/biotech/docs/lanteri


 
 

Lester, R. N. and Hasan, S. M. Z. 1990. The distinction between Solanum incanum 

L. and Solanum insanum L. (Solanaceae). Taxon. 39:521–523. 

Lester, R. N. and Hasan, S. M. Z. 1991. Origin and domestication of the brinjal 

eggplant, Solanum melongena, from Solanum incanum in Africa and Asia. 

In: Hawkes, J. G, Lester R. N, Nee, M. and Estrada, N. (eds.), Solanaceae 

III: taxonomy-chemistry-evolution. Royal Botanical Gardens Kew, London, 

pp. 369-387. 

Li Y., Dong Y. B., Niu, S. Z. and Cui, D. Q. 2008. QTLs for popping characteristics 

in popcorn. Plant Breed. 126:509-514. 

Lin, D., Hubbes, M. and Zsuffa, L.1993. Differentiation of poplar and willow clones 

using RAPD fingerprints. Tree physiol. 14:1097-1105. 

Linnaeus, C. 1753. Species plantarum, Stockholm. 1: 184-188. 

Liu, L., Zhao, L., Gong, Y., Wang, M., Chen, L., Yang, J., Wang, Y., Yu, F. and 

Wang, L. 2008. DNA fingerprinting and genetic diversity analysis of late-

bolting radish cultivars with RAPD, ISSR  and SRAP markers. Sci. 

Hortic.116 (3): 240-247. 

Liu, S. and Wu, F. 2013. Phenotype and genetic diversity in potato onion cultivars 

from three provinces of northeast China. Biochemical Syst. Ecol. 49: 77-86. 

Liu, Y. G., Bao, B. L., Liu, L. X., Wang, L. and Lin, H. 2008. Isolation and 

characterization of polymorphic microsatellite loci from RAPD product in 

half-smooth tongue sole (Cynoglossus semilaevis) and a test of cross-species 

amplification. Mol. Ecol.  8:202-204. 

Lowe, A. J., Moule, C., Trick, M. and Edwards, K. J. 2004. Efficient large-scale 

development of microsatellites for marker and mapping applications in 

Brassica crop species. Theor. Appl. Genet. 108: 1103-1112. 

Lunt, D. H., Hutchinson, W. F. and Carvalho, G. R.1999. An efficient method for 

PCR based  isolation of microsatellite arrays (PIMA). Mol. Ecol. 8:891-892. 

http://www.sciencedirect.com/science/article/pii/S030442380700444X
http://www.sciencedirect.com/science/article/pii/S030442380700444X
http://www.sciencedirect.com/science/article/pii/S0305197813000367
http://www.sciencedirect.com/science/article/pii/S0305197813000367


 
 

Mahmoud, M. I. and El-Mansy, A. B. 2012. Molecular identification of eggplant 

cultivars (Solanum melongena L.) using ISSR markers. J. Appl. Sci. Res. 

8(1): 69-77.  

Martin, F. W. and Rhodes, A. M. 1979. Subspecific grouping of eggplant cultivars. 

Euphytica 28: 367-383. 

Martins, M., Tenreiro, R. and Oliveira, M. 2003. Genetic relatedness of Portuguese 

almond cultivars assessed by RAPD and ISSR markers. Plant Cell Rep. 22: 

71-78. 

McClean, P. L, Ewing, J. Lince, M. and Grafton, K.1994. Developments of RAPD 

map of Phaseoolus vulgaris L. Annual Report of the bean improvement 

Cooperative. 37:79-80.  

Medraoui, L., Ater, M., Benlhabib, O., Msikine, D. and Filali-Maltouf, A. 2007. 

Evaluation of genetic variability of sorghum (Sorghum bicolor L. Moench) 

in northwestern Morocco by ISSR and RAPD markers. Compt. Rendus 

Biologies. 330(11): 789-797. 

Meerow, A. W., Wissar, R. J., Brown, J. S., Kuhn, D. N., Schnell, R. J. and Broschat, 

T. K. 2003. Analysis of diversity and population structure within Florida 

coconut (Cocos nucifera L.) germplasm using microsatellite DNA, with 

special emphasis on the Fiji Dwarf cultivar. Theor.  Appl.  Genet. 106: 715-

726. 

Meng, F., Xu, X., Huang, F. and Li, J. 2010. Analysis of genetic diversity in 

cultivated and wild tomato varieties in Chinese market by RAPD and SSR. 

Agric. Sci. China, 9 (10):  1430-1437. 

Mohan, M., Nair, S., Bhagwat, A., Krishna, T. G., Yano, M., Bhatia, C. R. and 

Sasaki, T. 1997. Genome mapping, molecular markers and marker-assisted 

selection in crop plants.  Mol. Breed. 3: 87-103. 

Montarroyos, A. V. V., Lima, M. A. G., Santos, D., Dos, E. O. and Franca, J. G. E. 

2003. Isozyme analysis of an active cassava germplasm bank collection. 

Euphytica 130:101-10. 

http://www.sciencedirect.com/science/article/pii/S1631069107002685
http://www.sciencedirect.com/science/article/pii/S1631069107002685


 
 

Morell, M. K., Peakall, R., Appels, L. R. and Preston, H. L. 1995. DNA profiling 

techniques for plant variety identification.  Aust. J. Exp. Agri.  35: 807-819. 

Morgante, M. and Olivieri, A. M. 1993. PCR amplification of microsatellite markers 

in plant genetics. Pl. J. 3: 175-182. 

Muñoz-Falcón, J. E., Vilanova, S., Plazas, M. and Prohens, J. 2011. Diversity, 

relationships and genetic fingerprinting of the Listada de Gandía eggplant 

landrace using genomic SSRs and EST-SSRs. Sci. Hortic. 129(2): 238-246. 

Nagaoka, T. and Ogihara, Y. 1997. Applicability of inter-simple sequence repeat 

polymorphisms in wheat for use as DNA markers in comparison to RFLP 

and RAPD markers. Theor. Apppl. Genet. 94: 597–602. 

 NHB, 2012.  Area and Production Estimates for Horticulture Crops for 2011-2012. 

[on line] URL: http://nhb.gov.in/area-pro/final%20estimates%20for%202011-

12.xls. [25-7-2013]. 

Nothmann, J., Rylski, I. and Spigelman, M. 1983. Floral morphology and position, 

cluster size and seasonal fruit set in different eggplant cultivars. J. Hort. Sci. 

58: 403-409. 

Nunome, T. 2005. Studies on the development of DNA markers and the genetics of 

several traits in eggplant. Bull. Natl. Inst. Veg. Tea Sci. 4: 39-69. 

Nunome, T., Negoro, S., Kono, I., Kanamori, H., Miyatake, K., Yamaguchi, H., 

Ohyama, A. and Fukuoka, H. 2009. Development of SSR markers derived 

from SSR-enriched genomic library of eggplant (Solanum melongena L.).  

Theor. Appl. Genet.  119(6): 1143-1153.  

Nunome, T., Suwabe, K., Iketani, H. and Hirai, M. 2003b.  Identification and 

characterization of microsatellites in eggplant. Plant Breed. 122: 256-262. 

Nunome, T., Suwabe, K., Ohyama, A., and Fukuoka, H., 2003a. Characterization of 

trinucleotide microsatellites in eggplant. Breed. Sci. 53: 77-83. 

http://www.cabdirect.org/search.html?q=au%3A%22Mu%C3%B1oz-Falc%C3%B3n%2C+J.+E.%22
http://www.cabdirect.org/search.html?q=au%3A%22Vilanova%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Plazas%2C+M.%22
http://www.cabdirect.org/search.html?q=au%3A%22Prohens%2C+J.%22
http://www.cabdirect.org/search.html?q=do%3A%22Scientia+Horticulturae%22
http://nhb.gov.in/area-pro/final%20estimates%20for%202011-12.xls
http://nhb.gov.in/area-pro/final%20estimates%20for%202011-12.xls
http://nhb.gov.in/area-pro/final%20estimates%20for%202011-12.xls
http://www.cabdirect.org/search.html?q=au%3A%22Nunome%2C+T.%22
http://www.cabdirect.org/search.html?q=do%3A%22Bulletin+of+the+National+Institute+of+Vegetable+and+Tea+Science%22
http://www.cabdirect.org/search.html?q=au%3A%22Nunome%2C+T.%22
http://www.cabdirect.org/search.html?q=au%3A%22Negoro%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kono%2C+I.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kanamori%2C+H.%22
http://www.cabdirect.org/search.html?q=au%3A%22Miyatake%2C+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Yamaguchi%2C+H.%22
http://www.cabdirect.org/search.html?q=au%3A%22Ohyama%2C+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Fukuoka%2C+H.%22
http://www.cabdirect.org/search.html?q=do%3A%22TAG+Theoretical+and+Applied+Genetics%22
http://www.cabdirect.org/search.html?q=do%3A%22TAG+Theoretical+and+Applied+Genetics%22


 
 

Osborn, B., Lightfoot, D. R. and Hill, A. 2005. Assessment of genetic polymorphism 

of Pinus ponderosa by Inter Simple Sequence Repeats (ISSR). J. Sci. 1: 46-

51. 

Ozkaya, O. and Dundar, O. (2009a). Response of 1-methylcyclopropene (1-MCP) 

treatments on some quality parameters of plum during storage. J. Food 

Agric. Environ. 7: 233-236. 

Ozkaya, O. and Dundar, O. (2009b). Chemical and physical characteristics of four 

strawberry cultivars. Asian J. Chem. 21: 2185-2188. 

Paillard, M., Lashermes, P. and Petiard, V. 1996. Construction of a molecular 

linkage map in coffee. Theor. Appl. Genet. 93: 41-47. 

Parani, M., Ananda, A. and Parida, A. 1997. Application of RAPD fingerprinting in 

selection of micropropagated plants of piper longum for conservation. curr. 

sci.73: 81-83. 

Parker, P. G., Snow, A. A., Schug, M. D., Booton, G. C. and Fuerst, P. A. 1998. 

What molecules can tell us about populations: choosing and using molecular 

markers. Ecol. 79: 361–382. 

Parsons, B. J., Newbury, H. J., Jackson, M. T. and Ford-Lloyd, B. V. 1997. 

Contrasting genetic diversity relationships are revealed in rice (Oryza sativa 

L.) using different marker types. Mol. Breed. 3: 115–125. 

Pasakinskiene, I., Griffiths, C. M., Bettany, A. J. E., Paplauskiene, V. and 

Humphrey, M. W. 2000. Anchored simple-sequence repeats as primers to 

generate species-specific DNA markers in Lolium and Festuca grasses. 

Theor. Appl. Genet. 10: 384-390. 

Popov, V. N., Urbanovich, O. and Kirichenko, V. V. 1998. Studying genetic 

diversity in inbred sunflower lines by RAPD and isozyme analyses. Russian  

J. Genet. 38: 785-790. 

Poulsen, G. B., Kahl G. and Weising, K. 1994. Differential abundance of simple 

repetitive sequences in species of Brassica and related Brassicaceae. Plant 

Syst. Evol. 190: 21-30. 



 
 

Powell, W., Machray, G. C. and Provan, J. 1996.  Polymorphism revealed by simple 

sequence repeats. Trends Plant Sci. 1(1): 215-222. 

Prevost, A. and Wilkinson, M. J. 1999. A new system for the comparing PCR 

primers applied to ISSR fingerprinting of potato cultivars. Theor.  Appl.  

Genet. 98: 107-112. 

Prohens, J., Muñoz-Falcón, J. E., Vilanova, S. and Nuez, F. 2011. Comparison of 

morphological, AFLP and SSR markers for the protection of eggplant 

germplasm. Acta Hortic. 898:123-131.  

Rafalski A.,Vogel, M. J., Morgante, M., Powell, W., Andre, C. and Tingey, S. V. 

1996. Generating and using DNA markers in plants. In: Birren, B., Lai, E. 

(eds.), Non-mammalian genome analysis: a practical guide. Academic 

Press, London, pp. 75-134. 

Rajan. S. and Prameela, K. P. 2004. Crop varieties released from KAU. Kerala 

Agricultural University, Thrissur. 86p. 

Ram, H. H. 2012. Vegetable breeding principles and practices (3
rd 

Ed.). Kalyani 

Publishers, Ludhiana, 364p. 

Raval, R. R., Lau, K. W., Tran, M. G., Sowter, H. M., Mandriota, S. J., Li, J. L., 

Pugh, C. W., Maxwell, P. H., Harris, A. L. and Ratcliffe, P. J. 1998. 

Contrasting properties of Hypoxia-Inducible Factor 1 (HIF-1) and HIF-2 in 

von Hippel-Lindau-associated renal cell carcinoma. Mol. Cell Biol. 25: 

5675-5686. 

Rogers, S. O. and Bendich, A.  J. 1994. Extraction of total cellular DNA from plants, 

algae and fungi; In: Gelvin, S. B. and Schilperoort, R. A. (eds.), Plant 

Molecular Biology manual,  MA Kluwer Academic Publishers, Boston, pp. 

1-8.  

Rohlf, F. J. 2005. NTSYSpc Numerical Taxonomy and Multivariate Analysis 

System. Verson 2.2. Exeter software, New York.  

http://www.cabdirect.org/search.html?q=au%3A%22Prohens%2C+J.%22
http://www.cabdirect.org/search.html?q=au%3A%22Mu%C3%B1oz-Falc%C3%B3n%2C+J.+E.%22
http://www.cabdirect.org/search.html?q=au%3A%22Vilanova%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Nuez%2C+F.%22
http://www.cabdirect.org/search.html?q=do%3A%22Acta+Horticulturae%22


 
 

Rongwen, J., Akkaya, M.S., Bhagwat, A. A., Lavi, U. and Cregan, P.B. 1995. The 

use of microsatellite DNA markers for soybean genotype identification. 

Theor. Appl. Genet. 90: 43-48. 

Russell, J. R., Fuller, J. D., Macaulay, M., Hatz, B. G., Jahoor, A., Powell, W. and 

Waugh, R. 1997. Direct comparison of levels of genetic variation among 

barley accessions detected by RFLPs, AFLPs, SSRs and RAPDs. Theor. 

Appl. Genet. 95: 714–722. 

Saghai-Maroof, M. A., Soliman, K. M., Jorgensen, R. A. and Allard, R. W. 1984. 

Ribosomal DNA spcer length polymorphisms in barley: mendelian 

inheritance, chromosomal location, and population dynamics. Proc. Natl. 

Acad. Sci. USA 81: 8014-8018. 

Saiki, R. K., Gelfand, D. H., Scharf, S. J., Higuchi, R., Horn, G. T., Mullis, K. B. and 

Erlich, H. A. 1988. Primer-directed enzymatic amplification of DNA with a 

thermo stable DNA polymerase. Science. 239: 487-491. 

Salimath, S. S., de Oliveira, A. C., Godwin, I. D. and Bennetzen, J. L. 1995. 

Assessment of genome origins and genetic diversity in the genus Eleusine 

with DNA markers. Genome 38: 757-763. 

Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989. Molecular Cloning. A Laboratory 

Mannual. Academic Press, New York, USA, 1322p. 

Schlötterer, C. 2004. The evolution of molecular markers-just a matter of fashion. 

Nat. Rev. Genet. 5:63–69. 

Seithe, A. and Anderson, G. J. 1982. Hair morphology and the relationships of 

species in Solanum. Plant Syst. Evol. 139:229–256. 

Senior, M. L., and Heun, M. 1993. Mapping maize microsatellites and polymerase 

chain reaction confirmation of the targeted repeats using a CT primer. 

Genome 36: 884-889. 

Shattuck-Eidens, D. M., Bell, R. N., Neuhausen, S. L. and Helentjaris, T. 1991. DNA 

sequence variation within maize and melon: observations from polymerase 

chain reaction amplification and direct sequencing. Genet. 126: 207-217. 



 
 

Singh, K.,  Singh, M., Singh, A. K.,  Singh, R., Kumar, S. and Kalloo, G. 2006. 

Genetic diversity within the genus Solanum (Solanaceae) as revealed by 

RAPD markers. Curr. Sci. 90(5): 120-131. 

Srivastava, V., Mahajan, R. K., Gangopadhyay, K. K., Singh, M. and Dhillon, B. S. 

2001. Minimal description of Agri-Horticultural crops. Part 2 vegetable 

crops. Natl. Bur. of Plant Genet. Resources. New Delhi. 31p. 

Staub, J. E. and Serquen, F. C. 1996. Genetic markers, map construction  and their 

application in plant breeding. Horti. sci. 31(5): 729-740. 

Struss, D. and Plieske, J. 1998. The use of microsatellite markers for detection of 

genetic diversity in barley populations. Theor.  Appl. Genet.  97: 308-315. 

Sun, Q. B., Li, L., Li, Y., Wu, G. J. and Ge, X. J. 2008. SSR and AFLP markers 

reveal low genetic diversity in the biofuel plant Jatropha curcas in China. 

Crop Sci.  48:1865-1871. 

Sunseri, F.,  Polignano, G. B.,  Alba, V.,  Lotti, C.,  Bisignano, V.,  Mennella, G.,  

Alessandro, A. D., Bacchi, M.,  Riccardi, P.,  Fiore, M. C. and Ricciardi, L. 

2010. Genetic diversity and characterization of African eggplant germplasm 

collection. African J. Plant Sci. 4(7): 231-241. 

Szewc-McFadden, A. K., Kresovich, S., Bliek, S. M., Mitchell, S. E. and McFerson, 

J. R. 1996. Identification of polymorphic, conserved simple sequence 

repeats (SSRs) in cultivated Brassica species. Theor. Appl. Genet. 93: 534-

538. 

 Tanksley, S. D., Young, N. D., Paterson, A. H. and Bonierbale, M. W. 1989. RFLP 

mapping in plant breeding. Nucleic Acids Res. 7: 257-264. 

Tautz, D. 1989. Hypervariability of simple sequences as a general source for 

polymorphic DNA markers. Nucleic Acids Res. 17:6463-6471. 

Taylor, G. R.1991. Polymerase chain reaction and automation. In: McPerson, M. J., 

Quirke, P. Taylor, G. R. (eds.), PCR Practical Approache. Oxford 

University. Oxford, England. pp 1-14.  



 
 

Terzopoulos, P. J. and Bebeli, P. J. 2008. DNA and morphological diversity of 

selected Greek tomato (Solanum lycopersicum L.) landraces. Sci. Hortic. 

116(4): 354-361. 

Tesfaye, K. G. 2006. Genetic diversity of wild Coffea arabica populations in 

Ethiopia as a contribution to conservation and use planning. Ecology and 

development.: Doctoral thesis, University of Bonn, Germany. 44p. 

Thimmappaiah, W. G. Santhosh, D. Shobha, Melwyn, G. S. 2009. Assessment of 

genetic diversity in cashew germplasm using RAPD and ISSR markers. Sci. 

Hortic. 120(3): 411-417. 

Thomas, M. R. and Scott, N. S.1993.Microsatellite repeats in grapevine reveal DNA 

polymorphisms when analysed as sequence-tagged sites. Theor. Appl. 

Genet. 86: 985-999. 

Tiwari, S. K., Karihaloo, J. L., Nowsheen, H. and Gaikwad, A. B. 2009. Molecular 

characterization of brinjal (Solanum melongena  L.) cultivars using RAPD 

and ISSR markers. J. Plant Biochem. Biotechno. 18(2): 189-195. 

Tommerup, I. C., Barton, J. E., O’brein, P. A.1998. Reliability of RAPD 

fingerprinting of three basidiomycetes fungi, Laccaria, Hydnangium and 

Rhizoctonia. Mycol.Res. 99:179-186.  

Tümbilen, Y., Frary, A., Mutlu, S. and Doganlar, S. 2011. Genetic diversity in 

Turkish eggplant (Solanum melongena) varieties as determined by 

morphological and molecular analyses. Int. J. Biotechnol. 2(1): 16-025. 

Vander Nest, M. A., Steenkamp, E. T. and Wingfield, B. D. 2000. Development of 

simple sequence repeat (SSR) markers in Eucalyptus from amplified inter-

simple sequence repeats (ISSR). Plant Breed. 119: 433–436. 

Varshney, R. K., Graner, A. and Sorrells, M. E. 2005. Genic microsatellite markers 

in plants: features and applications. Trends Biotechnol. 23(1): 48-55. 

Vavilov, N. I. 1951. The origin, variation, immunity and breeding of cultivated 

plants. Chron. Bot. 13: 1–364. 

http://www.sciencedirect.com/science/article/pii/S0304423808000551
http://www.sciencedirect.com/science/article/pii/S0304423808000551
http://www.sciencedirect.com/science/article/pii/S0304423808004767
http://www.sciencedirect.com/science/article/pii/S0304423808004767
http://www.cabdirect.org/search.html?q=au%3A%22Tiwari%2C+S.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Karihaloo%2C+J.+L.%22
http://www.cabdirect.org/search.html?q=au%3A%22Nowsheen+Hameed%22
http://www.cabdirect.org/search.html?q=au%3A%22Gaikwad%2C+A.+B.%22
http://www.cabdirect.org/search.html?q=do%3A%22Journal+of+Plant+Biochemistry+and+Biotechnology%22
http://www.cabdirect.org/search.html?q=au%3A%22T%C3%BCmbi%CC%87len%2C+Y.%22
http://www.cabdirect.org/search.html?q=au%3A%22Frary%2C+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Mutlu%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Dog%CC%86anlar%2C+S.%22
http://www.cabdirect.org/search.html?q=do%3A%22International+Research+Journal+of+Biotechnology%22


 
 

Venkatachalam, L., Sreedhar, R. V. and Bhagyalakshmi, N. 2007. Genetic analyses 

of   micropropagated and regenerated plantlets of banana as assessed by 

RAPD and ISSR markers. In Vitro Cell Dev. Bio. 43(3): 267-274.  

Vos, R., Hogers, R., Bleeker, M., Reijans, M., Homes, M., Frijters, A., Pot, J., 

Peleman, J., Kuiper, M. and Zabeau, M. 1995. AFLP: A new concept for 

DNA fingerprinting. Nucleic Acids Res. 23: 4407-4414. 

Weber, A. and May, P.  E. 1989. Abundant class of human DNA polymorphisms 

which can be typed using the polymerase chain reaction. Am. J. Genet. 44: 

388-396. 

Weising, K, Atkinson, G. and Gardner, C. 1995. Genomic fingerprinting by 

microsatellite-primed PCR: a critical evolution.  PCR Methods Appl. 4: 249-

255. 

Weising, K., Nybom, H., Wolff, K. and Kahl, G. 2005. DNA Fingerprinting in 

plants: principles, methods and applications (2
nd

 Ed). CRC Press, Taylor and 

Francis Group. 

Welsch, J., Honeycutt, R. J., McClelland, M. and Sobral, B. W. S. 1991. Parentage 

Determination in maize hybrids using the arbitrarily primed polymerase 

chain reaction (AP-PCR). Theor. Appl. Genet. 82:473-476. 

Welsch, J. and McClelland, M. 1990. Fingerprinting genomes using PCR with 

arbitrary primers. Nucleic Acids Res.18:7213-7218.  

Wen, S. Y.,  Hui, C.,  FuZhong, L.,  Ying, Z. and  Yong, L. 2012. Genetic diversity 

analysis of cultivated eggplants based on SSR marker. China Veg. 22: 17-

23. 

Wettasingf, R. and Peffley, E. B. 1998. A rapid and efficient extraction method for 

onion DNA. Plant Breed. 117: 588-589. 

Whalen, M. D. 1984. Conspectus of the species group in Solanum subgenus 

Leptostemonum. Gentes Herb. 12:179-282. 

http://www.cabdirect.org/search.html?q=au%3A%22Sun+YuanWen%22
http://www.cabdirect.org/search.html?q=au%3A%22Chen+YuHui%22
http://www.cabdirect.org/search.html?q=au%3A%22Liu+FuZhong%22
http://www.cabdirect.org/search.html?q=au%3A%22Zhang+Ying%22
http://www.cabdirect.org/search.html?q=au%3A%22Lian+Yong%22
http://www.cabdirect.org/search.html?q=do%3A%22China+Vegetables%22


 
 

Whitkus,  R., Doebley, J. and Wendel, J. F. 1994. Nuclear DNA markers in 

systematics and evolution. In: Phillips, R. L. and Vasil, I. K. (ed.), DNA-

based Markers in Plants (Advances in Cellular and Molecular Biology of 

Plants, Kluwer Academic Publishers, Dordrecht, Netherland. pp. 116-141. 

Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A. and Tingey, S. V. 

1990. DNA polymorphisms amplified by arbitrary primers are useful as 

genetic markers. Nucleic Acids Res. 18: 6531-6535. 

Wolff, K. and Morgan-Richards, M. 1998. PCR markers distinguish Plantago major 

subspecies. Theor. Appl. Genet. 96: 282-286.  

Wu, K., Jones, R., Dannaeberger, L. and Scolnik, P. A. 1994. Detection of 

microsatellite polymorphisms without cloning.  Nucleic Acids Res. 22: 

3257-3258. 

Wu, K. S. and Tanksley, S. D. 1993. Abundance, polymorphism and genetic 

mapping of microsatellites in rice. Mol. Gen. Genet. 24: 225-235. 

Xin-Long, L.,  Li, M., Xue-Kuan, C., Xiong-Mei, Y., Qing, Y., Jia-Yong, L. and Cai-

Wen W. 2010. Establishment of DNA fingerprint identity for sugarcane 

cultivars in Yunnan, China. Acta Agron. Sci. 36(2): 202-210. 

Yan, G. H. Zhi, L. H.,  Yang, L.,  XiAng, L. and Ying, C. H. 2011. Characterization 

of novel developed expressed sequence tag (EST)-derived simple sequence 

repeat (SSR) markers and their application in diversity analysis of eggplant. 

Afr. J. Biotechnol. 10(45): 9023-9031.  

Yang, W., de Oliveira, A. C., Godwin, I., Schertz, K., and Bennetzen, J. L. 1996. 

Comparison of DNA marker technologies in characterizing plant genome 

diversity: Variability in Chinese sorghums. Crop Sci. 36: 1669-1676. 

Zane, L, Bargelloni, L. and  Patarnello, T. 2002. Strategies for microsatellite 

isolation: a review. Mol. Ecol. 11:1-16. 

Zang, Y., He, J., Zhao, PX., Bouton, J H.and Monteros, M. 2008. Genome-wide 

identification of microsatellites in white clovers (Trifolium repens L.) using 

FIASCO and phpSSRMine. Plant Methods 4:19. 

http://www.cabdirect.org/search.html?q=au%3A%22Ge+HaiYan%22
http://www.cabdirect.org/search.html?q=au%3A%22Li+HuaiZhi%22
http://www.cabdirect.org/search.html?q=au%3A%22Liu+Yang%22
http://www.cabdirect.org/search.html?q=au%3A%22Li+XiAng%22
http://www.cabdirect.org/search.html?q=au%3A%22Chen+HuoYing%22
http://www.cabdirect.org/search.html?q=do%3A%22African+Journal+of+Biotechnology%22


 
 

Zehdi,  S., Trifi, M., Billotte, N., Marrakchi, M. and Pintaud, J. C. 2004. Genetic 

diversity of Tunisian date palms (Phoenix Dactylifera L.) revealed by 

nuclear microsatellite polymorphism. Sci. Hortic. 141: 278-287. 

Zhao, X. and Kochert, G.1993. Phylogenetic distribution and genetic mapping of 

micro satellite from rice (Oryza sativa L.). Plant Mol. Biol. 21:607-614. 

Zhong, L. F.,  Xiang, W.,  YuHui, C.,  Yong, L. and Ming S. 2008.  Inheritance of 

the eggplant parthenocarpy and AFLP molecular marker.  Acta Hortic. Sci. 

35(9): 1305-1309. 

Zhu, X. C., Wu, H. W., Raman, H., Lemerle, D., Stanton, R. and Burrows, G. E. 

2012. Evaluation of simple sequence repeat (SSR) markers from Solanum 

crop species for Solanum elaeagnifolium. Weed Res. (Oxford). 52(3): 217-

223. 

Zietkiewicz, E., Rafalski, A. and Labuda, D. 1994. Genomic fingerprinting by simple 

sequence repeat (SSR)-anchored polymerase chain reaction amplification. 

Genomics  20:176-183. 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://www.cabdirect.org/search.html?q=au%3A%22Liu+FuZhong%22
http://www.cabdirect.org/search.html?q=au%3A%22Wan+Xiang%22
http://www.cabdirect.org/search.html?q=au%3A%22Chen+YuHui%22
http://www.cabdirect.org/search.html?q=au%3A%22Lian+Yong%22
http://www.cabdirect.org/search.html?q=au%3A%22Song+Ming%22
http://www.cabdirect.org/search.html?q=do%3A%22Acta+Horticulturae+Sinica%22
http://www.cabdirect.org/search.html?q=au%3A%22Zhu%2C+X.+C.%22
http://www.cabdirect.org/search.html?q=au%3A%22Wu%2C+H.+W.%22
http://www.cabdirect.org/search.html?q=au%3A%22Raman%2C+H.%22
http://www.cabdirect.org/search.html?q=au%3A%22Lemerle%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Stanton%2C+R.%22
http://www.cabdirect.org/search.html?q=au%3A%22Burrows%2C+G.+E.%22
http://www.cabdirect.org/search.html?q=do%3A%22Weed+Research+%28Oxford%29%22


 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Annexures 



 
 

ANNEXURE I 

 

  List of laboratory equipments used for the study 

 

Refrigerated centrifuge                               :  Kubota, Japan 

 

Horizontal electrophoresis  

System                                                       :  Biorad, USA  

 

Thermal cycler                                         :  Veriti Thermal Cycler  

      (Applied Biosystem, USA) 

 

Gel documentation system                        :  Biorad, USA 

 

Nanodrop® ND-1000 spectrophotometer :       Nanodrop®Technologies lnc. USA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ANNEXURE II 

 

Reagents required for DNA isolation 

Reagents: 

1. 2x CTAB extraction buffer (100 ml)   

 CTAB   :  2g 

 (Cetyl trimethyl ammonium bromide) 

 Tris HCl   : 1.21 g 

 EDTA   : 0.745 g 

 NaCl   : 8.18 g 

 PVP   : 1.0 g 

 Adjusted the pH to 8 and made up final volume up to 100 ml. 

2. CTAB ( 10 %, 100 ml)  

 CTAB   :  10 g 

 NaCl   : 4.09 g 

3. Chloroform- Isoamyl alcohol (24:1 v/v) 

 To chloroform (24 parts), isoamyl alcohol (1 part) was added and mixed 

properly. 

4. Chilled isopropanol 

 Isopropanol was stored in refrigerator at 0ºC and was used for the study. 

5. Ethanol  (70 %) 

 To the 70 parts of absolute ethanol (100 %), 30 parts of sterile distilled water 

was added to make 70 per cent ethanol. 

6. TE buffer (pH 8, 100 ml) 

 Tris HCl (10 mM)   : 0.1576 g 

 EDTA (1 mM)   : 0.0372 g 

The solution was prepared, autoclaved and stored at room temperature. 

  



 
 

ANNEXURE III 

 

Composition of Buffers and Dyes used for Gel electrophoresis 

1. TAE Buffer 50X  

  Tris base   : 242 g 

  Glacial acetic acid   : 57.1 ml 

  0.5M EDTA (pH 8.0)  : 100 ml 

2. Loading Dye (6X) 

  0.25% bromophenol blue 

  0.25% xylene cyanol 

  30% glycerol in water 

3.  Ethidium bromide 

 The dye was prepared as a stock solution of 10 mg/ml in water and was 

stored at room temperature in a dark bottle. 
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ABSTRACT 

Brinjal (Solanum melongena L.) also known as aubergine or eggplant, is a 

member of the family Solanaceae. It is an important vegetable in central, southern 

and south-east Asia, and in a number of African countries. In India, it is one of the 

most common, popular and principal vegetable crop grown throughout the country 

except in higher altitudes. 

The study entitled “DNA fingerprinting of brinjal (Solanum melongena L.) 

varieties and related species” was carried out at the Center for Plant Biotechnology 

and Molecular Biology, College of Horticulture Vellanikkara during the period 2011-

2013. The objective of study was to characterize the four brinjal varieties released by 

Kerala Agricultural University using molecular markers like ISSR and SSR and to 

develop a DNA fingerprint specific to each variety. Three superior accessions and 

two wild relatives were also characterized to detect the level of variability. 

The brinjal varieties/accessions selected include three Solanum melongena 

varieties- Surya, Swetha, Haritha and the hybrid Neelima; three accessions- SM 116, 

SM 396, SM 397 and the two wild relatives S. melongena var. insanum and S. 

macrocarpon. Breeder seeds were obtained from the Department of Olericulture, 

College of Horticulture, Kerala Agricultural University and maintained at CPBMB, 

COH and further used for the study. 

Morphological characters were recorded for six vegetative and five 

reproductive characters according to the descriptor of NBPGR. The data recorded 

was used to validate the genotypes which was used for fingerprinting. DNA 

extraction was done according to the method described by Rogers and Bendich 1994. 

The RNA contamination was completely removed through RNase treatment. Good 

quality DNA with UV absorbance ratio (OD260/OD280) 1.80 – 1.89 was used for 

further analysis. 

 Thirty six ISSR primers and sixty one SSR primer pairs were screened with 

DNA of brinjal genotypes for amplification and those which gave reliable distinct 

banding pattern were selected for further amplification/fingerprinting. The PCR  



 
 

product obtained from ISSR and SSR analysis were separated on 2 per cent agarose 

gel and amplification patterns recorded. 

The genomic DNA from each genotype was amplified with 10 each of 

selected ISSR and SSR primers. The amplification pattern was scored and depicted 

to develop fingerprint for each brinjal genotype. 

The Resolving power (Rp) of the ISSR primers was calculated and the values 

ranged between 9.9 and 28.44 indicating the capacity of the primers selected to 

distinguish the genotype. The Polymorphic Information Content (PIC) was also 

calculated and it ranged between 0.83 and 0.96 for ISSR primers, further indicating 

the suitability of primers to detect polymorphism. The PIC value for SSR primers 

were zero and not suitable to detect polymorphism.      

Distinct amplicons developed through ISSR and SSR analysis were used to 

develop the DNA fingerprint of brinjal genotypes. Sharing of amplicons for each 

primer with other genotypes was also analyzed and demarcated with different colour 

codes in the fingerprint developed. Most of the amplicons were found shared among 

the genotypes indicating their genetic uniformity. However, the pattern of sharing 

was different and good enough to separate out the varieties and distinct amplicons 

were observed in the genotypes. 

The ISSR and SSR banding pattern was scored and analysed for their 

uniformity/variability using the software NTSYS pc (version 2.02i). Similarity 

coefficient ranged from 0.51 to 0.84. The highest similarity (84%) was observed 

between the brinjal hybrid Neelima and its maternal parent Surya. The S. 

macrocarpon was the most distinct one from other brinjal genotypes with 49 per cent 

variability. 

 Separate fingerprint were developed for all the four varieties, three accessions 

and two wild relatives through ISSR and SSR analysis. The DNA fingerprints thus 

developed could be utilised for the variety registration and settling IPR issues.   

 

 

 


