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ABSTRACT 

Tomato (Lycopersicon esculentum Mill.) is a key food and cash crop for many low 

income farmers in the tropics. It is the second most consumed vegetable after potato and 

unquestionably is the most popular garden crop. Biotic and abiotic stresses cause considerable 

losses both of quality and quantity. Modern breeding techniques can be substituted to enhance its 

productivity. A simple, time and cost saving, reproducible and efficient regeneration and 

transformation method is still a basic demand for large-scale transgenic tomato production. 

Bacterial wilt caused by Pseudomonas solanacearum is one of the severe widespread and lethal 

diseases of tomato and is more prevalent in Northern areas of Pakistan. Transformation with 

Xa21 and molecular basis of resistance and susceptibility were also undertaken in present study. 

Five L. esculentum cultivars including Rio Grande, Roma, Pusa Ruby, Pant Bahr and 

Avinash that are commonly grown in Pakistan were selected with an objective of developing a 

highly reproducible and efficient in vitro plant regeneration protocol.    

Seeds were sterilized with various concentrations of clorox and maximum contamination 

free seedling development was observed at 8.0% treatment in all the genotypes. Hypocotyls and 

leaf disc segments of 3 weeks old seedlings were used as explants source. Different growth 

regulators were tested for the callus induction. Media composition containing GA3 and BAP 

gave optimal response for callus induction from both hypocotyls and leaf discs in all the 

genotypes. Higher order of callus was induced with leaf disc such as 85.4% in Rio Grande and 

83.8% in Avinash, in comparison to 73.9% and 76.7% in hypocotyls. It was followed by media 

having IAA and kinetin, with 84.4% and 80.9% (leaf discs) and 73.84% and 75.9% (hypocotyls) 

in Rio Grande and Avinash, respectively. 

Callus obtained was sub-cultured for regeneration on different regeneration media. In 

regeneration medium (RM3) having IAA and GA3, more regeneration was obtained in 

hypocotyls derived calli; 75.73% and 73.4% in comparison to 71.7% and 69.2% in Rio Grande 

and Avinash, respectively in leaf disc derived calli. Different concentrations of IAA and BAP 

were also tested for direct regeneration without and with GA3 in the media. Statistically higher 

percentage of regeneration was recorded with inclusion of GA3 in all the media as compared to 

the respective media without GA3. IAA and kinetin were the other growth regulators showed 

promising regeneration and were further tested with and without coconut water in the media. 

Addition of coconut water in the media produced significantly higher regeneration with the 
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respective media without coconut water. Statistically higher regeneration percentage was 

obtained in hypocotyls versus the leaf discs. 

Days required for development of shoot primordial (days to maturity) were significantly 

reduced by inclusion of coconut water in all the cultivars. The number of shoot primordial was 

remarkably increased by the addition of coconut water in hypocotyls as well as leaf discs. Soma 

clones obtained were established in glass house and compared to the control plants. Plant height, 

number of leaves, number of fruits, fruit height and fruit width were decreased in soma clones 

while, days to flowering and days to fruiting were increased in comparison to control. 

Nine isolates of P. solanacearum were isolated from the stem and eight of vascular 

portion from wilted tomato samples obtained from Katha Sagral Research Station Sawat. 

Hypersensitivity on tobacco, pathogenecity on tomato and biochemical tests was performed for 

the characterization of the P. solanacearum. Hypersensitivity of tobacco and biochemical tests 

confirmed the presence of P. solanacearum in these isolates. Pathogenicity test of Roma and Rio 

Grande evaluated them as resistant genotypes while Pusa Ruby and Pant Bahr as susceptible 

cultivars. 

The Xa21 gene is a member of the Xa21 gene family of rice that provides broad spectrum 

Pseudomonas resistance in rice. The development of bacterial wilt has become an important 

research objective. Genetic transformation has become a widespread tool in both basic research 

and commercial plant breeding programs for disease resistance. EHA101 carrying the binary 

vector pTCL5 containing genes Xa21 for bacterial blight resistance, Hygromycin 

Phosphotransferase (HPT) resistance gene as a selectable marker and GUS as a reporter gene 

were co-transformed into tomato cultivars using Agrobacterium mediated transformation.  

Different parameters affecting the transformation efficiency were optimized during the 

present study. Co-cultivation period, age of seedlings, pre-selection period, selection of 

antibiotics and acetosyringone concentrations were found to be key factors in transformation 

experiment. Various co-cultivation periods of 1, 2, 3 and 4 days were tested. GUS expression 

(80% and 77.0%) was observed in Rio Grande in hypocotyls and leaf discs when co-cultivation 

time period was kept for 2 days and normal bacterial growth along with explants proliferation 

was observed. 24 days old seedling was found to be optimum with maximum GUS expression 

(76.7% and 77.4 % in hypocotyls and leaf discs, respectively) was recorded in Rio Grande. 7 

days pre-selection period had shown maximum transformation efficiency and was 89.3% and 
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87% in hypocotyls and leaf disc of the Rio Grande, respectively. More than 7 days of pre-

selection had resulted in escapes, although more explants were proliferated but GUS expression 

was reduced. Direct selection had resulted in blackening of explants and GUS expression was 

not observed. Hygromycin at 25 mg L-1 was selected as lethal dose for selection of transformed 

calli. At this concentration maximum explants turned brown and no proliferation was observed, 

so this dose was selected for selection of transformed and untransformed explants.  

To enhance the host bacterium interaction, different acetosyringone concentrations i.e. 0, 

50, 100, 200, 300 and 400 µM were used. Callus differentiation was not observed at 0-50 µM 

acetosyringone application. Hygromycin resistant calli were obtained at higher concentrations of 

acetosyringone (200-400 µM). In particular, 400 µM acetosyringone promoted the production of 

hygromycin resistant calli and GUS expression (92.3% and 80%) in Rio Grande with hypocotyls 

and leaf discs. 400 µM acetosyringone, 2 days co-cultivation, 7 days of pre-selection and 500 mg 

L-1 cefotaxime were found indispensable for successful transformation.  

Regeneration frequency of transgenic plants varied from 4.18- 42.1% in five cultivars. 

Among the five cultivars tested Rio Grande showed a transformation frequency of 42.08% and 

40.42% followed by Avinash i.e., 40.62% and 37.5% in hypocotyls and leaf discs, respectively. 

Transgenic plants in green house resulted in more than 300 plants; from them forty nine grow to 

maturity. PCR analysis revealed the presence of the Xa21 and the HPT genes in the transgenic 

green house plants. Some of the plants have only HPT. The genetic segregation to HPT and GUS 

gene was observed in T1 progeny seedlings. Mendelian segregation of 3:1 was observed in T1 

progenies. Untransformed plants produced significantly taller plants and a higher percentage of 

fruits vis-a-vis transgenic plants. 

The categorization of the tomato cultivars was very useful in determination the molecular 

mechanism of susceptibility and resistance of the tomato cultivars. To investigate the molecular 

mechanisms of bacterial resistance in susceptible (Pusa Ruby and Pant Bahr) and resistant 

(Roma and Rio Grande) cultivars of tomato, proteins were extracted from leaves of 3-week-old 

seedlings and separated by two-dimensional polyacrylamide gel electrophoresis. Fifteen proteins 

were differentially expressed in the susceptible and resistant cultivars, and analyzed by protein 

sequencer. They were related to the energy, photosynthesis, protein destination and storage, 

protein synthesis and defense proteins. Jasmonic acid (JA) and salicylic acid (SA) are signaling 

molecules that play a key role in defense against insects and pathogens, were used in order to 



XIV 

 

find out the pathogen related proteins produced in all the tomato cultivars. Proteomics approach 

was used to determine the proteins induced by JA and SA in tomato cultivars that were resistant 

and sensitive to bacterial wilt. Antioxidant and defense proteins were induced and up regulated 

by time course application of JA. RuBisCO small chain was significantly reduced by application 

of JA. On the other hand, translationally controlled tumor was induced in response to SA. 

Proteins differentially expressed due to cultivar difference were plastocyanin and hypothetical 

protein. Proteins related to defense, energy and protein destination/storage were suspected to be 

responsible for susceptibility and resistance of the cultivars. Furthermore, ABC transporter plays 

a crucial role in signal transduction of both JA and SA in tomato resistant and sensitive cultivars 

to bacterial wilt. 
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INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.) is a key food and cash crop for many low 

income farmers in the tropics (Prior et al., 1994). It is a major horticultural crop with an 

estimated global production of over 120 million metric tons; the second most consumed 

vegetable after potato and unquestionably most popular garden crop (FAOSTAT, 2007; 

http://faostat.fao.org). China is the leading producer of tomato with production of 32,540,040 

metric ton (FAO, 2008) and United state is leading importer received 25 percent of the global 

value and volume. Inspite of being a tropical plant, it is grown in almost every corner of the 

world from the tropics to the Arctic Circle. It is one of the earliest crop plants for which a 

genetic linkage map was constructed, and currently there are several molecular maps based 

on crosses between the cultivated and wild species of tomato e.g. L. esculentum × L. pennellii 

(Foolad, 2008). Cultivated tomato (L. esculentum) is well-studied in terms of genetics, 

genomics and breeding.   

1.1. As a model organism 

Tomato has been an excellent model system for both basic and applied plant research. 

This has been due to many reasons (Rick and Yoder, 1988), including ease of culture under a 

wide range of environments, short life cycle, photoperiod insensitivity, high self fertility and 

homozygosity, great reproductive potential, ease of controlled pollination and hybridization, 

diploid species with a rather small genome (0.95 pg/1C, 950 Mbp) (Arumuganathan and 

Earle, 1991; Peterson et al., 1998), lack of gene duplication, amenability to asexual 

propagation and whole plant regeneration (McCormick et al., 1986; Fillatti et al., 1987), 

ability to develop haploids (Zagorska et al., 1998), availability of a wide array of mutants 

(Menda et al., 2004) and genetic stocks including wild species (http://tgrc.ucdavis.edu; 

http://www.sgn.cornell.edu). Tomato’s regenerative plasticity also allows easy grafting, an 

attribute that facilitates certain developmental and practical studies. Recent availability of 

high molecular weight insert genomic libraries, including both yeast artificial chromosome 

(YAC) (Bonnema et al., 1996) and bacterial artificial chromosome (BAC) (Hamilton et al., 

1999; Budiman et al., 2000) has facilitated map-based or positional cloning (Martin et al., 

1993). Furthermore, members of Lycopersicon are easily transformed, and transgenic 

tomatoes are routinely produced using co-cultivation with Agrobacterium tumefaciens 
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(McCormick et al., 1986; Patil et al., 2002). Tomato was the first food crop in the U.S.A. for 

which a genetically engineered variety was marketed (Breuning and Lyons, 2000). 

1.2. Tomato production in Pakistan 

There has been a progressive increase in area and production of tomato in Pakistan. In 

2006-07, the area increased to 47.0 thousand hectares, production 470.0 thousand tones and 

yield was 10.2 tones/ha (Table 1.1). The average shares of the provinces in the overall area 

and production of tomato, based on the data of 2006-07, are given in (Figure 1.1).  

1.2.1. Important varieties of tomato 

           There are more varieties of tomatoes sold worldwide than any other vegetable. Some 

of the important varieties of tomato in Pakistan are Roma, Money maker, Nagina, Pakit, 

Feston, Peelo, Cherry, Nemadina, Eva T-89, T-10, Red Top, Marglobe, Cun Dayri (Burney, 

1996). Importance of some of varieties of tomato is given in (Table 1.2).  

1.3.1. Abiotic stresses 

Environmental stress reduced average yields for most major crops by more than 50% 

(Boyer, 1982; Bray et al., 2000). Increase in temperatures cause significant losses in tomato 

productivity due to reduced fruit set on account of bud drop, abnormal flower development, 

poor pollen production, dehiscence, and reduced viability, ovule abortion and poor viability, 

reduced carbohydrate availability, reproductive abnormalities and smaller and lower quality 

fruits (Stevens and Rudich, 1978; Hazra et al., 2007), will increase more in coming decades 

(Bell et al., 2000). Vegetable production is threatened by increasing soil salinity, resulted in 

growth reduction, wilting, leaf curling and epinasty, leaf abscission, decreased 

photosynthesis, respiratory changes, loss of cellular integrity, tissue necrosis, and potential 

death of the plant (Jones, 1986; Cheeseman 1988). Because of high percentage of water in 

tomato (greater than 90% water), is more affected (AVRDC, 1990). Flooded tomato plants 

with low oxygen levels accumulate an increased production of a 4 ethylene precursor; 1- 

aminocyclopropane-1-carboxylic acid (ACC), in the roots that causes damage to the plants 

(Drew, 1979). Severity of flooding symptoms increased with rising temperatures. Rapid 

wilting resulting in death of tomato plants is observed following a short period of flooding at 

high temperatures (Kuo et al., 1982). 
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1.3.2. Biotic stresses 

Tomato is susceptible to over 200 diseases caused by pathogenic fungi, bacteria, 

viruses and nematodes (Lukyanenko, 1991). Fungal diseases included Septoria leaf spot, 

early blight, Verticillium wilt, late blight, gray mold, leaf mold, powdery mildew, Fusarium 

wilt (Fusarium oxysporum), southern blight (Sclerotium rolfsii), Buckeye rot (Phytophthora 

parasitica), Phytophthora root and crown rot (Satour and Butler, 1967; Bolkan, 1985). 

Bacterial diseases included bacterial spot (Tai et al., 1999), bacterial wilt, bacterial speck, 

bacterial canker (Gleason et al., 1993) while the viruses included tomato spotted wilt virus, 

tobacco mosaic virus and cucumber mosaic virus. Physical disorders included blossom end 

rot, cat faced fruit, sunscald and blotchy ripening (Gleason and Edmunds, 2006). Tomato is 

attacked by numerous insects as well, including various species of mites, white flies, aphids, 

lepidoptera, coleoptera, diptera, thrips, sink bugs, and cut worms. 

1.4. Nutritional value of tomato 

        Tomatoes are an important part of a diverse and balanced diet (Willcox et al., 2003). It 

ranks first among all fruits and vegetables as a source of vitamins, minerals (Rick, 1980) and 

phenolic antioxidants (Vinson et al., 1998). Fresh and processed tomatoes are the richest 

sources of the antioxidant lycopene (Nguyen and Schwartz, 1999), which arguably protects 

cells from oxidants that have been linked to cancer (Giovannucci, 1999). Tomatoes are either 

consumed directly as raw vegetable or added to other food items. Variety of processed 

products such as tomato paste, whole peeled tomatoes, diced products, various forms of 

juices, sauces and soups have been marketed as well. One medium fresh tomato (135 g) 

provides 47% RDA of vitamin C, 22% RDA vitamin A, and 25 calories. Tomatoes also 

contain significant amounts of β-carotene, niacin, riboflavin, thiamine, magnesium, iron, 

phosphorus, potassium and sodium (Meredith and Purcell, 1966; Davies and Hobson, 1981; 

Madhavi and Salunkhe, 1998; Fraser et al., 2001; Ranieri et al., 2004; Kaur et al., 2004). 

52% of the total antioxidants (48% lycopene, 43% ascorbic acid, 53% phenolics) are located 

in the epidermis of the fruit, which in consequence should not be discarded during 

consumption (Toor and Savage, 2005). 

1.5. Plant Tissue Culture 

Plant tissue culture is used for many different purposes such as callus induction, 
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Table 1.1. Area, production and yield of tomato in Pakistan (2001- 2007) http://faostat.fao.org. 
 

Year  Area 
 (000 ha)  

Production 
(000 tonnes)  

Yield  
(t/ha)  

2001-02  29.4  294.1  10.0  
2002-03  31.0  306.3  9.9  
2003-04  39.0  412.8  10.6  
2004-05  41.4  426.2  10.3  
2005-06 46.2 468.1 10.1 
2006-07 47.0 470.0 10.2 

 

 Table 1.2. Importance of some varieties of tomato. 

Cultivar Maturity Resistance Fruit color/shape Fruit size/type Origin 
Rio Grande 75 D  Temperature 

stress 
Pear shaped, red fruits Large, meaty/ salads and sandwiches, 

sauces & puree 
Peru 

Roma 70-80 D Fusarium & 
Verticillium 
wilt 

Egg & pear shaped 
tomato/ red & reddish 
pink 

Canning & sauces Egypt 

Pusa Ruby 130-135 D, 
30tons/ha 
yield 

Sensitive Red/round Small/salads  

Money 
Maker 

75-80 D Bacterial 
diseases 

Intense red, tender, 
round 

Large round /Home gardens  

Cherry 
tomato 

80D Sensitive Spherical to oblong Small/salads Peru 

Hungarian 
Italian

Indeterminate, 
80 D 

Moderately 
tolerant 

Deep red, pear shape For sauces and pastes Italy 

Amish Paste 75- 85 D Moderately 
resistant 

Striking red- reddish-
orange teardrop shape  

6 to 12 ounces/ sauces  

      
                                                                                     

 

 

 

 

 

  

 

 

 

Figure 1.1. Percentage shares of provinces in area and production of tomato. 
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anther culture, protoplast culture and somatic embryogenesis. Plant tissue/cell culture is a key 

facilitator component in genetic transformations using Agrobacterium tumefaciens, 

electroporation and particle bombardment. In vitro regeneration of cultivated tomato 

(Lycopersicon esculentum M.) had been subject of research because of the commercial value 

of the crop and its amenability for further improvement via genetic manipulation (Evans, 

1989; Tzfira and Citovsky, 2003; Valentine 2003; Velcheva et al., 2005). Most of the reports 

about adventitious regeneration in tomato deal with regeneration from hypocotyls or 

cotyledon explants, apical meristem, cotyledons, stem internodes, leaves, anthers and 

inflorescence (Brichkova et al., 2002; Moghaieb et al., 1999; Raziuddin et al., 2004; Young 

et al., 1987; Branca et al., 1990; Compton and Veillux, 1991; Jatoi et al., 1999; 2001). 

Appropriate concentrations of auxins and cytokinins are necessary for cell division, cell 

elongation and process of differentiation. In addition to auxins and cytokinins certain 

chemicals are used for the enhancement in regeneration such as coconut water (CW) and 

gibberellin (GA3). 

1.5.1. Gibberellin (GA3) 

Gibberellin is a naturally occurring plant hormone that affects cell enlargement and 

division which leads to internodes elongation in stems. It has a dwarf reversing response e.g., 

as it allows certain dwarf cultivars to grow to normal height by stem internode extension 

(Maksymowych et al., 1984; Dielen et al., 2001). It also affect many developmental 

processes, particularly those controlled by temperature and light such as seed and plant 

dormancy, germination, seed stalk fruit development (Janick, 1979) and flowering (Hartman 

et al., 1981). GA3 found to be the best for producing leaf and hypocotyl derived calli of 

tomato cultivars (Sheeja and Mandal, 2003) and highest number of somatic embryogenesis 

from leaf cultures of Decalepis hamiltoni (Giridhar et al., 2004). Optimum concentration of 

GA3 is required to sustain desired level of plant growth.  

1.5.2. Coconut water 

Coconut water (CW) is included in complex substances, basic growth regulator used, 

whose composition is not fully known, was shown to stimulate cell division and used as 

supplement in tomato (Sheeja et al., 2004). It had been reported for rapid regeneration of 

monopodial orchid hybrid Aranda deborah with 20% CW, produced an average 13.6 

protocorm like bodies (PLB) within 45 days (Lakshmanan et al., 1995). Use of CW had been 
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reported in monocots as well i.e., in maize (Baskaran et al., 2006), Arachnis labrosa 

(Temjensangba and Deb, 2005) and sugarcane (Desai et al., 2004).  

1.6. Transformation methodologies 

          Several primitive species of the genus Lycopersicon, especially L. peruvianum, L. 

hirsutum and L. glandulosum, represent an important source of genes, conferring resistance 

to various diseases and pests of cultivated tomatoes (Lukyanenko, 1991). However, 

introduction of those genes to commercial cultivars of L. esculentum by conventional 

breeding techniques encounters problems and genetic transformation has become an 

important tool for crop improvement, and numerous methods for exogenous gene 

introduction into plant genomes have been described (Potrykus, 1990; 1991; Potrykus and 

Spangenberg, 1995), and can be classified into two groups; indirect gene transfer where 

exogenous DNA is introduced by a biological vector and direct gene transfer where physical 

and chemical processes are responsible for DNA introduction. Direct transfer methods for 

plant transformation rely entirely on physical or chemical principles to deliver DNA into the 

plant cell. Several direct DNA transfer methods have been described, including particle 

bombardment (Klein et al., 1987; Christou et al., 1992; James, 2003), microinjection 

(Crossway et al., 1986), transformation of protoplasts mediated by polyethylene glycol or 

calcium phosphate (Negrutiu et al., 1987; Datta et al., 1990) electroporation (Shillito et al., 

1985; Fromm et al., 1986); biolistic gun (Abu-El-Heba et al., 2008) and transformation using 

silicon carbide whiskers (Frame et al., 1994). Drawback for electroporation employment is 

the ability to obtain fully developed plants from protoplasts. 

1.6.1. Agrobacterium-mediated transformation 

Agrobacterium is natural conduits for gene transfer between bacteria and plants, 

regarded as more ‘natural’ than direct transfer methods and therefore more acceptable 

(Verhoog, 2003). Agrobacterium-mediated transformation offers several advantages such as 

the possibility to transfer only one or few copies of DNA fragments carrying the genes of 

interest at higher efficiencies with lower cost and the transfer of very large DNA fragments 

with minimal rearrangement (Hiei et al., 1997; Gheysen et al., 1998; Hansen and Wright, 

1999; Shibata and Liu, 2000), transgenic plants free of marker genes (Komari et al., 1996; 

Mathews et al., 2001), integration of defined T-DNA into transcriptionally active regions of 

the chromosome (Czernilofsky et al., 1986; Le et al., 2001; Olhoft et al., 2004), with 
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exclusion of vector DNA (Hiei et al., 1997; Fang et al., 2002), unlinked integration of co-

transformed T-DNA (Komari et al., 1996; Hamilton, 1997; Olhoft et al., 2004) in 

comparison to direct gene transfer methodologies (particle bombardment, electroporation). 

Transgenic plants are generally fertile and the foreign genes are often transmitted to progeny 

in a Mendelian manner (Rhodora and Thomas, 1996).   

  Agrobacterium-mediated transformation efficiency is influenced by plant genotype, 

explants choice, vector, plasmid, bacterial strain, addition of vir-gene inducing synthetic 

phenolic compounds, culture media composition, tissue damage, suppression and elimination 

of A. tumefaciens infection after co-cultivation (Alt-Morbe et al., 1989; Hoekema et al., 

1993; Hiei et al., 1994; Komari et al., 1996; Nauerby et al., 1997; Klee, 2000; Uranbey et al., 

2005). Stable transformation process demands the simultaneous occurrence of two 

independent biological events, which are stable insertion of the transgene into the plant 

genome and regeneration of transformed cells, producing a non-chimeric transgenic plant. 

The need of both events occurring in the same cell makes it a constraint for higher 

transformation efficiency.  

  Agrobacterium-mediated tomato transformation was introduced in 1986 (McCormick 

et al., 1986). Different protocols regarding tomato transformation have been published by 

many research groups (Fillatti et al., 1987; Hamza and Chupeau, 1993; Van Roekel et al., 

1993; Frary and Earle, 1996; Ellul et al., 2003; Park et al., 2003; Cortina and Culianez-Macia 

, 2004; Velcheva et al., 2005; Roy et al., 2006; Raj et al., 2005). Most of these protocols are 

based on the use of feeder layers that are time consuming and laborious (Fillatti et al., 1987; 

Van Roekel et al., 1993; Frary and Earle, 1996). Therefore, a simple, time and cost saving, 

reproducible and efficient tomato transformation method is still a basic demand for large-

scale transgenic tomato production.  Tomato has been transformed with different genes, such 

as anti-ripening (Picton et al., 1993; Reed et al., 1996), insects (Fischhoff et al., 1987) and 

herbicide tolerance (Fillatti et al., 1987), virus resistance (Kim et al., 1994; Raj et al., 2005), 

salt tolerance (Gisbert et al., 2000; Jia et al., 2002; Roy et al., 2006); oxidative stress and 

pathogen related genes from other plant species (Yoon et al., 2004; Ahsan et al., 2005). 

Different factors affecting transformation efficiency is discussed below. 
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1.6.2. Pre-conditioning, co-cultivation and A. tumefaciens density 

         Necrosis due to long co-cultivation is one of the reasons of lower transformation 

efficiency and less time for co-cultivation caused reduced transformation efficiency so 

appropriate period for co-cultivation is crucial for establishment of transformation protocol. 

Co-cultivation for 48 h and 72 h is reported by (Roy et al., 2006, Ahsan et al., 2007a; Reda et 

al., 2004; Abu-El-Heba et al., 2008). Cardoza and Stewart (2003) optimized 72 h of pre-

conditioning and 48 h of co-cultivation with A. tumefaciens in canola. Qiu et al. (2007) 

reported bacterial concentrations of OD600 = 0.2 and transgenic plants production containing 

carotenoid biosynthetic gene in tomato. Ellul et al. (2003) optimized Agrobacterium 

mediated transformation of tomato cotyledonary explants, with bacterial suspension in 

exponential growth (OD600 = 102-103 cells mL-1). 

1.6.3. Surfactants 

Surfactants enhance T-DNA delivery by aiding A. tumefaciens attachment and by 

elimination of substances that inhibit A. tumefaciens attachment. Addition of surfactants such 

as Silwet L77 and pluronic acid F68 in the inoculation media greatly enhanced T-DNA 

delivery in immature embryos of wheat (Cheng et al., 1997). Surfactant Silwet L77 added to 

the inoculation medium play a role similar to vacuum infiltration, facilitating the delivery of 

A. tumefaciens cells to closed ovules, the primary target for A. tumefaciens during plant 

transformation of A. thaliana (Ye et al., 1999; Bechold et al., 2000; Desfeux et al., 2000). 

1.6.4. Antibiotics 

Higher density of A. tumefaciens is necessary for recalcitrant explants or species, but 

bacterial overgrowth is a problem. For its remedy cefotaxime, carbenicillin and timentin, 

silver nitrate had been reported regularly in Agrobacterium-mediated transformation of crops 

following co-culture to suppress or eliminate Agrobacterium (Zhang et al., 2000; Peres et al., 

2001; Soniya et al., 2001; Zhao et al., 2001; Krasnyanski et al., 2001; Ahsan et al., 2007a; 

Abu-El-Heba et al., 2008).   

1.6.5. Reporter genes 

Utilization of a promptly identified reporter gene in cis or in trans provides a 

screening tool for transformed and untransformed cells, such as uid A, which codes for a 

glucuronidase (GUS), (catalyzes the conversion of methylumbeliferone glucuronide into 

methylumbeliferone) and green fluorescent protein (GFP) as reporter gene for plant and 
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animal systems (Sheen et al., 1995). There are many advantages of GUS, form an easily 

identifiable blue precipitate, not easily denatured and the precipitate is stable (Jefferson, 

1987).  

1.6.6. Selectable markers 

Selection markers and reporter genes retards cell differentiation and shoot 

development of untransformed explant submitted to transformation process (Colby and 

Meredith, 1990). The most widely used selectable markers for transformation of crops are 

genes encoding hygromycin phosphotransferase (HPT), phosphinothricin acetyl transferase 

(pat or bar) (Roy et al., 2006; Rashid et al., 1996a), and neomycin phosphotransferase (nptII) 

(May et al., 1995; Sharma and Anjaiah, 2000; Limanton-Grevet and Jullien, 2001; Le et al., 

2001; Thu et al., 2003; Raj et al., 2005) in asparagus, banana, white spurce, peanut, pigeon 

pea and tomato. Use of these marker genes under the control of constitutive promoters such 

as 35S promoter from cauliflower mosaic virus, the ubiquitin promoter from maize, works 

efficiently for selection of Agrobacterium-transformed cells and also for biolistics. Lower 

levels of selectable markers in selection allow escapes (Wenzler et al., 1989, Antignus et al., 

2004). 

1.6.7. Culture media and explants source  

Higher regeneration frequency is pre-requisite for efficient transformation and 

explants source is an important factor. Different explants such as cotyledon (Cortina and 

Culianez-Macia, 2004, Ahsan et al., 2007a), hypocotyls and leaf discs (Park et al., 2003; 

2004; Abu-El-Heba et al., 2008) had been used for in-vitro studies. The morphogenetic 

response of tomatoes is also dependent upon plant growth regulators, used in media for 

regeneration (Peres et al., 2001; Gubis et al., 2003; Jabeen et al., 2005). Fillatti et al. (1987) 

found that the pre-incubation of cotyledonary sections on tobacco feeder plates for 24 h 

increased the percentage of kanamycin resistant shoots from 17% to 52%, while pre-

culturing stimulated transformation, but reduced the regeneration capacity of the transformed 

cells (Hamza and Chupeau, 1993; Sigareva et al., 2004). The shoot regeneration frequency of 

tomato is highly genotype dependent (Hamza and Chupeau, 1993; Ellul et al., 2003; Park et 

al., 2003, Ahsan et al., 2007a). Root induction is reported in hormone-free MS media or by 

use of auxins in the MS medium (Alam et al., 2004).  
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1.6.8. Temperature 

The success of the Agrobacterium-mediated transformation is fully dependent upon 

the activation of vir genes, and the T-DNA is transferred to the host cells with suitable 

temperature as plant cells are susceptible to infection. Shoot explants of kenaf do not survive 

at co-cultivation temperature below 20oC (Srivatanakul et al., 2001) and vir genes are not 

expressed at a temperature greater than 32oC (Jin et al., 1993). (Salas et al., 2001; Dillen et 

al., 1997; Uranbey et al., 2005) reported that plant genomic DNA co-cultured at 19oC was 

optimal for T-DNA delivery but co-culture at 22-25oC, led to the highest number of tobacco 

transformed plants. Co-cultivation temperature of 24oC was reported in tomato as well 

(Ahsan et al., 2007a).  

1.6.9. Effect of acetosyringone 

Wounded cells secrete low molecular weight molecules acetosyringone and hydroxy-

acetosyringone, induced virulence genes in Ti plasmids (Lippinocott and Lippinocott, 1975; 

Stachel et al., 1985; 1986). Transformation of dicotyledonous plants can be enhanced by the 

addition of phenolic compounds, such as acetosyringone, to co-cultures or bacterial cultures 

(Wordragen and Dons, 1992). Inclusion of acetosyringone enhanced the transformation 

efficiency by multiple insertion of T-DNA (Winans, 1992; Lipp Joao and Brown, 1993).  

Utilization of acetosyringone not only enhances the transformation efficiency but also 

activates the differentiation process. Acetosyringone up to 200 μM is not considered to be 

significantly toxic to Agrobacterium cells (Stachel et al., 1985). Wounding of tobacco cells is 

known to induce more than 10-fold increase of acetosyringone in cell exudate (Stachel et al., 

1985). Acetosyringone had been reported to enhance transformation in tomato (Lipp Joao 

and Brown, 1993; Cortina and Culianez-Macia, 2004; Reda et al., 2004; Raj et al., 2005; 

Ahsan et al., 2007a), rice (Hiei et al., 1994; Cortina and Culianez-Macia, 2004; Rashid et al., 

1996a; Bajaj et al., 2006), onion (Eady et al., 2000), buffel grass (Batra and Kumar, 2003), 

carrot (Guivarch et al., 1993), tea plant (Matsumoto and Fukui, 1999; Lopez et al., 2004) and 

pea (Svabova and Griga, 2008).  

1.6.10. Ph of medium 

The acetosyringone-mediated vir gene induction increases with the decrease of pH 

from 6.2 to 5.1 (Stachel et al., 1986). The optimal induction of vir gene was attained when 

pH was lower than those commonly used in plant tissue culture medium (pH 5.8 to 6.0). 
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Godwin et al. (1991) reported that acetosyringone assisted in gene transfer frequency along 

with pH 5.5- 5.8 in comparison to pH 5.2.  

1.7.1. Bacterial wilt 

           Bacterial wilt caused by Pseudomonas solanacearum is one of the severe widespread 

and lethal diseases of plants (Hayward, 1991). It attacks tomato, potato, tobacco and many 

other solanaceous and dicot crops. Bacterial wilt occurs in northern areas, but it is more 

severe in tropical, subtropical or temperate regions with hot humid summers (Buddenhagen 

and Kelman, 1964), enhanced by the high temperature and humidity in summer (Prior et al., 

1996). Disease resistance is an important component of integrated management. Plants 

respond differently toward the attack of pathogens, either they sustained the disease or 

vanished by disease pressure. Vasse et al. (2000) reported involvement of hrp B and hrp G 

genes in infection process of P. solanacearum. Miao et al. (2008) reported that caffeoyl CoA 

3-O-methyltransferase gene was down regulated in tomato in response to Pseudomonas 

inoculation. It had been reported that by genetic engineering of the Prf improved the 

resistance of tomato by activating Pto and Fen pathways and lead to activation of systemic 

acquired resistance. Level of salicylic acid (SA) is comparable to the plants acquired 

systemic acquired tolerance and constitutively expressed pathogen related genes (Oldroyd 

and Staskawicz, 1998).  This gene played an important role in generalized response to 

pathogen infection and in synthesis of guaiacyl lignin units and supply substrates for the 

synthesis of syringyl lignin units. Cascade analysis of P. solanacearum is very important to 

find the mode of bacterial infection.   

1.7.2. Plant resistance (R) proteins  

          More than 30 resistance genes have been cloned from both monocotyledonous and 

dicotyledonous plants (Nurnberger and Scheel, 2001). The majority of resistance (R) proteins 

that are activated upon effector recognition are classified into five different classes based 

primarily upon their combination of a limited number of structural motifs (Martin et al., 

2003). Class 1 consists of just one member, Pto from tomato, which has a serine/threonine 

kinase catalytic region and a myristylation motif at its N terminus. Class 2 contains large 

number of proteins having a region of leucine rich repeats (LRRs), a putative nucleotide 

binding site (NBS), and an N-terminal putative leucine-zipper (LZ) or other coiled-coil (CC) 

sequence. Class 3 is similar to class 2, but instead of the CC sequence, these proteins have a 
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region with similarity to the N terminus of the Toll and Interleukin 1 receptor (IL-1R) 

proteins (therefore referred to as the TIR region). The R proteins belonging to the first three 

classes lack transmembrane (TM) domains and all are thought to be localized intracellular. 

The Cf proteins from tomato form class 4. They lack NBS and instead have a TM and an 

extracellular LRR, and a small putatively cytoplasmic tail without obvious motifs. Finally, 

class 5 consists of just the Xa21 protein from rice that in addition to an extracellular LRR and 

a TM has a cytoplasmic serine/threonine kinase region. The Xa21 is the only known 

resistance gene that encodes three structural features found in various combinations in other 

resistance gene products (Century et al., 1999). Thus, R proteins in the five major classes 

rely on a limited number of structural and functional domains, of which the LRR appears to 

play a central role. The structural similarity of different R genes could suggest a common or 

limited number of resistance pathways in plants. Resistance genes from monocots and dicots 

are highly conserved, suggesting that they share common functional domains (Song et al., 

1995). This suggests the possibility of using monocot R genes to control dicot diseases.  

1.7.3. Mode of action of the Xa21  

            The Xa21 gene is a member of a multi gene family containing seven members, 

grouped into two classes based on sequence similarity (Song et al., 1995), located on rice 

chromosome 11 (Ronald et al., 1992; Song et al., 1995). The Xa21 confers resistance to over 

30 distinct strains of the bacterium Xanthomonas oryzae pv. oryzae (Xoo), which causes leaf 

blight in rice (Wang et al., 1996; Hammond-Kosack and Jones, 1997). The Xa21 encodes a 

1025-amino acid protein that revealed a novel class of plant disease resistance gene products 

with several regions exhibiting similarity to known protein domains. The amino terminus of 

the Xa21 protein encodes 23 hydrophobic residues characteristic of a signal 20 peptide. The 

central core of the Xa21 contains 23 imperfect copies of a 24 amino acid (extra cytoplasmic 

LRRs) with numerous potential glycosylation sites. The LRRs are followed by a 26 amino 

acid hydrophobic stretch that likely forms a membrane spanning helix tarns membrane 

domain (TM). The carboxyl terminal sequence encodes a putative intracellular 

serine/threonine kinase (STK) domain. This region carries the 11 sub domains and all 15 

invariant amino acid diagnostic of protein kinases (Song et al., 1995). Thus, compared with 

the proteins encoded by other cloned plant disease-resistance genes, the structure of Xa21 

protein is unique because it contains the extracellular receptor LRR domain and the 
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intracellular kinase domain. Based on models of mammalian receptor kinases (RKs), 

(Ronald, 1997, Wang et al., 1998) proposed a model for Xa21-mediated resistance as 

follows: first the LRR domain binds a polypeptide produced by the pathogen or plant cell. 

This specific binding would cause receptor dimerization, activation of the intracellular kinase 

domain, and subsequent phosphorylation on specific serine or threonine residues. Liu et al. 

(2002) demonstrated that the intracellular domain encoded by the rice disease resistance gene 

Xa21 is an active serine/threonine kinase capable of auto phosphorylation. The same authors 

suggested that Xa21 can initiate multiple defense responses by the binding of distinct 

signaling proteins with specific phosphorylated residues onto Xa21 kinase. Phosphorylated 

residues may then serve as binding sites for proteins that can initiate downstream responses. 

This reaction may lead to phosphorylation of transcription factors. Upon phosphorylation, the 

transcription factors can move into the nucleus from the cytosol. The avr Xa21-derived 

ligand might have a novel molecular identity, because Xanthomonas oryzae pv. oryzae is 

predominantly a xylem vessel colonizing bacterium. Conceivably, it is delivered 

extracellularly, unlike other bacterial avr products, in which case the Xa21 LRRs might be 

involved in the recognition (Hammond-Kosack and Jones, 1997). The LRR is involved in 

protein-protein interactions. Xa21D is a Xa21 family member that lacks the transmembrane 

and kinase domains, but encodes a receptor-like protein carrying LRR motifs in the presumed 

extracellular domain (Wang et al., 1998). In transgenic rice plants, Xa21D conferred partial 

resistance to Xoo at an intermediate level compared with that of Xa21 but showed the same 

spectrum of resistance as Xa21. However, other members (A1, A2, C, E, F) did not confer 

any resistance in transgenic plants (Wang et al., 1998). These results suggest that the 

extracellular LRR domain of Xa21D is involved in pathogen recognition. It was observed 

that several defense responses were initiated in transgenic rice cells expressing a fusion gene 

composed of the extracellular LRR and  transmembrane domains of the Arabidopsis receptor 

kinase BRI1 and the serine/threonine kinase of Xa21 upon treatment with brassinosteroids, 

which is the ligand for  the BRI1-encoded protein kinase 24 (He et al., 2000). These results 

indicated that the extracellular LRR domain of the Xa21 protein functions in recognition of 

the Xoo avr proteins and its interacelluar serine/threonine kinase domain transmit the signal 

to activate the defense mechanism. The cloning of two plant resistance genes encoding 

serine/threonine kinase supports a central role for protein phosphorylation in gene-for-gene 
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mediated disease resistance (Martin et al., 1993; Song et al., 1995). The serine/threonine 

kinase capacity possessed by Pto and Xa21 could clearly facilitate downstream signaling by a 

distinct mechanism. A lysine residue is conserved in all protein kinases and is important for 

phosphor-transfer for both Pto and Xa21 (Andaya and Ronald, 2003). The kinase domain of 

the rice Xa21 gene product is the most homologous to that of the Arabidopsis protein RLK5. 

When RLK5 was used in an interaction cloning system, a type 2C phosphatase was identified 

(Stone et al., 1994). Moreover, for many gene-mediated resistances, the addition of either 

kinase or phosphatase inhibitors significantly blocked the induction of rapid defense 

responses (Levine et al., 1994; Dunigan and Madlener, 1995). It appears likely that both 

kinases and phosphatases are involved in downstream R protein-mediated signaling events. 

The kinase domain of Xa21 is functional serine/threonine kinase (STKs) (Liu et al., 2002). 

The same authors confirmed the serine/threonine specificity of Xa21 kinase by phosphor 

amino acid assays. In these assays, serine and threonine residues were phosphorylated, 

whereas no detectable tyrosine residues were marked. Also, they showed that the 

autophophorylated Xa21 kinase can be dephosphorylated by the serine/threonine phosphatase 

PP1. These results indicated that Xa21 kinase carries serine/threonine specificity. By 

phosphopeptide mapping approaches, Liu et al. (2002) demonstrated that 25 at least 20 of 27 

phosphospots on the GST-Xa21K (Glutathions-S-transferase-Xa21K) peptide map were 

because of autophosphorylation of Xa21 kinase. These observations  strongly suggest that 

multiple residues on Xa21 kinase were phosphorylated, which suggest that Xa21 can initiate 

multiple defense responses by binding of different signaling proteins with specific 

phosphorylated residues on Xa21 kinase (Liu et al., 2002). The kinase activity of the Xa21 is 

very important for full resistance (Andaya and Ronald, 2003).  

1.8. Proteomics 

  Proteomics can be defined as the systematic analysis of proteome, the protein 

complement of genome (Pandey and Mann, 2000; Patterson and Aebersold, 2003). This 

technology allows the global analysis of gene products in various tissues and physiological 

states of cells. With the completion of genome sequencing projects and the development of 

analytical methods for protein characterization, proteomics had become a major field of 

functional genomics. The initial objective of proteomics is the large-scale identification of all 

protein species in a cell or tissue. The applications are currently being extended to analyze 
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various functional aspects of proteins such as post translational modifications, protein-protein 

interactions, activities and structures (Park, 2004).  

With the aim of profiling proteins in biological samples, proteomics has long been 

associated with the techniques of two-dimensional gel electrophoresis (2DE) and mass 

spectrometry (MS) (Shevchenko et al., 1996; Wilkins et al., 1996). The improved techniques 

in 2DE allowed comprehensive protein visualization on 2D gels. Proteomics was further 

advanced by the development of biological MS and the growth of searchable sequence 

databases. The MS techniques that were developed for the ionization of proteins and peptides 

include matrix-associated laser desorption ionization (MALDI) and electrospray ionization 

(ESI) (Karas and Hillenkamp, 1988; Fenn et al., 1989). Combined with time of flight (TOF), 

ion trap and triple-quadrupple tandem MS (MS/MS) spectrometers, these offer high 

sensitivity and mass accuracy (Aebersold and Mann, 2003).  

Differential proteomics studies had been reported in tomato in response to virus (Vela 

et al., 2006), fungus (Houterman et al., 2007) and blossom-end rot (Vela et al., 2005). 

Proteomics study had reported in tomato using embryo and endosperm from germinating 

seeds (Sheoran et al., 2005), pollen (Sheoran et al., 2007) and tomato pericarp (Mihr et al., 

2005; Faurobert et al., 2007). Differential proteome analysis under abiotic stresses such as 

salt (Amini et al., 2007), heavy metal (Cherian et al., 2007) and iron deficiency (Li et al., 

2008) had been reported.   

1.8.1 Jasmonic acid (JA) and Salicylic acid (SA) cascade        

During growth and development, plants respond to a wide range of environmental 

stresses by multiple defense mechanisms such as transcriptional activation of defense genes, 

cell wall enforcements, induction of programmed cell death, and transcriptional activation of 

diverse defense genes, such as pathogenesis-related (PR) genes, by the accumulation of 

phytohormones including SA, ethylene and methyl jasmonate (Xu et al., 1994; Rakwal and 

Komatsu, 2001; Block et al., 2005) enhances resistance to a variety of pathogen attacks 

(Reymond and Farmer, 1998). Resistant plant are usually partially colonized by the pathogen 

and showed partial tolerance of the disease (Block et al., 2005). Of the many plant defense 

responses to invasion by various pathogens, one of the most studied is synthesis of PR 

proteins (Xu et al., 1994). 
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1.8.2. JA biosynthesis  

JA is a cyclopentanone that is synthesized from linolenic acid (Wasternack and 

Hause, 2002). Following successive action of lipoxygenase, allene oxide synthase, and allene 

oxide cyclase (AOC), the cyclopentenone 12- oxophytodienoic acid (OPDA) is produced. 

OPDA is then converted to JA via OPDA reductase through a series of oxidation steps. 

Growing evidence indicates that the cyclopentenones including OPDA are biologically active 

in pathogen responses (Blechert et al., 1995; Stintzi et al., 2001). There are also indications 

that responses are mediated by the specific set of oxylipins present, the oxylipin signature. 

Thus, what are commonly referred to as JA effects in the literature are likely the consequence 

of multiple biologically active octadecanoid-derived molecules commonly referred to as 

jasmonates (Wasternack and Hause, 2002). In 1962 JA methyl ester was isolated for the first 

time from the essential oil of Jasminum grandiflorum, later described a senescence promoter 

and characterized as growth inhibitors (Demole et al., 1962; Ueda and Kato, 1980; Dathe et 

al., 1981). The biosynthesis of JA was elucidated in various plant species (Vick and 

Zimmerman, 1984). 

             Linolenic Acid 

                                X 13-lipoxgenase 

Hydroperoxy-octadecatrienoic Acid 

 

SA block          allene oxide synthase (AOS) 

                 Allene Oxide 

                            allene oxide cylcase (AOC) 

 12-Oxo-phytodienoic Acid (FDA) 

                              12-oxo-PDA reductase, ft oxidation 

          7-epi-Jasmonic Acid (JA) 

               

                                                                   Gene expression 

1.8.3. Role of JA and SA in stress    

Pathogen resistance is induced after exogenous application of JA and SA (Schweizer 

et al., 1997).  JA, SA and ethylene signal pathways are integrated in the regulation of stress 

response and plant development (Turner et al., 2002). JA biosynthesis is activated by 
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pathogen attack (Farmer and Ryan, 1992), wounding (Conconi et al., 1996) and osmotic 

stress (Kramell et al., 1995; 2000). It had been found to be involved in the induction of 

several genes encoding proteins related to stress plant defense, such as PR1 (unknown 

enzymatic activity antifungal), PR2 (b-1,3-glucanase), PR3 (chitinase), PR5 (traumatin-like) 

and PR9 (peroxidase), osmotin (Xu et al., 1994; Schweizer et al., 1997).  Wu and Bradford 

(2003) treated 3-4 week old tomato plants with Me JA and SA and determine the chitinase 

pathway induction. Role of JA in producing resistance against bacterial wilt by use of 

biocontrol agent Pythium oligandrum and fungus (Hase et al., 2008; Diaz et al., 2002) had 

been discussed. 

SA is an important signaling molecule involved in both locally and systemically 

induced disease resistance responses, defense mediated response following pathogen 

infections (Ryals et al., 1996; Pieterse and Van Loon, 1999). 17 PR protein families are 

induced by various types of pathogens (viruses, bacteria and fungi) or by chemicals such as 

JA, SA and ethylene that mimic the effects of pathogen infection (Van Loon et al., 2006). 

Khalal (2007) reported the role of JA and SA for the production of resistance against 

Fusarium wilt. (O’Donnell et al., 2001; 2003) reported that compatible interaction of tomato 

and Xanthomonas campestris pv vesicatoria (Xcv) induced disease response via the 

sequential action of JA, ethylene and SA. Role of SA had been reported as well for enhanced 

resistance against salt stress and bacterial pathogen (Block et al., 2005; Sakhanokho and 

Kelley, 2009). Tomato Pti4 gene is identified on the basis of its specific interaction with the 

product of Pto disease resistance gene, was induced by ethylene and SA (Gu et al., 2000). 

1.9. Objectives 

Tomato is a major vegetable crop that has achieved tremendous popularity over the 

last century throughout the World. Its cultivation is limited by various factors including 

fungi, bacteria, viruses and nematodes. Development of protocols for in vitro selection can 

provide new advances for the production of stress tolerant cultivars. Several primitive species 

of the genus Lycopersicon especially L. peruvianum, L. hirsutum and L. glandulosum, 

represent an important source of genes, conferring resistance to various diseases and pests of 

cultivated tomatoes (Lukyanenko, 1991). However, introduction of those genes to 

commercial cultivars of L. esculentum by conventional breeding techniques often encounters 

serious difficulties due to high incompatibility barriers to hybridization (Kaul, 1991). To 
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overcome these problems certain modern approaches of gene manipulation is preferable 

rather than laborious conventional breeding protocols. Genetic engineering program requires: 

delivery of appropriate DNA into the cell; integration of the introduced DNA into the 

chromosome for stable transformation; selection of transformed cells (promoters and 

markers) and in vitro regeneration of the transformed cells. A good in vitro regeneration 

system is essential for an effective genetic engineering system that seeks to exploit 

genetically transformed plants for commercial applications. Prolonged period of calli to 

initiate shoot primordia and consequently the delayed formation of whole plants in vitro 

cultures of tomato had reduced the efficiency of development in various ways. Regeneration 

of whole fertile plant from appropriate tissues in-vitro is of prime importance in different 

biotechnological studies. Proteomics is an advanced field for identification of all protein 

species in a cell or tissue and PR proteins can be identified via JA and SA cascade. JA and 

SA are reported as signaling molecules produced in response to pathogen attacks and 

different abiotic stresses. The aim of study was 

1. To establish the media with maximum calli induction and regeneration of tomato. 

2. To produce transgenic tomato plants with potential bacterial wilt resistant genes from 

Xa21 gene through Agrobacterium mediated transformation. 

3. To characterize the transgenic plants for gene expression and stability of the 

transgene in tomato genome.  

4. Developed a PCR based method to accelerate characterization of the transgenic 

plants.  

5. Assay of normal and transgenic plants tomato genotypes against the bacterial wilt on 

the basis of their response towards P. solanacearum inoculation.    

6. Proteomic analysis of the tomato cultivars to determine the differential expression of 

proteins to characterize the resistance and susceptible genotypes.  

7. To study the differential PR proteins produced in response to JA and SA.  
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REVIEW OF LITERATURE

Vegetables are the best resource for overcoming micronutrient deficiencies and 

provide small holder farmers with much higher income and more jobs per hectare than staple 

crops (AVRDC, 2006). In Asia, vegetable production grew at an annual average rate of 3.4% 

in the 1980s and early 1990s, from 144 million metric ton (MT) in 1980 to 218 million MT 

in 1993 (Ali, 2000). 

Amongst vegetable crops, tomatoes are the most important horticultural crop 

worldwide and grown on over 4 million hectares of land area (Brown et al., 2005; FAO, 

2006). Tomato, cabbage, onion, hot pepper and egg plant are particularly important in Asia 

and Sub-Saharan Africa (Brown et al., 2005). Yields in Asia are highest in the east where the 

climate is mainly temperate and sub-temperate. Most vegetables prefer cooler temperatures, 

thus productivity is lowest in the hot and humid lowlands of Southeast Asia (Ali, 2000). In 

Sub-Saharan Africa (excluding South Africa) and tropical Asia, average tomato yields are 

only about 10-12 MT/hectare, well below the yields in temperate regions (FAO, 2006). In 

2004, Mexico continued to be the world’s leading fresh tomato exporter, followed by Turkey, 

the United States, and the European Union-25 (EU25), according to data from the Global 

Trade Atlas (GTA) and Food and Agriculture Organization (FAO) of the United Nations 

attach reports. The United States was the leading importer of fresh tomatoes in 2004. Other 

notable importers include Russia, the EU25, and Canada. The worldwide production of 

vegetables has doubled over the past quarter century and the value of global trade in 

vegetables now exceeds that of cereals, China is the world’s largest tomato paste and puree 

exporter, with 2004 exports of 438,192 tons (Figure 2.1).

2.1. Genetic transformation

Environmental stresses are major factors limiting the growth and production of crops. 

The development and improvement of stress tolerance of crops are primary targets for plant 

molecular and genetic breeding (Yuasa et al., 2007). A commonly accepted definition of 

plant transformation is: "the introduction of exogenous genes into plant cells, tissues or 

organs employing direct or indirect means developed by molecular and cellular biology" 

(Jenes et al., 1993). However, only integrative events, confirmed by molecular and genetic 

analyses, are correctly designated as genetic transformation (Potrykus, 1990; 1991; Birch, 
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                                        Key tomato exporters

   

                                       Key tomato importers

                   

                                         World tomato production

  Figure 2.1. World tomato production along with key tomato exporters and importers

Source: (FAO) Food and Agriculture Organization of the United Nations
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1997). The aim of transformation is development of plants that are resistant to specific 

pathogens, most desirably combining with the simultaneous transfer of genes controlling 

other significant plant and fruit characteristics. Prerequisites for successful genetic 

transformation include an in vitro regeneration, DNA delivery system, functionally 

introduced DNA (integration of the introduced DNA into the chromosome for stable 

transformation), selection of transformed cells (promoters and markers) and their 

regeneration. For in vitro regeneration, tomato has been shown to be a particularly amenable 

plant (Bhatia et al., 2004). There were various reports about the tissue culture studies,

transformation and proteomics analysis of tomato cultivars are reviewed below. 

2.2. Tomato Tissue Culture

These reports presented different factors affecting the regeneration. Different explants 

sources such as leaf discs, hypocotyls, cotyledon, were used. Regeneration seems to be 

cultivar and media dependent. Different growth regulators; IAA, NAA, BAP, kinetin, and 

GA3 were used in different cultivars tested. 

Bhatia and Ashwath (2008) reported activated charcoal and ascorbic acid produced 

longer shoots and addition of casein hydrolysate significantly reduced callus induction 

response in shoots of tomato cv. Red Coat.

Plevnes et al. (2006) reported MS media supplemented with 2 mg L-1 of IAA and 1 

mg L-1of BAP best for callus induction in cotyledons of tomato cultivar ‘Maskotka’ and the 

wild form of L. peruvianum.

Plana et al. (2006) reported tomato cvs (Campbell-28, Amalia, Lignon, and Floradel)

direct regeneration using proximal part of hypocotyl and the radical cultured on medium 

consisting of MS salts with 4 mg L-1 thiamine, 100 mg L-1 myoinositol and 3% sucrose.  60% 

explants adventitious shoot formation was observed within 4 weeks.

Majoul et al. (2007) reported the regeneration in tomato var (Justar and Nemador)

from leaf and cotyledon explants. 3-week-old seedlings were used and best regeneration was 

observed on MS basal medium supplemented with 1 mg L-1 zeatin/ 1 mg L-1 IAA and 2 mg 

L-1 of BAP and rooted with 0.1 mg L-1 of IAA. Leaf explants showed the most important 

organogenesis capacity in comparison to cotyledon explants. 
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Genetic analysis of cotyledon derived regenerants using AFLP markers were studied 

in tomato (Bhatia et al., 2005). MS medium supplemented with 15 mM zeatin was used for 

direct shoot regeneration from cotyledonary explants.

Effects of genotype and explants type on in vitro shoot regeneration were reported in 

tomato (Jabeen et al., 2005).  In vitro regeneration frequency of hypocotyls, leaf disc and 

shoot tip of five tomato cultivars was investigated and maximum regeneration was reported 

with regeneration medium supplemented with 1 mg L-1 zeatin and 0.1 mg L-1 IAA. The 

highest regeneration capacity was observed in cultivar Rio Grande (80% by using shoot tip, 

64.5% by using hypocotyls and 56% by using leaf disc) from all types of explant.

Gubis et al. (2005) reported the effect of carbon source, different genotypes and 

carbon sources (sucrose, glucose and maltose) and their concentrations (1.0, 2.0 and 3.0%) 

on shoot regeneration from in-vitro grown hypocotyl and cotyledon explants of tomato. With

hypocotyl, Premium showed the best regeneration capacity (0.23 shoots per explant), and 

using cotyledon, Hana produced the maximum number of shoots (0.43 or 0.37shoot per 

explant with 2.0% and 3.0% sucrose respectively).

Lima et al. (2004) recorded the high organogenetic competence from the MsK 

genotype to the cultivar Micro-Tom, which presents miniature size (8-cm tall) and a rapid 

life cycle (75 days from seed to fruit ripening). Stable and non-segregating F6 ‘Micro-MsK’ 

plants, which were expressively superior to Micro-Tom in regeneration capacity were 

obtained when hypocotyls were used as explants. In addition to the regeneration ability, the 

obtained genotype presented delayed leaf senescence and a reduced apical dominance.

Chaudhry et al. (2004) reported the regeneration using hypocotyl and leaf discs from 

3-week-old in vitro seedlings of tomato cv Roma. Maximum callus induction 82.5% from 

hypocotyl and 57% from leaf discs was reported with 2 mg L-1 of IAA, 2 mg L-1 of BAP, 2 

mg L-1 of NAA and 4 mg L-1 of kinetin. Maximum 45.8% and 30.8% regeneration was 

observed from hypocotyl and leaf discs respectively on MS medium supplemented with IAA 

2 mg L-1, BAP 5 mg L-1, NAA 2 mg L-1 and kinetin 4 mg L-1.

Gubis et al. (2004) reported the highest regeneration with zeatin and IAA in tomato, 

using hypocotyls and cotyledons of 21 days old aseptically grown seedlings.

Sheeja et al. (2004) reported appropriate levels of gelling agents, agar, 

phytohormones; kinetin and IAA, carbon sources, glucose and sucrose, adjuvents like folic 
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acid, biotin and CW on regeneration. Use of young hypocotyl enhanced plantlet regeneration 

and length of plantlets in tomato. N6 medium with 2 mg L-1 BAP and 0.5 mg L-1 kinetin 

produced maximum shootlets within 20 days, while MS medium produced taller whole 

plantlets. 

Gubis et al. (2003) reported the effect of genotype and explant type on shoot 

regeneration in tomato (L. esculentum Mill.) in vitro. The regeneration capacity of six types 

of explants (segments from hypocotyl, cotyledons, epicotyl, leaf, internodes and petiole) was 

compared in 13 cultivars of tomato on regeneration medium containing 1 mg L-1 zeatin and 

0.1 mg L-1 IAA. The total number of shoot primordia produced was highest in the cultivars 

Hana and Premium (6.3 and 6.5) utilizing hypocotyls and epicotyls with up to 100% 

regeneration and lowest in UC 82 and Money Maker. 

           Sheeja and Mandal (2003) reported in vitro flowering and fruiting were induced in 

plants regenerated from leaf disc derived calli of L. esculentum var. Pant 11. MS medium 

supplemented with BAP displayed the best response followed by MS with BAP, ABA and 

IAA. Flower buds were developed both directly from callus and regenerated plantlets from 

leaf explants under 16 h (39.3 μmol m-2s-1) photoperiod. Flowering was not observed in dark. 

Subsequently leaf and stem explants from seven other varieties viz. KS118, PP2, Le 3704, Le 

79, No. 324, Cl 9 d 0-0-6-3 and Pant 5 were evaluated on MS with 2 mg L-1 BAP for bud 

induction. 

Brichkova et al. (2002) found the optimal media for callus formation and 

organogenesis of tomato cvs; L-1932, Vezha 1008, Start 1008.1932, and Belyi Naliv 241 

using hypocotyls and cotyledons from two-week-old seedlings. The highest degree of callus 

formation was found on medium containing 5.0 mg L-1 BAP and 0.2 mg L-1 NAA. For Belyi 

Naliv 241, the most efficient regeneration was observed with 1.0 mg L-1 zeatin and 0.2 mg L-

1 NAA. The presence of two cytokinins (BAP at 5.0 mg L-1 and zeatin at 1.0 mg L-1) in the 

medium contributed to plant regeneration in 74% of Vezha explants and 89% of L-1932 

explants.

Botau et al. (2002) reported callus induction and regeneration in tomato cultivars 

Unirea and Ace Royal on MS media supplemented with 1 mg L-1 NAA, 1 mg L-1 BAP, and 2 

mg L-1 2, 4-D using cotyledons and hypocotyls. Callus regeneration, multiplication and 

rooting percentage were higher in Unirea than in Ace Royal.
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Chaudhry et al. (2001) determined callogenesis in two cultivars of tomato (Nagina 

and Feston) on MS medium with 0.5 mg L-1 NAA and 2 mg L-1 BAP. Maximum regeneration 

was obtained on MS medium with 0.5 mg L-1 IAA and 4 mg L-1 of BAP in Feston using 

hypocotyls (56%) and leaf disc (42%). 

Romero et al. (2001) studied regeneration of three tomato and four bell pepper 

(Capsicum annum) cultivars using radical, hypocotyls and cotyledon. After 14 days 

incubation on MS medium, explants of both species regenerated multiple shoots on the cut 

surface (2.9-5.3 shoots per explants for tomato and 1.2-2.2 for bell pepper cultivars). These 

explants were used to transform tomato with A. tumefaciens containing a 35S-GUS-intron 

binary vector and 47% transformation efficiency was obtained for tomato. Southern blots and 

analysis of inheritance of the foreign genes indicated that T-DNA was stably integrated into 

the plant genome.

Soniya et al. (2001) reported callus induction by combination of picloram and BA 

from leaf explants of L. esculentum M cv. Sakthi. Regeneration was obtained with MS 

medium containing 17.7 μM BA alone. Microshoots were rooted in the presence of 10 μM 

IBA on MS medium. Genetic variation through RAPD analysis was reported among callus 

regenerated plants in tomato at an early stage of growth. 

Peres et al. (2001) studied the organogenetic competence of roots and hairy roots of 

twelve Lycopersicon genotypes. Both roots and hairy roots of L. peruvianum, L. chilense, L.

hirsutum and two L. peruvianum-derived genotypes regenerated shoots after 2-4 weeks of 

incubation on zeatin contained medium. Hairy roots showed considerable differences in their 

morphogenetic responses, when compared to the corresponding non-transgenic roots. Hairy 

root derived To plants had shortened internodes, wrinkled leaves, abundant roots, flowers and 

fruits with viable seeds.

Costa et al. (2000) reported the regeneration from cotyledon explants of tomato (L.

esculentum Mill.) in four cultivars (Santa Clara, ‘Firme’ mutant, ‘IPA-5’ and ‘IPA-6’) of 8-

10 days old in vitro grown seedlings. Higher regeneration frequencies and a greater number 

of elongated shoots were obtained with IAA and kinetin. Rooting of shoots was positively 

influenced, both in the presence and absence of timentin.

Chandel and Katiyar (2000) optimized plant regeneration media for tomato using 

phytohormones (2, 4-D, Kinetin, BAP, NAA and IAA) with leaf discs (0.5 cm2) and shoot 
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explants (1 cm). MS medium with 1.5 mg L-1 BAP and 1.5 mg L-1 lAA was found to be most 

responsive for organogenesis from 8-12 week old callus cultures from leaf explants. 

Maximum callus induction frequency with leaf disc was 97.5% and from shoot explants was 

75% with kinetin and NAA and 97.5% and 88.57% with BAP and IAA, respectively. 

Fari et al. (2000) reported the regeneration capacity of the Brazilian industrial tomato 

cultivars IPA-5 and IPA-6 using four compositions of culture media. The highest frequency 

of shoot bud formation was 100% in IPA-5 and 65% in IPA-6. In IPA-5, the number of the 

obtained shoots was higher (5.45) when shoot buds induction was accomplished in culture 

medium containing 2.5 mg L-1 BA and 0.2 mg L-1 IAA, followed by three subcultures on 

zeatin (0.5 mg L-1) containing medium.

Venkatachalam et al. (2000) reported the highest callus induction in tomato from 

hypocotyls, on MS medium supplemented with NAA (1.0 mg L-1) kinetin and BAP each (0.1 

mg L-1). BAP was found the most effective plant growth regulator and multiple shoot 

induction occurred in these tissues. Rooting of the regenerated shoots readily induced on 

half-strength MS medium supplemented with IBA (0.1-0.5 mg L-1).

Moghaieb et al. (1999) studied the effect of genotype on the regeneration efficiency 

of three tomato cultivars (UC-97, Pontaroza and Zuishi). Shoots emerged either directly from 

the explant or indirectly from the embryonic callus. The meristematic end of the hypocotyl of 

Pontaroza showed a high regeneration frequency (70.2%) compared with the cotyledonary 

leaf explant (35.3%). Shoot induction frequency was 57.2%, 43.5% and 35.5% for UC-97, 

Pontaroza and Zuishi, respectively. 

Bulk et al. (1990) reported the effect of explants source and chemical mutagenesis on 

somaclonal variation in tomato cv Money maker. Plants were regenerated from leaf, 

cotyledon, and hypocotyl of the cultivar.

Schnapp and Preece (1986) reported regeneration on MS medium containing 5 mg L-1

BAP, using shoot tip as explants. Tomato micro plants growth under less than 10 g L-1 of 

sucrose or reduced nutrient salt level in MS medium, resulted in reduced microplant height 

and root.

Mfihlbach (1980) reported the regeneration of mesophyll protoplast of three tomato 

cultivars (L. esculentum) Mill., namely "Hilda 72", "Rutgers" and "Rentita", and from the 

wild tomato species L. peruvianum (L.) Mill. Calli derived from protoplasts regenerated in 
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the combinations of 10 µM benzyl amino purine (BAP) with 0.1, 1.0, and 10 µM indole 

acetic acid (IAA) in L. peruvianum (L.) Mill, but shoots were not regenerated from the calli 

of "Hilda 72" and" Rutgers".

The reports present regeneration in different cultivars that is not genotypes of our 

experiments. Only Rio Grande & Pusa Ruby is reported before according to my knowledge. 

Different complex substances were used to reduce the time for regeneration for higher 

percentage survival of regenerants.

2.3. Tomato transformation

             There was various reports transformation of tomato cultivars are reviewed below. In 

tomato regeneration capacity and transformation frequencies show variation among cultivars. 

Transformation frequencies have ranged from 6%-49% (Qiu et al., 2007), 49% (Jabeen et al., 

2009) to 49.5% (Raj et al., 2005). Efficiency of transformation is affected by many factors 

like Agrobacterium strain, inoculation duration, co-cultivation time, pre- selection period,

concentration of acetosyringone or other antibiotics in the media, type of explants and

genotype (Ahsan et al., 2007a). Many reports were related to only optimization of 

transformation protocol and other related to transform for production of resistance against 

bacterial, viral and bacterial pathogens in tomato from various sources.

            Paramesh et al. (2010) reported an efficient and reproducible transformation protocol 

for tomato var (L15) using Agrobacterium strain GV 2260 carrying pCAMBIA 1301 plasmid 

with β-GUS and hpt gene. The use of pre-cultured cotyledon, leaf and hypocotyl, bacterial

density (OD600) and cocultivation time of 48 hours and a cefotaxime concentration of 300 

mg l-1 were found to be ideal to keep the Agrobacterium under control during the 

transformation experiments. 2.83 % of selection was observed and gus assay of the explants

were used to evaluate transformation efficiency in early steps.

           Jabeen et al. (2009) reported factors affecting the Agrobacterium mediated gene 

transformation of tomato cv. Rio Grande using shoot tips with pBI333 carrying rice chitinase 

gene. Approximately 49% transformation frequency was achieved. The factors included were 

infecting the explants with the Agrobacterium suspension for two minutes, co-cultivation 

period for two days, 50 μM of acetosyringone in the cocultivation medium, seven days pre-

selection and 500 mg/l cefaxine in the pre- selection, with 50 mgL-1 hygromycin as selective 
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agent. The presence of hygromycin and chitinase gene in the hygromycin resistant (T0) 

transgenic plants was evaluated by PCR analysis. 

           Gao et al. (2009) reported Agrobacterium-mediated genetic transformation for tomato 

cultivar (Solanum lycopersicum L. cv. Zhongshu No. 4). Frequencies of transient gene 

expression and stable transformation were influenced by the density of Agrobacterium

preculture. The improved protocol presented in this study depends on the use of an overnight

grown Agrobacterium preculture density of OD600nm = 1.0 and resuspended in a liquid co

cultivation medium and adjusted to OD600 nm = 0.1. Transient GUS expression was higher 

than 90% and transformation efficiency reached 44.7%.

           Abu-El-Heba et al. (2008) reported Agrobacterium mediated transformation (binary 

vector pISV2678 with GUS-intron and bar genes) and biolistic gun (pMONRTG harboring 

the GUS gene). Maximum and quickest regeneration were obtained on MS medium 

supplemented with 1 mg L-1 BAP, 1 mg L-1 zeatin ripozide, 5 mg L-1 AgNO3 and Nitch & 

Nitch vitamin. Regeneration percentage of 92% was obtained within 10 - 12 days using 

cotyledons and hypocotyls. Plants were analyzed using GUS assay and the PCR. Wang and 

Campbell (2008) recorded that genetic transformation mediated by A. tumefaciens is known 

to cause unexpected phenotypes. Miao et al. (2008) reported novel tomato Caffeoyl CoA 3-

O-methyltransferase gene following infection with P. solanacearum.  

Hasan et al. (2008) reported the genetic transformation of tomato with Agrobacterium 

contains Arabidopsis early flowering gene AP1, infiltrated to ripened fruits of tomato. 

Among kanamycin resistant plants 87.9% -94.9% showed stable GUS expression, while 

5.1% to 12.07% were escapes. The effect of incubation period was highly significant, with 48 

hours incubation period having maximum efficiency (68%). Transformation was confirmed 

by analyzing the PCR amplified product of AP1, GUS and NPT-II genes.

Omar et al. (2007) reported the transformation of orange using protoplast for 

introducing canker resistance using GFP as selectable marker. They used plasmid DNA of a 

canker resistance genes Xa21 gene from (pC822) were introduced using polyethylene glycol 

in to Newhall navel orange protoplasts.  

Ahsan et al. (2007a) reported Agrobacterium (LBA4404) mediated transformation, 

harbouring pIG121Hm-GS, which contained the glutathione synthetase gene under the 

control of the CaMV 35S promoter. Optimal transformation frequency (20.7%) was observed 
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with cotyledonary explants directly infected with a bacterial solution, followed by co-

cultivation at 24oC for 2 days. The presence of transgene, in putative transgenic plants, was 

confirmed by PCR and southern blot analyses. 

Qiu et al. (2007) reported improved protocol for Agrobacterium mediated 

transformation of tomato (Micro-Tom) for incorporation of the carotenoid biosynthetic gene. 

Cotyledons used as explants source were cultured for 1 day on the medium containing zeatin 

2 mg L-1 and IAA 0.1 mg L-1, submerged in Agrobacterium (OD600 = 0.2) for 20 min and co-

cultivated for 3 days on the same medium. Cotyledons were shifted to pre-selection medium 

with 500 mg L-1 cefotaxime for 3 days and shifted to selection medium with 100 mg L-1

kanamycin and 500 mg L-1 carabenicillin for 6-8 weeks. 20% transformation efficiency was 

observed.

          Huang et al. (2007) reported that expressing of sweet pepper ferredoxin-I protein 

(PFLP) in transgenic plants can enhance disease resistance to bacterial pathogens that infect 

leaf tissue. In this study, PFLP was applied to protect tomato (Lycopersicon esculentum cv. 

cherry Cln1558a) from P. solanacearum. Independent P. solanacearum resistant T1 lines 

were selected and bred to produce homozygous T2 generations. Selected T2 transgenic lines 

24-18-7 and 26-2-1a, which showed high expression levels of PFLP in root tissue, were 

resistant to disease caused by P. solanacearum.

Sun et al. (2006) transformed cotyledon explants of tomato, Micro Tom cultivar with 

A. tumefaciens (Rhizobium radiobacter) C58C1RifR harboring the binary vector pIG121Hm, 

resulted in generation of mass of chimeric non-transgenic and transgenic adventitious buds. 

Repeated shoot elongation from the mass of adventitious buds on selection media resulted in 

the production of multiple transgenic plants with transformation efficiency of 40%.

Roy et al. (2006) reported Agrobacterium mediated transformation utilizing boiling 

stable proteins (bspA) for drought tolerance in tomato cultivar Pusa Ruby’ with hygromycin 

as selection marker. Stable integration of the T-DNA in to nuclear genome was confirmed by 

PCR and southern hybridization. Northern blot analysis detected the different levels of 

transcripts of bspA gene in individual transgenic lines. 

Shahriari et al. (2006) recorded rapid regeneration and transformation of three tomato 

cultivars (KalG, Kal-early andSu2270) with A. tumefaciens (pGV3850) using cotyledon and 

hypocotyls. Optimal regeneration was obtained via MS supplemented with 2 mg L-1 zeatin 
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and BAP 2 mg L-1. Transformation efficiency of 17% for Kal-early and 35% for KalG was 

observed, confirmed by GUS and PCR analysis.

Velcheva et al. (2005) compared solid and liquid medium for Agrobacterium 

mediated transformation and found liquid cultures protocol efficient. Raj et al. (2005) 

reported that coat protein gene (CP) for resistance against tomato leaf curl virus (TLCV) via 

Agrobacterium using cotyledon leaf explants in tomato cv Pusa Ruby. 200 µM 

acetosyringone was reported to enhance kanamycin resistant transformants and To generation 

transgenic plants obtained were screened by PCR, southern, northern hybridization tests and 

western blot assay. T1 generation Mendelian segregation for virus resistance is not observed.

Reda et al. (2004) transformed the hairy root of three tomato cultivars with the A.

rhizogenes strain DCAR-2, which harbors the pBI-121 binary vector. T-DNA transformation 

into the plant DNA was confirmed by both of mikimopine and GUS assay analyses. Best 

callus induction was reported with 2 mg L-1 2, 4-D and 0.25 mg L-1 kinetin and regeneration 

with 1 mg L-1 GA3 and 0.5 mg L-1 NAA in cultivar UC-97 followed by Momotaro and 

Edkawi. Molecular confirmation of the GUS gene into the plants genomes was determined 

via PCR and southern blot analysis. 

Cortina and Culianez-Macia, (2004) studied Agrobacterium mediated transformation 

of L. esculentum cv. UV82B using cotyledonary explants. Bacterial strain used was 

LBA4404 harboring the neomycin phosphotransferase (NPTII) reporter gene. Optimal shoot 

regeneration rate was obtained with 0.5 mg L-1 IAA and 0.5 mg L-1 zeatin. Acetosyringone at 

200 µM, enhanced the transformation efficiency (12.5%) and neomycin resistant shoots 

(50%). Davis et al. (2004) reported 50 µM acetosyringone/ chloroform-soluble factor (vir 

inducers) to reverse the decline in transformation competency until 96 h post-wounding. 

Leamkhang et al. (2004) explored augmentin as antibiotic for bacterial elimination. 

They compared timentin and augmentin for Agrobacterium elimination for improvement of 

tomato transformation. Timentin and augmentin at 100 and 300 mg L-1 did not retard callus 

formation. 

Sigareva et al. (2004) reported Agrobacterium mediated transformation with mannose 

selection for cotyledon petiole, hypocotyl and leaf explants of tomato. Transformation 

frequencies ranged from 2.0 to 15.5% and highest transformation rate was obtained for 

tomato hypocotyl. Transgenic and non-transgenic plants regenerated from leaves included 
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the highest number of normal diploid plants (82-100%), followed by cotyledon petiole-

derived plants (63-78%). 

Park et al. (2004) reported transformation of tomato (cv. Money maker) with a codA 

gene which encodes choline oxidase, while accumulating GB (glycinebetaine) in their leaves. 

GB-accumulating plants are more tolerant of chilling stress than their wild-type counterparts, 

yield 10–30% more fruit following chilling stress. Exogenous application of either GB or 

H2O2 improves chilling and oxidative tolerance as well concomitant with enhanced catalase 

activity.

Park et al. (2003) developed an efficient method to transform five cultivars of tomato 

(Micro-Tom, Red Cherry, Rubion, Piedmont and E6203), using explants leaf, cotyledon and 

hypocotyls explants on 7 different regeneration media. Preculturing for one day on BA 1 mg 

L-1, NAA 0.1 mg L-1 and 3 days co-cultivation with the Agrobacterium on the same medium 

followed by a transfer to a medium with zeatin 2 mg L-1and IAA 0.1 mg L-1 for 4-6 weeks 

resulted in a greater than 20% transformation frequency for all five cultivars tested. 

Transmission of the transgene in TI plants was confirmed by southern blot analysis.

Ellul et al. (2003) optimized Agrobacterium-mediated transformation of tomato 

cotyledonary explants and transformation frequencies of 1.8% to 11.3% were obtained. The 

optimal transformation rate was obtained by inoculating explants with a bacterial suspension 

in exponential growth (OD600 = 102- 103 cells mL-1). The inbred lines and cultivars were 

diploid but a poly somatic pattern in the cotyledon explant was confirmed. Tetraploid 

transgenic plants ranged from 24.5% to 80%.

Prematilake et al. (2002) reported genetic transformation of two commercial tomato 

cultivars Marglobe and T-146 with A. rhizogene (Ti plasmid- pMON200) and (Ri plasmid-

R1601). Transformation efficiency of 80% and 90% was obtained from cultivar Marglobe 

and T-146 with (Ri plasmid- R1601) at 75 µg L-1 of kanamycin. Transformation was 

confirmed by PCR for kanamycin gene.  

Krasnyanski et al. (2001) reported Agrobacterium mediated transformation with 8 

days old cotyledons in tomato cultivar Swifty Belle. The uidA gene in T1 plants were 

segregated in a 3:1 Mendelian ratio.

Gisbert et al. (2000) determined integration of yeast HAL1 the salt tolerance gene in 

the tomato (L. esculentum Mill.) cultivars with A. tumefaciens using cotyledon as explants. 
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Different tests indicated a higher level of salt tolerance in the progeny of two different 

transgenic plants bearing four copies or one copy of the HAL1 gene. 

Oktem et al. (1999) reported regeneration and transformation in tomato cultivars 

(ES58 and WC156) using A. tumefaciens EHA105 strain. Transformation experiments were 

carried out with 8-day old cotyledon explants.

Tabaeizadeh et al. (1999) studied the stable integration of acidic endochitinase gene 

(pcht28) isolated from L. chilense into L. esculentum through Agrobacterium mediated 

transformation, using the CAMV 35S promoter for improvement in resistance to Verticillium 

dahliae race. Transgenic plants demonstrated a high level chitinase enzyme activity and 

improved resistance to Verticillium dahliae race in R1 as well as in R2 plants in greenhouse. 

Frary and Earle (1996) reported the effects of explants size, explant orientation, 

gelling agent and plate sealant on Agrobacterium-mediated transformation in tomato cultivar 

Money maker and transformation efficiency of 10.6% was obtained.

Lipp Joao and Brown (1993) determined that 20 µM acetosyringone treatments

enhance the transformation process in tomato cultivar Ailsa Craig. Transformed root clones 

were confirmed by PCR for NPTII gene. Root clones derived from acetosyringone treatment 

grew more vigorously in the presence of kanamycin and synthesized a greater amount of 

NPTII enzyme.

Hamza and Chupeau (1993) studied regeneration and transformation from tomato (L.

esculentum) and (L. peruvkmum) ‘CMV sel. INRA’. The best regeneration rate was obtained 

from cotyledon explants of 10 days old seedlings on MS medium with zeatin and IAA. 

Transformation was optimized for tomato cotyledons, with NPTII (PNOS) as selection 

marker and GUS as reporter gene, with two days of co-cultivation. Transformation efficiency 

was 8% and 14% for cv Monalbo and cv UC82B with 55% kanamycin resistant calli. 

            Agrobacterium-mediated transformation is a common approach for introducing elite 

genes into plant genotypes. Several factors are taken into consideration to develop highly 

efficient transformation protocols, and among those, the concentration of Agrobacterium 

infiltration solution, co-cultivation period, age of explants, acetosyringone concentration, 

pre-selection before selection, antibiotic concentration, are important factors in these

protocols. High efficient regeneration is pre-requisite for transformation, which is genotype 

dependent. Literature mentioned here is for Rio Grande, Pusa Ruby, but not for other 
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Cultivars. This literature helped in optimization of transformation protocol for other cultivars 

used.            

2.4. Proteomics

Proteomics studies include the large-scale identification of all protein species in a cell 

or tissue. In this method proteins were separated by 2D-PAGE and identified by MALDI-

TOF MS and protein sequencer. The development of analytical methods for protein 

characterization, proteomics has become a major field of functional genomics. Although 

tomato genome is not fully known like rice genome but there are 184,000 tomato ESTs 

available (which corresponds to transcribed mRNA) have allowed the identification of 

approximately 30,000 unigenes across a range of tissues and developmental stages (Mueller 

et al., 2005). In the following literature comparative differential proteomics is described 

against biotic and abiotic stresses in tomato cultivars and protein are characterized according 

to their functional categories in to photosynthesis related proteins, defense proteins, 

pathogenesis related proteins, related to energy e.t.c. By the aid of this literature we are able 

to find out the molecular mechanism involved in tomato plants under disease stress and salt, 

water logging and heavy metal stresses. 

Coaker et al. (2004) compared proteins of L. hirsutum, control, resistant to 

Clavibacter michiganensis and susceptible lines using 2-D in response to infection. 

Differential proteins identified were superoxide dismutase, thioredoxin M-type, S-

adenosylhomocysteine hydrolase, and pathogenesis-related proteins via tandem mass 

spectrometry. 

Vela et al. (2005) reported the proteomics analysis of fruit protein of blossom-end rot 

(BER) infected tomato by 2DE and identified by MALDITOF MS. Induced proteins were 

associated with antioxidant processes (ascorbate-glutathione cycle) and the pentose 

phosphate pathway; which act as ROS species scavengers in BER-affected fruits, restrain the 

spread of the blackening to the whole fruit.

Vela et al. (2006) investigated the proteomics analysis of tobacco mosaic virus 

affected fruits and control fruits. 2D reveals the expression of PR proteins and antioxidant 

enzymes in infected fruits, such as peptidases, endoglucanase, chitinase and proteins 

participating in the ascorbate-glutathione cycle in infected fruits.
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Sheoran et al. (2007) reported the proteomics analysis of tomato pollen grains, 

separated by 2D and identified by MALDITOF MS and peptide mass fingerprinting. Of the 

960 spots observed, 133 proteins were identified by searching NCBInr and EST databases. 

The identified proteins were classified in defense, energy conversions, protein synthesis and 

processing, cytoskeleton formation, Ca2+ signalling, and proteins involved in metabolic 

processes and hormone signaling. 

Faurobert et al. (2007) determined the proteome analysis of total proteins extracted 

from tomato pericarp tissue at six developmental stages. Proteins were separated by 2D-

PAGE and identified by MALDITOF-MS, peptide mass fingerprinting or LC MS/MS, 

sequenced using EST database searching were identified. Proteins linked to photosynthesis 

and cell wall formation, carbohydrate metabolism or oxidative processes were up-regulated 

during fruit development.

Amini et al. (2007) investigated the salt-induced changes in the leaf proteome of 

tomato by 2D-PAGE and identified by mass spectrometry. With increasing salt concentration 

shoot dry weight decreased and MALDI-TOF led to the identification of enoyl-CoA 

hydratase, EGF receptor-like protein, salt tolerance protein, phosphor- glycerate mutase-like 

protein, and M2D3.3 protein.

Ahsan et al. (2007b) studied proteomic changes in response to water logging stress in 

tomato by 2D-PAGE identified by MALDI-TOF MS or ESI-MS/MS. Water logging resulted 

in increases of relative ion leakage, lipid peroxidation and in vivo H2O2 content, whereas the 

chlorophyll and RuBisCO was successfully reduced. The identified proteins are involved in 

photosynthesis, disease resistance, stress, defense, energy, metabolism and protein 

biosynthesis. 

Cherian et al. (2007) in order to find out the molecular mechanism for cadmium 

detoxification, treated tomato plants with different concentration of cadmium. Two 

cytoplasmic low molecular weight protein 18 and 30 kDa proteins were found highly 

expressed in compared to control by 2D-PAGE.  

Hattrup et al. (2007) analyzed the shade avoidance response in tomato leaf. They 

found proteins related to the metabolism, respiration, and RuBisCO were greatly reduced in 

tomato leaf grown in shade and there was also evidence of proteolysis. 
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Houterman et al. (2007) reported xylem sap proteome of Fusarium oxysporum 

infected tomato by combining 2D-PAGE and mass spectrometry and identified by genome or 

EST databases or PCR with degenerate primers on cDNA derived from infected plants 

followed by screening of a F. oxysporum BAC library. 33 different proteins were identified, 

21 as tomato and 7 as fungal proteins. 

Li et al. (2008) reported the proteomic analysis of wild type and iron uptake in 

efficient mutant affected by iron deficiency in tomato root by 2D and MALDI-TOF. Proteins 

involved in starch degradation, TCA, ascorbate cycles, glycolysis, methionine synthesis, cell 

wall synthesis, mitochondrial ATP synthesis, and vacuole ATPase, HSP70/90, etc. revealed 

enhanced expression under iron deficiency, whereas proteins for fructose metabolism were 

decreased.

A comparative proteomic investigation of four contrasting tomato cultivars will be 

conducted to reveal that a group of pathogenesis related proteins which will be up regulated 

in resistant cultivars compared with susceptible cultivars which might provide enhanced 

defense system against bacterial infection. Furthermore, on application of JA and SA proteins 

up regulated in the susceptible cultivar and resistant cultivar will suggest defense mechanism 

pathways. The present study will present an initial proteomic investigation of leaves of 

susceptible and resistant cultivars of tomato, and this type of study should provide a good

starting point for understanding the overall defense responses of plants to bacterial 

inoculations
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MATERIALS AND METHODS

Experiments of transformation and pathogenicity test were conducted at Institute of 

Agricultural Biotechnology and Genetic Resources (IABGR), National Agriculture Research 

Centre, (Islamabad, Pakistan); while proteomics analysis of the tomato cultivars was carried 

out at National Institute of Crop Sciences (NICS), National Agriculture and Food Research 

Organization Tsukuba Japan. 

3.1. Techniques followed in tissue culture and transformation

Regeneration and Agrobacterium mediated genetic transformation of various cultivars 

of tomato, morphological analysis of transgenic plants and segregation of transgenic plants, 

and evaluation for resistance against bacterial wilt caused by Pseudomonas solanacearum

were as follows; 

3.1.1. Chemicals

Chemicals used in all the experiments of tissue culture study were of analytical grade 

and were obtained from “Sigma Chemical Co.,” USA.  Sucrose, glucose, gelling agent 

(gelrite), agar-agar and Hi-Media Bacto-Agar for microbial work were obtained from 

“DIFCO” laboratories, USA.

3.1.2. Plant Material

Seeds of tomato (Lycopersicon esculentum (Mill.) cv. Rio Grande, Roma, Pusa Ruby, 

Pant Bahr and Avinash were obtained from Institute of Agricultural Biotechnology and 

Genetic Resources (IABGR), National Agriculture Research Centre (NARC), Islamabad, 

Pakistan.  

3.1.3. Seed disinfection 

Seeds were surface-sterilized with “clorox” bleach (sodium hypochlorite) at 2.5%, 

8.0%, 20.0% and 30.0% concentration for 15 min and rinsed three times (5 min each) with 

autoclaved distilled water (Chaudhry et al., 2004). 

3.1.4. Seed germination 

After sterilization seeds were inoculated in test tubes containing full strength MS 

(Murashige and Skoog, 1962) medium (Table 3.1) at 5.76 pH by keeping them initially in 

dark for two days at 25 ±1°C and then maintained at 70% relative humidity under 16 h 

photoperiod at 50 µmol m-2 s-1, with day and night temperature at 25°C and 20°C, 
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respectively. Leaf and hypocotyl of all five cultivars was collected from 3-week-old 

seedlings.     

3.1.5. Effect of different media compositions on callus induction 

From the 3 weeks old in vitro, seedlings, hypocotyls and leaf discs (Gubis et al., 

2003) were excised of uniform sizes approximately, 1 cm in length. Basic MS medium with 

various concentrations of auxins and cytokinins were used for callus induction. Different 

concentrations of NAA, BAP, IAA, Kinetin and 2ip were used. Callus induction responses 

were assessed for five cultivars on 9 media formulations (Table 3.2). The hypocotyls were 

cut in to a lower, middle and upper segment. The explants were placed horizontally on the 

medium surface, leaf discs explants with the adaxial surface in contact with medium. Results 

were secured according to the presence of callus after 28 days. The frequency of callus 

induction was calculated as below:

Number of callus produced by explants
Callus induction frequency (%) = ---------------------------------------------------- × 100

Number of explants inoculated/plated

3.1.6. Effect of different media compositions on regeneration

Media composition for regeneration is given in table 3.3. The maintained calli were 

sub cultured on regeneration media. Ten regeneration media, namely RM1 to RM10, were 

used for identification of regeneration capacity of different cultivars of L. esculentum. 

Experiment was conducted with three replicates for both types of explants. The frequency of 

plant regeneration was calculated as below:

Number of explants regenerated plantlets
Plant regeneration frequency (%) = -------------------------------------------------------   × 100
                                                            Number of calli inoculated for regeneration
Based on the results of regeneration percentage, GA3 and IAA were used in media 

combinations in order to obtain direct regeneration.

3.2. Effects of GA3 on callus induction and regeneration 

The hypocotyls and leaf discs of about 1 cm in length were taken from 2-3 weeks old 

in vitro, seedlings, these were utilized as explants source for callus induction and 

regeneration on ten different media combinations as shown in table 3.4. Media formulations 

consisted of different concentrations of IAA and BAP either in combination with 2 mg L-1

GA3 or without GA3 along with other adjuvant having agar as the solidifying agent were used 
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(Table 3.4). Experiment was conducted with three replicates for explants, leaf disc and 

hypocotyls. Data was recorded for regeneration efficiency.

3.3. Effects of coconut water on calli induction and regeneration 

From the 2-3 weeks old in vitro, seedlings, hypocotyls and leaf discs of about 1 cm in 

length were utilized as explants to assess callus induction and regeneration on different 

media (Table 3.5). Media formulations consisted of different concentrations of IAA and 

Kinetin either in combination with or without 15% coconut water, along with other adjuvant 

having agar as the solidifying agent. Experiment was conducted in three replicates with 100 

explants in each replication for both types of explants. Data were recorded on number of calli 

induced, number of shoot primordia formed and number of days to maturity for seedlings.  

3.4.1. Rooting medium

As the tomato shoots began to regenerate from calli, they were transferred to rooting 

media supplemented with IAA 0.5 mg L-1 and the number of shoots that produced roots was 

recorded after three weeks of incubation. All media contained 3.0% sucrose with pH adjusted 

at 5.76 and were solidified with 4.0 g L-1 of gelrite. 

3.4.2. Plants establishment in the soil

Rooted plants derived from each of the hypocotyls and the leaf discs after one week 

of root formation were shifted in small pots of compost in the glass house. They were 

covered with the polythene bag for 10-12 days to control the temperature and humidity, and 

were watered at 4-5 days intervals. After two weeks they were shifted to the big pots. Ten 

plants obtained from seeds were also grown in the green house. The plants were harvested 

after maturity. Frequency of survived plants was recorded. 

3.4.3. Glass house assessment of the soma clones of tomato

The soma clones of all the five tomato cultivars were assessed for their growth by 

using parameters i.e., height, number of leaves, number of branches, days to flowering, days 

to fruiting, number of fruits, fruit width, fruit length, days to maturity were compared to the 

control plants.

3.5. Collection of tomato samples for bacterial wilt

            Bacteria (P. solanacearum) was isolated from the wilted samples of tomato from 

Katha Sagral (Research Station Swat) and its stem exudates and stem vascular portion were 
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Table 3.1.   Composition of Murashige and Skoog (MS) (1962) media.

Macronutrients mgL-1

KNO3 1900

NH4NO3 1650

CaCl2. 2H2O 440

MgSO4 370

KH2PO4 170

Micronutrients

MnSO4. H2O 16.9

H3BO3 6.2

Kl 0.83

ZnSO4. 4H2O 8.6

NaMoO4. 2H2O 0.25

CuSO4. 5H2O 0.025

CoCl2. 6H2O 0.025

FeNa/EDTA 36.8

Vitamins

Myo-inositol 100

Nicotinic acid 0.5

Pyridoxine 0.5

Thiamine 0.1

Glycine 2.0

Carbon source

Sucrose 30,000

Solidifying agent

Agar 6,000

pH 5.8
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Table 3.2. Different hormonal combinations used for callus induction in tomato cultivars with sucrose 30gL-1

and gelrite 4 gL-1 with pH adjusted at 5.76.

Treatment Media Composition 

T1 MS without hormone                                                  

T2 MS, 2, 4-D 2.0 mg L-1, Kinetin 0.5 mg L-1       

T3 MS, IAA 1.0 mg L-1, Kinetin 0.5 mg L-1 

T4 MS, NAA 1.5 mg L-1, 2ip 0.5 mg L-1

T5 MS, IAA 1.0 mg L-1, Kinetin 0.5 mg L-1                         

T6 MS, GA3 1.5 mg L-1, BAP 0.5 mg L-1

T7 MS, 2ip 2.0 mg L-1, IAA 0.5 mg L-1                              

T8 MS, NAA 0.5 mg L-1, BAP 4.0 mg L-1, IAA  0.5 mg L-1, 2ip 0.5 mg L-1

T9 MS, NAA 0.5 mg L-1, BAP 0.5 mg L-1, IAA 0.5 mg L-1,  Kinetin 1.0 mg L-1

Table 3.3. Different hormonal combinations used for regeneration medium sucrose 30gL-1 and gelrite 4 gL-1 with pH 
adjusted at 5.76.

Treatments Media composition

RM1 MS without hormone

RM2 MS, BAP 0.5 mg L-1, GA3 2.0 mg L-1               

RM3 MS, Kinetin 0.5 mg L-1, GA3 2.0 mg L-1

RM4 MS, BAP 2.0 mg L-1

RM5 MS, NAA 0.5 mg L-1, BAP 5.0 mg L-1

RM6 MS, BAP 2.0 mg L-1, Kinetin 1.0 mg L-1

RM7 MS, NAA 0.5 mg L-1, Kinetin 1.5 mg L-1

RM8 MS, IAA 1.0 mg L-1, 2ip 1.0 mg L-1, Kinetin 3.0 mg L-1

RM9 MS, IAA 1.5 mg L-1, 2ip 0.5 mg L-1

RM10 MS, IAA 2.0 mg L-1, 2ip 0.5 mg L-1
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  Table 3.4. Regeneration media (Murashige and Skoog, 1962) without and with inclusion of GA3 in tomato 
cultivars with IAA 0.5 mgL-1, sucrose 30gL-1 and gelrite 4 gL-1 (pH adjusted at 5.76).

Treatment Media composition
RM1 BAP 0.5 mg L-1

RM2 BAP 1.0 mg L-1

RM3 BAP 1.5 mg L-1

RM4 BAP 2.0 mg L-1

RM5 BAP 2.5 mg L-1

RM6 BAP 0.5 mg L-1, GA3 2.0 mg L-1

RM7 BAP 1.0 mg L-1, GA3 2.0 mg L-1

RM8 BAP 1.5 mg L-1,  GA3 2.0 mg L-1

RM9 BAP 2.0 mg L-1,  GA3 2.0 mg L-1

RM10 BAP 2.5 mg L-1, GA3 2.0 mg L-1

Table 3.5. Regeneration media (Murashige and Skoog, 1962) without and with inclusion of Coconut water 
(CW) with IAA 0.5 mgL-1, sucrose 30gL-1 and gelrite 4 gL-1 (pH adjusted at 5.76).

Treatment Media composition
RM1 Kinetin 0.5 mg L-1

RM2 Kinetin 1.0 mg L-1

RM3 Kinetin 1.5 mg L-1

RM4 Kinetin 2.0 mg L-1

RM5 Kinetin 2.5 mg L-1

RM6 Kinetin 0.5 mg L-1, CW 15%

RM7 Kinetin 1.0 mg L-1, CW 15%

RM8 Kinetin 1.5 mg L-1, CW 15%

RM9 Kinetin 2.0 mg L-1, CW 15%

RM10 Kinetin 2.5 mg L-1, CW 15%
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streaked on tetrazolium chloride medium (Kelman, 1954). Bacterial wilt symptomatic and 

asymptomatic tomato plants were collected and brought to the laboratory. 25 samples were 

collected, simple random sampling technique was adopted for sampling. 

3.5.1. Isolation of bacterial pathogens

TZC (2, 3, 5-triphenyltetrazolium chloride) media (Kelman, 1954) was used for 

isolation and maintenance of bacterial isolates. Media were steam sterilized at 121º C and 15-

psi pressure for 20-30 min. In TZC media (Table 3.6 A) 5 mL of 1% TZC was added to the 

sterilize medium before pouring the plates. The following methods were used for isolation of 

P. solnacearum from the disease plants and seeds:

1. Stem segments (about 10 cm long) from collar region of wilted plants were rinsed 

with sterilized distilled water and 1.0% clorox and were added to tubes containing distilled 

sterilize water. The tubes were stirred on vortex mixture and turbid bacterial suspension was 

obtained. A loop full of turbid suspension was streaked 2,3,5-triphenyltetrazolium chloride 

media TZC plates and incubated at 30°C for 2 days, reddish fluidal colonies obtained which 

were again streaked on TZC plates and the process was repeated till purified bacterial 

cultures were homogenous in colony morphology. The samples were agitated for 20 min and 

then dilutions were carried out by adding 1 mL of sample to 9 mL of sterilized distilled water 

to a dilution of 10-3. From each dilution, 0.1 mL was taken, and serial dilultion of 10-2 and 10-

3 was cultured on TZC medium.

2. Vascular portion of infected stem sections were cut into small pieces, washed and 

sterilized by the same procedure as described above, directly placed on TZC plates and were 

incubated at 28-30°C for 2-3 days. Reddish fluidal colonies of bacteria were purified as 

described earlier.

3.5.2. Characterization of the pathogen

P. solanacearum bacteria from different tissues of the infected plants, were 

characterized as follows:

3.5.3. Hypersensitivity test

The hypersensitive reaction was performed on tobacco plants (Nicotiana tabacum cv. 

Burley). Plants were raised in the pots in vitro and inoculated at 3 leaf stage with the wilting 

bacteria inoculum. Selective isolates for inoculation were multiplied on TZC media for 48 h 
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prior to inoculation. Bacterial suspension was prepared in sterilized distilled water and cell 

density was adjusted to 108 cfu mL-1 (through Gennie spectrophotometer at 620 nm).

Cell suspensions were injected into abaxial side of the mature tobacco leaves, Using 

1.0 mL disposable syringe with 25 mm gauge needle. Alternating intercostals regions were 

infiltrated with live and killed suspensions of bacterial isolates. Killed suspensions were 

prepared by immersing bacterial suspensions in 60°C water for 30 min. Each injected area 

was labeled with appropriate letters.

A fine mist of water was lightly sprayed over the whole plant avoiding runoff. Plants 

were then covered with clear plastic bags and placed at room temperature (25-27°C) to

provide relative humidity of 90% for almost 48 h. Data were recorded 1,3 and 7 days after 

inoculation (Caruso et al., 2002). 

3.5.4. Biochemical tests for confirmation of P. solanacearum

            Different biochemical tests were performed for confirmation of P. solanacearum 

from the wilted samples.  

Gram staining

A loop full of the bacterium was spread on a glass slide and fixed by heating on a 

very low flame. Aqueous crystal violet solution (0.5%) was spread over the smear for 30 sec, 

and then washed with running tape water for one min. Subsequently, it was flooded with 

iodine for one min, rinsed in tape water and decolorized with 95.0% ethanol until colorless 

runoff (approximately 30 sec). After washing the specimen was counter-stained with safranin 

for approximately 10 sec, washed with water, dried and observed microscopically at 10X and 

40X magnifications. Gram negative bacteria stain reddish pink whereas gram positive 

bacteria retain purple to blue-black color of crystal violet dye (Blair et al., 1974).

Potassium hydroxide test

Gram staining result were confirmed by KOH test (Suslow et al., 1982). Bacteria 

were aseptically removed from petri plates with a toothpick, placed on glass slide in a drop of 

KOH solution, stirred for 10 sec using quick circular motion of the hand. If bacteria are gram 

negative, slime threads would be observed, while gram positive disperse in drop and elicit

not reaction (Ryu, 1940).



Chapter 3                                                                                                                                        Materials and Methods

43

Catalase oxidase test 

Young agar cultures (18-24 h) and hydrogen peroxide (H2O2) were used to observe 

production of gas bubbles (positive reaction). A loop full of bacterial culture was mixed with 

a drop of H2O2 on a glass slide and observed for the production of gas bubbles with naked 

eye and under a dissecting magnification of 25X (Schaad, 1988).

Kovacs oxidase test

100 mL solution of oxidase reagent (tetra-methyl-p_phenyl diamine dihydrochloride) 

was prepared and kept in rubber-stoppered dark bottle. A drop of reagent was added to a 

piece of filter paper (Whatman No.1) placed within a glass Petri dish. Small quantities of the 

inoculums were rubbed on the filter paper impregnated with 1.0% (w/v) oxidase reagent 

solution. Bacteria were then noted for the development of purple color in 10-60 sec (Kovacs, 

1956).

Levan production from sucrose

Single colonies of bacterial cultures on 523 media were streaked on nutrient agar 

plates supplemented with sucrose. Plates were incubated at 28°C for 48 h. Discrete colonies 

were observed for the Levan production with naked eye (Schaad, 1988).

Production of fluorescent pigment

Kings B medium (Table 3.6) was inoculated with bacterium and incubated for 48 h at 

28-30°C. Afterwards plates were placed under a UV lamp and observed for fluorescence 

emission (King et al., 1954). 

Lipase activity on Tween 80 Agar 

500 mL of the Sierra’s medium (Sierra, 1957) was prepared (Table 3.6). The 

constituents of the media were dissolved in distilled water and heated at 100°C with periodic 

swirling to dissolve the agar. The molten medium was dispensed in 100 mL quantities in 200 

mL screw-capped bottles and autoclaved. Tween 80 was sterilized separately and added to 

the medium after autoclaving to give a final concentration of 10 g L-1. The medium was 

mixed well before pouring seven plates per bottle. Plates were dried in laminar flow unit for 

about one hour. Using a wire loop bacterial inoculums were radially streaked across separate 

halves of petri plates and incubated at 28°C for 7 days. The plates were examined daily for 

the presence of a dense precipitate around the bacterial growth. 
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Arginine dihydrolase reaction 

500 mL of solid basal medium was prepared. The medium was homogenized by 

heating at 100°C (with periodic swirling) and 5mL was dispensed in 15 mL capacity Pyrex 

screw-capped test tubes. These were then autoclaved at 121°C, 15 psi for 15 min and allowed 

to set at room temperature. 

The medium in each test tube was inoculated with bacterium by stabbing inoculating 

needle to the base of the test tube. Control was kept without inoculation. Each inoculated and 

control tube was sealed with an overlay of 3-4 mL molten 1.0 % Difco Bacto Agar cooled to 

about 45°C. Tubes were incubated at 28°C for 7 days and observed for the presence of an 

alkaline pH change under the agar seal.

Oxidation and / Fermentation of glucose 

A basal medium described by Hayward (1964) (Table 3.6) was used for the 

identification of acid production from sugars by aerobic, gram-negative bacteria. Medium 

constituents were dissolved and pH adjusted to 7.0-7.1 using drop wise addition of 40.0% 

NaOH. Color of the medium was olive green. Difco Bacto Agar (0.3 g) was mixed in 100 mL 

of basal medium and autoclaved at 121°C, 15 psi for 15 min. The basal medium was stored at 

this stage. 0.1 g quantities of glucose were added into each Pyrex screw-capped test tubes (50 

mL capacity No. 9825) containing 10 mL of sterilized distilled water. These solutions were 

heated at 100°C for 30 min to ensure sterility. Semi-solid basal medium in bottles was melted 

in microwave oven and cooled to 60-70°C; 10 mL of 1.0 % glucose was mixed in basal 

media by rotation and 5 mL quantities were carefully dispensed into each sterile screw-

capped Pyrex test tube (15 mL capacity no. 9825). Medium was allowed to solidify at room 

temperature. Straight inoculating wire loop heated to red hot was used to pick up inoculums 

from the bacterial cultures on 523 media. Tubes were stab inoculated and half of these were 

sealed with 3-4 mL molten, 1.5 g difco bacto agar cooled to 45°C. Both sealed and unsealed 

tubes were incubated at 28°C. Tubes were examined after 24 h, 48 h and 7 days for gradual 

pH change at the surface of the open tube. 

Gelatin hydrolysis test

Medium was prepared (Table 3.6), adjusted pH to approximately 7, after allowing the 

solids to stand in water for 15 min followed by heating to dissolve. Dispended the medium in 

the tubes to a depth of approximately 5 cm and sterilized at 121ºC for 15 min. Tubes were 
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inoculated by stabbing and one tube was left as control without inoculum. After, the tubes 

were incubated and liquefaction of the medium was recorded (Dickey and Kelman, 1988).

Salt tolerance test

Media was prepared containing 3.0 g nutrient agar and sodium chloride was added to 

the required concentration (w/v), i.e., from 1.0 to 5.0% and was sterilized by autoclaving at 

121ºC for 15 min. The medium in each Petri plate was inoculated with bacterial suspension 

and tubes were incubated up to 5 days. Bacterial growth seen as turbidity signifies NaCl 

tolerance (Klement and Goodman, 1967).

Egg yolk agar test for lecithinase activity

Fresh eggs were washed, soaked in 70% alcohol for 5-10 min, flame-dried broken 

and yolks were separated aseptically. The yolks were diluted with sterilized water and 100 

mL was added to 900 mL molted nutrient agar at 55ºC. The plates were poured, inoculated 

by streaking and were incubated at 28ºC for seven days. Appearance of highly turbid cone of 

fatty acids indicates positive test.

Strain storage

The cultures were multiplied on TZC media and incubated at 30°C for 24 hours. 

Bacterial mass was then transferred to 2 mL plastic tubes containing 1 mL double distilled 

water and stored at 4°C. Strain catalogue was made to summarize the information of each 

strain.

3.6. Pathogenicity

Resistance and susceptibility of the genotypes can be determined by performing 

pathogenicity test. These data can be manipulated for breeding strategies within a particular 

crop and also to determine the genes/proteins involved in disease resistance or susceptibility.  

3.6.1. Preparation of inoculum

Strains from preserved culture were streaked on tetrazolium chloride medium on TZC 

plates (Kelman, 1954). Fluidal colonies with red or pink centre were transferred to fresh TZC 

plates and were incubated at 30°C overnight. Bacterial suspension of P. solanacearum was 

prepared by transferring isolated colonies from TZC plates into a tube with 5 mL sterile 

distilled water for each culture. Bacterial suspensions were transferred to a 100 mL beaker 

and cell density was adjusted to 108 cfu mL-1 (through Gennie spectrophotometer at 620 nm).
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3.6.2. Potting mixture 

Potting mixture was prepared by mixing sand, clay and farm yard manure in the ratio 

of 1:1:1.The mixture was then sterilized with 37% formalin with 1:9 ratio (1 part formalin 

and 9 part soil). Treated potting mixture was covered with a polythene sheet and kept in sun 

light for 3-4 days after which sheet was removed and potting mixture was kept for 5 days to 

release fumes. 

3.6.3. Inoculation of tomato cultivars

21 days old seedlings of five tomato cultivars were used for inoculation. Plants were 

not watered a day before inoculation to reduce moisture in the pots. Roots of tomato seedling 

were slightly injured by inserting a scalpel in the pot in order to facilitate bacterial infection. 

About 30 mL of bacterial suspension was poured on the surface of each pot. Inoculated 

plants were regularly watered and kept in growth chamber under white fluorescent light (600 

μM m-2 s-1; 16 h light/8 h dark) at 25°C and 70% relative humidity. Appearance of symptoms 

was observed after 1, 2 and 7 days (Winstead and Kelman, 1952).

3.7. Transformation

Agrobacterium-mediated transformation of five cultivars of tomato was carried out in 

this experiment. The procedure followed is described below. 

3.7.1. Plant material

          Three weeks old in-vitro seedlings of five tomato cultivars were used for 

transformation. 100-150 leaf disc (1 mm) and hypocotyls (1 mm) were utilized as explants 

source.

Growth conditions

3.7.2. Agrobacterium strain and plasmid

          Transformation of tomato calli was carried out by using Agrobacterium tumefaciens

strain EHA101 (Hood et al., 1986) harboring pTCL5 plasmid. pTCL5 (Figure 3.2) is a binary 

vector containing Xa21 gene (disease resistant), hygromycin resistance gene and an intron-

GUS-gene in T-DNA region (Figure 3.1). The gene for GUS has intron in the middle of the 

coding region and is driven by 35S promoter of cauliflower mosaic virus (Ohta et al., 1990). 

This intron GUS reporter gene is expressed GUS in plant cells but not in the cells of A. 

tumefaciens.  The binary vector used in present study was not self-cloned and it was provided 

by IABGR, Islamabad.
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Table 3.6. Composition of various media used for P. solanacearum biochemical tests. 

     A.

TZC medium g L-1

Peptone 10
Casein hydrolysate 1
Glucose  5
Agar 15

B.

King,s B medium g L-1

Peptonase 20
Glycerol 10 mL
K2HPO4 1.5
Mgcl2 1.5

Agar  15

pH is adjusted to 7.2

C.

Sierra’s medium g L-1

Difco Bacto peptone 10
NaCl 5
CaCl2 H2O .1
DifcoBacto Agar 17

D. 

Basal  medium g L-1

Difco Bacto peptone 1
NaCl 5
K2 HPO4 .3
Phenol red .01
L-Arginine hydrochloride 10
Difco Bacto Agar 3

E.

Basal  medium Hayward g L-1

NH4 HI2 PO4 .1
KCl .02
MgSO4 7H2O .02
Difco Bacto Peptone 0.1
Bromothymol blue .008

F.

Media for gelatin hydrolysis g L-1

Yeast extract 3
Peptone 5
Gelatin 12

A. TZC medium. B. Kings B medium (King et al., 1954). C. Sierra’s medium (1957). D. Basal medium.  E. 

Basal medium Hayward (1964). F. Media for gelatine hydrolysis.
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Agro-vector pCAMBIA 1301 carried GUS (reporter gene) & HPT (selectable marker 

gene) in T-DNA and plasmid pC822 carrying the Xa21 gene for resistance for bacterial blight 

(Song et al., 1995) has an insert of the 9.6 kb Kpn 1 fragment containing the whole Xa21

gene. The ligated product (reconstructed plasmid vector (hereafter designated as pTCL5) 

(Figure 3.1) was mobilized into competent cells of a super virulent strain of Agrobacterium

(EHA101) by a simple heat-shock treatment. pTCL5 was recovered from the transformed 

Agrobacterium (EHA101- pTCL5) cells growing under kanamycin (Km) 50 mg L-1 and 

rifampicin 10 mg L-1.

3.7.3. Bacteriological media

Agrobacterium strain EHA101 (pTCL5) was grown in YEP (Yeast Extract Peptone) 

medium (An et al., 1988). The pH of YEP media was adjusted to 7.2 (Table 3.6). Agar 1.5 g 

100 mL-1 was added if solid media was required.

3.7.4. Growth media and conditions for Agrobacterium

The Agrobacterium strain EHA101 (Hood et al., 1986) containing the binary vector 

pTCL5 (Figure 3.1) was grown in YEP medium (An et al., 1988) (Table 3.8) supplemented 

with antibiotics such as kanamycin (50 mg L-1) and rifampicin (10 mg L-1) (Baisakh et al., 

2000) in 250 mL Erlenmayer flask. The culture was grown at 105-110 rpm on a rotary shaker 

at 28ºC for 16 h. Aliquots of Agrobacterium culture at hourly intervals were taken and the 

optical density of the culture was measured at 600 nm (OD600 of 1-1.5) (Khan et al., 2003). 

The culture after 18 h starts to showed decline in the optical density and thereby 18 h grown 

culture of A. tumefaciens having an OD600 of 1-1.5 was used for all the experiments (Figure

3.2). 

3.7.5. Determination of lethal dose of hygromycin 

To check the lethal dose of hygromycin, three weeks old in vitro seedlings of all 

tomato cultivars were subjected to hygromycin selection media containing MS salts and 

vitamins supplemented with IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, 30 g L-1 sucrose, 6.0 g L-1

agar as solidifying agent with different doses of hygromycin i.e., 25, 50 and 75 mg L-1. The 

cultures were incubated for four weeks under white fluorescent light (600 μM m-2 s-1; 16 h 

light/8 h dark) at 25oC and 70% relative humidity. The results were taken after two weeks.
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3.7.6. Co-cultivation

An increasing concentration of acetosyringone 50 µM, 100 µM, 200 µM, 300 µM and 

400 µM was added in the media to improve the transformation efficiency of tomato cultivars 

i.e. Rio Grande, Roma, Pusa Ruby, Pant Bahr and Avinash, (Table 3.9; Figure 3.3).

From the 21 days old in vitro seedlings leaf disc and hypocotyls were taken and 

immersed in bacterial suspension for 2-3 min. To remove excess of bacteria these explants 

were blotted dry with sterile blotting paper. Then explants were transferred to a piece of filter 

paper placed on a co-culture medium (Table 3.9; Figure 3.3) was prepared by spreading 1-2 

mL of a liquid Amino Acid (Toriyama and Hinata, 1985) (Table 3.7) + acetosyringone (50-

400 µM) on filter paper placed over the bottom regeneration medium (Table 3.9). These 

plates were sealed with parafilm and placed in the incubator at 28ºC for 2-3 days. The 

explants labeled as control were not infected with Agrobacterium.

3.7.7. Callus proliferation and evaluation

A growth index (G.I.) was prepared after the increased concentrations of 

acetosyringone at 50, 100, 200, 300 and 400 µM according to Matsumoto and Fukui (1998) 

and differentiation of calli after three weeks was evaluated.

0; Callus did not differentiate.

1; Callus differentiation occurred half the original size

2; Callus differentiation occurred double the original size

3; Callus differentiation occurred three times the original size

3.7.8. Pre-selection

Infected calli after washing with CCM media (Table 3.9) without gelrite and blotted 

dry with sterile filter paper, were transferred to CCM 1-5 media (Table 3.9) for pre-selection.

3.7.9. Selection following pre-selection

Selection of transformants is a very critical step in obtaining plants with the desired 

gene. After one week of pre-selection period, these calli were transferred to selection

medium (Tab. 3.10) for selection of transformants.

3.8. Regeneration

Transformed calli after two weeks of selection period were transferred to regeneration 

media (Table 3.10) for shoot regeneration and root development. After three weeks 
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     Xho            Xho  Kpn1           Kpn1                 PST1       BST

   

      LB Poly A tail  RB

Figure 3.1.   Schematic diagram of a part of the T-DNA region of transformation vector pTCL5
RB: Right Border
LB: Left Border
35S: Cauliflower Mosaic Virus 35S Promotor
GUS: ß -Glucuronidase Coding Region
INT: First Intron of the Caster Bean Catalase Gene
HPT: Hygromycin Phosphotransferase

                                    

                                      

                                   Figure 3.2. Pure culture of EHA101/pTCL5

           Figure 3.3. Co-Cultivation (a, b) and pre- selection (c, d) of tomato explants hypocotyl and leaf discs.

35SP HPT 35S Xa21 35S GUS

a b

c d
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Table 3.7. Composition of Amino acid media, pH is adjusted at 5.76-5.8 and autoclaved after preparation.

(Toriyama and Hinata, 1985) 

Component mg L-1

CaCl2. 2H2O 150

MgSO4. 7H2O 250

NaH2PO4. H2O 150

KCl  2950

Micronutrients

KI 0.75

H3BO3 3.0

MnSO4. H2O 1.0

ZnSO4. 7H2O 2.0

Na2MoO4. 2H2O 0.25

CuSO4. 5H2O 0.025

CoCl2. 6H2O 0.025

Iron components

Na EDTA 1.86

FeSO4.7H2O 1.392

Vitamins

Nicotinic acid 0.5

Pyridoxine HCl 0.5

Thiamine HCl 1.0

Glycine 2.0

Myo.Inositol 100

Others

L-glutimine 876

Aspatric acid 266

Arginine 174

Sucrose 20,000

Table. 3.8.   Composition of YEP medium, pH is adjusted at 7.2 and autoclaved after preparation.

Components g L-1

Yeast extract 10

Peptone 10

NaCl 5
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regenerated shoots were further transferred to rooting medium for full plant development 

with extensive root system (Table 3.10).

Transformation efficiencies were calculated based on two aspects; the transformation 

efficiency based on callus number (TEC) and plant number (TEP).

TEC (%) = Number of calli regenerated/ Number of explants independently inoculated x 100

TEP (%) = Number of plant obtained/ Number of explants independently inoculated x 100

3.8.1. Assay of β-glucuronidase (GUS) activity

Histochemical GUS assay was carried out essentially as described by Jefferson 

(1987). Calli were incubated in X-Gluc solution containing 1.0 mg L-1 of 5-bromo-4-chloro-

3-indolyl-β-D-glucuronide, 0.5 % triton X-100, 20 % methanol and 50 mM sodium 

phosphate buffer (pH 7.0). To compare transient and stable T-DNA transformation, GUS 

analysis was performed.

3.8.2. Transient GUS expression

For observing transient GUS expression, explants immediately after co-cultivation 

were dipped in GUS staining solution.

3.8.3. Stable GUS expression

For observing stable GUS expression, four weeks old transformed calli and 

regenerated plants were assayed by dipping transformed callus, transformed shoot, root, and 

leaf into GUS staining solution. The reaction mixture was incubated at 37ºC for 2-3 days and 

calli were examined under microscope.

3.9.1. PCR analysis of transformants

PCR analysis of To transgenic lines was carried out. Following steps were 

undertaken:

3.9.2. DNA isolation

            Total genomic DNA was extracted from 0.2-1.0 g young leaf tissues of nine 

transgenic tomato plantlets and untransformed control according to CTAB (cetyl dimethyl 

ethyl ammonium bromide) method (Murray and Thompson, 1980).

3.9.3. CTAB method

             Approximately 3 to 5 leaves were collected, washed with distilled water and quickly  

crushed in CTAB (cetyl dimethyl ethyl ammonium bromide), which contained 2.0 % CTAB 

(w/v), 100 mM Tris HCl (pH 8.0), 1.4 M NaCl, 1.0 % PVP (Polyvinyl pyrolidone), 20mM
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Table 3.9.  Effect of different concentrations of acetosyringone on co-cultivation medium.

Medium Media constituents

CCM1

MS basal, IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, sucrose 30.0 g L-1, gelrite 4.0 g L-1, acetosyringone 

50 µM, pH 5.8

CCM2

MS basal, IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, sucrose 30.0 g L-1 gelrite 4.0 g L-1, acetosyringone 

100 µM, pH 5.8

CCM3

MS basal, IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, sucrose 30.0 g L-1, gelrite 4.0 g L-1, acetosyringone 

200 µM, pH 5.8

CCM4

MS basal, IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, sucrose 30.0 g L-1, gelrite 4.0 g L-1, acetosyringone 

300 µM, pH 5.8

CCM5

MS basal, IAA 0.5 mg L-1, Kinetin 1.5 mg L-1, sucrose 30.0 g L-1, gelrite 4.0 g L-1, acetosyringone 

400 µM, pH 5.8

Co-cultivation medium (CCM)

Table 3.10. Transformation Protocols and media used in different stages of tomato (Lycopersicon esculentum
Mill.) genotypes.  

Transformation Media Composition
Co-cultivation CCM1 – CCM5 CCM, acetosyringone 50-400 M, pH 5.7-5.8.
Overlaying 
medium

AA+ As 1-2 mL of a liquid Amino Acid, acetosyringone (50-400 µM)

Pre-selection CCM-Cf
MS salts and vitamins, sucrose 3.0%, gelrite 4.0 g L-1, IAA 0.5 mg 
L-1, Kinetin 1.5 mg L-1, Cefotaxime (0-1000 mg L-1).

Selection RM8+ Hyg + Cf
MS salts and vitamins, sucrose 3.0%, gelrite 4.0 g L-1, IAA 0.5 mg 
L-1, Kinetin 1.5 mg L-1, 15% coconut water, Hygromycin (0-75 mg 
L-1), Cefotaxime (0-1000 mg L-1), pH 5.7-5.8.

Regeneration RM8 + Hyg +Cf
MS salts and vitamins, sucrose 3.0%, gelrite 4.0 g L-1, IAA 0.5 mg 
L-1, kinetin 1.5 mg L-1, 15% coconut water, Hygromycin (0-75 mg L-

1), Cefotaxime (0-1000 mg L-1), pH 5.7-5.8.

Rooting medium Root + Hyg +Cf
MS salts and vitamins, sucrose 3.0%, gelrite 4.0 g L-1, IBA 0.5 mg 
L-1, Hygromycin 25 mg L-1, Cefotaxime (0-1000 mg L-1), pH 5.7-
5.8.
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EDTA, 1.0 % w/v mercaptoethanol (as an antioxidant) was added. The tubes were incubated 

at 65ºC in a water bath for 30 min. Then equal volume of chloroform/isoamyl alcohol was 

added and inverted gently few times for mixing, and centrifuged at 10,000 rpm for 10 min.  

The supernatant was transferred to another centrifuge tubes and again treated with equal 

volume of cold isoproponal. The supernatant was again transferred to another tube and 0.6 

volume of cold iso-propanol was added.  The tubes were gently inverted few times for proper 

mixing. The DNA in white form precipitated at the bottom of the tube, and the aqueous phase 

was poured out. The pellet was washed with 70 % cold ethanol (to wash the bases) and the 

absolute alcohol was added to dehydrate the pellet. The pellet was air-dried and rehydrated in 

0.1x TE buffer, containing 1.0 mM Tris pH (8.0), 0.1 mM EDTA (ethylene diamine tetra 

acetatic acid) pH (8.0) and then treated with RNase to eliminate RNA.  DNA quality was 

monitored on an agarose gel.

3.9.4. Isolation of plasmid (pTCL5) from Agrobacterium tumefaciens strain EHA101

Plasmid DNA was isolated through Miniprep method. A single colony was cultured 

in 20 mL YEP medium (Table 3.8) containing 50 µL kanamycin and 10 µL rifampicilin and 

incubated overnight at 28ºC with vigorous shaking, the culture of Agrobacterium was 

centrifuged at 4000 rpm for 5 min. The cells were pellet down and supernatant was removed. 

Pellet was washed with TE buffer and centrifuged at 4000 rpm for 5 min. The supernatant 

was discarded and 100 µL of Tris 50 mM (pH 7.4-7.6), EDTA 1.0 mM, RNAse 100 mg mL-1

was added. The pellet was resuspended and 150 µL of NaOH 0.2 N and SDS 1 % (sodium 

dodecylsulphate) was added, mixed well by inverting gently four or five times. 200 µL of 

potassium acetate 3 M (pH 4.8-5.0) was added and mixed well by vortex vigorously.

The total mixture was centrifuged at 12000 rpm for five min and two volume of 

absolute ethanol was added and kept on ice for 5 min. The mixture was centrifuged at 12000 

rpm for 5 min, and pellet was washed with 70 % ethanol. Finally the plasmid was dissolved 

in 25 µL sterile distilled water and stored at –20ºC. The plasmid concentration and size was 

calculated by agarose gel electrophoresis.

3.9.5. Primer sequence

Primers of HPT and Xa21 genes were designed based on sequences.

3.9.5.1. For HPT gene

Hyg. (Forward primer) 5’- GCT CCA TAC AAG CCA ACC AC -3’.
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Hyg. (Reverse primer) 5’- CGA AAA GTT CGA CAG CGT CTC -3’, 

Amplify 670 bp fragment.

3.9.5.2. For Xa21 gene

Xa21 (Forward primer) 5’- ATA GCA ACT CAT TGC TTG G -3’

Xa21 (Reverse primer) 5’- CGA TCG CTA TAA CAG CAA AAC -3’

Amplify 1.4 kb fragment.

3.9.6. PCR optimization

The PCR conditions were optimized for hygromycin resistance and Xa21 gene for 

bacterial wilt resistance gene. Various combinations of MgCl2, primer and annealing 

temperature were studied to optimize the PCR for amplification of different samples.

A typical PCR reaction of 25 L contained 50 ng extracted DNA as template, 10 mL 

Tris-HCL, (pH 8.3; at room temperature) 50 mM KCl, 0.5-3.5 mM MgCl2 solution, 200 M 

of each dNTPs, DNA polymerase 1.0 unit, and 1-6 M each of primer. Pre-PCR denaturing 

at 94oC for 5 min, annealing at 50°C or 52°C for 2 min followed by extension at 72°C for 

three minutes followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 50-55°C 

for 1 min and extension at 72°C for 2 min with a final extension cycle of 15 min at 72°C. 

Annealing temperatures of Hygromycin gene amplifications was optimized at temperature of 

50°C while for Xa21 gene at 55°C.

3.9.7. Agarose gel electrophoresis

PCR products were analyzed on 1 % agarose gel prepared in TE buffer (0.045 M 

Tris-base and 0.001 M EDTA, pH 8.0) and visualized by UV illuminator after staining with 

ethidium bromide. Bromophenol blue was used as loading/ tracking dye. DNA bands were 

compared with 1Kb ladder to locate the positions of bands.

3.10. Inheritance analysis 

          Inheritance of the hygromycin resistance gene, GUS gene and bacterial wilt resistance 

in transgenic plants was observed after producing T1 generation from To seeds.

3.10.1 Inheritance of the Xa21 gene in transgenic plants

           The inheritance of the Xa21 gene in T1 generation was analyzed in terms of the 

phenotypes to bacterial wilt resistance. A segregation of 3:1 (resistant: susceptible) was 

expected in inoculation analysis.
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3.10.2. Inheritance of the hygromycin resistance gene and bacterial wilt resistance in 

transgenic plants

To determine the lethal dose of hygromycin, non transformed tomato seeds were 

cultured on a hormone-free MS medium containing 30.0 g L-1 sucrose, 0.4% (w/v) gelrite and 

different concentrations of hygromycin (0, 25, 50 and 100 mg L-1) at pH 5.7-5.8. Cultures 

were maintained at 25 + 2°C at 16 h photoperiod (light intensity 48 µM m-2 s-1). After 14 

days of culture the concentration at which all seedlings become pale, dry was chosen for the 

selection of transformants. T1 generation seeds resistant to hygromycin were collected by the 

lethal dose of hygromycin following same protocol for non transgenic seeds. T1 hygromycin 

resistant plants of Rio Grande and Pant Bahr were tested for the resistance against high

virulent bacterial wilt strain. Plants were not watered a day before inoculation to reduce 

moisture in the pots. Roots of 3-week-old tomato seedling were slightly injured by inserting a 

scalpel in the pot in order to facilitate bacterial infection. About 30 mL of bacterial 

suspension was poured on the surface of each pot. Inoculated plants were regularly watered 

and kept in growth chamber under white fluorescent light (600 μM m-2 s-1; 16 h light/8 h 

dark) at 25°C and 70% relative humidity.  Appearance of symptoms was observed after 7-14 

days (Winstead and Kelman, 1952).

3.11. Glass house assessment of the transgenic tomato cultivars

The transgenic cultivar of all the five tomato cultivars were assessed for their growth 

by using parameters i.e., height, number of leaves, number of branches, days to flowering, 

days to fruiting, number of fruits, fruit width, fruit length, days to maturity were compared to 

the control plants.

3.11.1. Statistical analysis

Data were recorded on the frequency of calli induction, morphology of the calli, 

viability of embryogenic calli, regeneration frequency and other numerical parameters 

accordingly. All experiments were laid out in Randomized complete block design (RCBD).  

Each treatment was replicated thrice and ten test tubes in the case of callus induction and 

eight flasks in the case of regeneration (for both control and transgenic) were used for 

replication. The data collected was analyzed using MSTAT-C statistical software and the 

means were compared by least significance difference test (LSD) using MSTAT-C (Steel and 

Torrie, 1984).
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3.12. Characterization of tomato cultivars for susceptibility and resistance

           Tomato cultivars on the basis of response to P. solanacearum inoculation after a week 

were characterized in to susceptible and resistant cultivars. The proteomics studies of the 

susceptible and resistant cultivars were carried out.

3.12.1 Proteomics analysis of tomato cultivars

           Four cultivars two susceptible and 2 resistant cultivars were subjected to proteomics 

analysis. Protein was extracted from leaf of 3-week-old tomato in-vitro seedlings.

Differential protein expression were analyzed and quantified by PDQuest software. Proteins 

were identified by protein sequencer and mass spectrometry.

3.12.2. Treatment with JA and SA

Three-week-old leaf of the Roma and Pant Bahr were treated with 100 μM of JA and 

1 mM SA for 1, 2 and 3 days. To maintain the leaf in same physiological condition, leaves 

after weighting (200 mg) were placed on same day in water containing petri plates in the 

growth chamber with white fluorescent light (600 μM m-2 s-1; 16 h light/8 h dark) at 25°C 

and 70% relative humidity.  JA and SA are added to the water after 1, 2 and 3 days. JA and 

SA were purchased from Wako Chemicals, Osaka, Japan. JA was used at 100 μM 

concentration from stock solution prepared in dimethyl fluoride. SA was used at 1.0 mM 

concentration prepared in water.

3.12.3. Protein extraction   

All procedure was carried out at 4°C. A portion (200 mg) of leaf was homogenized in 

1.0 mL of lysis buffer containing 7.0 M urea, 2.0 M thiourea, 0.2 M TBP, 0.4% CHAPS, 

0.2% Biolyte (pH 3-10) and 4.0% polyvinyl pyrrolidine -40, using glass mortar and pestle. 

The homogenate was centrifuged at 15,000×g for 10 min. The supernatant was again 

centrifuged at 15,000×g for 10 min and subjected to electrophoresis.

  3.12.4. Two-dimensional polyacrylamide gel electrophoresis

Proteins were separated by 2D-PAGE (O’Farrell, 1975) in the first dimension by 

isoelectric focusing (IEF) and in the second dimension by SDS-PAGE. An IEF tube gel of 11 

cm length and 3 mm diameter was prepared, which consisted of 8 M urea, 3.5 % acrylamide, 

2.0% Nonidet P-40, 2.0% ampholine (pH 3.5-10 and 5.0-7.0), ammonium persulphate and 

tetra methyl ethylene diamine.  Electrophoresis was carried out at 200 V for 30 min, 400 V 

for 17 h and 600 V for 1 h in IEF tube gels. After IEF, SDS-PAGE was performed in the 
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second dimension using 15% polyacrylamide gels with 5% stacking gels, followed by 

Coomassie brilliant blue (CBB) staining. 2D-PAGE images were evaluated by PDQuest 

(Bio-Rad, Hercules, CA, USA) and plotted as relative protein intensities. Standard error was 

calculated mean of the protein volume from three independent experiments. Level of 

significance was calculated by Duncans multiple range DMRT (Duncan, 1955). The 

isoelectric point (pI) and relative molecular mass (Mr) of each protein were determined using 

2-D markers (Bio-Rad).

3.12.5. Mass spectrometry analysis

            CBB-stained protein spots were excised from gels, washed with 25% methanol and 

7% acetic acid for 12 h, and destained with 50 mM NH4HCO3 in 50% aqueous methanol at 

40°C for 1 h. Proteins were reduced with 10 mM dithiothreitol in 100 mM NH4HCO3 at 60°C 

for 1 h and then incubated with 40 mM iodoacetamide in 100 mM NH4HCO3 for 30 min. The 

gel pieces were minced, allowed to dry, and then rehydrated in 100 mM NH4HCO3 with 1 pM 

trypsin (Sigma, St Louis, MO, USA) at 37°C overnight. The digested peptides were extracted 

from gel slices with 0.1% trifluoroacetic acid in 50% acetonitrile. The resulting peptide 

solution was dried and reconstituted with 30 μL of 0.1% trifluoroacetic acid in 5.0% 

acetonitrile and then desalted with NuTip C18 pipette tips (Glygen, Columbia, MD, USA). 

The final peptide solution was mixed with α-cyano-4-hydroxycinnamic acid. Matrix-assisted 

laser desorption/ionization time-of-flight (MALDI-TOF) MS was performed by using a 

Voyager PR system (Applied Biosystems, Framingham, MA, USA). The mass spectra were 

subjected to sequence databases searching by using MASCOT software (Matrix Science, 

London, UK). Four criteria were used to assign a positive match with a known protein: (i) the 

deviation between experimental and theoretical peptide masses had to be less than 50 ppm; 

(ii) at least four different predicted peptide masses had to match the observed masses for an 

identification to be considered valid; (iii) the coverage of the protein sequenced by the 

matching peptides had to reach a minimum of 10%; and (iv) the score obtained from the 

analysis with the MASCOT software, which indicates the probability of a true positive 

identification, had to reach at least 58 when using the National Center for Biotechnology 

Information database (ftp: //ftp.ncbi.gov/blast/db) or the soybean UniGene database 

(http://soybeangenome.siu.edu).
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3.12.6. N-terminal amino acid sequence analysis and homology search 

            Following separation by 2-DE, proteins were electroblotted on the polyvinylidine 

difluoride (PVDF) membrane (Pall, Port Washington, NY, USA) using a semidry transfer 

blotter (Nippon Eido, Tokyo, Japan) and detected by CBB staining. The stained protein spots 

were excised from the PVDF membrane and applied to the upper glass block of reaction 

chamber in a gas phase protein sequencer, Procise 494 (Applied Biosystems, Foster city, CA, 

USA). Edman degradation was performed according to standard program supplied by 

Applied Biosystems. The amino acid sequences obtained were compared with those of 

known proteins in Swiss-Prot (https://us.expasy.org/sprot), PIR 

(https://www.pir.georgetown.edu), GenPept (https://www.genelynx.org/cgi-bin/resource) and 

PDBALL (https://www.rcsb.org/pdb) databases with web-accessible search program FastA 

(https://www.dna.affrc.go.jp).
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RESULTS 

Tomato is an important vegetable utilized either fresh or processed form in form of 

pastes, ketchups throughout the world. This study was conducted to improve the resistance of 

tomato cultivars to bacterial wilt with Xa21 gene from wild rice. Optimization of 

regeneration is pre-requisite for transformation so regeneration was optimized from 

hypocotyls and leaf discs as explants source in various media combinations with GA3 and 

CW in additions to auxins and cytokinins. Transformation efficiency was optimized for 

maximum transformation efficiency such as enhanced acetosyringone concentration, 

preselection period, seedling age along with expression of Xa21 in transformed plants. 

Differential proteomic analysis of all cultivars was conducted for expression of PR proteins 

with application of JA and SA cascade. The results obtained in various experiments are 

described below. 

4.1. Seed disinfection and germination 

Sterilization is an important step, which affects the callus induction frequency and 

regeneration. Clorox (Sodium hypochlorite) was used as a seed surface sterilization agent. 

Seeds of tomato (Lycopersicon esculentum Mill.) cultivar Rio Grande were inoculated on MS 

plain medium using four concentrations; 2.5, 8, 20 and 30% clorox to determine the behavior 

of cultivars for in vitro seed germination. Results of seed germination after disinfection 

showed that high concentration of clorox had an inhibitory effect and seeds become dead 

whereas low concentrations (2.5, 8.0%) did not affect seed germination (Table 4.1). 

However, highest contamination was recorded at clorox concentration (2.5%). Maximum 

contamination free germination was observed at 8.0% of clorox. Seeds of five tomato 

(Lycopersicon esculentum Mill.) cultivars i.e., Rio Grande, Roma, Pusa Ruby, Pant Bahr and 

Avinash were cultured on MS plain medium using 8% clorox. Rio Grande showed 93.7% 

contamination free germination followed by Roma (92.0%), Avinash (79.11%), Pusa Ruby 

(75.0%) and Pant Bahr (68.05%) (Table 4.2; Figure 4.1). Seeds began to germinate within a 

week, while seedlings used for callus induction and regeneration were obtained after three 

weeks of culturing.  

4.2. Effects of various media on callus induction 

Analysis of variance for the response of calli induction under various media 

combinations in various tomato genotypes is shown in Table 4.3. Statistically significant  
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Table 4.1. Effect of different concentrations of clorox on in vitro seed germination in tomato cultivars; where 

total number of seeds used were 80. 

  

Clorox% Non 

germinated 

Germinated Germination % 

contaminated non contaminated 

2.5 0.00 60 20 25.0 

8.0 0.00 5 75 93.7 

20.0 70.0 0 10 12.5 

30.0 75.0 0 5 6.25 

 

Table 4.2. Seed germination of tomato (L. esculentum Mill.) cultivars at 8.0% Clorox, total number of seeds 

used were 288. 

 
Genotype Non germinated Germinated Germination % 

contaminated non contaminated 

Rio Grande 2.0 18 270 93.75 

Roma 5.0 13 265 92.0 

Pusa Ruby 62.0 10 216 75.0 

Pant Bahr 84.0 8 196 68.05 

Avinash 49.0 11 228 79.11 

 

 

   

    

Figure 4.1. 3- week-old in vitro seedlings of tomato cultivars on MS plain medium (a, c) Rio 

Grande (b) Roma (d) Pusa Ruby (e) Pant Bahr (f) Avinash.    

 
 

a b c 

d e f 
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differences for genotypes, explants, treatments and for all interactions i.e., genotype × 

explant, genotype × treatment, explant × treatment and genotype × explant × treatment were 

recorded. 

Highly diverse response for the two types of explants was observed for calli induction 

in five tomato cultivars (Table 4.4). Leaf disc explants gave maximum calli induction 

frequency in Rio Grande (85.4, 84.4, and 80.6%) with T6, T5 and T4, respectively (Table 4.4; 

Figure 4.2). It was followed by Avinash with 83.8, 80.9 and 77.17% callus induction at T6, 

T5 and T7, respectively (Table 4.4; Figure 4.2). However, higher calli induction frequency 

(77.07, 76.27, 75.9%) in Roma was recorded at T7, T6 and T4 treatment (Table 4.4). The calli 

induction frequencies in these genotypes at the respective doses were nonsignificantly 

different to each other. The other two genotypes i.e., Pusa Ruby and Pant Bahr had less callus 

induction frequencies (Table 4.4; Figure 4.2 c).  

On the average for leaf disc, the response of Rio Grande and Avinash (56.89 and 

56.81%) for calli induction was not statistically different to each other, while the other 

genotypes produced significantly less percentage of calli compared to the former cultivars. T6 

was the most responsive dose for calli induction not statistically different from the T4 

treatment. Other treatments produced statistically less percentage of calli as compared to the 

above two treatments.  

Avinash was most responsive for calli induction (76.7, 75.9, 73.3%) with hypocotyls 

at T6, T5 and T7, respectively (Table 4.4). Rio Grande ranked second among the genotypes 

having calli induction frequencies of 73.9, 73.84 and 66.6% at doses of T6, T5 and T4, 

respectively (Table 4.4; Figure 4.2 e). These frequencies were statistically similar to each 

other within the respective genotype. Remaining three genotypes statistically produced less 

calli (Table 4.4; Figure 4.2 b).  

Avinash was generally most responsive for calli induction frequency of hypocotyls 

(51.87%) followed by Rio Grande (47.52%), Roma (39.8%), Pusa Ruby (36.45%) and Pant 

Bahr (32.68%). Highest number of calli were induced by T6 treatment (68.13%) followed by 

T4 (64.4%), T5 (63.75%), T7 (58.12%) and T3 (46.13%). However, the other treatments were 

less responsive for calli induction (Table 4.4). 

Calli induction response irrespective of explant source under various media 
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Table 4.3. Analysis of variance for callus induction in tomato cultivars.  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 71.913 35 2.563 .0798 

2 Genotypes (A) 4 14650 3662 261.15 .0000 

4 Explant (B) 1 2953 2953 210.62 .0000 

6 AB 4 226 56 4.03 .0037 

8 Treatment (C) 8 179338 22417 1598.45 .0000 

10 AC 32 6895 215 15.36 .0000 

12 BC 8 635 79 5.66 .0000 

14 ABC 32 141 4 .31 .0000 

-15 Error 178 2496 1   

 Total 269 207409    

 

Table 4.4. Comparison of callus induction frequency of hypocotyls and leaf discs of three weeks old in vitro 

seedlings of five different tomato cultivars with different media combinations mentioned in (Table 3.2). 

 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

T1 0.023 F   0.013 D 0.03 F 0.02 E 0.03 F  0.023 F .017F  .02 D  .023 G .02 F 0.033 F 0.023 G 

T2 32.57 E 15.3 C 12.7 E 13.1 D 34.9 D 21.7 E 44.6 D 21.6 C 18.8 E 15.97 E 40.53D  28.3 F 

T3 52.03D 44.98 B 41.3 CD 37.8 BC 54.5 C 46.1 D 64.8 C 52.7 B 49.31CD 42.97 CD 61.81 C 54.3 E 

T4 66.6 AB 63.8 A 63.8 AB 56.2 A 71.5 AB 64.4 B 80.6 AB 75.9 A 72.83 A 63.83 A 77.17 AB 74.1 AB 

T5 73.84 A 62.2 A 56.6 B 50.3 A 75.9 A 63.7 B 84.4 A 74.4 A 60.93 B 55.27 B 80.9 AB 71.1  BC 

T6 73.9 A 66.5 A 65.5 A 58.1 A 76.7 A 68.1 AB 85.4 A 76.2 A 75.8 A 65.12 A 83.8 A 77.28  A 

T7 62.84 BC 67.1 A 46.4 C 41.03 B 73.3 AB 58.1 C 73.1 BC  77.0 A 54.03 BC 48.03 BC 78.67 AB 66.17  D 

T8 7.87 F 1.4 D 7.03 EF 6.00 DE 12.8 E 7.02 G 12.7 E 3.5 D 8.7 F 7.33 F 14.83 E 9.41 H 

T9 58.0 CD 36.8 B 34.7 D 31.5 C 67.3 B 45.6 D 66.4 C 48.4 B 44.03 D 36.2 D 73.62 B 53.72 E 

Mean 47.52 A 39.8 BC 36.45 CD 32.68 E 51.87 A  56.89 A 47.76 B 42.71 C 37.19 DE 56.81 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.5. Callus induction frequency of three weeks old in vitro seedlings of five different tomato cultivars on 

with different media combinations mentioned in (Table 3.2). 

 

Treatment Rio Grande Roma Pusa 

Ruby 

Pant Bahr Avinash Mean 

T1 0.02 H 0.0017 E 0.027G 0.02 G 0.03 F 0.023 G 

T2 38.58 F 18.43 D 15.75 E 14.53 E 37.70 D 25.00 E 

T3 58.42 E 48.84 B 45.31 C 40.11 C 58.15 C 50.22 D 

T4 73.60 BC 69.85 A 68.33 A 60.00 A 74.35 AB 69.23 B 

T5 79.14 AB 68.28 A 58.77 B 52.77 B 78.37 A 67.46 B 

T6 79.67 A 71.37 A 70.63 A 61.62 A 80.22 A 72.7 A 

T7 67.96 CD 72.07 A 50.20 C 44.53 C 75.97 AB 62.14 C 

T8 10.28 G 2.45 E 7.87 F 6.67 F 13.83 E 8.22 F 

T9 62.18 DE 42.6 C 39.37 D 33.87 D 70.44 B 49.69 D 

Mean 52.5 A 43.77 B 39.58 C 34.94 D 54.34 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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combinations in five tomato genotypes are shown in Table 4.5. Treatment × genotype 

showed marked differential response of calli induction frequency for various treatments. 

Highest calli induction percentage (80.22%) was recorded in Avinash at T6 followed by 

78.37 and 75.97% at T5 and T7, respectively. Rio Grande exhibited calli induction frequency 

of 79.67, 79.14 and 73.6% at T6, T5 and T4, respectively.  

Maximum calli induction frequency (72.07%) in Roma was observed at T7 followed 

by 71.37 and 69.85% at T6 and T4 treatment, respectively. In Pusa Ruby maximum frequency 

of calli induction was recorded at T6 (70.63%) followed at T4 (68.33%). However, Pant Bahr 

showed lower frequency of calli induction compared to the other genotypes. 

On average Avinash gave maximum calli (54.34%) followed by Rio Grande (52.5%). 

The two genotypes for calli induction response were statistically not different from each 

other. However, the other genotypes produced significantly less calli compared to the first 

two cultivars (Table 4.5). 

 The highest percentage of calli induction was recorded at T6 treatment followed by T4 

and T5 treatments (Table 4.5). Frequency of calli induction at T6 was statistically significant 

than T4 and T5 while T4 and T5 treatments were statistically similar to each other. Other 

treatments showed less response for calli induction with minimum at T1 followed by T8, T2, 

T9 and T3 treatment.  

4.3. Effects of different media combinations on regeneration 

The maintained calli were subculture on regeneration media. Different hormonal 

combinations were used in regeneration media (RM1-RM10). Results of analysis of variance 

showed (Table 4.6), genotypes, explants and treatments were statistically different. Genotype 

× explants and genotype × explants × treatments were statistically similar to each other while 

other interactions were statistically different from each other (Table 4.6).  

Best media composition for regeneration frequency was observed in RM3, RM9 and 

RM4 (Table 4.7). Maximum regeneration frequency with leaf disc at RM3, RM9 and RM4 was 

recorded for Rio Grande (71.7%, 58.85%, 48.1%) followed by Roma (69.84%, 55.02%, 

39.93%), Avinash (69.2, 57.3% and 47.6%) (Table 4.7; Figure 4.2). However, lower 

regeneration was recorded at these doses in Pusa Ruby and Pant Bahr compared to above 

three genotypes. The highest percentage of regeneration with hypocotyls at RM3, RM9 and 

RM4 was observed in Rio Grande (75.73%, 64.44% and 53.3%) followed by Avinash 
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(73.4%, 62.77% and 53%), Roma (73.28, 60.1% and 45.8%), Pusa Ruby (67.1, 48.83 and 

42.23%) and Pant Bahr (60.07, 39.2 and 35.23%) (Table 4.7; Figure 4.2). In RM2 highest 

regeneration percentage was recorded in Avinash followed by Rio Grande and Roma for both 

leaf disc and hypocotyls. RM7 media with low concentration of NAA and higher 

concentration of kinetin had also impact on regeneration. In case of leaf disc it was 40.05%, 

39.72% and 35.63% in Rio Grande, Avinash and Roma, respectively (Table 4.7). 

Regeneration percentage of 47%, 45.33% and 40.5% was observed in Rio Grande, Avinash 

and Roma, respectively in hypocotyls. RM8 contained low amount of IAA, 2ip and higher 

concentration of kinetin also resulted in reasonable regeneration. It was highest in 

hypocotyls, Avinash (41.53%) and Rio Grande (40.8%). In leaf disc it was 31.67% in Rio 

Grande and 32.02% in Avinash. In RM6 addition of low amount of BAP and kinetin without 

auxin in leaf disc was 27.63%, 21.9% and 26.97% in Rio Grande, Roma and Avinash, 

respectively while in hypocotyls it was 30.2% in Avinash and 29.2% in Rio Grande. RM1 

(without growth hormone) and RM10 (2 mg L
-1

 IAA only without cytokinin) showed 

negligible regeneration with usually non embryogenic callus (Table 4.7; Figure 4.3). Plants 

regenerated were shifted to rooting medium consisting of MS plain medium along with 0.5 

mg L
-1

 of IAA. The rooted plants of different cultivars are represented (Figure 4.4)  

On the average irrespective of the explants type, maximum regeneration percentage 

was recorded at RM3 followed by RM9 and RM4 and these were significantly different to 

each other (Table 4.8). Other treatments gave statistically lower percentage of regeneration to 

each other in the order as RM2 > RM7 > RM5 > RM8 > RM6 > RM10 > RM1. Rio Grande 

produced the highest percentage of regeneration (35.92%) followed by Avinash (35.5%), 

Roma (32.01%), Pusa Ruby (27.5%) and Pant Bahr (22.7%). Rio Grande and Avinash were 

statistically similar to each other while the other genotypes were dissimilar to each other.    

4.4. Effect of GA3 on regeneration 

            Previously among all the combinations tested for regeneration, inclusion of GA3 was 

found to be quite effective for in vitro regeneration. Different combinations of the IAA and 

BAP in the media were utilized without (RM1-RM5) and with GA3 (RM6-RM10) to determine 

their effects on regeneration. The leaf discs and hypocotyls were sub cultured on various 

media combinations (RM1-RM10).  
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Table 4.6. Analysis of variance for regeneration in tomato cultivars. 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 30 15 2.26 .10624 

2 Genotypes (A) 4 7513 1878 275.85 .0000 

4 Explant (B) 1 5379 5379 790.1 .0000 

6 AB 4 51 12 1.87 .1160 

8 Treatment (C) 9 98906 10989 1613.98 .0000 

10 AC 36 2788 77 11.37 .0000 

12 BC 9 1557 173 25.41 .0000 

14 ABC 36 329 9 1.34 .1050 

-15 Error 198 1348 6   

 Total 299 117905    

 

Table 4.7. Comparison of the percentage frequency of regenerated shoot primordia from hypocotyls and leaf 

disc derived calli among the cultivars on regeneration medium with different media combinations mentioned in 

(Table 3.3). 

 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 0.005 H 0.00 G 0.004 G 0.003 G 0.005 I 0.00  I 0.003 H 0.001 H 0.00 G 0.00G .003 H 0.00 H 

RM2 46.97 D 42.6  8C 40.1 CD 33.1 C 48.97 CD 42.3  DE 42.4 D 37.35 CD 34.1 CD 27.9 C 43.1 D 36.9 D 

RM3 75.73 A 73.28 A 67.1 A 60.07 A 73.4 A 69.1 A 71.7 A 69.84 A 58.4 A 51.4 A 69.2 A 64.1 A 

RM4 53.33 C 45.8 C 42.2 C 35.23 BC 53.0 C 45.91 C 48.1 C 39.93 C 35.2 C 29.1 C 47.6 C 39.9 C 

RM5 35.43 E 31.1 D 32.4 E 26.43 DE 36.43 F 32.4  F 33.1 E 29.3 E 28.8 E 23.7 D 32.98 E 29.5 F 

RM6 29.20 F  25.1 E 22.6 F 18.3 F 30.20 G 25.07  G 27.63 F 21.9 F 17.9 G 13.9 E 26.97 F 21.6 H 

RM7 47 D 40.5 C 35.6 DE 29.9 CD 45.33 DE 39.65  E 40.05 EF 35.63 D 30.9 DE 25 CD 39.72 D 34.3 E 

RM8 40.8 E 31.6 D 29.8 E 23.5 EF 41.53 EF 33.44  F 31.67 EF 26.0 E 23.63 F 17.9 E 32.02 E 26.2 F 

RM9 64.44 B 60.1 B 48.8 B 39.2 B 62.77 B 55.06  B 58.85 B 55.02 B 41.33 B 33.8 B 57.35 B 49.3 B 

RM10 6.74 G 6.00 F 5.17 G 4.83 G 6.740 H 5.9  H 5.692 G 5.2 G 5.0 H 4.2 F 5.74 G 5.15 G 

Mean 39.97 A 35.60 B 32.38 C 27.05 E 39.84 A  35.92 A 32.01 B 27.5 C 22.7 D 35.5 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.8. Percentage frequency of regenerated shoot primordia from calli among the cultivars on regeneration 

medium with different media combinations mentioned in (Table 3.3). 

 

Treatment Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

RM1 0.003 H 0.001 H 0.003 G 0.002 G 0.003 H 0.00 J 

RM2 42.4 D 37.35 CD 34.1 CD 27.9 C 43.1 D 36.96 D 

RM3 71.7 A 69.84 A 58.4 A 51.4 A 69.2 A 64.1 A 

RM4 48.1 C 39.93 C 35.23 C 29.1 C 47.6 C 39.97 C 

RM5 33.1 E 29.3 E 28.8 E 23.75 D 32.98 E 29.58 F 

RM6 27.6 F 21.9 F 17.9 G 13.93 E 26.97 F 21.67 H 

RM7 40.05 EF 35.63 D 30.9 DE 25.4 CD 39.72 D 34.34 E 

RM8 31.67 EF 26 E 23.63 F 17.9 E 32.02 E 26.26 G 

RM9 58.85 B 55.02 B 41.33 B 33.83 B 57.35 B 49.3 B 

RM10 5.692 G 5.2 G 5.0 H 4.2 F 5.74 G 5.15 I 

Mean  35.92 A 32.01 B 27.5 C 22.74 D 35.5 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Figure 4.2. Shoot regeneration from tomato leaf discs and hypocotyls (a) Callus proliferation 

and differentiation in to shoot on T6 media in Rio Grande (b) Shoot production and 

morphogenesis from hypocotyls derived callus on RM3 (c) Multiple shoot regeneration from 

callus derived from leaf disc in Pusa Ruby on RM4 (d) Organogenesis in Roma on RM3 (e) 

Non-embryogenic callus (f) Shoot originated as a result of organogenesis on rooting medium 

with 0.5 mg L
-1

 IBA (g) Shoots coming out of the callus of Pant Bahr on RM3 medium (h) 

Embryogenic callus of Avinash with many embryoids coming out of it on RM4 medium (i) 

Non embryonic callus on RM10 medium. 

 

  

 

                        Figure 4.3. Non-embrogenic callus with bacterial growth  
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Figure 4.4. Regenerated plants shifted to rooting medium with 0.5 mg L
-1 

IBA along with MS 

medium (a, b) Rio Grande (c) Roma (d, e) Pusa Ruby (f, g) Pant Bahr (h, i) Avinash.  
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Result of analysis of variance indicated significant variations for genotypes, explants, 

treatments and for all possible interactions i.e., genotypes × explants, genotypes × treatments, 

explants × treatments and genotypes × explants × treatments (Table 4.9).  

All the media combinations gave promising regeneration percentage for both types of 

explants. However, most efficient regeneration was observed at combinations of RM3 and 

RM8 with maximum at RM8 for both hypocotyls and leaf discs (Table 4.10). Percentage 

regeneration was significantly different between two media. In leaf disc the regeneration 

percentage recorded for RM9 and RM4 ranked 3
rd

 and 4
rth

 for all genotypes except Pant Bahr 

while for hypocotyls RM4 and RM9 ranked 3
rd

 and 4
rth

 for all genotypes. Low regeneration 

percentage was recorded at RM1 and RM6 for both hypocotyls and leaf discs in all genotypes. 

However, comparatively more regeneration percentage was observed with hypocotyls against 

the leaf discs (Figure 4.5 a, b, c, d). In the leaf disc maximum regeneration percentage was 

determined at RM8 in Rio Grande (77.8%) followed by Avinash (70.8%) which were 

statistically similar to each other. These were followed by Pusa Ruby (67.91%), Roma (65%) 

and Pant Bahr (61.4%). Similar pattern of regeneration percentage was observed for 

hypocotyls with Rio Grande (75.03%), followed by Avinash (73%), Roma (72.67%), Pusa 

Ruby (70.71%) and Pant Bahr (58.6%) in RM8 (Table 4.10; Figure 4.5). 

Generally irrespective of explant maximum regeneration percentage was recorded in 

RM8 media followed by RM3, RM4, RM9, RM2, RM10, RM6 and RM1 (Table 4.11). 

Regeneration percentage in all these media was significantly different from each other. Rio 

Grande gave the maximum regeneration percentage followed by Avinash, Roma, Pusa Ruby 

and Pant Bahr. 

4.5. Effect of coconut water on regeneration 

Leaf disc and hypocotyls from 3 weeks old in vitro seedlings were used for callus 

induction on five media without (RM1-RM5) and with (RM6-RM10) coconut water. Analysis 

of variance for the response of regeneration under various media combinations in various 

tomato genotypes is shown in (Table 4.12). Statistically significant differences for genotypes, 

explants, treatments and for all their interactions i.e., genotype × explant, genotype × 

treatment, explant × treatment and genotype × explant × treatment were observed.  
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Table 4.9. Analysis of variance for regeneration in tomato on media without and with GA3. 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 18.3 9 2.537 .081 

2 Genotypes (A) 4 1043 260 72.32 .0000 

4 Explants (B) 1 5292 5292 1467.31 .0000 

6 AB 4 107 26 7.4746 .0000 

8 Treatment (C) 9 66656 7406 2053.31 .0000 

10 AC 36 4357 121 33.56 .0000 

12 BC 9 2037 226 62.75 .0000 

14 ABC 36 763 21 5.88 .0000 

-15 Error 198 714 3   

 Total 299 80991    

 

Table 4.10. Comparison of the percentage frequency of regeneration from hypocotyls and leaf disc derived calli 

among the cultivars on regeneration medium with different media combinations mentioned in (Table 3.4). 

 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 21.7 G 18.34  F 22.6 F 27.6 D 18.74 F 21.79 J 13.97 E 11.5 G 18.1 H 16.6 H  13.4 F 14.69 K 

RM2 50.3 D 51.33 D 45.17 C 49.62 B 51.4 D 49.55 D 35.83 D 30.5 E 34.95 DE 34.5 CDE 34.7 E 34.08 G 

RM3 65.73 B 68.00 B 67.67 A 61.7 A 67.97 B 66.21 B 55.7 B 54.9 B 51.62 B 53.6 B 57.5 B 54.65 C 

RM4 62.7 BC 60.92 C 53.47 B 46.02 BC 61.00 C 56.8 C 46.43 C 41.15 D 34.43 DEF 33.4 DE 45.7 D 40.22 F 

RM5 37.02 E 32.81 E 32.4 E 24.62 D 32.94 E 31.97 G 35.4 D 28.07 E 30.5 F 21.2 G 32.6 E 29.56 H 

RM6 27.7 F 21.33 F 31.0 E 27.81 D 21.32 F 25.84 I 16.4 E 16.2 F 25.5 G 30.5 EF 16.6 F 21.04 J 

RM7 39.3 E 35.27 E 44.58 CD 45.7 BC 35.47 E 40.05 F 36.73 D 28.6 E 35.97 D 37.8 C 31.5 E 34.12 G 

RM8 75.03 A 72.67 A 70.71 A 58.6 A 73.00 A 70 A 77.8 A 65 A 67.91 A 61.4 A 70.8 A 68.57 A 

RM9 58.8 C 50.76 D 44.60 CD 42.6 C 50.40 D 49.4 D 54.2 B 47.7 C 40.74 C 28.92 F 50.4 C 44.38 E 

RM10 48.8 D 49.68 D 40.69 D 43.04 C 48.91 D 46.2 E 34.1 D 30.33 E 31.3 EF 35.5 CD 31.4 E 32.54 G 

Mean 48.7 A 46.11 B 45.3 B 42.72 C 46.11 B  40.64 CD 35.38 F 37.10 EF 35.34 F 38.46 DE  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.11. Percentage frequency of regeneration among cultivars on regeneration medium with different media 

combinations mentioned in (Table 3.4). 

 

Treatment  Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

RM1 17.83 G 14.9 G 20.33 H 22.1 E 16.1 F 18.24  J 

RM2 43.05 D 40.9 D 40.06 D 42.1 B 43.02 D 41.82 E 

RM3 60.7 B 61.5 B 59.64 B 57.6 D 62.72 B 60.43 B 

RM4 54.55 C 51.04 C 43.95 C 39.7 B 53.34 C 48.52 C 

RM5 36.20 E 30.44 E 31.45 F 22.9 E 32.8 E 30.8 H 

RM6 22.06 F 18.75 F 28.25 G 29.2 E 18.98 F 23.44 I 

RM7 38.02 E 31.9 E 40.3 D 41.7 B 33.5 E 37.08 G 

RM8 76.40 A 68.8 A 69.31 A 59.9 A 71.88 A 69.3 A 

RM9 56.46 C 49.2 C 42.7 CD 35.8 C 50.4 C 46.9 D 

RM10 41.44 D 40.01 D 36.0 E 39.3 B 40.1 D 39.38 F 

Mean  44.7 A 40.75 B 41.2 B 39.03 C 42.3 B  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Figure 4.5. Morphogenesis in tomato cultivars (a) Embryoids coming out of the leaf disc 

derived callus in medium containing 0.5 mgL
-1

 IAA, 1.5 mgL
-1

 kinetin and 2 mgL
-1

GA3 (b) 

Callus developing into shoot from the leaf disc on medium without GA3 (c) Multiple shoots 

coming out of the leaf disc derived callus in medium containing IAA, BAP and GA3 of Roma 

(d) Shoot regenerating from the hypocotyl segment of Rio Grande on RM6 (e) Shoot 

regenerating from hypocotyls on RM3 (f) Regeneration on RM5 (g) Regeneration on RM4 3- 

week after culturing (h) Hypocotyl derived regeneration in Rio Grande on RM8 with multiple 

shoots (i) Hypocotyl derived regeneration in Avinash with multiple roots in RM2 (j, k, l) Rio 

Grande, Avinash and Pusa Ruby on rooting medium just before establishment in soil after 4 

weeks of culturing.  
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Regeneration was achieved on all the MS media combinations supplemented with 

IAA and Kinetin (RM1-RM5 –ive CW; RM6-RM10 +ive CW). Maximum regeneration 

percentage in both types of explants i.e., leaf disc and hypocotyls was recorded in RM8 

medium (+ive coconut water) and RM3 (-ive coconut water) medium in all genotypes (Table 

4.13). Roma gave the highest percentage of regeneration with leaf discs in RM8 medium 

(60.60%) followed by Avinash (59.17%), Rio Grande (58.02%), Pant Bahr (40.58%) and 

Pusa Ruby (36.1%) (Table 4.13; Figure 4.6). However, comparatively higher percentage of 

regeneration was observed in hypocotyls in same medium (RM8) in all the genotypes i.e., in 

Avinash (95.65%) followed by Rio Grande (91.4%), Pusa Ruby (89.3%), Roma (87.5%), and 

Pant Bahr (59.9%) (Table 4.13; Figure 4.6, 4.7). In regeneration medium without CW for leaf 

disc, maximum regeneration was observed at RM3 medium in Roma (50.2%), Rio Grande 

(48.2%), Pusa Ruby (43.4%), Avinash (39.40%) and Pant Bahr (31.7%) (Table 4.13). 

Similarly for hypocotyls in RM3 medium without CW; maximum regeneration percentage 

was determined in Avinash (89.57%) followed by Rio Grande (85.3%), Roma (79.5%), Pusa 

Ruby (69.5%) and Pant Bahr (60.33%) (Table 4.13). RM9 medium (+ive CW) ranked 3
rd

 in 

leaf disc derived regeneration percentage with highest in Avinash (49.57%), followed by 

Roma (40.87%), Rio Grande (38.77%), Pusa Ruby (26.37%) and in Pant Bahr (30.58%). In 

the same medium for hypocotyls, maximum regeneration percentage was established in 

Avinash (75.27%), Roma (71.00%), Rio Grande (60.72%), Pusa Ruby (68.60%), Pant Bahr 

(51.00%). In case of RM4 (-ive CW) medium for leaf discs, highest regeneration percentage 

was observed in Avinash (50.93%) followed by Rio Grande (39.3%), Roma (34.68%), Pusa 

Ruby (28.42%) and Pant Bahr (20.65%). 

While for the hypocotyls; Rio Grande gave maximum percentage of regeneration 

(75.25%), followed by (69.48%), (58.58%), (53.1%) and (49.78%) in Roma, Avinash, Pusa 

Ruby and Pant Bahr, respectively in RM4 media (Table 4.13). Other media were less 

responsive for regeneration in both explants for all genotypes. On average irrespective of the 

explants nature RM8 (+ive CW) and RM3 (-ive CW) were most responsive media for in vitro 

regeneration (Table 4.14). However, these two media were statistically different from each 

other. RM9 (+ive coconut water) and RM4 (-ive CW) gave the 3
rd

 and 4
th

 highest regeneration 

percentage for the genotypes under study. 
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Table 4.12 . Analysis of variance for effect of coconut water on regeneration in tomato cultivars. 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 8 4 1.96 .1428 

2 Genotypes (A) 4 9894 2473 1161.69 .0000 

4 Explant (B) 1 43372 43372 20372.1 .0000 

6 AB 4 1192 298 139.96 .0000 

8 Treatment (C) 9 63627 7069 3320.68 .0000 

10 AC 36 5100 141 66.54 .0000 

12 BC 9 42071 467 219.56 .0000 

14 ABC 36 4351 120 56.76 .0000 

-15 Error 198 421 2   

 Total 299 132177    

 

Table 4.13. Comparison of hypocotyls and leaf disc derived regeneration of five tomato cultivars on MS 

regeneration media supplemented with or without coconut water with different media combinations mentioned 

in (Table 3.5). 

 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 25.5 H 25.75 G 25.5 F 20.0 F 30.08  I  25.37 I 10.5 F 9.75 H 10.0 F 11.5 F 27.0 E 13.75 H 

RM2 65.50 D 61.25 D 41.0 D 50.25 B 60.25 E 55.65 E 35.5 D  29.25 E 29.0 C 21.25 D 39.17 C 30.83 E 

RM3 85.3 B 79.5 B 69.5 B 60.33 A 89.57 B 76.85 B 48.25 B 50.20 B 43.47 A 31.67 B 39.40 C 41.40 B 

RM4 75.25 C 69.48 C 53.1 C 49.78 B 58.58 E 61.24 D 39.30 C 34.68 D 28.42 C 20.65 D 50.93 B 34.80 D 

RM5 52.80 F 39.60 E 34.53 E 25.25 E 40.97 H 38.63 G 19.45 E 24.57 F 20.90 D 16.98 E 22.10 F 20.80 G  

RM6 30.42 G 29.33 F 35.30 E 29.42 D 44.77 G 33.85 H 8.33 F 15.63 G 18.65 DE 26.37 C 30.53 D 19.90 G 

RM7 76.25 C 70.47 C 55.32 C 50.5 B 80.03 C 66.51 C 41.57 C 39.45 C 35.23 B 30.52 B 40.30 C 37.41 C 

RM8 91.43 A 87.53 A 89.33 A 59.9 A 95.65A 84.77 A 58.02 A 60.60 A 36.10 B 40.5 8 A 59.17 A 51.09 A 

RM9 60.72 E 71.00 C 68.60 B 51.00 B 75.27 D 65.32 C 38.77 C 40.87 C 26.37 C 30.58 B 49.57 B 37.23 C 

RM10 59.17 E 40.88 E 39.33 D 39.93 C 48.68 F 45.60 F 19.60 E 29.47 E 17.60 E 30.78 B 30.75 D 25.64 F 

Mean 62.24 A 57.48 B 51.15C 43.64 D 62.39 A  32.03 B 33.45 B 26.57 C 25.99 C 38.89 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.14. Effect of shoot regeneration of five tomato cultivars on MS regeneration media with different media 

combinations mentioned in (Table 3.5). 

 

Treatment  Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

RM1 18.00 G 17.75 I 17.75 G 15.75 G 28.54 H 19.56  I 

RM2 50.50 D 45.25 E 35.00 E 35.75 D  49.71 E 43.24  E 

RM3 66.79 B 64.85 B 56.48 B 45.5 B 64.48 B 59.62 B 

RM4 57.28 C 52.08 D 40.76 D 35.22 D 54.76 D 48.02 D 

RM5 36.13 F 32.08 G 27.72 F 21.12 F 31.53 G 29.72 G 

RM6 19.38 G 22.48 H 26.98 F 27.89 E 37.65 F 26.88 H 

RM7 58.91 C 54.96 C 45.28 C 40.51 C 60.17 C 51.96 C 

RM8 75.22 A 74.07 A 62.72 A 50.24 A 77.41 A 67.93 A 

RM9 49.74 D 55.93 C 47.48 C 40.79 C 62.42 BC 51.27 C 

RM10 39.38 E 35.17 F 28.47 F 35.36 D 39.72 F 35.62 F 

Mean  47.13 B 45.46 C 38.86 D 34.81 C 50.64 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Figure 4.6. Shoot proliferation in different tomato cultivars tested with coconut water (a, b) 

Rio Grande callus proliferation with morphogenesis into shoots of leaf discs on media 

containing coconut after 7 days of culture (c) callus with multiple shoots on RM8 medium 10 

days after culturing (d) Shoots multiplication from leaf disc derived callus after 12 days; on 

RM8 (e) Roma hypocotyl derived shoot proliferation with multiple shoots on RM7 (f) Leaf 

disc derived shoot proliferation with multiple shoots on RM7; 12 days after culturing (g) 

Avinash hypocotyl derived shoot proliferation with shoot on RM7; 12 days after culturing (h) 

Multiple embroids coming out of leaf disc derived callus to form shoots (i) Callus with shoot 

proliferation on RM8   in Avinash. 
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From all the cultivars tested in this study Rio Grande, Avinash and Roma were found the 

most responsive cultivars. However, regeneration percentage was significantly different 

among these genotypes. Pusa Ruby and Pant Bahr were less responsive cultivars for the in 

vitro regeneration.  

4.6. Effect of coconut water on days to maturity of calli in tomato 

The analysis of variance for days to maturity in tomato cultivars on different media 

compositions is given in Table 4.15. Genotypes, explants, treatments and their interactions 

i.e., genotype × explant, genotype × treatment, explant × treatment and genotype × explant × 

treatment was significantly different (P< 0.01). 

A marked influence of CW in the media on the calli was observed for number of days 

to regenerate in in vitro environment (Table 4.16). Lowest number of days of maturity for 

hypocotyls was found in Avinash (15.17, 19.55, 19.38 days) in the RM7, RM8 and RM10 with 

the inclusion of coconut water (Table 4.16) compared to the respective treatments i.e., RM2, 

RM3 and RM5 without coconut water. Rio Grande ranked 2
nd

 for the response of coconut 

water followed by Pusa Ruby, Roma and Pant Bahr for regeneration days from hypocotyls. 

For hypocotyls minimum number of days was taken by the RM6 followed by RM7, RM8, 

RM9 and RM10 media and were statistically similar to each other.  

Generally fewer numbers of days to maturity was taken by the leaf disc compared to 

the hypocotyls. All cultivars gave similar response to the coconut water in the media at the 

respective treatments for leaf discs and non significant difference for days to regeneration 

was recorded among the treatments having coconut water. For leaf disc similar minimum 

number of days was observed for RM9 followed by RM8, RM6, RM10 and RM6 media.  

By considering the mean number of days to maturity irrespective of the explant 

source; minimum days was recorded for RM7, followed by RM8, RM9, RM10 and RM6 

media, and were statistically similar among themselves. Maximum days to maturity were 

taken by the treatment RM5, followed by RM1, RM2, RM4 and RM3 media (Table 4.17). 

4.7. Effect of coconut water on shoot primordia in tomato 

           Analysis of variance for number of shoot primordia is presented in Table 4.18.  
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Figure 4.7. Callus morphogenesis to shoots 15 days after culturing with coconut water (a) 

Avinash hypocotyls derived multiple regeneration (b) Pant Bahr leaf disc derived 

regeneration on RM8 (c, d) Pusa Ruby hypocotyl derived callus on medium RM8 medium (e) 

Pant Bahr morphogenesis on RM7 medium (f) Roma leaf disc derived regeneration on RM8 

medium.  
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Table 4.15.  Analysis of variance for days to maturitry of different tomato cultivars. 

  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 17 8 2.48 .08605 

2 Genotypes (A) 4 248 62 17.58 .0000 

4 Explant (B) 1 3787 3787 1071.5 .0000 

6 AB 4 79 19 5.62 .0003 

8 Treatment (C) 9 32597 3621 1024.5 .0000 

10 AC 36 1172 32 9.21 .0000 

12 BC 9 77 8 2.4 .0115 

14 ABC 36 250 6 1.9 .0019 

-15 Error 198 699 3   

 Total 299 38931    

 

Table 4.16. Comparison of days to maturity of hypocotyls and leaf disc in tomato cultivars on MS regeneration 

media supplemented with or without coconut water along with 3 % sucrose with IAA 0.5 mg L
-1

, kinetin, 4 g L
-

1
 of gelrite. 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 40.5 AB 48.8 A 49.3 A 39.53 B 42.73 BC 44.18 AB 33.47 B 40.5 A 41.27 A 32.3 BC 35.63 A 36.64 A 

RM2 40.57 AB 47.2 A 49.6 A 41.34 B 41.52 C 44.05 AB 31.00 B 39.9 A 39.2 AB 35.7 AB 31.28 B 35.4 AB 

RM3 39.27 B 42.6 B 45.0 B 40.154 

B 

39.62 C 41.40 C 32.57 B 35.1 BC 35.6 BC 31.13 C 36.67 A 34.30 B 

RM4 43.33 AB 42.1 B 40.8 C 39.62 B 46.27 AB 42.30 

BC 

35.00 B 35.5 C 31.27 D 35.7 AB 36.60 A 34.21 B 

RM5 44.00 A 47.2 A 44.3 BC 49.87 A 47.93 A 46.08 A 39.27 A 37.8 AB 34.6 CD 37.82 A 38.67 A 37.63 A 

RM6 19.45 C 21.2 D 25.3 D 24.58 CD 24.0 D 22.91 D 15.67 C 16.5 D 15.72 C 15.43 D 19.40 C 16.55 C 

RM7 19.83 C 25.7 C 23.9 D 20.52 D 15.17 F 21.02 D 14.58 C 15.7 D 18.27 E 14.85 D 14.87 C 15.66 C 

RM8 20.53 C 22.4 CD 20.0 E 25.46 C 19.55 E 21.60 D 16.47 C  14.3 D 15.37 E 16.32 D 14.27 C 15.34 C 

RM9 21.43 C 22.3 CD 21.6 DE 25.27 C 20.42 D 22.21 D 16.23 C 14.5 D 14.17 E 15.43 D 15.27 CD 15.11 C 

RM10 21.33 C 23.2 CD 23.5 DE 25 C 19.38 E 22.55 G 15.50 C 15.0 D 17.55 E 17.47 D 16.30 CD 16.37 C 

Mean 30.92 B 34.3 A 34.3 A 32.9 AB 31.66 B  24.99 A 26.23 A 26.31 A 25.22 A 25.90 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table. 4.17. Days to maturity of five tomato cultivars on MS regeneration media supplemented with or without 

coconut water along with 3 % sucrose with IAA 0.5 mg L
-1

, kinetin, 4 g L
-1

 of gelrite. 

 

Treatment  Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 36.98 B 44.65 A 45.30 A 35.94 B 39.18 BC 40.41 AB 

RM2 35.83 B 43.58 A 44.43 A 38.52 B 36.40 C 39.7  BC 

RM3 35.92 B 39.05 B 40.31 B 35.83 B 38.14 C 37.8  D 

RM4 38.67 B 37.47 B 36.02 C 37.67 B 41.43 AB 38.2 CD 

RM5 41.63 A 42.53 A 39.47 B 42.34 A 43.30 A 41.8 A 

RM6 17.56 C 18.88 C 20.51 DE 20.01 CD 21.70 D 19.7 E 

RM7 17.21 C 20.70 C 21.08 D 17.68 D 15.02 E 18.3 E 

RM8 18.50 C 18.36 C 17.68 E 20.89 C 16.91 E 18.4 E 

RM9 18.83 C 18.37 C 17.91 E 20.35 CD 17.84 E 18.6 E 

RM10 18.42 C 19.15 C 20.54 DE 21.23 C 17.84 E 19.4 E 

Mean  27.95 BC 30.25 A 30.33 A 29.05 AB 28.78 AB  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Significant variations were observed for genotypes, explants, treatments and their 

interactions i.e., genotype × explant, genotype × treatment, explant × treatment and genotype 

× explant × treatment (Table 4.18). 

Addition of coconut water enhanced the number of shoot primordia development 

against the respective treatments without coconut water with both hypocotyls and leaf discs 

(Table 4.19). Maximum number of shoot primordial was obtained with RM8 followed by 

RM9 treatment in all the cultivars for hypocotyls as well as for leaf disc. However, less 

number of shoot primordial were developed from leaf discs in all the cultivars (Figure 4.6). 

Pant Bahr produced the minimum number of shoot primordial at RM2 for hypocotyls and for 

leaf disc. Significantly higher number of shoot primordial was observed with the addition of 

coconut water in the regenerative media as against the media without coconut water.  

Avinash produced maximum number of shoot primordial followed by Rio Grande 

irrespective of explants source and were statistically similar to each other. Roma ranked 3
rd

 

for production of shoot primordial followed by Pant Bahr and Pusa Ruby. Statistically 

significant and maximum number of shoot primordial was produced at the RM8 followed by 

RM9 and RM7 (Table 4.20). 

4.8. Development of plants 

            Thirty rooted plants derived from each of the hypocotyls and the leaf discs after one 

week of root formation were shifted into small pots of compost in the glass house. They were 

covered with polythene bag for 10-12 days for temperature and humidity control, and were 

watered at 4-5 days intervals (Figure 4.8). Afterwards, they were shifted to pots, about 80-

90% of the plants survived in the soil and all survivors flowered normally. Almost 85% of 

the seeds collected from these plants were viable. Analysis of somaclones is as follows. 

4.8.1. Plant height 

Analysis of variance for plant height obtained in the soma clones and the control 

plants is shown in Table 4.21. Plant height varied highly significantly for the genotypes, 

soma clones and non significantly in their interaction i.e., genotypes × soma clones.  

 Data showed significantly less plant height in soma clones compared to controls in all 

genotypes. Maximum plant height of soma clone was obtained in Roma followed by 

Avinash, Rio Grande, Pusa Ruby and Pant Bahr (Table 4.22).       
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Table 4.18. Analysis of variance for number of shoot primordial obtained in different genotypes of tomato.  

  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 .50 .25 2.212 .11213 

2 Genotypes (A) 4 35 8 78.28 .0000 

4 Explant (B) 1 673 673 5961.1 .0000 

6 AB 4 7 1 16.68 .0000 

8 Treatment (C) 9 917 101 902.78 .0000 

10 AC 36 80 2 19.88 .0000 

12 BC 9 46 5 45.31 .0000 

14 ABC 36 55 1 13.62 .0000 

-15 Error 198 22 .113   

 Total 299 1839    

 

Table 4.19. Comparison of number of shoot primordia of hypocotyls and leaf disc in tomato cultivars on MS 

regeneration media supplemented with or without coconut water along with 3 % sucrose with IAA 0.5 mg L
-1

, 

kinetin, 4 g L
-1

 of gelrite. 

 

Hypocotyls Leaf discs 

   Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

RM1 4.20 
E
 5.25 

D
 4.41 

DE
 4.03 

EF
 4.30 

F
 4.44 

G
 2.23 

DE
 2.2 

C
 1.25 

E
 1.20 

F
 1.15 

G
 1.62 

E
 

RM2 6.53 
C
 5.30 

D
 4.50

CDE
 3.88 

F
 5.76 

E
 5.197 

EF
 

2.50 
CDE

 2 
CD

 1.26 
E
 1.12 

F
 1.70 

FG
 1.719 

E
 

RM3 7.76 
B
 5.26 

D
 6.00 

B
 6.26 

B
 6.75 

CD
 6.41 

C
 3.00 

C
 1.9

CD
 2.24 

D
 2.1 

DE
 2.21 

EF
 2.31 

D
 

RM4 5.46 
D
 6.10 

C
 5.13

CD
 4.46 

EF
 6.50

CDE
 5.53

DE
 1.95 

E
 1.2 

D
 1.18 

E
 1.58 

EF
 2.76 

DE
 1.75 

E
 

RM5 6.40 
C
 4.00 

E
 3.76 

E
 5.23

CD
 6.03 

DE
 5.08 

F
 2.85 

CD
 1.5 

D
 1.7 

DE
 1.51 

EF
 1.71 

FG
 1.865 

E
 

RM6 5.13 
D
 5.56

CD
 4.18 

E
 5.68 

BC
 5.75 

E
 4.45 

G
 2.133 

DE
 1.8

CD
 2.46 

CD
 3.26 

C
 3.10 

D
 2.56 

D
 

RM7 6.76 
C
 6.10 

C
 4.41 

DE
 4.66 

DE
 6.76 

CD
 5.74

DG
 3.033 

C
 3.6 

B
 3.00 

C
 3.36 

C
 4.467 

C
 3.50 

C
 

RM8 10.77 
A
 11.0 

A
 10.6 

A
 11.5 

A
 11.00 

A
 11.0 

A
 6.933 

A
 8.5 

A
 7.43 

A
 6.38 

A
 7.883 

A
 7.427 

A
 

RM9 7.88 
B
 7.03 

B
 5.19 

C
 5.63 

BC
 8.33 

B
 6.81 

B
 4.467 

B
 4.2 

B
 5.10 

B
 5.03 

B
 7.017 

B
 5.17 

B
 

RM10 5.51 
D
 5.73

CD
 5.20 

C
 5.56 

BC
 6.97 

C
 5.79 

D
 2.383 

CDE
 

2.4 
C
 2.33 

B
 2.83 

CD
 2.993 

D
 2.60 

D
 

Mean 5.70 
C
 6.4 

AB
 6.64 

A
 6.13 

B
 5.34 

C
  2.80

 B
 2.83

 B
 3.50 

A
 3.15 

AB
 2.97

 B
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.20. Number of shoot primordia of of five tomato cultivars on MS regeneration media supplemented 

with or without coconut water along with 3 % sucrose with IAA 0.5 mg L
-1

, kinetin, 4 g L
-1

 of gelrite. 

 

Treatment  Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

RM1 3.217 F 3.578 D 2.833 EF 2.617 E 2.725 F 3.03 F 

RM2 4.517 D 3.650 D 2.883 EF 2.50 E 3.733 E 3.458 E 

RM3 5.400 C 3.625 D 4.12 C 4.183 C 4.483 D 4.363 CD 

RM4 3.708 EF 3.683 D 3.158 EF 3.02 DE 4.633 D 3.642 E 

RM5 4.625 D 2.750 E 2.758 F 3.372 D 3.875 E 3.476 E 

RM6 3.633 EF 3.708 D 3.32 DE 4.467 C 2.392 EF 3.505 E 

RM7 4.900 CD 4.883 C 3.708 CD 4.017 C 5.617 C 4.625 C 

RM8 8.850 A 9.758 A 9.05 A 8.975 A 9.422 A 9.215 A 

RM9 6.175 B 5.633 B 5.148 B 5.333 B 7.675 B 5.993 B 

RM10 3.950 E 4.100 D 3.767 CD 4.200 C 4.980 D 4.199 D 

Mean  4.898 A 4.555 B 4.075 C 4.269 C 4.956 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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4.8.2. Number of leaves 

Number of leaves obtained per plant for the soma clones and control plants showed 

highly significant variations for the genotypes, soma clones as well as for their interaction 

i.e., genotypes × soma clones (Table 4.23).  

 Significantly fewer leaves were produced in soma clones compared to their respective 

controls in all genotypes. Maximum number of leaves per plant was recorded on soma clone 

in Avinash followed by Pant Bahr, Rio Grande, Pusa Ruby and Roma (Table 4.24).  

4.8.3. Number of branches 

 Analysis of variance for the number of branches per plant is shown in (Table 4.25) 

showed no significant difference for genotypes, soma clones and their interaction i.e., 

genotypes × soma clones. 

 Number of branches was statistically similar in all genotypes. In control plants 

higher number of branches was recorded compared to soma clones which were statistically 

similar for all genotypes (Table 4.26). 

4.8.4. Days to flowering 

 Analysis of variance for days to flowering of control and soma clones is given in 

Table 4.27. Data indicated the highly significant variation in the days to flowering for 

genotypes and soma clones while a significant response was recorded for their interaction 

(Table 4.27). 

 Statistically higher number of days to flower was observed by the soma clones 

compared to the control plants in all genotypes. Maximum delay in flowering was recorded 

in the soma clones of Avinash followed by Pant Bahr, Roma, Pusa Ruby and Rio Grande 

(Table 4.28).     

4.8.5. Days to fruiting 

  Analysis of variance for days to fruiting showed highly significant variation among 

genotypes and soma clones with significant interaction between the genotypes × soma clone 

plants (Table 4.29).  

 Data showed a significant increase in the number of days to fruiting in soma clones 

as compared to the control plants (Table 4.30). However, fruiting time in soma clones of all 

the genotypes were statistically similar to each other.  
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Table 4.21. Analysis of variance for plant height of the somaclones and control tomato plants. 
 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 .80 .40 .056 .9454 

2 Genotypes (A) 4 386 96 13.50 .0000 

4 Soma clones (B) 1 5211 5211 728.51 .0000 

6 AB 4 19 4 .69 .6033 

-7 Error 18 128 7   

 Total 29 5747    

 

Table 4.22. Height of the soma clones and control tomato plants of tomato five cultivars. 
 

 Rio Grande Roma Pusa Ruby Ruby Pant Bahr 

 

 

 

 Bahr Bahr 

Avinash Means 

Control 86.867 AB 90.53 A 80.33 B 81.33 AB 87.33 AB 85.280 

Somaclones 60.267 C 62.33 C 56.40 C 53.400 C 62.20 C 58.920 

Means 73.56 ABC 76.43 A 68.367 BC 67.367 C 74.767 AB  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.23. Analysis of variance for number of leaves per plant the somaclones and control tomato plants. 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 .46 .23 .040 .96058 

2 Genotypes (A) 4 1279 319 55.23 .0000 

4 Soma clones (B) 1 12200 12200 2107.62 .0000 

6 AB 4 515 128 22.26 .0000 

-7 Error 18 104 5   

 Total 29 14100    

 

Table 4.24. Number of leaves per plant of the soma clones and control tomato plants of five cultivars. 
 

 

 

 

 

 

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.25. Analysis of variance for number of branches per plant the soma clones and control tomato plants. 

 

 

 

 

 

 
 

Table 4.26. Number of branches per plant of the soma clones and control tomato plants of five cultivars. 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Means 

Control 4.000 A 3.000 A 4.000 A 3.000 A 3.667 A 3.533 

Soma clone 1.333 A 2.000 A 1.333 A 1.000 A 1.333 A 1.400 

Means 2.667 A 2.500 A 2.667 A 2.000 A 2.500 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Means 

Control 72.67 BC 66.00 C 65.67 C 76.00 B 94.67 A 75.00 

Soma clone 35.00 D 30.33 D 33.67 D 35.67 D 38.67 D 34.67 

Means 53.83 BC 48.17 C 49.67 BC 55.83 B 66.67 A  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 6.4 3 2.88 .0821 

2 Genotypes (A) 4 2 .45 .40 .8054 

4 Soma clones (B) 1 34 34 30.4 .0000 

6 AB 4 2 .717 .638 .6417 

-7 Error 18 20 1   

 Total 29 65    
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4.8.6. Number of fruits 

 Number of fruits produced on the soma clones and control plants varied highly 

significantly among the genotypes, soma clones as well as their interaction i.e., genotype × 

soma clones (Table 4.31). 

 Statistically fewer fruits were produced by the soma clones compared to their 

respective control plants in all genotypes (Table 4.32). Soma clones of all the genotypes for 

fruit production were similar to each other. 

4.8.7. Fruit width 

Analysis of variance for the fruit width indicated highly significance difference for 

the genotypes, soma clones and their interaction; i.e., genotype × soma clone (Table 4.33). 

Fruit width decreased significantly in soma clones as compared to the respective 

control for Rio Grande, Roma, Pusa Ruby and Avinash. However, statistically similar fruit 

width was found between the soma clone and the control plants in Pant Bahr (Table 4.34). 

4.8.8. Fruit height 

Fruit height varied highly significantly among genotypes, soma clones and their 

interaction; i.e., genotype × soma clones (Table 4.35). Height of fruit development on the 

soma clone plant was reduced significantly in all the genotypes. Rio Grande, Roma and 

Pusa Ruby were similar to each other while differ from Avinash and Pant Bahr (Table 

4.36).  

4.8.9. Days to maturity 

Days to maturity varied highly significantly for the genotypes and soma clones and 

their interaction i.e., genotype × soma clones (Table 4.37). Days to maturity increased 

significantly against the control plants in all genotypes (Table 4.38). Maximum days to 

maturity were taken by the soma clones of Avinash, followed by Pant Bahr, Pusa Ruby, 

Roma and Rio Grande. 

4.9. Bacterial wilt   

            Bacterial wilt caused by P. solanacearum is one of the severe widespread and lethal 

diseases of plants (Hayward, 1991).  It attacks tomato, potato, tobacco and many other 

solanaceous and dicot crops, more severe in tropical, subtropical or temperate regions with 
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Figure 4.8 (a) Establishment of somaclones of Lycopersicon esculentum cvs in soil 1 week 

after shifting to soil (a, d) Rio Grande (b, c) Roma (e) Pusa Ruby (f) Pant Bahr (g) Avinash 

(h) Rio Grande shifted to the pots (i) Rio Grande and Roma soma clones in pots. 
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Table 4.27. Analysis of variance for days to flowering of the soma clones and control tomato plants. 

 

 

 

 

 

 

 
Table 4.28. Days to flowering of the soma clones and control tomato plants of five cultivars tested. 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 22.667 E 24.00 E 27.00 DE 37.000 CD 30.33 DE 28.20 

Somaclone 44.0 BC 47.0 ABC 45.00 BC 53.667 AB 57.333 A 49.40 

Mean 33.3 B 35.50 B 36.00 B 45.33 A 43.833 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.29. Analysis of variance for days to fruiting of the soma clones and control tomato plants. 

 

 

 

 

 

 

 
Table 4.30. Days to fruiting of the soma clones and control tomato plants of five cultivars tested. 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 31.00 D 34.67 CD 33.33 D 48.333 BC 40.00 CD 37.47 

Soma clone 55.33 AB 64.67 A 59.67 AB 63.000 AB 62.33 AB 61.00 

Mean 43.167 B 49.67 AB 46.5 AB 55.667 A 51.17 AB  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.31. Analysis of variance for number of fruits of the soma clones and control tomato plants. 

 

 

 

 

 

 

 

 

 

Table 4.32. Number of fruits of the soma clones and control tomato plants of five cultivars tested. 

 
Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 14.667 B 31.000 A 27.000 A 32.33 A 32.333 A 27.467 

Soma clone 5.667 B 10.333 B 14.333 B 12.66 B 13.333 B 11.267 

Mean 10.167 B 20.667 A 20.667 A 22.50 A 22.833 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 .8 .40 .050 .95136 

2 Genotypes (A) 4 6990 174 21.88 .0000 

4 Soma clones (B) 1 3370 3370 421.74 .0000 

6 AB 4 101 25.3 3.17 .0386 

-7 Error 18 143 8   

 Total 29 4316    

K  value Source D.F S.S M.S F value Probability 

1 Replication 2 62 31 2.034 .1598 

2 Genotypes (A) 4 537 134 8.808 .0004 

4 Soma clones (B) 1 4153 4153 272.27 .0000 

6 AB 4 195 48 3.204 .0375 

-7 Error 18 274 15   

 Total 29 5223    

K 

value 

Source D.F S.S M.S F value Probability 

1 Replication 2 .26 .13 .02 .9778 

2 Genotypes (A) 4 659 164 27.70 .0000 

4 Soma clones (B) 1 1968 1968 330.9 .0000 

6 AB 4 1560 39 6.56 .0019 

-7 Error 18 107 5   

 Total 29 2890    
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Table 4.33. Analysis of variance for fruits width of the soma clones and control tomato plants. 

 

 

 

 

 

 
 

 Table 4.34. Fruits width of the soma clones and control tomato plants of five cultivars tested. 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 4.70 AB 4.000 BC 4.867 A 4.000 BC 5.000 A 4.513 

Soma clone 3.83 C 3.000 D 3.70 CD 3.900 BC 3.933 BC 3.673 

Mean 4.267 A 3.500 A 4.283 A 3.95 A 4.467 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

   

  Table 4.35. Analysis of variance for fruits height of the soma clones and control tomato plants. 

 

 

   

 

 

 
 

 Table 4.36. Fruits height of the soma clones and control tomato plants of five cultivars tested. 

 

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 6.100 A 6.50 A 6.400 A 6.400 A 5.133 B 6.107 

Soma clone 4.667 BC 5.00 B 4.800 BC 3.000 D 3.900 CD 4.273 

Mean 5.383 A 5.75 A 5.600 A 4.700 B 4.517 B  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

  Table 4.37. Analysis of variance for days to maturity of the soma clones and control tomato plants. 

 
 

 

 

 

 

 

 

  Table 4.38. Days to maturity of the soma clones and control tomato plants of five cultivars tested. 

 
 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

   K value Source D.F S.S M.S F value Probability 

1 Replication 2 .06 .03 .66 .5257 

2 Genotypes (A) 4 3 .86 19.05 .0000 

4 Soma clones (B) 1 5 5 116.26 .0000 

6 AB 4 1 .27 603 .0029 

-7 Error 18 .8 .04   

 Total 29 10    

K value Source D.F SS MS F value Probability 

1 Replication 2 .21 .10 1.82 .1899 

2 Genotypes (A) 4 7 2 30.44 .0000 

4 Soma clones (B) 1 25 25 421.96 .0000 

6 AB 4 4 1 19.71 .0029 

-7 Error 18 1 .06   

 Total 29 38    

K value Source D.F SS MS F value Probability 

1 Replication 2 12.2 6 .30 .7399 

2 Genotypes (A) 4 3199 799 40.16 .0000 

4 Soma clones (B) 1 4514 4514 226.6 .0000 

6 AB 4 314 78 3.95 .0179 

-7 Error 18 358 19   

 Total 29 8398    

Tissue Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 
Control 74.33 F 84.33 EF 87.667 EF 92.33 DE 96.00 CDE 86.933 

Soma clone 92.33 DE 105 BCD 110.0 BC 117.33 AB 132.67 A 110.47 

Mean 83.33 C 94.67 BC 98.83 B 104.83 AB 114.33 A  
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hot humid summers (Buddenhagen and Kelman, 1964). Xa21 is used for the production of 

resistance against bacterial wilt in tomato. 

4.9.1. Pathology 

            Tomato wilted plants of bacterial wilt strain (P. solanacearum) were obtained from 

Northern areas of Pakistan. Assessment of the pathogenicity of tomato cultivars is utmost 

important from breeding point of view. 

4.9.2. Isolation of bacteria for assessment of cultivar susceptibility and resistance  

Pathogen causing wilting of tomato plants was isolated from stem exudates (STM) 

and vascular portion (VP) of wilted tomato plants obtained from Katha Sagral (Research 

Institute Sawat). Vascular tissue of wilted plants when cut longitudinally appeared orange 

brown, suspension in sterilized distilled water bacterial ooze was observed from the cut end 

of the diseased stem. Wilted stem and stem xylem sap were streaked on TZC medium 

(Kelman, 1954), fluidal pinkish red centered colonies typical for P. solanacearum were 

observed (Figure 4.9 a). Isolated colonies were purified (Figure 4.9 b). Of 17 isolates 9 were 

from diseased Stem sections and 8 were from VP (Table 4.39). 

 4.9.3. Characterization 

             Hypersensitivity on tobacco, pathogenecity on tomato and biochemical tests was 

performed for the characterization of the P. solanacearum.                                                              

4.9.4. Tobacco Hypersensitivity 

4.9.5. Hypersensitivity on tobacco confirmed the virulent strains of P. solanacearum 

             Tobacco inoculated with P. solanacearum strain and observed for symptom 

development (Table 4.40; Figure 4.9). 

4.9.6. Biochemical tests 

Gram staining  

             P. solanacearum is a gram negative bacterium and all the tested isolates appeared 

gram negative indicating the presence of P. solanacearum. Bacteria retaining reddish pink 

colony showed that these were gram negative, while gram positive bacteria stained violet 

blue. All 15 isolates exhibiting hypersensitive response were found to be gram negative 

(Table 4.41).  

                  Potassium hydroxide test 

            Slime threads were formed when fresh bacterial cultures were mixed with 3 % KOH  



Chapter 4                                                                                                                                                                       Results 

87 

 

Table 4.39. Isolation of P. solanacearum from diseased tomato plants from Katha Sagral. 

Sr. No. Bacterial strain source Cultivar P. solanacearum 

1 STM  Roma +  

2 //  // + 

3 //  // + 

4 //  // + 

5 //  // + 

6 //  // - 

7 //  // +  

8 //  // + 

9 //  // + 

10 //  // + 

11 VP  // +  

12 // // + 

13 //  // +  

14 //  // - 

15 //  // + 

16 // // - 

17 //  // +  

18 //  // +  

19 //  // + 

20 // // + 

 P.solanacearum isolated from stem exudates (STM) and vascular portion (VP).  

Table 4.40.  Hypersensitive reaction in response to P. solanacearum inoculum on tobacco var. Burley. 

 

Sr. No.  Isolates 1 Day 3 Days    7 Days 

1 PS-1 + ++ +++ 

2 PS-2 No Reaction + ++ 

3 PS-3 No Reaction No Reaction + 

4 PS-4 No Reaction No Reaction + 

5 PS-5 No Reaction No Reaction + 

6 PS-6 No Reaction No Reaction + 

7 PS-7 No Reaction No Reaction + 

8 PS-8 No Reaction No Reaction + 

9 PS-9 No Reaction No Reaction + 

10 PS-10 No Reaction No Reaction + 

11 PS-11 + ++ +++ 

12 PS-12 + ++ +++ 

13 PS-13 + ++ +++ 

14 PS-14 No Reaction No Reaction + 

solution showed the presence of gram negative bacteria. (Table 4.41; Figure 4.9).  
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Catalase oxidase test 

            All gram negative bacteria produced gas bubbles when mixed with a drop of H2O2 on 

glass slide indicating aerobic and facultatively anaerobic bacteria (Table 4.41). 

Kovacs oxidase test 

             In this experiment all isolates were positive produced purple color when isolate was 

rubbed on filter paper impregnated with oxidase reagent within 10 sec (Table 4.41; Figure 

4.9).  

Levan production from sucrose 

 All cultures were negative for levan production (Table 4.41; Figure 4.9), 

resulting from the enzymatic activity of levan sucrase on sucrose.  

Lipase activity on Tween 80 Agar 

          In this study tested isolates were lipase positive (forming precipitates), formed dense 

precipitates around bacterial growth, after 4 days of incubation (Table 4.41; Figure 4.9). 

Production of fluorescent pigment 

             Hypersensitive positive 48 h old P. solanacearum cultures on Kings B medium were 

examined under short and long wavelength UV radiation (UV lamp) (Figure 4.9). Presence 

of green, fluorescent pigment was evident in fluorescent strains, while non-fluorescent 

cultures produced brown pigment characteristic of P. solanacearum strains. 

Arginine dihydrolase test 

            Color change from purple to red is evidence of producing ammonia from arginine via 

alkaline pH change under anerobic conditions. All non- fluorescent isolates were found 

negative for the reaction except isolates some which further reduced number of P. 

solanacearum  isolates (Table 4.41; Figure 4.9) .  

Sodium chloride tolerance 

             All isolates showed negative results for salt tolerance at 0.5%, 2.0% and 4.0% 

sodium chloride (Table 4.41).  

Egg Yolk Agar test 

             All isolates tested for the presence of lecithinase/phospholipase were negative as no 

fatty acids accumulated around bacterial colonies because P. solanacearum is devoid of 

lecithinase/phospholipase enzyme.  
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Table 4.41. Summary of results for Surveillance of P  solanacearum from different samples of tomato. 

Isolates 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

PS-1 + - + + + - + - - + - - - + 

PS-1 + - + + + - + - - + - - - - 

PS-3 + - + + + - + - - + - - - + 

PS-4 + - + + + - + - - + - - - - 

PS-5 + - + + + - + - - + - - - - 

PS-6 + - + + + - + - - + - - - + 

PS-7 + - + + + - + - - + - - - - 

PS-8 + - + + + - + - - + - - - + 

PS-9 + - + + + - + - - + - - - - 

PS-10 + - + + + - + - - + - - - + 

PS-11 + - + + + - + - - + - - - + 

PS-12 + - + + + - + - - + - - - + 

PS-13 + - + + + - + - - + - - - - 

PS-14 + - + + + - + - - + - - - - 

PS-15 + - + + + - + - - + - - - + 

(1) Hypersensitivity reaction (2) Gram staining (3) KOH loop test (4) Catalase oxidase reaction (5) Kovacs 

oxidase test (6) Levan production (7) Lipase production (8) Fluorescence (9) Arginine dihydrolase test (10) 

Glucose oxidation (11) Gelatine hydrolysis (12) Salt tolerance test (13) Lecithinase detection (14) 
Pathogenicity test. 
                                                    

 
 
 Figure 4.9. Biochemical tests for identification of P. solanacearum (a) Wilted stem cut on TZC 

medium (b, c) Isolation of purified colonies (d) Hypersensitivity test for on tobacco (e) KOH test (f) 

Kocas oxidase test (g) Levan production test (h) Production of fluorescent pigment (i) Lipase activity 

test (j) Arginine dehydrolase test. Inoculation of tomato 3 week old seedlings with P. solanacearum 

by (k) Soil drenching (l) Detached leaf method. 
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4.9.7. Pathogenecity test 

              Among the confirmed P. solanacearum isolates, isolates those exhibiting strong 

hypersensitive response on Roma were tested for all other cultivars. 

4.9.8.1. Soil drenching method 

            Three week old seedlings of the all five cultivars were inoculated with super virulent 

bacterial strain and observed for appearance of symptoms (Figure 4.9).  

4.9.8.2. Evaluation of the susceptibility and resistance of tomato cultivars 

             Tomato cultivars Rio Grande, Roma, Pusa Ruby, Pant Bahr and Avinash were 

inoculated with the bacterial strain stem exudates (STM) derived or vascular portion (VP) 

derived and visualized for the development of symptoms 1, 2, 7 and 21 days after 

inoculation. (Table 4.42; Figure 4.10). Disease symptoms were not developed in Roma after 

1 day of inoculation, and only one replicate showed symptoms after 2 days of inoculation in 

VP derived bacterial strain and one replicate showed symptom 7 days after inoculation in 

STM. Disease symptoms were not developed in Rio Grande after 1 day of inoculation and 

only one replicate showed symptoms after 2 days of inoculation and one replicate showed 

symptoms 7 days after inoculation in VP derived strain. In Avinash disease symptoms were 

not developed after 1 and 2 days of inoculation, and only 2 replicates showed symptoms after 

7 days of inoculation in VP and STM derived strain bacterial strain. Pusa Ruby developed 

disease symptoms at 1 day after inoculation in STM derived strain and at 2 days after 

inoculation in VP derived strain. Pant Bahr developed the disease symptoms at 1 day after 

inoculation in all replicates. Based on these observations, Roma, Rio Grande and Avinash 

were evaluated as resistant cultivars but Pusa Ruby and Pant Bahr as susceptible cultivars. 

But after 21 days of inoculation mostly all the cultivars developed symptoms; but symptoms 

was more severe in Pusa Ruby and Pant Bahr. 
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Table 4.42. Symptoms development after the inoculation of tomato cultivars with P. solanacearum. 

 
Bacterial strain source

 a)
 Replicates Tomato cultivars  Symptoms after inoculation  

 1 day 2 day  7 day  21 

STM 1 Roma  - -    -    - 

STM 2 Roma  - -    -    + 

STM 3 Roma  - -    +    ++ 

VP 1 Roma  - -    -    + 

VP 2 Roma  - -    -    + 

VP 3 Roma  - +    ++    +++ 

STM 1 Rio Grande  - -    -    - 

STM 2 Rio Grande  - -    -    + 

STM 3 Rio Grande  -  -    -     +  

VP 1 Rio Grande  - -    +    + 

VP 2 Rio Grande  - -    -    + 

VP 3 Rio Grande  - +    ++    +++ 

STM 1 Pusa Ruby  + ++    +    ++ 

STM 2 Pusa Ruby               + ++    +++    +++ 

STM 3 Pusa Ruby  + ++    +++    +++ 

VP 1 Pusa Ruby  + ++    +++    +++ 

VP 2 Pusa Ruby  - +    ++    +++ 

VP 3 Pusa Ruby  - +    ++    +++ 

STM 1 Pant Bahr  + ++    +++    +++ 

STM 2 Pant Bahr  + ++    +++    +++ 

STM 3 Pant Bahr  + ++    +++    +++ 

VP 1 Pant Bahr  + ++    +++    +++ 

VP 2 Pant Bahr  + ++    +++    +++ 

VP 3 Pant Bahr  + ++    +++    +++ 

STM 1 Avinash  - -    -    + 

STM 2 Avinash  - -    -    + 

STM 3 Avinash  - -    +    ++ 

VP 1 Avinash  - -    +    ++ 

VP 2 Avinash  - -    -    + 

VP 3 Avinash  - -    -    + 

 
P. solanacearum isolated from stem exudates (STM) and vascular portion (VP) was streaked on TZC medium. 

 

           
 

Figure 4.10. Disease symptoms of P. solanacearum taken from stem exudates (STM) and 

vascular portion (VP) of wilted tomato plants on three-week-old tomato cultivars Roma (a) 

Rio Grande (b) Pusa Ruby (c) and Pant Bahr (d) after 7 days of inoculation. 

a b c d 



 
 
 
 
 
 
 
 
 
 

Transformation 
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4.10. Factors affecting transient transformation efficiency  

Efficiency of transformation depends upon a several factors including co-

cultivation period of the bacteria with the calli, concentration of the bacteria, seedling age, 

pre-selection and the final selection with antibiotics applied in the experiment. The results 

obtained for various parameters are given below.  

4.10.1. Effect of co-cultivation on transformation efficiency 

Explants and bacteria were cultured on CCM1 media (Table 3.9) for one to four 

days, to test the effectiveness of co-cultivation timing on transformation. Analysis of 

variance for different co-cultivation period in various tomato genotypes is shown in Table 

4.43. Statistically significant differences for genotypes, explants, treatment and for the 

interactions i.e., genotype × treatment, explants × treatment whereas non significant 

interaction was recorded for genotype × explants and genotype × explants × treatment in 

this experiment.  

Maximum transformation efficiency was recorded with 2 days of co-cultivation in 

all genotypes with both hypocotyls and leaf discs while lesser or more than 2 days of co-

cultivation significantly reduced the transformation efficiency (Table 4.44; 4.45). 

Transformation was not recorded at 4 days of co-cultivation in all the tomato genotypes. 

Maximum transformation efficiency was observed at 2 days of co-cultivation in in Roma 

followed by Rio Grande, Avinash, Pusa Ruby and Pant Bahr for hypocotyls and the 

genotypes were statistically similar. Similar trend for GUS activity was observed for the 

leaf disc as well except that Avinash showed maximum GUS activity.  

Roma showed the maximum GUS activity followed by Avinash and Rio Grande 

which were statistically did not differ from each other irrespective of the explants source. 

However, Pusa Ruby and Pant Bahr gave statistically lesser GUS activity and were 

statistically different from each other. Mean values of GUS for days showed maximum 

activity at 2 days of co-cultivation while at 1 day and 3 days of co-cultivation significantly 

less GUS activity as compared to 2 days of co-cultivation (Table 4.45). 

4.10.2. Effect of seedlings’ age on transformation efficiency  

             Analysis of variance for the GUS expression under various seedling ages in 

various tomato genotypes is shown in Table 4.46. Statistically significant differences for   
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    Table 4.43. Analysis of variance for period of co-cultivation in hypocotyls and leaf discs.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 20 10 2.1249 .1263 

2 Genotypes (A) 4 2638 659 135.7 .0000 

4 Explant (B) 1 20 20 4.11 .00459 

6 AB 4 37 9 1.93 .1136 

8 Treatment (C) 3 93565 31188 6418.73 .0000 

10 AC 12 1102 91 18.90 .0000 

12 BC 3 11 3 .78 .0000 

14 ABC 12 58 4 1.00 .4547 

-15 Error 78 379 4   

 Total 119 97834    

 

               Table 4.44. Effect of time of co-cultivation with Agrobacterium tumefaciens on GUS expression 

(Percentage GUS
+
 hypocotyls and leaf discs co-cultivated with EHA101 after 1, 2, 3 and 4 days) in tomato 

cultivars. 

 

Hypocotyls Leaf discs 

Days Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

1 Rio 

Grande 

22.3 
C
 17.3 

B
 1.67 

C
 24.0 

B
 17.6 

C
 19.0 

B
 20.3 

C
 14.0 

C
 5.33 

C
 21.00 

C
 15.9 

C
 

2 80.00 
A
 81.3 

A
 71.3 

A
 64.7 

A
 77.7 

A
 75.0 

A
 77.0 

A
 79.0 

A
 70.0 

A
 65.7 

A
 80.67 

A
 74.5 

A
 

3 22.33 
B
 32.0 

B
 22.7 

B
 12.3 

B
 28.3 

B
 23.5 

B
 21.7 

B
 30.3 

B
 21.0 

B
 12.3 

B
 27.00 

B
 22.5 

B
 

4 0.00 
C
 0.00 

D
 0.00 

C
 0.00 

C
 0.00 

C
 0.00  

D
 0.00 

C
 0.00 

D
 0.00 

D
 0.00 

C
 0.00 

D
 0.00 

D
 

Mean  31.2 
AB

 33.92 
A
 

27.8 
B
 19.7 

C
 32.5 

A
  29.42 

AB
 32.4 

A
 26.2

B
 20.83

C
 32.2 

A
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.45. Effect of time of co-cultivation with Agrobacterium tumefaciens strain EHA101 (pTCL5) on 

GUS expression (Percentage of GUS
+
 ) in tomato cultivars. 

 

 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

 

 

Days  Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean  

1  20.83 
B
 21.33 

C
 15.67 

C
 3.500 

D
 22.50 

A
 16.77 

C
 

2  78.50 
A
 80.17 

A
 70.67 

A
 65.17 

A
 79.17 

A
 74.73 

A
 

3  22.00 
B
 31.17 

B
 21.83 

B
 12.33 

B
 27.67 

B
 23.00 

B
 

4  0.00 
C
 0.00 

D
 0.00 

D
 0.00 

C
 0.00 

D
 0.00 

D
 

Mean  30.333 
A
 33.17 

A
 27.04 

B
 20.25 

C
 32.33 

A
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genotypes, explants, seedling age and the interactions genotypes × seedling age and 

genotypes × explants × seedling age was observed whereas it was non significant for 

genotype × explants and explants × seedling age interaction.  

GUS expression was significantly higher in explants from 24 days old seedling as 

compared to 15 and 34 days old seedlings in both hypocotyls and leaf discs in all the 

genotypes. GUS expression was ranked 2
nd

 on 15 day old seedlings in all the genotypes. 

For hypocotyls as well as for leaf disc maximum GUS expression was recorded at 24 days 

old seedlings in Avinash followed by Rio Grande, Pusa Ruby, Roma and Pant Bahr (Table 

4.47; Figure 4.11). 

Accumulated means of hypocotyls and leaf discs showed that Rio Grande gave 

maximum GUS efficiency followed by Avinash and were significantly different from the 

three other genotypes. Roma ranked 3
rd

 for GUS activity followed by Pusa Ruby and Pant 

Bahr. The genotypes did not differ significantly from each other (Table 4.48).  

4.10.3. Effect of pre-selection period on transformation efficiency 

Analysis of variance of GUS expression under different pre-selection periods in 

various tomato genotypes is shown in Table 4.49. Statistically significant differences for 

genotypes, explants, days and for genotype × days, explants × days interactions was 

recorded while it was non significant for genotype × explants and genotype × explant × 

days interactions.  

Pre-selection for 0, 2, 5, 7 and 15 days was carried out. GUS expression from 

hypocotyls was maximum when infected explants were left on pre-selection medium for 7 

days before hygromycin selection. 7 days of pre selection resulted in transformation 

efficiency of 90.83, 89.3 and 83.4% for hypocotyls in Avinash, Rio Grande and Roma 

respectively (Table 4.50; Figure 4.12). All genotypes at 7 day pre-selection were 

statistically similar. Comparable response of GUS activity was also observed for leaf disc 

in this experiment. GUS activity for 5 day pre-selection period was ranked 2
nd

 whereas, 

GUS expression was not recorded with 0 day pre-selection in all genotypes. Average GUS 

activity from both explants showed maximum GUS efficiency in Rio Grande followed by 

Avinash, Roma, Pusa Ruby and Pant Bahr. Significant difference was noted for GUS in all 

genotypes (Table 4.51). 
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Table 4.46. Analysis of variance for seedling age on transformation in hypocotyls and leaf discs.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 18 9 .986 .37904 

2 Genotypes (A) 4 1766 441 46.09 .0000 

4 Explant (B) 1 37 37 3.9191 .0525 

6 AB 4 34.3 8.5 .8956 .47253 

8 Treatment (C) 2 56334 28167 2940 .0000 

10 AC 8 648 81 8.46 .0000 

12 BC 2 35 17 1.83 .1683 

14 ABC 8 225 28 2.94 .0078 

-15 Error 58 555 9.5   

 Total 89 59657    

 
             Table 4.47 . Effect of age of in-vitro seedlings co-cultivated with Agrobacterium tumefaciens strain 

EHA101 (pTCL5) on GUS expression with hypocotyls and leaf discs in tomato cultivars. 

 

Hypocotyls Leaf discs 

 Days  Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

15 48.09 B 46.22 B 37.43 B 45.93 B 53.8 B 46.29 B 53.15 B 50.52 B 45.27 B 40.70 B 57.07 B 49.34 B 

24 76.70 A 67.80 A 76.35 A 62.53 A 79.6 A 72.60 A 77.43 A 70.55 A 69.90 A 66.17 A 80.07 A 72.82 A 

34 22.0 C 10.00 C 7.0 C 8.3 C 10.00 C 11.47 C 20.33 C 11.33 C 8.00 C 7.67 C 13.00 C 12.07 C 

Mean 48.93 A 41.34 A 40.26 A 38.93 A 47.80 A  50.31 A 44.14 AB 41.06 AB 38.18 B 50.04 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

  Table 4.48. Effect of age of in-vitro seedlings co-cultivated with Agrobacterium tumefaciens strain EHA101 

(pTCL5) on GUS expression in tomato cultivars. 

 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

 

 

Treatment Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

15 day 50.62 B 48.37 B 41.35 B 43.32 B 53.43 B 47.82 B 

24 days 77.07 A 69.18 A 73.13 A 64.35 A 79.83 A 72.71 A 

34 days 21.17 C 10.67 C 7.500 C 8.000 C 11.50 C 11.77 C 

Mean 49.62 A 42.74 B 40.66 B 38.56 B 48.92 A  
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Figure 4.11. Stable GUS expression in seedlings of different ages (a) 15 days old 

seedlings (b) 24 days old seedlings (c) 34 days old seedlings. 

 

 

 

 

 

  

 

 

 

Figure 4.12. GUS expression after 7 days of pre-selection (a) 7 days pre-selection resulted 

in leaf GUS expression (b) Hypocotyl GUS after 7 days of pre-selection.   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) (c) 

(a) (b) 
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Table 4.49. Analysis of variance for pre-selection in leaf disc and hypocotyls.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 1.9 0.97 0.315 .73016 

2 Genotypes (A) 4 2180 545 176.64 .0000 

4 Explant (B) 1 107 107 34.96 .0000 

6 AB 4 18.70 4 1.515 .2037 

8 Treatment (C) 4 123323 30830 9990.56 .0000 

10 AC 16 1438 89 29.13 .0000 

12 BC 4 32 8 2.637 .0385 

14 ABC 16 72 4 1.461 .1303 

-15 Error 98 302 3   

 Total 149 127478    

              
             Table 4.50. Effect of preselection period with Agrobacterium tumefaciens strain EHA101 (pTCL5) on GUS   

expression (% GUS
+
  hypocotyls and leaf discs co-cultivated with EHA101 after and preselection period for 

0, 2, 5, 7 and 15 days) in tomato cultivars. 

 

Hypocotyls Leaf discs 

 Days  Rio 

Grande 

Roma Pusa 

Ruby 

Pant  

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0  0.00 D 0.00 D 0.00 D 0.00 E 0.00 E 0.0 E 0.000 D 0.00 D 0.00 D 0.00 E 0.00 D 0.0 D 

2  21.00 C 24.0 C 18.0 C 13.33 D 21.0 D 19.47 D 20.30 C 21.00 C 15.67 C 13.33 D 20.00 C 18.06 C 

5  62.00 B 52.1 B 47.4 B 45.97 B 62.7 B 54.00 B 57.63 B 53.57 B 47.83 B 41.13 B 59.0 B 51.83 B 

7  89.30 A 83.4 A 77.4 A 71.37 A 90.8 A 82.47 A 87.07 A 81.33 A 77.2 A 65.23 A 88.77 A 79.92 A 

15 24.83 C 24.3 C 20.7 C 21.5 C 24.9 C 23.26 C 23.03 C 22.27 C 18.8 C 18.17 C 22.4 C 20.93 C 

Means 39.43 AB 36.8 B 32.7 C 30.43 C 39.9 A  37.60 A 35.63 B 31.9 C 27.57 D 38.03 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

                  Table 4.51. Effect of preselection period with Agrobacterium tumefaciens strain EHA101 (pTCL5) on 

GUS   expression (% GUS
+
  hypocotyls and leaf discs co-cultivated with EHA101 after and preselection 

period for 0, 2, 5, 7 and 15 days) in tomato cultivars. 

 

 

 

 

 

 
 

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

 

 

Days Rio Grande Roma Pusa Ruby Pant Bahr Avinash Means 
0  0.000 E 0.000 D 0.000 D 0.000 E 0.00 E 0.000 E 

2  20.65 D 22.50 C 16.83 C 13.33 D 21.50 D 18.76 D 

5  59.81 B 52.83 B 47.62 C 43.55 B 60.83 B 54.93 B 

7  88.81 A 82.38 A 77.32 A 68.30 A 89.80 A 81.20 A 

15 23.93 C 23.28 C 19.77 C 19.83 C 23.66 C 22.10  C 

Means 39.52 A 36.20 B 32.31 C 29.00 D 38.96 A  
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4.10.4.1. Effect of different concentrations of cefotaxime in pre-selection 

Analysis of variance for calli growth with different cefotaxime concentrations in 

the media for various tomato genotypes is shown in Table 4.52. Statistically significant 

differences for genotypes, explant source, cefotaxime concentration and for their 

interactions i.e., genotype × treatment, explant × treatment and genotype × explant × 

treatment was recorded while it was non significant for genotype × explant interaction.  

Different concentrations of cefotaxime i.e., 0, 250, 500, 750 and 1000 mg L
-1

 were 

tested for calli proliferation in various tomato genotypes. Very low level of calli 

proliferation was found at 0 and 250 mg L
-1

 of cefotaxime in the media (Table 4.52). 

Maximum calli proliferation was recorded in all genotypes in this study at 500 mg L
-1

 

cefotaxime in the media with both hypocotyls and leaf disc (Figure 4.11). However, at 

higher concentration of cefotaxime of 750 and 1000 mg L
-1

, calli proliferation was not 

observed. 

Average representing the treatment × genotype interaction indicated that 500 mg L
-

1
 of cefotaxime in the media was optimum for calli proliferation which was significantly 

different from other treatments. Maximum calli proliferation was recorded in Rio Grande 

followed by Roma, Pusa Ruby Avinash and Pant Bahr genotype (Table 4.54).   

4.10.4.2. Effect of different concentrations of cefotaxime on bacterial growth  

Statistically significant differences for genotypes, explant source, cefotaxime 

concentration and for their interactions i.e., genotype × treatment and explant × treatment 

was recorded while it was found nonsignificant for genotype × explant and genotype × 

explant × treatment interaction for the effect of various doses on the bacterial growth 

(Table 4.55). 

Different concentrations of cefotaxime i.e., 0, 250, 500, 750 and 1000 mg L
-1

 were 

tested to regulate the bacterial growth. Cefotaxime at 0 and 250 mg L
-1

 in media, was 

unable to regulate the bacterial growth and no proliferation was found (Table 4.56). 

Cefotaxime at 500 mg L
-1

 in the media was found optimum to control the bacterial 

growth. However, at 750 and 1000 mg L
-1

 cefotaxime bacterial growth was completely 

retarded.  
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Table 4.52. Analysis of variance for calli proliferation in leaf disc and hypocotyls.  

 

 

 

 

 

 

 

 

 

 

 

                Table 4.53. Effect of cefotaxime on the growth and proliferation of tomato hypocotyls and leaf discs after 

cocultivation with Agrobacterium tumefaciens strain EHA101 (pTCL5) on preselection medium mentioned 

in (Table 3.10) along with different
 
concentrations of cefotaxime. 

 
Hypocotyls Leaf discs 

 Days  Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0 0.00 D 0.00 C 0.00 C 0.00 C 1.33 D .267 D 1.67 D 2.00 C 1.33 D 1.67 C 1.33 D 1.60 C 

250  13.33 B  11.67 B 8.667 B 5.33 B 15.33 B 10.87 B 11.0 B 8.667 B 6.00 BC 4.67 BC 12.0 B 8.467 B 

500  77.00 A 70.7 A 69.00 A 63.33 
A 

77.33 A 71.47 A 68.67 A 65.33 A 63.00 A 58.00 A 70.33 A 65.07 A 

750  15.33 B  14.33 B 10.67 B 9.00 B 15.00 B 12.87 B 8.00 BC 7.33 B 7.33 B 7.00 B 8.00 BC 7.533 B 

1000  4.67 C 2.33 C 3.00 C .667 C 7.3 C 3.60 C 3.667 CD 1.667 C 2.33 CD .667 C 6.00 C 2.867 C 

Mean 22.07 AB 19.8 BC 18.2 CD 15.7 D 23.27 A  18.60 AB 16.6 ABC 15.7 BC 14.40 C 19.27 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

                Table 4.54. Effect of cefotaxime on the growth and proliferation of tomato cultivars after cocultivation 

with Agrobacterium tumefaciens strain EHA101 (pTCL5) on preselection medium mentioned in (Table 

3.10). 

 
Treatment Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

0 .833 
D
 1.00 

C
 1.00 

C
 0.667 

C
 .8333 

C
 .933 

C
 

250  12.17 
B
  10.17 

B
 10.17 

B
 7.33 

B
 5.000 

B
 9.667 

B
 

500  72.83 
A
 68.00 

A
 68.00 

A
 66.00 

A
 60.67 

A
 68.27 

A
 

750  11.67 
B
  10.83 

B
 10.83 

B
 9.00 

B
 8.000 

B
 10.20 

B
 

1000  4.17 
C
 2.00 

C
 2.00 

C
 2.667 

C
 .6667 

C
 3.233 

C
 

Mean 20.33 
AB

 18.40 
BC

 17.13 
CD

 15.03 
D
 21.40 

A
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 13 6.5 1.735 .1816 

2 Genotypes (A) 4 769 192 50.76 .0000 

4 Explant (B) 1 274 274 72.47 .0000 

6 AB 4 29.3 7 1.932 .1110 

8 Treatment (C) 4  94958 23739 6262.30 .0000 

10 AC 16 428 26 7.06 .0000 

12 BC 4 306 76 20.20 .0000 

14 ABC 16 29 1 .47  

-15 Error 98 371 3   

 Total 149 97181    
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Average representing the treatment × genotype interaction indicated 500 mg L
-1

 of 

cefotaxime in the media was optimum for controlling bacterial growth, with maximum 

calli proliferation (Table 4.53). However, at 750 and 1000 mg L
-1

 cefotaxime in the media 

reduced bacterial growth but calli proliferation was not established (Table 4.57).   

4.10.4.3. Effect of different concentrations of cefotaxime on explants browning  

            Analysis of variance for explants browning/ blackening with different cefotaxime 

concentrations in the media for various tomato genotypes is shown in Table 4.58. 

Statistically significant differences for genotypes, explant source, cefotaxime 

concentration and for their interactions i.e., genotype × treatment and explant × treatment 

was recorded while it was non significant for genotype × explant and genotype × explant 

× treatment interaction.  

Different concentrations of cefotaxime; 0, 250, 500, 750 and 1000 mg L
-1

 were 

evaluated for the proliferation response of explants. Low level of explants browning was 

observed at 0, 250
 
and at 500 mg L

-1
 cefotaxime in the media (Table 4.59). However at 

higher concentration of cefotaxime (750 mg L
-1

) in media explants browning was 

pronounced with 49.33% for leaf disc and 71.6% for hypocotyls. At 1000 mg L
-1

 

cefotaxime in the media, 75% leaf disc and 93.6% hypocotyls were black and dead (Table 

4.59). 

Low level of explants blackening was observed at 0, 250 and 500 mg L
-1

 of 

cefotaxime, while 61.1% and 85.67% browning was observed at 750 and 1000 mg L
-1

 

cefotaxime with treatment × genotype interaction. Maximum dead explants with 

cefotaxime were recorded in Pusa Ruby followed by Pant Bahr and were statistically 

similar to each other. In the other three genotypes statistically lesser death of explants was 

noticed (Table 4.60). 

4.10.5.1. Effect of acetosyringone on calli growth indices  

Statistically significant differences for genotypes and acetosyringone concentration 

and for the interactions i.e., genotype × treatment were observed while the variations 

determined were non sigificant for explants and the genotype × explants, explants × 

treatment and genotype × explants × treatment interactions (Table 4.61).  

             After 14-18 days of selection, at 0 and 50 µM acetosyringone, necrosis was 
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Table 4.55. Analysis of variance for bacterial growth in leaf disc and hypocotyls. 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 40 20 2.313 .1043 

2 Genotypes (A) 4 932 233 26.57 .0000 

4 Explant (B) 1 285 285 32.57 .0000 

6 AB 4 20 5 .5903 .6704 

8 Treatment (C) 4  217731 54432 6206.7 .0000 

10 AC 16 1293 80 9.21 .0000 

12 BC 4 160 40 4.58 .0019 

14 ABC 16 42 2 .30 .9956 

-15 Error 98 859 8   

 Total 149 221366    

 

                Table 4.56. Effect of cefotaxime on the bacterial growth of tomato hypocotyls and leaf discs on 

preselection medium mentioned in (Table 3.10) along with different
 
concentrations of cefotaxime. 

 

Hypocotyls Leaf discs 

Cefotaxime 

mg L-1 

Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0 97.7 A 97.3 A 98.0 A 100 A 100 A 98.73 A 98.33 A 96.7 A 96.7 A 99.33 A 97.33 A 97.67 A 

250  77.3 B 78.0 B 81.7 B  83.7 B  79.7 B 80.07 B 81.00 B 79.7 B 85.7 B 91.33 B  83.00 B 83.13 B 

500  18.3 C 19.0 C 28.0 C 33.3 C 29.3 C  25.60 C 25.00 C 23.0 C 31.3 C  39.00 C 33.00 C 30.27 C 

750  6.00 D 10.0 D 12.7 D  10.3 D  21.3 D 12.07 D 7.67 D 11.0 D 15.3 D  13.33 D 24.33 D 14.33 D 

1000  2.00 D 1.00 E 1.00 E 1.33 E 1.00 E 1.267 E 5.67 D 5.3 E 6.0 E 5.667 E 3.00 E 5.133 E 

Mean 40.27 B 41.7 AB 44.2 AB 45.9 A   46.3 A  43.27 BC 43.1 C 47.6 BC 49.73 A  48.13 AB  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

       

                Table 4.57. Effect of cefotaxime on the bacterial growth of tomato hypocotyls and leaf discs on 

preselection medium mentioned in (Table 3.10) along with different
 
concentrations of cefotaxime. 

 

Cefotaxime mg L-1 Rio Grande Roma Pusa Ruby  Pant Bahr  Avinash Mean 

0  98.00 A 97.00 A 97.33 A 100 A 98.67 A 98.20 A 

250  79.17 B 78.83 B 83.67 B  87.50 B  81.33 B 82.10 B 

500  21.62 C 21.00 C 29.67 C 36.17 C 31.17 C  27.93 C 

750  6.833 D 10.50 D 14.00 D  11.83 D  22.83 D 13.20 D 

1000 3.833 D 3.167 E 3.50 E 3.500 E 2.00 E 3.200 E 

Mean 41.90 B 42.10 B 45.63 A 47.80 A   47.20 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Table 4.58. Analysis of variance for explants browning/ blackening in leaf disc and hypocotyls.  

 
K value Source D.F S.S M.S F value Probability 

1 Replication 2 23 11.5 2.50 .08719 

2 Genotypes (A) 4 1202 300 65.25 .0000 

4 Explant (B) 1 294 294 63.79 .0000 

6 AB 4 23 5.8 1.265 .2887 

8 Treatment (C) 4  182071 45517 9878.02 .0000 

10 AC 16 1141 71 15.47 .0000 

12 BC 4 121 30 6.61 .0001 

14 ABC 16 77 4 1.045 .4178 

-15 Error 98 451 4   

 Total 149     

 
               Table 4.59. Effect of cefotaxime on the tomato hypocotyls and leaf discs browning/blackening on 

preselection medium mentioned in (Table 3.10) along with different
 
concentrations of cefotaxime. 

 

Hypocotyls Leaf discs 

Cefotaxime 

mg L-1 

Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0 3.333 C 2.33 C 2.00 C 2.00 C 1.3 C 2.20 C 2.333 C 1.3 C 1.67 D 2.67 D 1.33 C 1.867 D 

250  2.67 C 2.667 C 6.00 C 4.7 C 5.0 C  4.20 C 3.667 C 6.0 C 8.000 C 7.00 CD 6.33 C 6.20 C 

500  2.33 C 4.000 C 4.00 C 3.3 C 3.0 CD 3.33C 3.333 C 6.3 C 7.667 C 11.67 C 5.00 C 6.80 C 

750  49.33 B 59.33 B 64.3 B 69.0 B 52.7 B 58.9 B 55.00 B 63.3 B 69.33 B 71.67 B 57.00 B 63.27 B 

1000  81.00 A 83.33 A 88.7 A 89.0 A 75.0 A 83.4 A 84.00 A 85.0 A 92.67 A 93.67 A 82.33 A 87.93 A 

Mean 27.73 B 30.3 AB 33.0 A 33.6 A 27.4 B  29.67 C 32.4 BC 35.8 AB 37.73 A 30.40 C  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

  
               Table 4.60. Effect of cefotaxime on the tomato explants browning/blackening on preselection medium 

mentioned in (Table 3.10) along with different
 
concentrations of cefotaxime. 

 

Cefotaxime mg L-1 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

0 2.833 C 1.83 C 1.833 D 2.333 D 1.33 D 2.03 D 

250 3.167 C 4.33 C 7.00 C 5.833 CD 5.66 CD  5.200 C 

500 2.833 C 5.16 C 5.833 C 7.500 C 4.00 B 5.067 C 

750 52.17 B 61.3 B 66.83 B 70.33 B 54.83 A 61.10 B 

1000 82.50 A 84.1 A 90.67 A 92.33 A 78.67 A 85.67 A 

Mean 26.70 C 31.3 B 34.43 A 35.67 A 28.9 BC  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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observed in tomato hypocotyls and leaf discs derived calli and only negligible explants (0-

1.0%) reached to G.I.1 stage (Table 4.62; Figure 4.13; 4.14). With 100 µM and 200 µM of 

acetosyringone treatment to both hypocotyls and leaf discs, Rio Grande and Avinash 

doubled the calli size and reached to G.1.2 (Figure 4.13), Roma reached G.I.2 at 200 µM 

of acetosyringone (Table 4.62; Figure 4.13) while Pusa Ruby and Pant Bahr were unable 

to proliferate and remained in the G.I.1 stage at this concentration. Proliferation 

percentage at 200 µM acetosyringone was 32.33%, 25% and 22% in Rio Grande, Roma 

and Avinash, respectively. Rio Grande and Avinash were highly responsive to higher 

concentration of acetosyringone in the media and Rio Grande attained G.I.3 (triple in size) 

at 300 µM and 400 µM of acetosyringone and Avinash at 400 µM while other cultivars 

remained at G.I.2 stage at both 300 and 400 µM of acetosyringone. At 400 µM 

acetosyringone, maximum proliferation was observed in Avinash (40%), followed by 

35.33% in Rio Grande, Roma (25%), Pusa Ruby (22%) and 17 % in Pant Bahr in both 

explants (Table 4.62; Figure 4.14).  

Average representing the treatment × genotype interaction indicated that higher 

concentrations of acetosyringone in the media i.e., 300 µM and 400 µM were 

indispensible for calli proliferation and were significantly different from the other 

treatments. Maximum calli proliferation was recorded in Avinash followed by Rio 

Grande, Roma, Pusa Ruby and Pant Bahr (Table 4.63). 

4.10.5.2. Effect of acetosyringone on GUS expression  

Analysis of variance for GUS expression varied significantly different 

acetosyringone concentrations in various tomato genotypes is shown in Table 4.64. 

Statistically significant differences for genotypes, explants source, acetosyringone 

concentration and for the genotype × treatment interaction was recorded, while non 

significant interaction was observed for genotype × explants, explants × treatment and 

genotype × explants × treatment. 

When acetosyringone was omitted from the medium, low level of GUS % 

expression was recorded (Table 4.65). An increasing trend in GUS expression was 

observed with the increase acetosyringone concentration in the medium. At 200 µM 

acetosyringone GUS expression observed was 66.3% in Rio Grande followed by 63% in 

Avinash and 58.3% in Roma using leaf discs. Similar trend was followed using hypocotyls 
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Table 4.61. Analysis of variance for calli growth in leaf disc and hypocotyls for different concentrations of 

acetosyringone.  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 6.17 3.08 .696 .50028 

2 Genotypes (A) 4 3058 764 172.46 .0000 

4 Explant (B) 1 9.8 9.80 2.21 .1397 

6 AB 4 .20 .05 .0113 .99974 

8 Treatment (C) 5  40037 8007 1806.13 .0000 

10 AC 20 4227 211 47.67 .0000 

12 BC 5 10.0 2 .4511 .81176 

14 ABC 20 1.00 .05 .0113 1.000 

-15 Error 118 523 4.4   

 Total 179 47874    

 

Table 4.62. Growth index (G.I) indicated and evaluated the degree of differentiation of callus after 15-21 days 

of on MS medium supplemented with IAA 0.5 mg L
-1

 and Kinetin 1.5 mg L
-1

, hygromycin at 25 mg L
-1

 and 

cefotaxime 500 mg L
-1

 selection. 
Hypocotyls Leaf discs 

Acetosyrin 

Gone 

Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0 M  1.00 C 1.00 C 1.00 C 1.00 C 1.00 D 1.00 E 0.00 C 0.00 C 0.00 D 0.00 D 0.00 D 0.00 E 

 G.I.1 G.I.1 G.I.1 G.I.1 G.I.1  G.I.1 G.I.1 G.I.1 G.I.1 G.I.1  

50 M 1.00 C 1.00 C 1.00 C 1.00 C 1.00 D 1.00 E 0.00 C 0.00 C 0.00 D 0.00 D 0.00 D 0.00 E 

 G.I.1 G.I.1 G.I.1 G.I.1 G.I.1  G.I.1 G.I.1 G.I.1 G.I.1 G.I.1  

100 M  1.00 C 1.00 C 1.00 C 1.00 C 25.0 C 5.80 D 0.00 C 0.00 C 0.00 D 0.00 D 25.0 C 5.0 D 

 G.I.2 G.I.1 G.I.1 G.I.1 G.I.2  G.I.2 G.I.1 G.I.1 G.I.1 G.I.2  

200 M 32.33 B 25 B 22 B 19.3 B 22 C 24.13 C 32.33 B 25 B 22.0 B 19.3 B 22.0 C 24.13 C 

 G.I.2 G.I.2 G.I.1 G.I.1 G.I.2  G.I.2 G.I.2 G.I.1 G.I.1 G.I.2  

300 M 46.67 A 40 A 32 A 30 A 42 A 39.13 A 46.67 A 40.0 A 32.0 A 30.0 A 47.0 A 39.15 A 

 G.I.3 G.I.2 G.I.2 G.I.1 G.I.2  G.I.3 G.I.2 G.I.2 G.I.1 G.I.2  

400 M 35.33 B 25 B 22 B 17 B 40 AB 27.87 B 35.33 B 25.0 C 22.00 B 17.00 B 40.0 B 27.87 B  

 G.I.3 G.I.2 G.I.2 G.I.2 G.I.3  G.I.3 G.I.2 G.I.2 G.I.2 G.I.3  

Mean 19.56 A 15.50 B 12.17 BC 11.56 C 22.67 A  19.06 B 15.0 C 12.67 CD 11.06 D 22.33 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01   

 

Table 4.63. Growth index (G.I) indicated and evaluated the degree of differentiation of callus after 15-21 

days of on MS medium supplemented with IAA 0.5 mg L
-1

 and Kinetin 1.5 mg L
-1

, hygromycin at 25 mg L
-1

 

and cefotaxime at 500 mg L
-1

 selection. 
Acetosyringone  Rio Grande Roma Pusa Ruby  Pant Bahr  Avinash Mean 

0 M  0.50 C 0.50 C 0.00 C 0.00 C 0.00 D 0.50 E 

 G.I.1 G.I.1 G.I.1 G.I.1 G.I.1 

50 M 0.50 C 0.50 C 0.00 C 0.00 C 0.00 D 0.50 E 

 G.I.1 G.I.1 G.I.1 G.I.1 G.I.1 

100 M  0.50 C 0.50 C 0.00 C 0.00 C 25.0 C 5.40 D 

 G.I.2 G.I.1 G.I.1 G.I.1 G.I.2 

200 M 32.33 B 25 B 22 B 19.33 B 22 C 24.13 C 

 G.I.2 G.I.2 G.I.1 G.I.1 G.I.2 

300 M 46.67 A 40 A 32 A 30 A 47 A 39.13 A 

 G.I.3 G.I.2 G.I.2 G.I.1 G.I.2 

400 M 35.33 B 25 B 22 B 17 B 40 B 27.87 B 

 G.I.3 G.I.2 G.I.2 G.I.2 G.I.3 

Mean 19.31 B 15.25 C 12.92 D 11.31 D 22.50 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Figure 4.13. Effect of different concentration of acetosyringone on leaf disc derived calli. 

Proliferation at 50 µM (G.1.1) (a) Rio Grande (b) Roma (c) Avinash  

(d) Regeneration with 200 µM acetosyringone (G.1.2) on selection medium (e) Roma (f) 

Avinash  

 Selection with 400 µM  acetosyringone (G.1.3) 

(g) Roma (h) Hypocotyl developing in to callus with 400µM acetosyringone. 

 (i) Browning of non transformed calli on selection medium with hygromycin.   
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Figur 4.14. Effect of different concentrations of acetosyringone on hypocotyls proliferation.  

50 µM acetosyringone (G.1.1) (a) Rio Grande (b) Roma (c) Pusa Ruby  

200 µM acetosyringone (G.1.2) (d) Avinash (e) Rio Grande  

400 µM acetosyringone (G.1.3) (f) Pant Bahr (g) Avinash (h) Roma (i) Rio Grande 

 

   

 

Figure 4.15. Stable GUS expression 2 weeks after selection with different acetosyringone 

concentrations (a) Without acetosyringone (b) 200 µM (c) 400 µM.  

 

 

a 
b c 

d e f 

g h 

(a) (b) (c) 

i 
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with maximum in Rio Grande (69.7%), 65.3 % in Avinash and 62.3% in Roma. However, 

it was statistically lower in Pusa Ruby and Pant Bahr. At 300 µM GUS percentage further 

increased and maximum in Avinash 92.3% followed by 85.3% in Rio Grande and 81.7% 

in Roma using hypocotyls and less using leaf discs. In hypocotyls with 400 µM GUS was 

maximum with 92.3% in Rio Grande, 90.3% in Avinash and 82.3% in Roma and were 

statistically similar to each other. Using leaf discs it was maximum in Avinash followed 

by Rio Grande, Roma, Pusa Ruby and Pant Bahr (Table 4.65; Figure 4.15). 

Average representing the treatment × genotype interaction indicated that 400 µM 

of acetosyringone in the media was optimum for maximum transformation efficiency, 

which was significantly different from other treatments. Maximum GUS expression was 

recorded in Rio Grande followed by Avinash, Roma, Pusa Ruby and Pant Bahr (Table 

4.66). 

4.10.6. Hygromycin and selection 

4.10.6.1. Effect of hygromycin on explants browning 

Analysis of variance for explants browning varied significantly among different 

hygromycin concentrations in various tomato genotypes is shown in (Table 4.67). 

Statistically significant differences for genotypes, explants, hygromycin concentration and 

for the interactions i.e., genotype × treatment and explants × treatment were observed 

while non significant variations were recorded for genotype × explants and genotype × 

explants × treatment interaction. 

             Without hygromycin in the medium explants browning was not observed while at 

10 mg L
-1

 of hygromycin resulted in 23.3% - 28.67% browning in hypocotyls and 25.3% - 

35% in leaf discs in all cultivars. At 25 mg L
-1

 hygromycin, maximum browning was 

observed in Avinash 80.67% followed by 80% in Rio Grande, 75.3% in Roma, 58.67% in 

Pusa Ruby and 55.53% in Pant Bahr for hypocotyls. Similar trend in leaf discs was 

observed with maximum browning in Avinash 83.3%, Rio Grande and Roma 78.3%, Pusa 

Ruby 67% and Pant Bahr 59% at 25 mg L
-1

 (Table 4.68). Hygromycin at 50 and 75 mg L
-1 

were lethal doses and resulted in explants death. 

            Average representing the treatment × genotype interaction indicated 25 mg L
-1 

of   
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Table 4.64. Analysis of variance for GUS expression in leaf disc and hypocotyls for different concentrations 

of acetosyringone.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 29.478 14 2.596 .0788 

2 Genotypes (A) 4 7702 1925 339.21 .0000 

4 Explant (B) 1 283 283 49.98 .0000 

6 AB 4 12.9 3.242 .571 .6842 

8 Treatment (C) 5  120968 24193 4261.89 .0000 

10 AC 20 987.9 49.39 8.70 .0000 

12 BC 5 54.17 10 1.90 .0979 

14 ABC 20 50.43 2 .44 .9804 

-15 Error 118 669.85 5   

 Total 179 130759.644    

 
                Table 4.65. GUS expression of hypocotyl and leaf disc derived callus after 15-21 days of on MS medium 

supplemented with IAA 0.5 mg L
-1

 and Kinetin 1.5 mg L
-1

, hygromycin at 25 mg L
-1

 and cefotaxime at 500 

mg L
-1

 selection. 

 
Hypocotyls Leaf discs 

Acetosyringone 

 

Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0 M  17.33 F 11.7 E  10 E 9 E 15 E 12.6 E 17.33 F 13.0 D 10.0 D 8.0 D 13.0 E 12.2 F 

50 M 30 E 20.3 D 16.3 D 16 D 30 D 22.5 D 29.0 E 18.3 D 15.0 D 13.3 D 26.67 D 20.4 E 

100 M  53 D  42 C 41.7 B 36.3 C 54.7 C 45.5 C 50.0 D 41.3 C 38.0 C 33.6 C 50.67 C 42.7 D 

200 M 69.7 C 62.3 B 55.7 C 47.7 B 65.3 B 60.1 B 66.33 C 58.3 B 52.6 B 45.3 B 63.0 B 57.1 C 

300 M 85.3 B 81.7 A 71 A 67.3 A 92.3 A 79.5 A 80.33 A 77.3 A 69.0 A 64.3 A 89.33 A 75.6 B 

400 M 92.33 A 82.3 A 75.7 A 70 A 90.3 A 82.1 A 80.0 A 77.3 A 74.3 A 69.6 A 86.67 A 79.2 A 

Mean 57.94 A 50.0 B 45.1 C 41.1 D 57.94 A  55.17 A 46.6 B 43.1 B 39.0 C 54.56 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 
               Table 4.66. GUS expression of hypocotyl and leaf disc derived callus after 15-21 days of on MS medium        

supplemented with IAA 0.5 mg L
-1

 and Kinetin 1.5 mg L
-1

, hygromycin at 25 mg L
-1

 and cefotaxime at 500 

mg L
-1

 selection. 

 

         

         

 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

          

 

 

Acetosyringone  Rio Grande Roma Pusa Ruby  Pant Bahr  Avinash Mean 

0 M  17.33 F 12.33 E  10.0 F 8.5 F 14 E 12.4 F 

50 M 29.5 E 19.33 D 15.67 E 14.5 E 28.33 D 21.4 E 

100 M  51.5 D  41.67 C 39.83 D 35.00 D 52.67 C 44.1 D 

200 M 68.0 D 60.33 B 54.17 C 46.50 C 64.17 B 58.6 C 

300 M 82.83 B 79.50 A 70.00 B 65.83 A 89.83 A 77.6 B 

400 M 90.17 A 79.83 A 75.00 A 69.83 A 88.50 A 80.7 A 

Mean 56.56 A 48.83 B 44.11 C 40.03 D 56.26 A  
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hygromycin in the media was optimum as lethal dose in transformation experiments. 

Maximum calli browning (71.6%) irrespective of explants was observed at 25 mg L
-1

 

(Table 4.69). However, at 50 and 75 mg L
-1 

hygromycin in the media the calli growth was 

stopped and resulted in over 90% necrosis of the leaf discs and hypocotyls. 

4.10.6.2. Effect of hygromycin on explants necrosis 

Analysis of variance for explants necrosis at different hygromycin concentrations 

in various tomato genotypes is shown in (Table 4.70). Statistically significant differences 

for genotypes and hygromycin concentration and for genotype × treatment interaction was 

obtained while nonsignificant variations were recorded for explant source, genotype × 

explants, explant × treatment and genotype × explant × treatment interaction. 

Necrosis of explants was not recorded in the absence and at 10 mg L
-1 

hygromycin 

in the media. However, 25 mg L
-1

 hygromycin in the media resulted in 17.0% - 38.3% 

necrosis in hypocotyls and 19.0% - 33.7% in leaf discs. Higher doses of hygromycin i.e., 

50 mg L
-1

 and 75 mg L
-1 

produced pronounced necrosis with maximum at 75 mg L
-1 

in the 

media with both explants.
 
At 75 mg L

-1
 hygromycin resulted in 91.7% - 99% blackening 

and necrosis with non significant differences among the cultivars (Table 4.71).  

 Irrespective of the explants source, treatments varied significantly among cultivars 

but the trend for all treatments in the genotypes was not significant. 25.9% necrosis was 

recorded at 25 mg L
-1

 hygromycin that was elevated to 96.27% and 94.80% at 50 and 75 

mg L
-1

, respectively. Average representing the treatment × genotype interaction indicated 

25 mg L
-1 

of hygromycin in the media was optimum to use as lethal dose in transformation 

experiments (Table 4.72). 

4.10.6.3. Effect of hygromycin on explants proliferation 

Analysis of variance for explants proliferation with different hygromycin 

concentrations in various tomato genotypes is shown in (Table 4.73). Statistically 

significant differences for genotypes, explants source and hygromycin concentration and 

for the interactions i.e., genotype × treatment, explants × treatment and genotype × 

explants × treatment whereas non significant variation for genotype × explants interaction 

was recorded. 
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Table 4.67. Analysis of variance for calli browning in leaf disc and hypocotyls using different concentrations 

of hygromycin. .  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 2.9 1.46 .206 .8135 

2 Genotypes (A) 4 334 83.5 11.83 .0000 

4 Explant (B) 1 150  150 21.25 .0000 

6 AB 4 46 11.6 1.648 .1683 

8 Treatment (C) 4  118199 29549 4186.32 .0000 

10 AC 16 2769 173.0 24.51 .0000 

12 BC 4 273 68 9.69 .0001 

14 ABC 16 97 6.1 .86 .6083 

-15 Error 98 691 7.059   

 Total 149 122565.040    

 

Table 4.68. Effects of different concentration of hygromycin on browning of explants to determine the lethal 

dose of hygromycin for transformation experiments. 

 

Hypocotyls Leaf discs 

Hygromycin 

mg L-1 
Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0  0.0 C 0.00 C 0.00 C 0.00 C 0.00 C 0.0 C 0.00 C 0.00 C 0.00 C 0.0 C 0.0 C 0.0 C 

10 25 B 25.0 B 25 B 28.7 B 23.3 B 25.4 B  29.7 B 34.3 B 35.0 B 36.7 B 25.3 B 32.2 B  

25 80.0 A 75.3 A 58.67 A 55.3 A 80.7 A 70A  78.3 A 78.3 A 67.0 A 59 A 83.3 A 73.2 A  

50 0.00 C 0.00 C 0.00 C 0.0 C 0.00 C 0.0 C 0.00 C  0.00 C 0.00 C 0.0 C 0.00 C 0.0 C 

75 0.00 C 0.00 C 0.00 C 0.0 C 0.00 C 0.0 C 0.00 C 0.00 C 0.00 C 0.0 C 0.00 C 0.0 C 

Mean 21.0 A 20.7 A 16.73 A 16.8 A 20.8 A  21.6 A 22.5 A 20.4  A 19.1 A 21.73 A   

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.69. Effects of different concentration of hygromycin on on browning of tomato cultivars to determine 

the lethal dose of hygromycin for transformation experiments. 

 
 

 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

  

 

 

 

 

Hygromycin mgL-1 Rio Grande Roma Pusa Ruby  Pant Bahr Avinash Mean 

0  0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 

10 27.33 B 29.67 B 30.00 B 32.67 B 24.33 B 28.80 B  

25 79.17 A 76.83 A 62.83 A 52.17 A 82.00 A 71.60 A  

50 0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 

75 0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 0.00 C 

Mean 21.30 A 21.30 A 18.57 AB 17.97 B 21.27 A  
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          Maximum proliferation percentage from both hypocotyls and leaf discs was 

observed in the media without hygromycin and the proliferation percentage was decreased 

with the increase of hygromycin in the media (Table 4.74). 10 mg L
-1

 of hygromycin in 

the media reduced the explants proliferation percentage statistically as compared to the 

control media in both explants. Genotypes for the proliferation capacity at this 

concentration were similar to each other. Explants proliferation was totally inhibited at 25 

mg L
-1

 and higher doses of 50, and 75 mg L
-1

 of hygromycin.  

Control media produced 73.8% while 10 mg L
-1

 of hygromycin had resulted in 

59.6% explants proliferation irrespective of tissue type. Maximum tissue proliferation was 

observed in Avinash followed by Rio Grande, Roma and differences among them were 

non significant, however, in Pusa Ruby and Pant Bahr proliferation percentage was 

significantly less than three genotypes (Table 4.75). 

4.10.7. Transgenic plant production 

After 21 days of selection explants were transferred to regeneration media 

containing 25 mg L
-1

 hygromycin and cefotaxime for the selection of transformants.  

4.10.7.1. Hygromycin resistant calli 

Analysis of variance for hygromycin resistant calli of different tomato genotypes 

and explants is shown in (Table 4.76). Statistically significant differences for genotypes, 

explants source and non significant variation for the genotype × explants interaction were 

recorded. 

Hypocotyls produced relatively greater number of hygromycin resistant calli in the 

respective genotype as against the leaf discs. Highest number of hygromycin resistant calli 

were produced in Rio Grande (71.67%) followed by Avinash (70.33%), Roma (62.33%) 

while with Pusa Ruby and Pant Bahr the values of resistant calli were low e.g., 21.67% 

and 20%, respectively from hypocotyls. In leaf discs 61.67% hygromycin resistant calli, 

were observed in Rio Grande followed by Roma, Avinash, Pusa Ruby and Pant Bahr. Rio 

Grande, Roma and Avinash were remained statistically similar to each other as for as the 

development of resistant calli was considered while Pusa Ruby and Pant Bahr produced 

significantly lower percentage of the resistant calli as against the above three genotypes 

(Table 4.77; Figure 4.16). 
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Table 4.70. Analysis of variance for calli nacrosis in leaf disc and hypocotyls using different concentrations 

of hygromycin.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 46 23 2.546 .0835 

2 Genotypes (A) 4 291 72 8.028 .0000 

4 Explant (B) 1 31 31 3.500 .0643 

6 AB 4 28.6 7.1 .7894 .5348 

8 Treatment (C) 4  285306 71326 7867.25 .0000 

10 AC 16 1863 116 12.843 .0000 

12 BC 4 50 12.5 1.379 .2466 

14 ABC 16 56 3.5 .3868 .9829 

-15 Error 98 888 9   

 Total 149 288561.793    

                   
Table 4.71. Effects of different concentrations of hygromycin on nacrosis of explants of tomato to determine 

the lethal dose of hygromycin for transformation experiments. 

 
Hypocotyls Leaf discs 

Hygromycin 

mg L-1 

Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0  0.00 
C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 

10 0.00 
C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 0.00 

C
 

25 18.3 
B
 19.3 

B
 38.3 

B
 36.7 

B
 17.0 

B
 25.9 

B
 20.0 

B
 19.0 

B
 33.7 

B
 33.7 

B
 21.3 

B
 25.87 

B
 

50 96.7 
A
 94.0 

A
 94.3 

A
 94.7 

A
 96.0 

A
 95.1 

A
 99.3 

A
 95.0 

A
 95.3 

A
 98.0 

A
 99.3 

A
 97.40 

A
 

75 94.0 
A
 92.7 

A
 94.0 

A
 91.7 

A
 95.7 

A
 93.6 

A
 97.7 

A
 96.0 

A
 94.7 

A
 94.0 

A
 99.0 

A
 96.00 

A
 

Mean 41.80 
A
 41.20 

A
 45.33 

A
 44.6 

A
 41.73

A
  43.4 

A
 42.0 

A
 44.7 

A
 45.47 

A
 43.67 

A
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.72. Effect of different concentration of hygromycin on nacrosis of tomato cultivars to determine the 

lethal dose of hygromycin for transformation experiments. 

 

 

 

 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

Hygromycin mg L-1 Rio Grande Roma Pusa Ruby  Pant Bahr Avinash Mean 

0   .00 C .00 C .00 C .00 C .00 C .00 C 

10 .00 C .00 C .00 C .00 C .00 C .00 C 

25 19.17 B 19.17 B 36.00 B 36.7 B 19.17 B 25.90 B 

50 98.00 A 94.50 A 94.83 A 96.33 A 97.67 A 96.27 A 

75 95.83 A 94.33 A 94.33 A 92.83 A 96.67 A 94.80 A 

Mean 42.60 A 41.60 A 45.03 A 45.03 A 42.70 A  
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 Table 4.73. Analysis of variance for calli growth in leaf disc and hypocotyls using different concentrations 

of hygromycin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.74. Effects of different concentrations of hygromycin on growth of explants of tomato to determine 

the lethal dose of hygromycin for transformation experiments. 

 

Hypocotyls Leaf discs 

Hygromycin 

mg L-1 

Rio 

Grande 

Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Mean 

0  75.3 
A
 77 

A
 67 

A
 62.3 

A
 82 

A
 72.8 

A
 80 

A
 80 

A
 68.7 

A
 

66 
A
 79.3 

A
 74.8 

A
 

10 62.0 
B
 57 

B
 52.7 

B
 50.7 

B
 64.7 

B
 57.5 

B
 66 

B
 63.7 

B
 55.3 

B
 

53 
B
 70.3 

B
 61.6 

B
 

25 0.0 
C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.00 

C
 0.00 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 

50 0.0 
C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.00 

C
 0.00 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 

75 0.0 
C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.00 

C
 0.00 

C
 0.0 

C
 0.0 

C
 0.0 

C
 0.0 

C
 

Means 22.47 
C
 27 

AB
 23.93 

BC
 

22.6 
B
 29.33 

A
  29.2 

A
 28.7 

A
 24.8 

B
 

23.8 
B
 

29.93 
A
  

  Means not followed by the same letter within a group are significantly different at LSD= 0.01 

   

  Table 4.75. Effect of different concentration of hygromycin on growth of tomato cultivars to determine the 

lethal dose of hygromycin for transformation experiments. 

 

 

 

 

 

 

 

 
 

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 20 10 2.454 .0912 

2 Genotypes (A) 4 909 227 54.306 .0000 

4 Explant (B) 1 56 56 13.472 .0004 

6 AB 4 7.7 1 .4640 .7619 

8 Treatment (C) 4  163184 40796 9740.82 .0000 

10 AC 16 1437 89 21.458 .0000 

12 BC 4 101 25 6.071 .0002 

14 ABC 16 57 3 .8570 .6190 

-15 Error 98 410 4   

 Total 149 166186    

Hygromycin mg 

L-1 

Rio Grande Roma Pusa Ruby  Pant Bahr Avinash Mean 

0  75.67 A 78.67 A 67.83 A 64.17 A 80.67  A 73.80 A 

10 64.00 B 60.67 B 54.00 B 51.83 B 67.50 B 59.60 B 

25 0.00 C 0.00 C 0.00C 0.00 C 0.00 C 0.00 C 

50 0.00 C 0.00 C 0.00C 0.00 C 0.00 C 0.00 C 

75 0.00 C 0.00 C 0.00C 0.00 C 0.00 C 0.00 C 

Means 28.33 A 27.87 A 24.37 B 23.20 B 29.3 A  
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Figure 4.16. Callus and shoot initiation of leaf discs with 25 mgL
-1

 hygromycin. 3-week-

old leaf discs and hypocotyls of Lycopersicon esculentum cvs were transformed with 

Agrobacterium tumefaciens EHA101 strain harboring pTCL5 binary vector. The 

photograph demonstrates 4 weeks after the transformation process. Leaf discs derived calli 

on selection medium with different concentrations of acetosyringone (a, b) 50 µM (c) 100 

µM (d) 200 µM (e, f) 400 µM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 
b 

d 

c 

e f 

a 
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Figure 4.17. Hygromycin resistant calli derived from hypocotyls undergoing 

morphogenesis formation of shoots 4 week after transformation with 100µM 

acetosyringone (a) Rio Grande (b) Roma (c) Pusa Ruby. Callus and multiple shoot 

development in leaf discs of tomato, five-week after transformation with 400 µM 

acetosyringone (d) Rio Grande (e) Avinash (f) Pant Bahr. Hygromycin resistant hypocotyl 

derived plants before shifting to soil. cvs (g) Roma (h) Avinash (i) Pusa Ruby.    
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d e f 

g h i 
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4.10.7.2. Hygromycin resistant plants  

Analysis of variance for hygromycin resistant plants in various tomato genotypes 

and explants is shown in (Table 4.78). Statistically significant differences for genotypes, 

explants source was observed while non significant variations for genotype × explants 

interaction were recorded. 

Hypocotyls produced relatively greater number of hygromycin resistant plants 

versus the leaf discs. Highest number of hygromycin resistant plants were produced in 

Avinash (54%), followed by Rio Grande (51.33%), Roma (42.33%) with Pusa Ruby and 

Pant Bahr values were quiet low e.g. 12.33% and 5.33% in hypocotyls (Figure 4.17). 

While in leaf discs derived calli, highest hygromycin resistant calli 49.67% was observed 

in Avinash followed by Rio Grande 42.67%, 39.67% in Roma, Pusa Ruby and Pant Bahr. 

Non significant difference was observed among Rio Grande, Roma and Avinash which 

were significantly different from Pusa Ruby and Pant Bahr for GUS activity (Table 4.79; 

Figure 4.16; 4.17). 

4.10.7.3. Development of GUS +ive shoots  

Analysis of variance for hygromycin resistant and GUS +ive plants for different 

tomato genotypes and explants is shown in (Table 4.80). Statistically significant 

differences for genotypes and non significant variation among explants source and for the 

interaction genotype × explants were recorded. 

Relatively greater number of GUS +ive plants was produced in hypocotyls derived 

calli as compared to leaf discs derived calli. Maximum number of GUS +ive plants were 

produced in Rio Grande (33.6%), followed by Avinash (32.5%), Roma (25.3%), Pusa 

Ruby (7%) and Pant Bahr (3.67%) from hypocotyls. However, from leaf discs derived 

calli highest number of GUS +ive plants were observed in Rio Grande (32.33%), followed 

by Avinash (30.0%), 23.0% in Roma. Non significant differences for GUS positive plants 

were observed among Rio Grande, Roma and Avinash. Pusa Ruby and Pant Bahr 

produced statistically less number of GUS +ive plants as compared to other three 

genotypes (Table 4.81; Figure 4.17). 

4.10.7.4. Transformation efficiency of the tomato cultivars  

Analysis of variance for transformation efficiency in various tomato genotypes and 

explants is shown in (Table 4.82). Statistically significant differences for genotypes and 
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nonsignificant variations for explants source and genotype × explants interaction was 

recorded. 

Relatively greater transformation efficiency was obtained in hypocotyls as 

compared to leaf discs. Highest transformation efficiency were recorded in Rio Grande 

(42.08%), followed by Avinash (40.62%), Roma (31.67%), Pusa Ruby (8.75%) and Pant 

Bahr (4.58%) in hypocotyls. While in case of leaf discs maximum transformation 

efficiency (40.4%) was observed in Rio Grande followed by Avinash (37.50%), Roma 

(28.73%), Pusa Ruby (7.5%) and Pant Bahr (4.18%). Rio Grande, Roma and Avinash 

were statistically similar and significantly different from Pusa Ruby and Pant Bahr (Table 

4.83; Figure 4.18). 

4.10.7.5. Establishment of transformants 

Callus tissues with regenerating shoots were removed from the hypocotyls 

explants and transferred to rooting medium (Table 3.10). Multiple shoot formation was 

achieved through a process of organogenesis after 2-4 weeks (Figure 4.15). 

4.10.7.6. Survival of plants after establishment in glass house  

Analysis of variance for plants survival in various tomato genotypes and explants 

is shown in (Table 4.84). Statistically significant differences for genotypes and explant 

source were recorded whereas non significant variations for their interaction, genotype × 

explants were observed. 

Highest number of plants were survived in Rio Grande (15.33%), followed by 

Avinash (14%), Roma (11.67%) with Pusa Ruby and Pant Bahr values were quiet low e.g. 

4% and 3% in hypocotyls. Maximum plants survival (14%) was observed in Rio Grande 

followed by Avinash (11.6%), (10.3%) in Roma, Pusa Ruby and Pant Bahr with leaf disc. 

Non significant difference was observed among Rio Grande, Roma and Avinash which 

remained statistically significant with Pusa Ruby and Pant Bahr (Table 4.85). 

           More than three hundred hygromycin resistant and GUS expressing plants were 

produced and transferred to establishment room. Plants from independent hygromycin 

resistant calli of cultivars were evaluated for phenotypic characterization and fertility in 

the glass house. All the plants exhibited normal phenotype with a usual life cycle (Figure 

4.17), were maintained in standard conditions and subjected to molecular characterization.  
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Table 4.76. Analysis of variance for hygromycin resistant calli in leaf disc and hypocotyls.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 57 28 1.7950 .1946 

2 Genotypes (A) 4 14623 3655 226.81 .0000 

4 Explant (B) 1 149 149 9.2833 .0069 

6 AB 4 131 32 2.0401 .1316 

-7 Error 18 290 16   

 Total 29 15252    

 Table 4.77. Hygromycin resistant calli in produced in transformation of tomato cultivars using leaf disc and 

hypocotyls. 

 

Explant Rio Grande Roma Pusa Ruby Pant Bahr Avinash Means 

Hypocotyl 71.67 A 62.3 A 21.67 B 20.00 B 70.33 A 49.20 

Leaf discs 61.67 A 62.3 A 20.57 B 17.67 B 61.33 A 44.73 

Mean 66.67 A 62.3 A 21.17 B 18.83 B 65.83 A  

  Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.78. Analysis of variance for hygromycin resistant plants in leaf disc and hypocotyls.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 50 25 2.64 .0986 

2 Genotypes (A) 4 11037 2759 288.10 .0000 

4 Explant (B) 1 93 93 9.77 .0058 

6 AB 4 63 15 1.66 .2013 

-7 Error 18 172 9   

 Total 29 11418    

 

Table 4.79. Hygromycin resistant plants in produced in transformation of tomato cultivars using leaf disc 

and hypocotyls. 

 

Explant Rio Grande Roma Pusa Ruby Pant Bahr Avinash Means 

Hypocotyl 51.33 AB 42.3  AB 12.33 C 5.333 C 54.00 A 33.067 

Leaf discs 42.67  AB 39.67 B 10.33  C 5.333 C 49.67 AB 29.533 

Mean 47.00  AB 41.00 B 11.33 C 5.333 C 51.83 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.80. Analysis of variance for GUS positive shoots produced in leaf disc and hypocotyls.  

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 26 13 2.672 .0963 

2 Genotypes (A) 4 4610 1152 232.2 .0000 

4 Explant (B) 1 16 16 3.40 .0817 

6 AB 4 5 1.2 .251 .9047 

-7 Error 18 89 4.9   

 Total 29 4749    
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Table 4.81. GUS positive shoots produced  in transformation of tomato cultivars using leaf disc and 

hypocotyls. 

 

Explant Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Hypocotyl 33.67 A 25.33  AB 7.00 C 3.667 C 32.50 A 20.433 

Leaf discs 32.33 A 23.00 B 6.00  C 3.333  C 30.00 AB 18.933 

Mean 33.00 A 24.17 B 6.500 C 3.500  C 31.25 A  

Genotype LSD .01= 5.921 

Genotype × Explant LSD .01= 33.67 

 

 Table 4.82. Analysis of variance for transformation efficiency in leaf disc and hypocotyls. 

  

K value Source D.F S.S M.S F value Probability 

1 Replication 2 40 20 2.620 .1003 

2 Genotypes (A) 4 7203 1800 231.762 .0000 

4 Explant (B) 1 26 26 3.39 .0820 

6 AB 4 7.9 1.9 .255 .9027 

-7 Error 18 139 7.7   

 Total 29 7418    

 

  Table 4.83. Transformation efficiency of tomato cultivars using leaf disc and hypocotyls. 

 

Explant Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Hypocotyl 42.08 A 31.67 AB 8.750 C 4.583 C 40.62 A 25.541 

Leaf discs 40.42 A 28.73 B 7.500 C 4.183 C 37.50 AB 23.667 

Mean 41.25 A 30.20 B 8.125 C 4.383 C 39.06 A  

  Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.84. Analysis of variance for plants survival. 

 

K value Source D.F S.S M.S F value Probability 

1 Replication 2 6.6 3.3 2.652 .09779 

2 Genotypes (A) 4 720.6 180.16 144.82 .0000 

4 Explant (B) 1 10 10.8 8.678 .0086 

6 AB 4 3.5 .883 .709 .5958 

-7 Error 18 22.4 1.24   

 Total 29 764    

    

Table 4.85. Survival of transformed plants in tomato cultivars. 

 

Explant Rio Grande Roma Pusa 

Ruby 

Pant 

Bahr 

Avinash Means 

Hypocotyl 15.33 A 11.67 AB 4.00 C 3.00 C 14.00 AB 9.600 

Leaf discs 14.00 AB 10.33 B 3.667 C 2.333 C 11.67 AB 8.400 

Mean 14.67 A 11.00 B 3.833 C 2.667 C 12.83 AB  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 
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Figure 4.18. Regeneration performance of cultivar tomato for hygromycin resistant plants 

on selection medium coming out of hygromycin resistant calli at 400µM acetosyringone 

(a, b, c) Hypocotyl derived  (d, e, f) Leaf disc derived. 

 

 

 

            

 

 

 

 

 

 

 

 

Figure 4.19. Transformed hypocotyls derived callus at 400µM acetosyringone and 100 mg 

L
-1 

hygromycin 
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Figure 4.20. Different steps involved in transformation of tomato cvs (a) In-vitro seedlings 

(leaf discs and hypocotyls segment) (b) co-cultivation of leaf disc (c) co-cultivation of 

hypocotyl (d) GUS expression of hypocotyls 2 days after co-cultivation (e) Leaf disc with 

GUS expression (f) Leaf discs and hypocotyls on pre selection medium (g) Leaf discs 

proliferating to callus on selection medium (h) Hypocotyl derived calli forming plant on 

selection medium (i) Hygromycin resistant plant.  
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4.11. Comparison of the transgenic and control plants in glass house 

Plants were shifted from the polythene bags to pots after 2 weeks and different 

morphological characters were studied (Figure 4.21). 

Morphological characters 

4.11.1. Plant height 

Analysis of variance for plant height obtained in the transgenics and the control 

plants is shown in (Table 4.86). Plant height varied highly significantly for the genotypes 

and transgenics but their interaction i.e., genotypes × transgenics was non significant.  

Data showed significantly less plant height in transgenics as compared to their 

respective controls in all the genotypes. Maximum plant height of transgenics was 

obtained in Roma followed by Rio Grande, Avinash, Pusa Ruby and Pant Bahr. Height per 

plant in control varied from 80.33 cm in Pusa Ruby to 90.0 cm in Roma while it was 

maximum in Roma 57.3 cm and minimum in Pant Bahr (43.4 cm) (Table 4.87; Figure 

4.21).  

4.11.2. Number of leaves  

Number of leaves obtained per plant for the transgenics and control plants showed 

highly significant variations for the genotypes, transgenics as well as their interaction i.e., 

genotypes × transgenics (Table 4.88).  

Significantly less number of leaves was produced in transgenics as compared to 

their respective controls in all genotypes. Maximum number of leaves per plant was 

recorded in transgenics of Pusa Ruby (31) followed by Pant Bahr (30), Roma (27), Rio 

Grande and Avinash (25) genotype, while it varied from 94.67 in Avinash to 65.67 in Pusa 

Ruby in control (Table 4.89; Figure 4.21).  

4.11.3. Number of branches  

Analysis of variance for the number of branches per plant is shown in (Table 

4.90). Statistically non significant difference was determined for the genotypes and the 

interaction i.e., genotypes × transgenics, while significant differences for the transgenics 

were observed. 

Number of branches was statistically not varied in all the genotypes. In control 

plants more number of branches was recorded as compared to transgenics which were 

statistically similar with each other for all genotypes (Table 4.91). Number of branches 
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varied from 3-4 in all genotypes tested in the control while were from 1-2 in the 

transgenes. The variation for number of branches was non significant among all the 

genotypes tested in the control and the transgenics.   

4.11.4. Days to flowering 

Analysis of variance for days to flowering of control and transgenes is given in 

(Table 4.92). Data indicated the highly significant variation in the days to flowering for 

genotypes and transgenes while a significant response was recorded for their interaction 

(Table 4.92). 

Transgenic took longer to flower as compared to the control plants in all the 

genotypes. Maximum delay in flowering was recorded in the transgenes of Avinash (67 

days) as compared to control (30 days) followed by Pant Bahr, Roma, Pusa Ruby and 

Rio Grande (Table 4.93; Figure 4.21).     

4.11.5. Days to fruiting  

Analysis of variance for days to fruiting showed highly significant variation among 

the genotypes and transgenes while non significant interaction was determined between 

the interactions of genotypes and transgenic pants (Table 4.94).  

Data showed a significant increase in the number of days to fruiting in transgenes 

as compared to the control plants (Table 4.95). However, transgenes of all the genotypes 

were statistically similar to each other, with maximum number of days to fruiting in Pant 

Bahr followed by Roma, Avinash, Pusa Ruby and Rio Grande.  

4.11.6. Number of fruits 

 Number of fruits produced on the transgenes and control plants varied highly 

significantly among the genotypes, transgenes as well as their interaction i.e., genotype 

× transgenes (Table 4.96). Number of fruits produced per plant among genotypes varied 

from 14-32 tested while it ranged from 4- 12 in the transgenes. 

 Statistically fewer fruits were produced by the transgenes as compared to 

their respective control plants in all the genotypes (Table 4.97; Figure 4.17). Maximum 

number of fruits was observed in Pusa Ruby (12) in comparison to control (27), was 

followed by Avinash (10) against control (32), and was followed by Roma, Pant Bahr and 

Rio Grande.  
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Table 4.86. Analysis of variance for height of transgenics and control tomato cultivars.  

 
 

 

 

 

 
 

Table 4.87. Height of the transgenics and control tomato plants in five cultivars used. 

 

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 86.86 AB 90.53 A 80.33 B 81.333 B 87.33 AB 85.280 

Transgene 55.267 C 57.30 C 46.40 DE 43.400 E 52.20 CD 50.913 

Mean 71.067 A 73.91 A 63.36 B 62.367 B 69.767 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.88. Analysis of variance for number of leaves of tomato cultivars. 

 
 

 

 

 

 

 
Table 4.89. Number of leaves of the transgenics and control tomato plants in five cultivars used. 

 

 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.90. Analysis of variance for number of branches of tomato cultivars. 

 

 

 

 

 

 

 
Table 4.91. Number of branches of the transgenics and control tomato plants in five cultivars used. 

 
 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 4.000 A 3.000 A 4.000 A 3.000 A 3.667 A 3.533 

Transgene 1.333 A 2.000 A 1.333 A 1.000 A 1.333 A 1.400 

Mean 2.667 A 2.500 A 2.667 A 2.000 A 2.500 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 

 

 

K value Source D.F SS MS F value Probability 

1 Replication 2 24 12 2.368 .122 

2 Factor A (Genotype) 4 604 151 28.769 .000 

4 Factor B (Transgene) 1 8858 8858 1687.3 .000 

6 AB 4 33 8 1.602 .216 

-7 Error 18 94 5   

 Total 29 9615    

   K value Source D.F SS MS F value Probability 

1 Replication 2 6 3 .5376 .5932 

2 Factor A (Genotype) 4 681 170 29.55 .0000 

4 Factor B (Transgene) 1 16850 16850 2922.0 .0000 

6 AB 4 1095 273 47.50 .0000 

-7 Error 18 103 5   

 Total 29 18733    

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 72.667 BC 66.00 C 65.667 C 76.000 B 94.667 A 75.00 

Transgene 25.00 D 27.00 D 31.000 D 30.000 B 25.000 D 27.60 

Mean 48.833 BC 46.50 C 48.333 BC 53.000 B 59.833 A  

K value Source D.F SS MS F value Probability 

1 Replication 2 6 3 2.88 .0821 

2 Factor A (Genotype) 4 1.8 .45 .401 .8054 

4 Factor B (Transgene) 1 34 34 30.41 .0000 

6 AB 4 2 .7 .638 .6417 

-7 Error 18 20 1.1   

 Total 29 65    
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Table 4.92. Analysis of variance for days to flowering of tomato cultivars. 

 
 

 

 

 

 

 

 

Table 4.93. Days to flowering of the transgenics and control tomato plants in five cultivars used. 

 

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 22.667 
B
 24.0 

B
 27 

CD
 37.00 

C
 30.333

 CD
 28.20 

Transgene 54.000
 B

 57 
AB

 55.0 
B
 64.0 

AB
 67.333 

A
 59.467 

Mean 38.333 
B
 40.5 

B
 41.0 

B
 50.50 

A
 43.833 

A
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

  Table 4.94. Analysis of variance for days to fruiting in tomato cultivars. 

 
 

 

 

 

 

 

 

  Table 4.95. Days to fruiting of the transgenics and control tomato plants in five cultivars used. 

 

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 31.00 
D
 34.67 

CD
 33.33

 CD
 48.33 

BC
 40.0 

CD
 37.467 

Transgene 58.00
 AB

 72.67
 A

 68.00 
A
 73.00 

A
 70.00 

A
 68.333 

Mean 44.50 
B
 53.67

 AB
 50.67 

AB
 60.67 

A
 55.0 

AB
  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

  Table 4.96. Analysis of variance for number of fruits in tomato cultivars. 

 
 

 

 

 

 

 

 

  Table 4.97. Number of fruits of the transgenics and control tomato plants in five cultivars used. 

 

 
 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 
 

 

K value Source D.F SS MS F value Probability 

1 Replication 2 .467 .233 .02 .9719 

2 Factor A (Genotype) 4 713 178 21.74 .0000 

4 Factor B (Transgene) 1 7332 7332 894.55 .0000 

6 AB 4 97 24 2.962 .0482 

-7 Error 18 147 8   

 Total 29 8290    

K value Source D.F SS MS F value Probability 

1 Replication 2 120 6 .3868 .6847 

2 Factor A (Genotype) 4 8450 211 12.7688 .0000 

4 Factor B (Transgene) 1 7145 7145 431.809 .0000 

6 AB 4 1790 44 2.7073 .0632 

-7 Error 18 297 16   

 Total 29 8480    

  K value Source D.F SS MS F value Probability 

1 Replication 2 16 8 2.483 .1115 

2 Factor A (Genotype) 4 575 143 42.39 .0000 

4 Factor B (Transgene) 1 2726 2726 802.7 .0000 

6 AB 4 211 52 15.56 .0000 

-7 Error 18 61 3   

 Total 29 3591    

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 14.667 B 31.000 A 27.000 A 32.333 A 32.333 A 27.467 

Transgene 4.00 C 8.000 BC 12.000 B 8.000 BC 10.00 BC 8.400 

Mean 9.33 B 19.500 A 19.500 A 20.167 A 21.167 A  



Chapter 4                                                                                                                                                 Results                                                                                                                                                                                      

126 

 

   

   

   

    

 

Figure 4.21. Comparison of transgenic and control plant acclimatized and shifted to pots 

from polythene bags. Control (detached) and transgenic leaf. (a) Rio Grande. (b)  Roma. 

(c) Control (detached) and transgenic flower of Avinash. Comparison of the control and 

transgenic plant (right is control) 3 weeks after transplanting. (d) Rio Grande. (e) Roma (f) 

Pusa Ruby (5 weeks after transplanting). Transgenic plants of acclimatized putatively 

transgenic plants under the biocontainment greenhouse (g) Rio Grande, Roma and 

Avinash Transgenic acclimatized and shifted to pots from polythene bags (h) Pusa Ruby, 

control and transgenic. (i) Pant Bahr control and transgenic. Transgenic and control fruit 8 

week after transplanting of Lycopersicon esculentum cultivars ( j) Avinah (k) Rio Grande. 

(l) Pusa Ruby. 
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4.11.7. Fruit width 

           Analysis of variance for fruit width indicated highly significance difference for 

the genotypes, transgenes and also for their interaction; i.e., genotype × transgene (Table 

4.98). 

Fruit width was decreased significantly in transgene as compared to the respective 

control genotype. Maximum fruit width was recorded in Avinash (4.2 cm) in comparison 

to control (5.0 cm), followed by Pant Bahr, Pusa Ruby, Rio Grande and Roma (Table 

4.99).  

4.11.8. Fruit height 

           Fruit height varied highly significantly among the genotypes, transgenes and their 

interaction; i.e., genotype × transgenes (Table 4.100).  

           Height of fruit development on the transgene plant was reduced significantly in 

all genotypes. Roma fruit was highest (6.5), smaller than control (5.5), followed by Pusa 

Ruby and Rio Grande, Avinash and Pant Bahr (Table 4.101).  

4.11.9. Days to maturity 

           Days to maturity were varied highly significantly for the genotypes and transgene 

whereas only significantly for their interaction i.e., genotype × transgenes (Table 4.102).  

Days to maturity increased significantly against control plants in all genotypes (Table 

4.103). Maximum days to maturity were taken by the transgenes of Avinash (142) in 

comparison to control (96), followed by Pant Bahr, Pusa Ruby, Roma and Rio Grande 

genotype. 

4.12. Analysis of transgenic plants 

4.12.1. Polymerase chain reaction (PCR) for the presence of HPT and Xa21 gene 

Transgenic plants from five tomato cultivars were analyzed by PCR to confirm the 

integration of Xa21 and HPT in the receptor tomato genome. The PCR results of 

transgenic tomato cultivars are displayed in (Figure 4.22; 4.23). The expected 670bp HPT 

and 1.4kb of Xa21 specific fragment was amplified from transgenic plants. Only one plant 

of Pant Bahr (L5) band was devoid of Xa21 and in (L5) band was not observed for one 

Roma plant for HPT gene, whereas no identical fragment was obtained from non-

transgenic control plants (Figure 4.22; 4.23). 

 

 



Chapter 4                                                                                                                                                 Results                                                                                                                                                                                      

128 

 

Table 4.98. Analysis of variance for fruits width in tomato cultivars. 

 

 

 

 

 

 

 
Table 4.99. Fruits width of the transgenics and control tomato plants in five cultivars used. 

 

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 4.70 ABC 4.000 CD 4.867 AB 4.000 CD 5.000 A 4.513 

Transgene 3.90 DE 3.200 E 4.000 CD 4.033 CD 4.200 BCD 3.867 

Mean 4.30 AB 3.600C 4.433 AB 4.01 BC 4.60 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 
Table 4.100. Analysis of variance for fruits height of tomato cultivars. 

 

 

 

 

  

 

 
Table 4.101. Fruits height of the transgenics and control tomato plants in five cultivars used. 

 
 

 

 

 
Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

Table 4.102. Analysis of variance for daya to maturity of tomato cultivar used. 

 

 

                

 

 

 

                
                     Table 4.103. Days to maturity of the transgenics and control tomato plants in five cultivars used. 

 

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 74.333 F 84.33 EF 87.67 EF 92.33 DE 96.00 DE 86.933 

Transgene 105.67 CD 118.3 BC 122.33 B 129.0 AB 142.67 A 123.60 

Mean 90.00 C 101.33 B 105.0 B 110.67 AB 119.33 A  

Means not followed by the same letter within a group are significantly different at LSD= 0.01 

 

 

 

 K value Source D.F SS MS F value Probability 

1 Replication 2 .002 .00 .022 .9781 

2 Factor A (Genotype) 4 3 .92 20.55 .0000 

4 Factor B (Transgene ) 1 3 3.1 69.581 .0000 

6 AB 4 .87 .21 4.836 .0079 

-7 Error 18 .81 .04   

 Total 29 8.52    

 K value Source D.F S.S M.S F value Probability 

1 Replication 2 .09 .04 1.7115 .2087 

2 Factor A (Genotype) 4 9.52 2.3 83.1481 .0000 

4 Factor B (Transgene ) 1 17.63 17 615.9122 .0000 

6 AB 4 5.30 1.3 46.3098 .0000 

-7 Error 18 .51 .029   

 Total 29 33.07    

 Rio Grande Roma Pusa Ruby Pant Bahr Avinash Mean 

Control 6.100 AB 6.500 A 6.400 A 6.400 A 5.133 C 6.107 

Transgene 5.100 C 5.500 BC 5.100 C 3.200 E 3.967 D 4.573 

Mean 5.600 A 6.000 A 5.750 A 4.800 B 4.550 B  

 K value Source D.F S.S M.S F value Probability 

1 Replication 2 13 6 .3907 .6822 

2 Factor A (Genotype) 4 2853 713 40.19 .0000 

4 Factor B (Transgene) 1 10083 10083 568.13 .0000 

6 AB 4 209 52 2.948 .0489 

-7 Error 18 319 17   

 Total 29 13479    
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4.12.2. Evaluation of transgenic plants (To) against bacterial wilt 

           More than three hundred hygromycin resistant and GUS positive plants were 

produced in transformation experiments. About 5% of plants were albinos and failed to 

survive in soil. All other plants exhibited normal growth and normal life cycle. Only 15 

plants of Rio Grande, 12 of Roma, 7 of Pusa Ruby and Pant Bahr and 15 of Avinash grew 

to maturity and produced seeds. To evaluate resistance of transgenic plants to bacterial 

wilt pathogen, all the transgenic lines were inoculated with eight strains/isolates (more 

virulent in comparison to control tomato cultivars) on three-week-old seedlings. It was 

noted that all PCR positive transgenic plants were resistant (Table 4.104; Figure 4.24). 

 4.12.3. Resistance analysis of T1 transgenic lines 

           The resistance spectrum was evaluated for transgenic T1 plants/lines. The reaction 

of the transgenic T1 plants to bacterial wilt pathogen was studied with STM (Figure 4.24). 

All the detected GUS-positive (Figure 4.25) T1 plants were resistant as To plants. The 

pattern of segregation in the off spring of seven of independent transformants is listed in 

(Table. 4.105).  

4.12.4. PCR for the presence of Hygromycin Phosphotransferase (HPT) gene 

           To determine the integration of hygromycin resistant gene, an analysis of the PCR 

amplification band of 670 bp of hygromycin-resistant gene was determined in tomato 

cultivars, only one plant of Pant Bahr did not show hygromycin band in T1 plants (L2) 

(Figure 4.26). 

Inheritance and Mendelian segregation 

4.12.5. Lethal dose for hygromycin resistant seeds 

            An appropriate concentration of hygromycin for selecting hygromycin-resistant 

tomato seeds was verified. T1 hygromycin resistant seeds of two cultivars Rio Grande (1, 

2, 3) and Pant Bahr (1, 2, 3 and 4) were germinated on MS medium containing a lethal 

dose of hygromycin (25 mg L
-1

). Control tomato seeds did not escaped from this selection 

medium, whereas some T1 progeny seeds germinated in 4-5 days. The genetic segregation 

to hygromycin resistance was observed in T1 progeny seedling. The survival rate of 

transformed tomato seeds on the medium containing hygromycin 25 mg L
-1

 was 78%. 

GUS expression was checked as well in T1 seedlings and Mendelian segregation was 

observed (Figure 4.25). 
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 Figure 4.22.  PCR screening for the presence of Xa21 gene in putative transgenic tomato 

plants using Agrobacterium tumefaciens strain EHA101 (pTCL5) in To regeneration.   

M.               1 kb molecular weight ladder (M) 

P.                    pTCL5  

-ve control    gene is absent 

Lane 1.    Rio Grande  

Lane 2.    Roma  

Lane 3.  Pusa Ruby  

Lane 4.  Pant Bahr  

Lane 5.   Pant Bahr 

Lane 6               Avinash 

 

 

 

                                                   
Figure 4.23.  PCR screening for the presence of HPT gene in putative transgenic tomato 

plants using Agrobacterium tumefaciens strain EHA101 (pTCL5)   

M.              100 bp molecular weight ladder (M) 

P.                pTCL5  

-ve control    gene is absent 

Lane 1.    Rio Grande  

Lane 2.         Roma  

Lane 3.  Pusa Ruby  

Lane 4.  Pant Bahr  

Lane 5.   Roma 

Lane 6.   Avinash  
 

1.6 kb 

1.4 kb 

1.2 kb 

M     P      ive    1      2        3     4    5       6               

670 bp 

M          P      -ive      1          2       3       4          5        6        
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Table  4.104. Symptoms development after the inoculation of tomato transgenic To plants with Xa21 gene 

with P. solanacearum. 

 

Bacterial strain source
 a)

 Replicates Tomato cultivars  Days after inoculation 

 7 14  21 

STM 1 Roma  - -    - 

STM 2 Roma  - -    - 

STM 3 Roma  - -    + 

VP 1 Roma  - -    - 

VP 2 Roma  - -    - 

VP 3 Roma  - +    - 

STM 1 Rio Grande  - -    - 

STM 2 Rio Grande  - -    - 

STM 3 Rio Grande  -  -    -  

VP 1 Rio Grande  - -    + 

VP 2 Rio Grande  - -    - 

VP 3 Rio Grande  - -    - 

STM 1 Pusa Ruby  - -    - 

STM 2 Pusa Ruby               - -    - 

STM 3 Pusa Ruby  - -    - 

VP 1 Pusa Ruby  - -    - 

VP 2 Pusa Ruby  -     - 

VP 3 Pusa Ruby  - -    - 

STM 1 Pant Bahr  - -    - 

STM 2 Pant Bahr  - -    - 

STM 3 Pant Bahr  - -    - 

VP 1 Pant Bahr  - -    - 

VP 2 Pant Bahr  - -    - 

VP 3 Pant Bahr  - -    - 

STM 1 Avinash  - -    - 

STM 2 Avinash  - -    - 

STM 3 Avinash  - -    - 

VP 1 Avinash  - -    + 

VP 2 Avinash  - -    - 

VP 3 Avinash  - -    - 
a
P. solanacearum isolates from stem exudates (STM) and vascular portion (VP) were 

streaked on TZC medium. 
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Figure 4.24. Comparison of the transgenic and the control plant after P. solanacearum 

inoculation; transgenic leaf showed very little or no symptoms 3 weeks after inoculation 

(c, e, f)  Roma, Rio Grande and Avinash show delayed symptoms (a, b, d) in comparison 

to Pusa Ruby and Pant Bahr. 
 

   

 

   

 

Figure 4.25. GUS expression of the leaf, hypocotyls and roots of T1 seedling to confirm 

the Mendalian segregation in T1 generation. Comparison of the control and transgenic leaf 

of (a) Roma (b) Rio Grande (c) Avinash (d) Control and transgenic hypocotyls of Rio 

Grande (e) Transgenic root of Rio Grande (f) Transgenic 3 week old seedling of T1 

generation. 
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                     Figure 4.26.   PCR analysis of transformed T1 plants of five tomato cultivars 

M         100 bp ladder 

P.          pTCL5 

-ve        control (gene is absent) 

Lane 1   Rio Grande 

Lane 2   Pant Bahr 

Lane 3   Roma     

Lane 4   Pusa Ruby 

Lane 5   Rio Grande  

Lane 6   Avinash   

  

             Table 4.105. Degree of susceptibility/tolerance/resistance observed after P. solanacearum inoculation in T1 

generation (two cultivars were tested) Expected ratio 3:1. 

 
Test lines of 

tomato 

Number of 

T1 seedling 

Susceptible  Resistant (no 

symptoms) 

χ2  P-value 

Rio Grande(1) 24 6 18 .0490 1.649 

Rio Grande (2) 30 8 22 .0601 1.631 

Rio Grande (3) 28 10 18 .4775 1.314 

Pant Bahr (1) 24 9 15 .5490 1.283 

Pant Bahr (2) 26 4 22 .3695 1.368 

Pant Bahr (3) 16 4 12 .0490 1.649 

Pant Bahr (4) 20 4 16 .1156 1.558 

 

            Table 4.106. Mendelian segregation of hygromycin and GUS gene in T1 seedling (Expected ratio: 3:1) 

Test lines of 

tomato 

Number of 

T1 seedling 

Hygromycin 

resistant 

Hygromycin 

susceptible 

Segregation of hygromycin 

GUS+ GUS- GUS+ GUS- χ2  P-value 

Rio Grande (7) 32 18 6 0 8 0 1.64 

Rio Grande (8) 26 14 6 6 0 0.01 1.62 

Rio Grande (9) 30 15 6 9 0 0.1 1.52 

Pant Bahr (12) 30 14 10 0 6 0.1 1.52 

Pant Bahr (8) 32 17 6 9 0 0.04 1.58 

Pant Bahr (6) 24 11 7 0 6 0 1.64 

Pant Bahr (7) 22 10 6 6 0 0.015 1.62 

 

670 bp 

  M         P        -ive        1           2           3         4           5          6 

 



 
 
 
 
 
 
 
 
 
 

     Proteomics 
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4.13. Proteomics 

           Proteomics was used for functional annotation of differentially expressed proteins in 

susceptible and resistant tomato cultivars. 

4.13.1. Determination and identification of modulated proteins in susceptible and 

resistant cultivars 

           Proteome technique was used to find out the proteins expressed in the susceptible and 

resistant cultivars. Proteins were extracted from leaf of 3-week-old seedlings, separated by 2-

DE. After detection by CBB staining, proteins were analyzed using PDQuest image 

analyzing software. By image analysis, differences in intensity of protein spots of the 

susceptible and resistant tomato cultivars were obtained. More than 400 proteins were 

reproducibly detected in each CBB-stained gel (Figure 4.27). 15 proteins out of them 

differentially change among resistant cultivars Roma and Rio Grande and susceptible 

cultivars Pusa Ruby and Pant Bahr. Out of them, 11 proteins were up regulated and 4 

proteins were down regulated in susceptible cultivars in comparison to resistant cultivars.  

The results indicate that many proteins were up regulated in resistant cultivars. Fifteen 

differentially expressed proteins were analyzed by protein sequencer. Differentially 

expressed proteins were identified in susceptible and resistant cultivars (Figure 4.27). 

4.13.2. Differentially modulated proteins in resistant and susceptible cultivars 

            Mean of the protein intensity was calculated from three independent experiments.  

Standard error and level of the significance was calculated (Figure 4.28). Six proteins (spots 

7, 9- 13) were not significantly expressed after image analysis. This result suggested that in 

this study four RuBisCO large subunits (spots 10- 13), oxygen evolving enhancer (spot 7) 

and ribonuclease pancreatic (spot 9) were identified but these proteins did not significantly 

changed between susceptible and resistant cultivars. This result suggested that RuBisCO 

large chain was not our target for disease resistance mechanism. 

            In the resistant cultivars, nine proteins (spots 1- 6, 8, 14 and 15) were differentially 

expressed; they were glycine dehydrogenase, stromal 70 kDa heat shock protein, 60 kDa 

chaperonin subunit, protein disulfide-isomerase, elongation factor Tu, RuBisCO activase, 

calgranulin, apical membrane antigen1 and plastocyanin (Table 4.107, Figure 4.23). Out of 

nine proteins 60 kDa chaperonin (spot 3) and apical membrane antigen 1 (spot 14) were  



Chapter 4                                                                                                                            Results 

135 

 

 

Figure 4.27.  2-DE patterns of leaf proteins of susceptible and resistant cultivars of tomato after 

staining by CBB.  Proteins were extracted from leaf of (A) Roma, (B) Rio Grande (C) Pusa Ruby (D) 

and Pant Bahr. The pI and Mr of each protein were determined using 2-DE markers. 

 

 
        

      Figure 4.28. Relative expression of changed proteins in tomato leaf.  The changes in protein spots 

were calculated with PDQuest software and plotted as relative intensities of 15 spots indicated in 

Figure 4.27.  Values are the means standard errors of protein volume of gels from three independent 

experiments.  Level of significance is calculated by DMRT.  White, light gray, dark gray and black 

bars represent Roma, Rio Grande, Pusa Ruby and Pant Bahr, respectively.  
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Table 4.107.  Characterization of the proteins of changes in leaf among tomato cultivars. 
 

Spot 

no. 

Mr pI Amino acid 

sequences 

Homologous protein (percentage 

of homology)  

Accession 

No 

Functional 

Category 

1 75.0 5.8 ISVEALKP Glycine dehydrogenase (100%) O49852 E/P Ph 

2 69.4 4.7 EKVVGIDLGT Stromal 70 kDa heat shock-related 

protein, chloroplast (100%) 

P31082 P/St 

3 58.8 5.0 AAKELHFNKD 60 kDa chaperonin (100%)  P21241 P/St 

4 56.4 5.2 EEKEYVLTLD Protein disulfide-isomerase (100) 

 

Q6IV17 P/St 

5 51.6 5.4 ARGKFERKKP Elongation factor Tu, chloroplast 

 (100%) 

P17745  P/Sy 

6 49.1 5.0 QEVDETKEDR RuBisCO activase, chloroplast (100%) 049074  E/Gly 

7 41.9 5.0 EGVPKRLTYD Oxygen-evolving enhancer protein 1, 

chloroplast (100%) 

P23322  E/Gly 

8 40.3 5.5 MVTTEXP Calgranulin-A (85.7%) P50115 D 

9 23.3 5.9 SVNTFTHE Ribonuclease pancreatic (85.7%) 

 

P19644 P/Sy 

10 7.1 5.2 FXVLAKALXM RuBisCO large chain (80%) 

 

P30828 E/Gly 

11 5.5 5.2 FXVLAKALXM RuBisCO large chain (80%) 

 

P30828 E/Gly 

12 7.1 4.9 AKALRMSGGD RuBisCO large chain (100%) 

 

P30828 E/Gly 

13 5.5 4.9 AKALRMSGGD RuBisCO large chain (100%) P30828 E/Gly 

14 

 

38.2 4.1 KFDLIP Apical membrane  

antigen 1 precursor (100%) 

P16445 D 

15 4.7 4.1 LEVLLGGDDG Plastocyanin chloroplast (100%) P17340 E/Gly 

 

D: defense, E/Gly: glycolysis pathway/glyoxylate cycle/gluconeogenesis, electron transport and 

photosynthesis, P/St: protein destination and storage, P/Sy: protein synthesis. 
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significantly up regulated in resistant cultivars as compared to susceptible cultivars (Figure 

4.28). 

4.13.3. JA and SA cascade 

             Three-week-old leaf of the Roma and Pant Bahr were treated with 100 μM of JA and 

1 mM SA for 1, 2 and 3 days. 

4.13.4. Evaluation of the morphological changes to tomato cultivars via JA and SA  

            To find out the differential protein produced in response to P. solanacearum in 

susceptible and resistant cultivars of tomato leaves were treated with JA and SA. Time 

course experiment was planned using leaf treated without and with 100 µM JA (Rakwal and 

Komatsu, 1999) and 1 mM SA (Gu et al., 2000) for 1, 2 and 3 days. Treatment with JA for 3 

days caused yellowing of leaves in both cultivars compared to the green control leaf in water 

(Figure. 4.29). Leaves of Pant Bahr with SA caused yellowing and the 3 day SA treatment 

caused discoloration of leaf, while leaves of Roma resulted in purple color at the bottom of 

leaf (Figure. 4.29)  

   Rakwal and Komatsu (2001) reported that leaves and leaf sheaths of rice seedlings 

responded to 100 μM JA with necrotic lesions and browning. They also indicated dose and 

time dependent drastic reductions in RuBisCO in JA treated leaves and leaf sheaths. The 

discoloration of the leaves indicated the reduction in chlorophyll content after treatment of 

JA and SA. The reduction in chlorophyll could be due to water stress as the leaves treated 

with JA and SA in water, but RuBisCO was significantly down regulated in comparison to 

control which was present in water stress as well.        

4.13.5. Determination of the proteins changed in susceptible and resistant cultivars  

To find out the proteins expressed in the susceptible and resistant cultivars treated with 

JA and SA, proteome technique was used.  Proteins were extracted from leaf of Roma and 

Pant Bahr of 3-week-old seedlings treated with JA and SA, and separated by 2-DE. After 

detection by CBB staining, proteins were analyzed using PD Quest image analyzing 

software. By image analysis, differences in intensity of protein spots of the susceptible and 

resistant cultivar of tomato were obtained. More than 400 proteins were reproducibly 

detected in each CBB-stained gel (Fig. 4.30; 4.31). 
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Figure 4.29.  Time-dependent morphological variations in tomato cultivars leaf in 

response to JA and SA treatment.  Leaves from 3-week-old tomato cvs Roma (c, d, e) and 

Pant Bahr (f, g, h) were treated with 100 µM JA for 1, 2 and 3 days after treatment 

respectively. Leaves from 3-week-old tomato cvs Roma (i, j, k) and Pant Bahr (l, m, n) 

were treated with 1 mM SA for 1, 2 and 3 days after treatment respectively. Control was 

same leaves in water without JA and SA Roma (a) and Pant Bahr (b). 
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20 of these proteins were differentially expressed in response to JA in Roma and Pant 

Bahr. Out of 20 proteins, spot numbers 4, 9, 10, 14- 20 were up regulated in both Roma and 

Pant Bahr; spot number 11, 12 and 13 were down regulated in Roma and Pant Bahr in 

response to JA; while spot numbers 5 and 6 were irrespective of JA treatment in Roma or 

Pant Bahr were cultivar dependent. Spot numbers 1, 3, 7 and 8 spot intensities remain 

unchanged in Roma but up regulated in Pant Bahr in response to JA while spot 2 down 

regulated in Roma and up regulated in Pant Bahr (Figure 4.30; 4.32 a, b).   

Fifteen proteins were selected as differentially expressed proteins in response to SA 

among Pant Bahr and Roma. From 15 proteins, spot numbers 4, 8, 10, 22, 23 and 24 were up 

regulated in both Pant Bahr and Roma; while spot numbers 6, 9 and 12 were up regulated in 

Pant Bahr or Roma irrespective of JA and SA treatment. Spot numbers 5, 7, 11, 21 and 25 

were up regulated in response to SA in only Pant Bahr and remain unchanged in Roma, while 

spot 2 was up regulated both in Roma and Pant Bahr already high intensity in Roma (Figure 

4.31; 4.33 a, b).   

4.13.6. Identification and functional annotations of differentially accumulated proteins 

in response to JA and SA 

Twenty one out of 25 proteins were analyzed by protein sequencer and MS (Table 

4.108).   Spot numbers 7, 8 and 10 could not be found on database search, and spot numbers 

12 and 16 were hypothetical protein. Out of remaining 16 proteins, spot numbers 1 (S- 

adenosyl methionine synthase 2), 3 (arginase 2), 5 (peroxiredoxin), 14 (threonine 

deaminase), 17 (polyphenol oxydase), 15, 19 and 20 (leucine aminopeptidase) were 

categorized in defense. Spot numbers 2 (iron ABC transporter), 6 (plastocyanin) and 9 

(glycin cleavage system H protein) were categorized in electron transport and photosynthesis, 

and spot numbers 13 (RuBisCO small chain) and 25 (ATP synthase epsilon chain) in 

glycolysis pathway, glyoxylate and gluconeogenesis.  Remaining spot number 4 (protein 

disulfide isomerase), 21 (60 kDa chaperonin) and 23 (translationally controlled tumor 

protein) were categorized in protein synthesis, protein destination/storage and cell 

growth/division, respectively. 
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  Figure 4.30. Time-dependent protein accumulation in response to JA treatment.  Leaves from 3-

week-old tomato cvs. Roma (A-D) and Plant Baht (E-H) were treated with 100 µM JA in water; 

while control was same leaf in water without JA (A and E).  Protein was extracted at 1 (B and E), 2 

(C and G) and 3 (D and H) days after treatment.  Proteins were separated by 2-DE and stained with 

CBB.  Twenty spots namely from 1- 20 except 12 were mentioned in 2 cultivars.  Upward arrows 

show the position of upregulated proteins and downward arrows indicate the position of down 

regulated proteins, while circles represent same protein in control. 
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Figure 4.31. Time-dependent protein accumulation in response to SA treatment. Leaves from 3-

week-old tomato cvs. Roma (A-D) and Plant Baht (E-H) were treated with 1 mM SA in water; 

while control was same leaf in water without SA (A and E).  Protein was extracted at 1 (B and 

E), 2 (C and G) and 3 (D and H) days after treatment.  Proteins were separated by 2-DE and 

stained with CBB.  Twenty spots namely from 1- 20 except 12 were mentioned in 2 cultivars.  

Upward arrows show the position of up regulated proteins and downward arrows indicate the 

position of down regulated proteins, while circles represent same protein in control. 
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Table 4.108.  Characterization of the leaf protein changes in response to JA and SA among tomato 

cultivars. 

 

a) % shows homology for identified proteins by protein sequencer.  * shows score identified proteins 

by MS.   

b) Abbreviations: P/ Sy, protein synthesis; D, defense; P/St, protein destination and storage; E/Gly, 

glycolysis pathway, glyoxylate cycle and gluconeogenesis; E/ Ph, electron transport and 

photosynthesis; Cell/ Div, cell growth and division. 

 

 

 

 

 

 

 

Spot 

No. 
Mr pI Amino acid 

sequences 

Protein name 
a)

 Accession  

No. 

Functional 

Category 

b) 

1 75.02 5.8 blocked (MS) S-adenosylmethionine syntetase 2 (83)* gi1170938 D 

2 69.4 4.6 blocked  (MS) iron ABC transporter (81)* gi57504871 E/ Ph 

3 41.8 5.4 blocked (MS) arginase 2 (98)* gi54648782 D 

4 70.4 4.3 EENEYVLTLD protein disulfide isomerase (90%) Q6IV17 P/ Sy 

5 31.03 3.5 ASELPLVGN peroxiredoxin (77.8%) O24364 D 

6 9.96 4 LEVLLGGDDG plastocyanin (100%) P17340 E/ Ph 

7 39.19 3.5 KFEXFTEAAI not hit    

8 54.83 4.5 AVNTFT not hit    

9 24.92 4.1 STVIDGLKYA glycine cleavage system H protein (90%)  P93255 E/ Ph 

10 30.35 4.6 LPSAKPXIL not hit    

11 28.99 4.7 blocked ND    

12 62.31 6.3 blocked (MS) hypothetical protein (81)* gi191174284  

13 14.04 4.4 QVWPPINMK RuBisCO small chain (100%) P07179 E/ Gly 

14 61.63 3.9 ALPLKMSPIV threonine deaminase (100%) P25306 D 

15 58.23 3.8 blocked (MS) leucine  aminopeptidase (148)* gi542030 D 

16 54.83 3.7 blocked (MS) hypothetical protein (81)* gi167387493  

17 71.15 4.9 blocked (MS) polyphenol oxidase (90)* gi1172582 D 

18 50.07 4.9 blocked ND    

19 45.31 4.7 VLAEEAKKIA leucine aminopeptidase (100%) Q42876 D 

20 34.43 4.3 blocked (MS) leucine aminopeptidase (141)* gi924628 D 

21 26.95 5.3 KAKEIAFDQQ 60 kDa chaperonin (77.8%) Q42694 P/St 

22 29.67 4.2 blocked ND    

23 39.87 4.2 MLVYQDLLT translationally controlled tumor protein (100%)  P50906 C/ Div 

24 53.47 4.2 blocked ND    

25 25.59 5.3 KLNLSVLTPN ATP synthase epsilon chain (100%) P00834 E/ Gly 
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     Figure 4.32 . Relative expression of changed proteins in response to JA in tomato leaf (a) Roma (b) Pant 

Bahr. The changes in protein spots were calculated with PDQuest software and plotted as relative 

intensities of 20 spots indicated in Figure 4.30. Values are the means standard errors of protein volume of 

gels from three independent experiments. White, light gray, dark gray and black bars represent control, 1, 

2 and 3 days after JA treatment, respectively. 
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     Figure 4.33. Relative expression of changed proteins in response to SA in tomato leaf (a) Roma (b) Pant 

Bahr. The changes in protein spots were calculated with PDQuest software and plotted as relative 

intensities of 15 spots indicated in Figure 4.31. Values are the means standard errors of protein volume of 

gels from three independent experiments. White, light gray, dark gray and black bars represent control, 1, 

2 and 3 days after SA treatment, respectively, in Roma.  
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Figure 4.34. Venn diagram analysis showing changed proteins. The numbers show protein spots 

accumulated in response to JA and SA treatment, categorized into cultivar induced, JA and SA 

induced and the proteins responsible for the susceptibility and resistance of the cultivars. 
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DISCUSSION

A wide range of plant growth regulators (PGRs) at varying concentrations have been 

used along with different explants for different cultivars of tomato in various studies for 

callus induction and regeneration and the choice of the right explants is genotype dependent 

(Gubis et al., 2003; Park et al., 2003; Bhatia et al., 2005; Raj et al., 2005; Roy et al., 2006; 

Bhatia and Ashwath, 2008). The development of viable callus and the subsequent 

regenerations into whole plants remains an empirical process. An improved understanding of 

various physical and chemical factors is therefore, required to develop protocols for 

morphogenesis of commercially important cultivars and is also necessary for production of

large number of elite transgenic plants.

5.1. Sterilization and germination of seeds

Seeds of five tomato cultivars cv. Rio Grande, Roma, Pusa Ruby, Pant Bahr and 

Avinash were sterilized with 8.0% Clorox and 68.05%-93.7% germination was observed on 

MS plain medium. The same Clorox percentage was used by (Chaudhry et al., 2001). The 

difference in germination rate is linked to the genotype (JaeBok et al., 2001). Reda et al. 

(2004) utilized 70.0% ethanol followed by 3.0% Clorox in sterilization of tomato seeds. Half 

strength MS media for in vitro germination of seeds was also reported (Gubis et al., 2003; 

Raj et al., 2005). Soniya et al. (2001) used leaf explants of L. esculentum (Mill.) cv. Sakthi 

from a field grown plant after sterilization in 70.0% ethanol and 0.1% mercuric chloride.

Seeds started germination 1st week after culturing and three week old seedling were used for 

tissue culture, transformation and proteomics studies. Hu and Philips (2001) used 2-3 weeks 

old while Reda et al. (2004) used explants from 6 days old seedling for callus induction. In 

related study, it was found that seed of tomato varieties generally germinate in 7-10 days 

after sowing and seedling are ready to be transplanted after 25-30 days (Hussain et al., 1990).

5.2. Factors affecting callus induction

In present studies callus formation was achieved on MS medium supplemented with 

auxins and cytokinins i.e., IAA, BAP, NAA, GA3, 2ip and kinetin. Nine different 

combinations were evaluated for calli induction, using hypocotyls and leaf discs of tomato 

cultivars. Hypocotyls (Sigareva et al., 2004; Rashid et al., 1996b; Jatoi et al., 1995; Park et 

al., 2003) and leaf disc (Soniya et al., 2001; Raj et al., 2005; Sigareva et al., 2004) have been

reported as explants source. Gubis et al. (2003) used hypocotyls, cotyledon, epicotyls, leaf
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petiole and internodes of 13 tomato cultivars for callus induction and reported that explants

affects callus induction and regeneration. De-differentiation of explants into callus followed 

or not followed by shoot formation is dependent on genotype, culture medium and 

physiological stage of the donor plant (Kurtz and Lineberger, 1983; Frankenberger et al., 

1981a; b; Davis et al., 1994). 

           Differential response among treatments, genotypes, explants and their interactions was 

recorded in this study (Table 4.3). Comparable results of callus induction have also been 

reported in other studies (Rashid et al., 1996b). The media containing1.5 mg L-1 GA3 and 0.5 

mg L-1 BAP (T6) was found to be the best combination for callus induction from both 

explants. In leaf disc derived callus induction maximum response was recorded in Rio

Grande, followed by Avinash while the reverse was true for hypocotyls (Table 4.4). Callus 

induction was slightly high in leaf disc, as compared to hypocotyls. Plevnes et al. (2006)

reported best callus induction with MS medium supplemented with 2.0 mg.dm-3 IAA and 1.0

mg.dm-3 of BAP in tomato cultivar ‘Maskotka’ and the wild form L. peruvianum. While in 

our experiment GA3 was efficient along with BAP.

Callus induction frequency was ranked second by the treatment having NAA and 2ip 

(T4) in the media followed by higher concentration of IAA and low amount of kinetin (T5). 

Media containing 2.0 mg L-1 2ip, 0.5 mg L-1 IAA (T7) gave maximum callus induction 

frequency in genotype Avinash followed by Roma, Rio Grande, Pusa Ruby and Pant Bahr 

with both e.g., leaf disc and hypocotyl explant source. Callus obtained from T4, T5, T6 were 

embryogenic with dark green spots, compact, with regenerative potential. Maximum callus 

formation frequency with 0.5 mg L-1 NAA, BAP,  IAA, 1.0 mg L-1 kinetin (T9) in the media 

was recorded for both explant in genotype Avinash, followed by Rio Grande, Roma, Pusa 

Ruby and Panth Bahr in this experiment. 

Highest percentage of callus formation was recorded for leaf disc in Rio Grande, 

followed by Avinash, Roma, Pusa Ruby and Pant Bahr with 1.0 mg L-1 NAA, 0.5 mg L-1 

kinetin (T3) in the media,. However, for hypocotyls it was maximum for Avinash, followed 

by Rio Grande, Roma, Pusa Ruby and Roma. Other three treatments (T8, T2 and T1) gave 

lesser callus formation frequency in all the genotypes for both explants.   

           The callus induction was negligible in the MS medium without the growth regulators,

probably at doses T5, T4, T6 T7 due to requirement of moderate concentrations of auxins 
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combined with relatively higher levels of cytokinins Gill et al., 1995; Kaparakis and 

Alderson, 2002). These results are also in line with Jatoi et al. (2001) who obtained 100% 

callus induction in medium with 10 µM BAP and 0.1 µM IAA. Kinetin was found to be 

important in greening of callus as well as chlorophyll retention in leaves while auxin was 

important for greening in rice callus but not for the chlorophyll retention in rice leaves

(Oritani and Yoshida, 1969). In tobacco callus low, intermediate and high kinetin/IAA ratios 

favored callus growth (Skoog and Miller, 1957). The relative ratios were also found suitable 

to reduce the lag period (Seabrook et al., 1976; Nakano and Meda, 1974). Park et al. (2003) 

used 2 mg L-1 of zeatin along with 0.1 mg L-1 IAA for callus induction. However, in this 

experiment zeatin is replaced by 2ip. On the contrary, Reda et al. (2004) used higher auxin (2 

mg L-1 of 2, 4-D) and low level of cytokinin (0.25 mg L-1 of kinetin) for callus induction, 

while in our experiments 2,4 D was not effective in embryogenic callus induction (T2). 

Higher concentration of auxin in the media in this experiment retarded callus formation as 

observed in T8 with BAP 4 mg L-1 and the calli obtained were non embryogenic, dry, light in 

color. The results indicated the differential response among the genotypes for callus 

formation (El-Farash et al., 1993; Lu et al., 1997). Rio Grande and Avinash produced the 

maximum average calli which were significantly higher than all other cultivars (Table 4.5).

5.3. Factors affecting regeneration

During the present studies differential regeneration was achieved on MS medium 

supplemented with different auxins and cytokinins i.e., IAA, BAP, NAA, GA3, 2ip and 

kinetin (Table 3.3), as PGRs influenced plant growth in turn enhanced crop yield 

(Hernandez, 1997). Ten different combinations were checked for regeneration using calluses 

obtained from hypocotyls and leaf discs from 3 weeks old in vitro seedlings of five tomato 

cultivars from 1st experiment (Table 3.3). In Rio Grande maximum regeneration was 

observed in RM3 medium (Kinetin and GA3) (71.7%) and RM9 (IAA and 2ip) (58.8%), 

followed by RM4 (2 mg L-1 BAP) (48.1%), RM2 (GA3 and BAP) (42.4%) and RM7 (NAA 

and Kinetin) (40.05%), respectively with leaf disc derived callus (Table 4.7). In hypocotyl 

derived callus regeneration was higher, in RM3 it was (75.7%, 64.4% in RM9, 53.3%) in 

RM4, RM7 (47%), RM2 (46.97%) in all combinations tested. Regeneration is followed by 

Avinash in RM3 medium (69.2%), RM9 (57.3%), followed by RM4 (47.6%), RM2 (43.1%) 

and RM7 (39.72%) respectively in leaf disc derived callus. In hypocotyls derived callus 
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regeneration was higher in RM3 (73.4 %), RM9 (62.7%), RM4 (53%), RM7 (45.33%), RM2

(48.97%) in all cultivars. RM1 (without growth hormone) and RM10 (2 mg L-1 IAA only 

without cytokinin), showed negligible regeneration. Relatively higher concentration of 

cytokinins and low concentration of auxins were found to be optimum for regeneration, as 

cytokinins promote cellular growth by swelling rather than elongation and stimulated the 

conversion of protoplastid into chloroplast with grana, thus giving lush green color to the 

leaves (Stetler and Laetsch, 1965; Fatima and Bano, 1998). In this experiment GA3

containing medium showed optimum callus induction and regeneration, similar to reports of

GA3 in combination with kinetin enhanced volume of individual cells, bud development, 

stem elongation, seedling growth and germination in chickpea (Kabar, 1997, 1990, Kaur et 

al., 1998). Botau et al. (2002) reported low concentration of NAA and BAP were effective 

for regeneration in tomato. Shahriari et al. (2006) reported BAP and zeatin for optimized

regeneration in tomato using cotyledon and hypocotyls is in line with our experiment. 

Kinetin was effective as well in regeneration; as reported before to help in cell expansion,

increase stem thickness, reduced shoot length with increased fresh weight in morning glory 

and okra (Makarova et al., 1988, Kaul and Farooq, 1994; Chaudhary and Khan, 2000). 

Qadeer (1996) reported dark green leaves and increase in the number of leaves with kinetin. 

Auxins had stimulatory effect as well in plant growth for e.g. IAA assists in enlarging leaves,

increasing photosynthetic activities in plants and increase in length in Zinnia cultures (Lee et 

al., 2000). It also activates the translocation of carbohydrates during their synthesis (Awan et 

al., 1999).

5.4. Effect of GA3

During the present studies higher percentage of regeneration was recorded with the 

addition of GA3 in the media; so different combinations of IAA and BAP were used along 

with and without inclusion of GA3 (Table 3.4) to optimize direct regeneration. Generally 

higher percentage of regeneration was recorded with addition of GA3 in the media versus the 

respective treatment without GA3. Most efficient regeneration was observed in combination; 

IAA 0.5 mg L-1 + BAP 1.5 mg L-1 along with 2 mg L-1 GA3 in RM8 with multiple shoots and 

without GA3 in RM3 (Table 4.10; 4.11). 77.8%, 65%, and 70.8% Regeneration was observed 

from leaf disc (Table 4.10) in RM8, while 75.03%, 72.67% and 73% in Rio Grande, Roma 

and Avinash, respectively in hypocotyls (Table 4.10) in RM8. With the increase of BAP 
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concentration in the media from 1.5 to 2 mg L-1, the regeneration percentage decreased 

significantly in all cultivars (Table 4.10; 4.11). (Ahsan et al., 2007a; Qiu et al., 2007)

utilized zeatin 2 mg L-1 and IAA 0.1 mg L-1 for regeneration of tomato utilizing cotyledons, 

while in this experiment zeatin was replaced by BAP and GA3 as adjuvant. 

Gibberellin is a naturally occurring plant hormone that affects cell enlargement and 

division which leads to internodes elongation in stems (Dielen et al., 2001). It has a dwarf 

reversing response e.g., it allows certain dwarf cultivars to grow to normal height when 

treated with gibberellin. Malik and Saxena, (1992) observed multiple shoot formation by 

applying cytokinin in Pisum sativum. BAP had been reported in regeneration of tomato and 

Vezha explants to enhance regeneration (Chandel and Katiyar, 2000; Soniya et al., 2001; 

Brichkova et al., 2002). The rate of growth of plants treated with GA3 was at least twice 

compared to control in Xanthium (Maksymowych et al., 1984) and Cicer arietinum

(Chaudhary and Khan 2000). It also effect many developmental processes, particularly those 

controlled by temperature and light such as seed and plant dormancy, germination, seed stalk 

and fruit development  are controlled by GA3 (Janick, 1979; Awan et al., 1999; Lee et al., 

1999). Dwarf mutants that respond to gibberellins by restoring normal phenotypic growth 

have played a major role in establishing GA biosynthetic pathways and in identifying the 

active GA in plant species such as barley (Chandler and Robertson, 1999). The combined 

dose of GA3 and kinetin or GA3 and IAA showed dramatic increase in length of shoot 

accompanied by the expansion in diameter as well as increased number of internodes 

(Chaudhary and Zahur, 1992) in okra.

5.5. Effect of coconut water

In order to achieve quickest regeneration with maximum number of shoot primordia 

coconut water (CW) was used in combination with IAA and kinetin (Table 3.5). CW is 

complex basic growth regulator; whose composition is not fully known, stimulates cell 

division and used as supplement in tomato (Sheeja et al., 2004). From hypocotyls and leaf 

disc maximum regeneration was observed in RM8 medium with CW, followed by RM3

medium without coconut water. Maximum regeneration was observed in Avinash 95.65% 

and 91.43% in Rio Grande in hypocotyls in RM8 medium (0.5 mg L-1 IAA, and 1.5 mg L-1

kinetin and 15% CW). In regeneration medium RM3 maximum regeneration was also 

observed in Avinash (89.57%) followed by Rio Grande (85.3%) using hypocotyls (Table 
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4.13. By keeping the IAA concentration (0.5 mg L-1) constant any change in the 

concentration of kinetin in 1.5 mg L-1 decreased the regeneration in both hypocotyls and leaf 

discs. Significant increase in regeneration percentage was recorded with hypocotyls over leaf 

discs. A number of reports used zeatin and IAA for tomato cotyledonary explants, leaf 

explants and hypocotyls for regeneration (Raj et al., 2005; Jabeen et al., 2005; Roy et al., 

2006). In this study we have utilized kinetin instead of zeatin. Maximum regeneration 

percentage was recorded in Avinash variety followed by Rio Grande and Roma. 

Lowest number of days for the development of shoot primordial was recorded in RM6 

- RM10 with the inclusion of CW (Table 4.16) in the media. The days to maturity in leaf disc 

were similar among all treatments in five cultivars and varied from 15-16 days. In hypocotyls 

derived regeneration the days to maturity varied from 20-25 in all five cultivars in different 

treatments of IAA and kinetin containing CW. Lower days to maturity is very useful for in 

vitro regeneration and also for the transformation because reduction in days to regeneration

decreased soma clonal variations in order to maintain the genetic stability of the genotypes. 

Sheeja et al. (2004) found that kinetin and IAA, carbon sources glucose and sucrose (1.5%)

and adjuvant like folic acid, biotin, CW (5%) and use of young hypocotyls were found to 

enhance plantlet regeneration and length. Bhatia and Ashwath, (2008) utilized the adjuvants 

such as activated charcoal and ascorbic acid to produce longer shoots utilizing tomato 

cotyledons. Park et al. (2003) used zeatin 2 mg L-1 and IAA 0.1 mg L-1 for regeneration of 

tomato within 4-6 weeks, while in this experiment regeneration was recorded in 15-20 days 

in hypocotyls and leaf disc derived regeneration with addition of CW. Abu-El-Heba et al. 

(2008) reported 92% regeneration utilizing cotyledonary hypocotyls on medium containing 

BAP, zeatin and silver nitrate within 10-12 days. The inclusion of silver nitrate decreased the 

regeneration period, like in our case with coconut water.

In all the media combinations tested; number of shoot primordial increased 

significantly with inclusion of coconut water (Table 4.19) in comparable to without CW. 

Higher number of plantlet regeneration with CW had previously been recorded by Sheeja et 

al. (2004) in tomato and Desai et al. (2004) in sugarcane. This increase in the development of 

leaf primordial is very important for the in vitro regeneration and to obtain higher number of 

transgenic plantlets from the same callus. Mukhtar et al. (2005) reported higher number of 

shoot primordial while working on Citrus aurantifolia and Citrus sinensis on MS media 
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supplemented with 2, 4-D (2 mg L-1), BAP and coconut milk (20%). Temjensangba and Deb 

(2005) reported multiple shoots from protocorm like bodies in Arachnis labrosa with IAA, 

BAP and 15% CW. Baskaran et al. (2006) reported multiple shoot production in sorghum 

after callus induction with 10% coconut water with 2, 4-dichlorophenoxy acetic acid (2, 4-

D), NAA, IAA and IBA. All these reports are in line with our results with multiple shoot 

regeneration with addition of CW. In all the future transformation experiment RM8 was used 

because of maximum, quickest regeneration with multiple shoot primordia.

5.6. Glass house assessment of soma clones of tomato

Regeneration of the explants in the in vitro conditions remarkably changes the 

physiology of somaclones. The somaclones developed in the glass house have reduced 

height, leaves, branches and fruits in comparison to the control. Number of leaves reduced to 

half in the somaclone. Number of branches varied from 3-4 in all genotypes tested in the 

control while they were from 1-2 in the soma clonal genotypes. Days to flowering varied 

from 22 to 37 days in all genotypes tested while in somaclones the days to flowering 

increased to 44 in Rio Grande. Days to fruiting doubled as well in control plants. Number of 

fruitswere reduced as well in somaclones. Fruits were relatively smaller in somaclones. Days 

to maturity increased by more than one month in the somaclones. These differences of 

somaclones in various morphological and physiological processes might account for the 

development under the control of exogenous hormones. The quality and combinations of 

various hormones significantly changed the behavior of the plant.

5.7. P. solanacearum

Bacterial wilt caused by P. solanacearum is one of the severe widespread and lethal 

diseases of plants (Hayward, 1991). It attacks tomato, potato, tobacco and many other 

solanaceous and dicot crops.  Bacterial wilt occurs in northern areas, but it is more severe in 

tropical, subtropical or temperate regions with hot humid summers (Buddenhagen and 

Kelman, 1964). It is enhanced by the high temperature and humidity in summer (Prior et al., 

1996). In Pakistan, same climatic conditions causes wilt symptoms. Disease resistance is an 

important component of integrated management. Plants respond differentially toward the 

attack of pathogens, either they sustain or vanish by disease pressure. Different genes were 

reported for introducing resistance to bacteria in tomato such as, it had been reported that 

genetic engineered Prf improved bacterial resistance of tomato by activating Pto and Fen 
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pathways and lead to activation of systemic acquired resistance. Level of SA is comparable 

to the plants acquired systemic tolerance and constitutively expressed PR genes (Oldroyd and 

Staskawicz, 1998). Miao et al. (2008) reported that caffeoyl CoA 3-O-methyltransferase gene 

was down regulated in tobacco in response to Pseudomonas inoculation. This gene played an 

important role in generalized response to pathogen infection and in synthesis of guaiacyl 

lignin units, and supplied substrates for the synthesis of syringyl lignin units. Infection-

cascade analysis of P. solanacearum is very important to find the mode of bacterial infection. 

In this study Xa21 gene is used for transformation and development of resistance against 

bacterial wilt in tomato cultivars.

P. solanacearum isolated and revived from tomato wilted samples (collected from

Katha Sagral), were differentiated into virulent wild type colonies (large, elevated, fluidal, 

and either entirely white or with a pale red center) and avirulent mutant colonies (butyrous, 

deep-red often with a bluish border) (Melo et al., 1999). Hypersensitivity on tobacco 

confirmed the virulent strains of P. solanacearum. Tobacco is the preferred plant since it is 

easy to cultivate and maintain, its large cavities beside leaf veins make it relatively easy to 

infiltrate inoculums and its reaction to many pathogens is well known (Klement and 

Goodman, 1967; Lelliott and Stead, 1987). Bacteria mainly Pseudomonas, Xanthomonas and 

pathogens belonging to other genera induce HR in the incompatible hosts. P. solanacearum

is a gram negative bacterium and its presence is confirmed by biochemical tests and its 

characteristic colony shape and color (Suslow et al, 1982). Catalase oxidase test and Kovacs 

oxidase test indicated that it is aerobic or facultative anerobic bacteria (Lelliott and Stead, 

1987; OEPP/EPPO, 1990; Vannak, 1998; EU, 1998; OEPP/EPPO, 2004). Levan production 

and arginine dehydrolase test helps in eliminating fluorescent Pseudomonas from non-

fluorescent Pseudomonas. Under UV light green diffusible fluorescent pigment was evident 

in fluorescent strains, whereas non-fluorescent cultures produced a brown diffusible pigment 

which is the characteristic of P. solanacearum strains, sodium chloride tolerance test and egg 

yolk test further confirmed it as P. solanacearum.

To understand the molecular mechanism responsible for susceptibility and resistance 

against disease in tomato cultivars were inoculated with the bacterial isolates. Roma, Rio

Grande and Avinash were evaluated as moderately resistant cultivars but Pusa Ruby while 

Pant Bahr as susceptible genotypes.
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5.8. Importance of Xa21 for broad specrum resistance                     

In this experiment for first time Xa21 gene of wild rice was used in transformation of 

tomato for producing resistance against bacterial wilt. Before this it was used in 

transformation of orange for producing resistance against bacterial canker (Omar et al., 

2007). Xa21 provides broad spectrum resistance against the diseases so it was used in this 

study. Disease resistant proteins in the five major classes rely on a limited number of 

structural and functional domains, of which the LRR appears to play a central role, LRR 

motifs in the presumed extracellular domain (Wang et al., 1998). The structural similarity of 

different R genes suggested common or limited number of resistance pathways in plants. 

Resistance genes from monocots and dicots are highly conserved, suggesting that they share 

common functional domains (Song et al., 1995). The kinase activity of the Xa21 is very 

important for full resistance (Andaya and Ronald, 2003). This suggests the possibility of 

using monocot R genes to control dicot diseases. So, Xa21 was used for the first time in the 

transformation of tomato.

5.9. Factors affecting transformation

There are various factors that may have contributed for the development of a 

reproducible system for transgenic plant production in tomato cultivars. Some important 

factors like acetosyringone concentration, optimization of co-cultivation period, age of in-

vitro seedlings and pre-selection were examined by observing transient GUS expression. 

Transient transformation efficiency of A. tumefaciens strain EHA101 was assessed on the 

proportion of blue inclusions in putatively transformed explants 4 days after transformation.

For any gene delivery system, employment of regenerable tissues as target explants is 

an important factor for producing the transgenic plant. Several direct DNA transfer methods 

have been described, including particle bombardment (Klein et al., 1987), microinjection 

(Crossway et al., 1986), transformation of protoplasts mediated by polyethylene glycol 

(Negrutiu et al., 1987), electroporation (Shillito et al., 1985) and biolistic gun (Abu-El-Heba 

et al., 2008). Drawback for electroporation employment is the ability to obtain fully 

developed plants from protoplasts. Now a days, Agrobacterium mediated transformation is 

mostly used due to ease of use and high transformation efficiencies (Lipp Joao and Brown, 

1993; Park et al., 2003; 2004; Reda et al., 2004; Raj et al., 2005; Ahsan et al., 2007a). Of the 

various explants studied hypocotyls and leaf discs served as the suitable starting material 
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because of its efficient regeneration system for both Agrobacterium mediated transformation 

(Park et al., 2003; 2004; Reda et al., 2004; Jabeen et al., 2005; Shahriari et al., 2006; Abu-

El-Heba et al., 2008) and biolistic methods (Abu-El-Heba et al., 2008). Cotyledons were 

used as starting material by many researchers (Gisbert et al., 2000; Raj et al., 2005; Ahsan et 

al., 2007a) as well.

5.9.1. Time of co-cultivation

Time of co-cultivation is one of the main factors affecting Agrobacterium mediated 

gene transformation. Twenty-four days old in vitro seedlings derived leaf discs and 

hypocotyls were co-cultivated with Agrobacterium for 1, 2, 3 and 4 days in different 

experiments. Co-cultivation medium along with four different concentrations of 

acetosyringone (Table 3.9) with acidic pH of 5.7-5.8 used for co-cultivation of leaf discs and 

hypocotyls of in-vitro seedlings at 28 ± 1°C. Maximum GUS % was (81.33%) in all cultivars 

tested for two days of co-cultivation in hypocotyls and leaf disc (Table 4.44). Our results are 

in line with Roy et al. (2006) who used 2 days for co-cultivation, while contradictory to other 

reports (Reda et al., 2004; Abu-El-Heba et al., 2008) in which transient GUS expression was 

detected after three days of co-cultivation. The reason for this difference might be due to the 

difference in the tomato cultivars and Agrobacterium strain used. High necrosis resulted in 

poor survival rate of target plant tissues (Greenberg and Yao, 2004). Necrosis due to long co-

cultivation is one of the reasons of lower transformation efficiency and less time for co-

cultivation reduced transformation efficiency so appropriate period for co- cultivation is 

crucial for establishment of transformation protocol.

5.9.2. Age of seedlings

Type and quality of starting material is one of the important factors for successful 

transformation. Age of seedlings is a key factor often affective in gene transformation. In the 

present study 24 day old in-vitro seedlings showed significantly higher GUS expression 

(80.07%) and were appropriate for gene transfer, than 20, 28 and 34 days old seedlings 

(Table 4.47). It was also observed that with the increase of age, the frequency of gene 

transformation decreased. Transformation efficiency tested by GUS was maximum in Rio

Grande followed by Avinash and Roma in both explants (Table 4.48). Raj et al. (2005) used 

two week old seedlings as well and obtained 14.2% transformation efficiency in tomato. 

Abu-El-Heba et al. (2008) used 7-day-old seedling hypocotyls explants and Shahriari et al. 
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(2006) used 11 day old seedlings hypocotyls and cotyledon of tomato. From these results it 

can be concluded that relatively younger and actively dividing cells and tissues can be used 

more efficiently as compared to older explants or cells in culture, for transformation studies.

5.9.3. Preselection before selection

Pre-selection is the medium without the antibiotic selection we used after bacterial 

infection, so that explants are able to grow without antibiotic pressure. 0-15 days of pre-

selection period was tested. Without pre-selection mostly the explants undergoes necrosis 

and for 2 and 5 days as well explants did not show high GUS expression. 7 days of pre-

selection resulted in maximum transformation efficiency (90.83%) in Avinash using 

hypocotyls as explants in all cultivars (Table 4.50). Prolonged pre-selection period (10 days) 

showed higher percentage of selected explants, but resulted in lower transformation 

efficiency, as large number of escapes occurred.

5.9.4. Effect of antibiotics

Without and with 250 mg L-1 cefatoxime resulted in maximum bacterial growth and 

most of the explants died (Table 4.56). 500 mg L-1 cefotaxime resulted in minimal bacterial 

growth, and calli proliferation. The higher doses of cefotaxime; 750 mg L-1 and 1000 mg L-1 

showed maximum necrosis and minimal bacterial growth and explants proliferation (Table 

4.53; 4.56; 4.59). These results support previous studies (Roy et al., 2006; Ahsan et al., 

2007a), where 500 mg L-1 cefotaxime was applied to control bacteria in tomato cv. Pusa 

Ruby for drought tolerance. Teixeira da Silva and Fukai (2001) reported impact of 

carbenicillin, cefotaxime and vancomycin on chrysanthemum and tobacco morphogenesis 

and Agrobacterium growth inhibition of callus formation and shoot regeneration, when high 

doses of cefotaxime, carbenicillin or vancomycin were used.

5.9.5. Effect of acetosyringone

High necrosis and poor survival rate of target plant tissues (Greenberg and Yao, 

2004) are some of the major factors that affect the efficiency of Agrobacterium-mediated T-

DNA transfer into plant cells. These factors may be the result of or linked to hypersensitive 

defense reaction in plants to Agrobacterium infection, which may involve the recognition of 

specific signals from the Agrobacterium that triggers the burst of reactive oxygen species

(ROS) at the infection site (Wojtaszek, 1997). Application of antioxidants, addition of 

acetosyringone and optimization of pre-culture conditions suppress the Agrobacterium-
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induced hypersensitive necrotic response in target plant tissues, and induced virulence genes 

in Ti plasmids thereby enhancing stable transformation (Lippinocott and Lippinocott, 1975; 

Stachel et al., 1985; Kuta and Tripathi, 2005). Transformation of dicotyledonous plants is 

enhanced by the addition of acetosyringone to co-cultures or bacterial cultures (Wordragen 

and Dons, 1992) by multiple insertion of T-DNA (Winans, 1992; Lipp Joao and Brown, 

1993). After 14-18 days of selection explants turned brown and in leaf disc without 

acetosyringone no proliferation and differentiation was observed, so in the five tomato 

cultivars different concentrations of acetosyringone were used to improve the transformation 

efficiencies. When acetosyringone was omitted from the medium, there was very little 

explants differentiation into callus and GUS expression was greatly reduced (0-1%) (Table 

4.62; 4.65). Addition of acetosyringone in the media correspondingly enhanced the 

transformation frequency with proliferation of calli and Avinash and Rio Grande found to be 

highly responsive for higher concentration of acetosyringone in the media and they attained 

the G.I.3 stage at 300 and 400 µM of acetosyringone. At 0, 50 and 100 µM the calli did not 

much proliferate (Table 4.62). At 200, 300 and 400 µM of acetosyringone calli proliferate to 

G.1.2 and G.1.3. Utilization of acetosyringone not only enhances the transformation 

efficiency but also activates the differentiation process. Acetosyringone has been used to 

enhance the transformation efficiency in dicots, onion (Eady et al., 2000), buffel grass (Batra 

and Kumar, 2003), tea (Lopez et al., 2004), Arabidopsis (Sheikholeslam and Weeks, 1987), 

sugar beet (Jacq et al., 1993) and tomato (Davis et al., 1991; Lipp Joao and Brown, 1993; 

Mathews et al., 2003; Cortina and Culianez-Macia, 2004; Reda et al., 2004; Raj et al., 2005). 

Raj et al. (2004) reported that high transformation efficiency was obtained by using 200 μM 

acetosyringone in co-culture media. Reda et al. (2004) used 100 µM of acetosyringone in 

tomato co-cultivation. Cortiana and Culianez-Macia (2004) reported 12.5% transformation in 

L. esculentum UC82B with 200 µM of acetosyringone. Lipp Joao and Brown (1993) reported 

the enhanced transformation for RCG3 of tomato co-cultivated with A. tumefaciens EHA101 

in presence of acetosyringone. By the use of higher acetosyringone concentration maximum 

transformation efficiency of 42.08% was observed in Rio Grande (Table 4.83). Matsumoto 

and Fukui (1999) and Lopez et al. (2004) reported that transformation was indispensible in 

tea plant without higher concentrations of acetosyringone and maximum transformation 

efficiency was obtained by using co-cultivation medium with 400 µM acetosyringone. 
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Acetosyringone had been reported in monocots such as rice (Chan et al., 1993; Hiei et al., 

1994; Rashid et al., 1996a; Bajaj et al., 2006). Lin and Zhang (2005) identified pre-culture 

medium supplemented with 200 µM acetosyringone resulted in higher transformation 

efficiency (22.2% and 23.4%) respectively, much higher than previously reports for indica 

rice (Aldemita and Hodges 1996; Rashid et al., 1996a; Mohanty et al., 1999; Hiei et al., 

1994; 1997).

5.9.6. Effect of selection marker

Optimized concentration of a suitable selection agent efficiently inhibits the growth 

of non transformed plants and increases the incidence of transgenic plant production. To 

determine lethal dose of hygromycin four different concentrations were tested that is 10, 25, 

50 and 75 mg L-1. 25 mg L-1 hygromycin was optimized for selection as callus proliferation 

reduced to great extent and resulted in browning of the leaf discs and hypocotyls. Kanamycin 

is extensively used for tomato transformation (Lipp Joao and Brown, 1993; Reda et al., 2004;

Raj et al., 2005; Ahsan et al., 2007a; Abu-El-Heba et al., 2008). Arillaga et al. (2001) 

reported that the root formation from the transgenic shoots from cotyledons explants on 

medium supplied with 100 mg L-1 of kanamycin. Roy et al. (2006) used 40 mg L-1 of 

hygromycin as a selective marker for drought tolerance in tomato cv. Pusa Ruby. 

After the optimization of all parameters, the newly developed protocol was applied to 

five tomato cultivars, and the transformation frequency was compared. Considerable 

genotypic variation was observed in the frequency of hygromycin resistant shoot 

regeneration. The regeneration frequency of the hygromycin resistant shoot ranged between 

5.33% and 54% (Table 4.79), resulting in an average of 33.07%. Among the five cultivars, 

Rio Grande showed a relatively higher regeneration (51.33%) frequency than the other 

varieties. Transformation efficiency was highest in Rio Grande followed by Avinash and 

Roma. In Pusa Ruby and Pant Bahr it was low. Transformation efficiency was highest using 

hypocotyls (42.08%) than in leaf discs (40.42%) in Rio Grande (Table 4.83). The shoot 

regeneration frequency of tomatoes is highly genotype dependent, and results are consistent 

with those of previous experiments (Hamza and Chupeau, 1993; Ellul et al., 2003; Park et 

al., 2003). Shoots were transferred into the rooting medium (MS + IAA 0.5 mg L-1) and 

established successfully in a hygromycin containing medium. Although root induction is 
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frequently observed in hormone free MS media, the additional use of auxins in the MS 

medium enhanced the root induction (Alam et al., 2004).

5.10. Glasshouse assessment of transgenic plants

More than three hundred hygromycin resistant and GUS positive plants were 

produced in transformation experiments. About 5% of plants were albinos and failed to 

survive in soil. All other plants exhibited normal growth and normal life cycle. Only 15 

plants of Rio Grande, 12 of Roma, 7 of Pusa Ruby and Pant Bahr and 15 of Avinash (total 

49) grew to maturity and produced seeds. Height, number of leaves, branches and fruits 

reduced to half in all the genotypes. Days to flowering and fruiting, days to maturity 

increased by more than one month in all genotypes. Fruits were smaller in transgenes 

compared to control plants produced from seeds. (Hamza and Chupeau 1993; Ahsan et al., 

2007a) reported regenerated shoots with abnormal growth and large thick leaves and an 

absence of true shoot meristem. Fewer leaves with normal in growth and smaller fruits were 

observed in this study.

5.11. Molecular analysis of transgenic plants

Genomic DNA from six different independently obtained transgenic resistant plants 

and a control (non-transgenic) tomato plant was subjected to polymerase chain reaction 

(PCR) analysis to check the presence of Xa21 gene in transgenic To plants. Results indicated 

that T-DNA was stably integrated in transformed tomato plants and all samples from 

transgenic lines gave the predicted DNA fragment band of 1.4 kb for Xa21 gene and 670 bp 

for hygromycin gene. PCR amplification of the Xa21 gene was not found in one of the 

transgenic plant of Roma. DNA amplification was not detected in the sample from the 

control plant.

To evaluate resistance spectrum of transgenic plants for the presence of Xa21 gene, 

all transgenic 3-week old plants were inoculated with 8 virulent BW isolates as it is most 

susceptible to bacterial wilt. All PCR positive transgenic plants cultivars were resistant. 

These results indicated that Xa21 maintained its wide resistance spectrum in new genetic 

background. 

The inheritance of the Xa21 in selfed T1 generation was analyzed in term of 

inoculation studies (BW resistance). PCR analysis demonstrated that Xa21 was integrated in 

tomato genomic DNA. Based on inoculation identification, the inheritance of the Xa21 gene 
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in T1 progenies gave a segregation ratio of 3:1 (resistant: susceptible) (Figure 4.24; Table 

4.105). Hygromycin and GUS gene was tested as well in T1 seedlings by testing GUS 

expression (Figure 4.25) and growing T1 seeds on lethal dose of hygromycin containing 

medium and Mendelian segregation ratio of 3:1 was observed (Table 4.106).

5.12. Proteomics analysis of tomato cultivars susceptible and resistant to bacterial wilt

Tomato cultivars were categorized broadly on the basis of the early infection response 

toward P. solanacearum inoculation on 3 week old seedlings. From the five cultivars taken 

Rio Grande, Roma and Avinash were categorized into resistant cultivars and Pusa Ruby and 

Pant Bahr into susceptible cultivars. To find out the proteins expressed in the susceptible and 

resistant cultivars, proteome technique was used, with susceptible (Pusa Ruby and Pant Bahr) 

and resistant cultivars (Rio Grande and Roma). Proteins were extracted from leaf of 3-week-

old seedlings, separated by 2-DE. More than 400 proteins were reproducibly detected in each 

CBB-stained gel (Figure. 4.27). Out of 15 proteins differentially change among resistant 

cultivars Roma and Rio Grande and susceptible cultivars Pusa Ruby and Pant Bahr, 11 

proteins were up regulated and 4 proteins were down regulated in susceptible cultivars in 

comparison to resistant cultivars (Figure 4.27; 4.28). Proteins were classified into energy, 

protein synthesis and defense. PR proteins, our particular interest were not identified, as PR 

proteins must be induced or altered in response to bacterial inoculation in susceptible and 

resistant cultivars. Other differentially expressed proteins identified in susceptible and 

resistant cultivars were RuBisCO large subunits, oxygen evolving enhancer and ribonuclease 

pancreatic but these proteins were not significantly changed between susceptible and 

resistant cultivars. In resistant cultivars, nine differentially expressed proteins were glycine 

dehydrogenase, stromal 70 kDa heat shock protein, 60 kDa chaperonin subunit, protein 

disulfide-isomerase, elongation factor Tu, RuBisCO activase, calgranulin, apical membrane 

antigen1 and plastocyanin (Table 4.107). The importance of the differentially expressed 

proteins in Roma and Rio Grande is discussed here.  

Glycine decarboxylase (spot 1) played an important role in photorespiratory 

metabolism in plants. Net photosynthetic CO2 assimilation rates in C3 plants are reduced by 

photorespiration, process which results from oxygenase activity of RuBisCO (Engelmann, 

2008). Adaptation to low oxygen levels showed an enhancement of glycine dehydrogenase 

(deaminating) activity (Usha et al., 2002). Within cells, this complex is active in specialized 
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energy-producing centers called mitochondria. Defense mechanism to various environmental 

stresses is accompanied by the enhancement of the metabolic pathways and by signal 

transduction to effect resistant gene expression. Metabolic pathways included the increased 

levels of glycine dehydrogenase and phosphor ribulokinase in the pentose phosphate pathway 

and putative glycine dehydrogenase were increased in response to pathogen attack (Shim et 

al., 2004). 

Heat shock proteins (spot 2) widely distributed perform important function in folding 

and unfolding or translocation of proteins, as well as assembly and disassembly of protein 

complexes. Heat shock proteins have been termed as molecular chaperones. Heat shock 

proteins synthesis is increased to protect prokaryotic and eukaryotic cells from various 

stresses (Zugel and Kaufmann, 1999). Role of tomato heat shock proteins was described in 

oxidative stress (Sharir et al., 2005) and in pectin depolymerization and juice viscosity 

(Ramakrishna et al., 1993), TMV (Irian et al., 2007) and chilling tolerance (Li et al., 2003). 

Its role had also been discussed for protection against bacterial infections (Kaufmann et al.,

1991). Pto refers to the resistance to P. syringae in tomato. It had been shown that after 

introduction of Pto in tomato heat shock proteins were also induced (Mysore et al., 2003).  

60 kDa chaperonin was significantly higher in intensity in Roma and Rio Grande compared 

to Pusa Ruby and Pant Bahr (Figure. 4.27; 4.28).  

The quantity of RuBisCO largely depends on mechanism of assembly. The assembly 

of RuBisCO holoenzyme requires the participation of another ATP-depending chloroplast 

protein with chaperonin function named Ribulose binding protein (Musgrove et al., 1987).  

Molecular chaperones are essential for correct protein folding in stressed and unstressed cells 

(Ben-Zvi and Goloubinoff, 2001). Function of ribulose binding proteins as heat shock protein 

was classified, causes acceleration of senescence in wheat leaves (Kepova et al., 2005).  

Their higher concentrations are important for protein folding and sustain biotic and abiotic 

stresses. Up regulation of the energy related proteins represented the high photosynthetic rate 

and high metabolic activity in resistant tomato cultivars.  

Protein disulfide isomerase (PDI) (spot 4), is an essential folding catalyst and 

chaperone of the endoplasmic reticulum (Solovyov and Gilbert, 2004). It catalyzes 

dithiol/disulfide interchange reactions and promotes protein disulfide formation, 

isomerization or reduction, depending on the redox potential and nature of the polypeptide 
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substrate (Freedman, 1989, Gilbert, 1990). Ray et al. (2003) reported induction of protein 

disulfide isomerase as defense-related protein in wheat in response to the hemibiotrophic 

fungal pathogen Mycosphaerella graminicol same as pathogen related protein PR1, PR2 and 

PR5. Before this protein disulfide role as component of signal-transduction pathways in 

animal systems had been discussed but not as plant defense protein. Sookna et al. (2007) 

reported that over expression of cytosolic protein disulfide isomerase inhibited cell death 

after an apoptotic stimulus. These data indicate that protein disulfide isomerase is a substrate 

of caspase-3 and -7, and that it has an anti-apoptotic action. Shimada et al. (2007) reported 

that Arabidopsis cotyledon-specific chloroplast biogenesis factor CYO1 has a chaperone-like 

activity required for thylakoid biogenesis in cotyledons. Protein disulfide isomerase higher 

concentration similar to molecular chaperones are important for protein folding and sustain 

biotic and abiotic stresses.  

Higher concentration of protein destination and storage related proteins represented 

the high metabolic activity in resistant tomato cultivars. Elongation factor (spot 5) plays an

important role in protein synthesis and its expression is increased by various stimuli. Its 

expression is most abundant in tissue exhibiting high level of protein synthesis such as 

meristems, somatic embryos and auxin treated tissues (Polkalsky et al., 1989; Ursin et al., 

1991; Kawahara et al., 1992; Curie et al., 1993). Morelli et al. (1994) described the diphasic 

stimulation of translation activity correlates with induction of translation elongation factor 

upon wounding in potato tubers. They also described that JA also induced the elongation 

factor. 

RuBisCO activity (spot 6) is regulated in vivo by RuBisCO activase, an ATPase 

highly responsive to the stromal ATP/ADP ratio, which promotes the dissociation of 

inhibitory sugar phosphates from the active site of RuBisCO (Salvucci et al., 1985).  

RuBisCO activase was reported to be down regulated in tomato leaf in response to the viral 

infection and up regulated in response to inoculation with P. syringae in Arabidopsis (Irian et 

al., 2007; Jones et al., 2006). RubisCO activase high intensity must be concerned with 

efficient carbon metabolism and defense against pathogen. 

Calgranulin (spot 8) is a calcium binding protein involved in calcium dependent 

signal transduction (Angelica et al., 1994). They have been implicated in the calcium-

dependent regulation of various cellular activities such as protein phosphorylation, 
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intercellular calcium homeostasis, cell proliferation and differentiation, the structural 

organization of membranes and the cytoskeleton and inflammation (Donato, 1999).  

Induction of calgranulin in response to ROS and down regulations in response to antioxidants 

had been discussed in humans breast epithelial cell lines (Carlsson et al., 2005), but in plants 

its role is not discussed. 

Apical membrane antigen-1 (AMA-1) (spot 14) of Plasmodium falciparum is one of 

the leading asexual blood stage antigens being considered for inclusion in a malaria vaccine 

(Hodder et al., 1996; Dutta et al., 2003). This merozoite trans membrane protein has an 

ectodomain induced antibodies that prevent merozoite invasion into red blood cells in in vitro

growth and invasion assay (Lalitha et al., 2004). Antigens, strictly, are defined as a substance 

that binds to specific antibodies, some antigens produce an immunogenic response, but all 

immunogens are antigens (De Silva et al., 1999). Endogenous antigens are generated within 

the cell, as a result of normal cell metabolism or because of viral or intracellular bacterial 

infection, but its role in plants has not been reported before.  

Plastocyanin (spot 15) is a copper binding protein function in Z-scheme of 

photosynthesis abundant in luminal compartment of chloroplast. Piechulla et al. (1987) 

reported that the concentration of proteins of photosystem1 and 11, photosynthetic electron 

transport chain including plastocyanin decreases during ripening process, maximum in the 

green photosynthetic tissues. Burkey (1993) reported that by increasing the irradiance to light 

there is increase in plastocyanin accumulation related to increased photosynthetic electron 

transport activity.  

Proteomic profiling is imperative for better understanding against the bacterial 

defense in plants. Fifteen differentially proteins which were identified in susceptible and 

resistant cultivars, were related to energy, protein destination and storage, defense and 

protein synthesis. As plants are not inoculated before protein extraction so, PR proteins were 

not differentially expressed in four cultivars tested.  From differential expressed proteins 

which are important, in susceptibility and resistance of cultivars growth elicitors JA and SA 

were used, as role of JA and SA in the production of PR proteins and as defense genes 

against bacterial and fungal attack is reported as discussed in introduction (Reymond and 

Farmer, 1998).
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5.12.1. JA and SA cascade

Tomato leaves were treated with 100 μM of JA and 1 mM SA for 1, 2 and 3 days. 

The discoloration of the leaves indicated the reduction in RuBisCO, after treatment of JA and 

SA (Figure. 4.29). The reduction in RuBisCO could be due to water stress as the leaves were 

treated with JA and SA in water but RuBisCO was significantly down regulated in 

comparison to control which was present in water stress as well. Rakwal and Komatsu (2001) 

described that leaves and leaf sheaths of rice (Oryza sativa L.) seedlings responded to 100 

μM L-1 JA with necrotic lesions and browning. They also indicated dose and time dependent 

drastic reductions in RuBisCO in jasmonate- treated leaves and leaf sheaths. Out of 25 

proteins, 21 proteins in JA treated leaves and 15 proteins in SA treated leaf were analyzed by 

protein sequencer and MS (Table 4.108).

Threonine deaminase, polyphenol oxidase and leucine amino peptidase were induced 

in response to JA only and can induce resistance in tomato as all are defense related proteins. 

However, protein disulfide isomerase and translationally controlled tumor were induced by 

SA and are related to protein synthesis, protein destination and storage function and also 

reported as defense proteins (Table 4.108).

PDI (spot 4) was up regulated in Rio Grande and Roma in response to JA and SA it 

was up regulated in both resistant and susceptible cultivars, so it is very important candidate 

for the susceptibility and resistance of cultivars (Figure. 4.30; 4.31; 4.32a; 4.33a), as it had 

high density spot in Roma and Rio Grande as well in control as discussed before. PDI is well 

known as molecular chaperone, play an important role in plant defense response, similar to 

the early and strong resistance-related responses displayed by the PR proteins (Ray et al., 

2003). Sookna et al. (2007) reported that over expression of protein disulfide isomerase 

inhibited cell death after an apoptotic stimulus. This protein may be involved in the repair 

systems of tomato.

In plants, large amounts of glycine cleavage system proteins (spot 9) are present in 

leaf mitochondria, where they are involved in the photo respiratory pathway (Douce et al., 

2001). Taler et al. (2004) found that photo respiratory enzymes conferred resistance to 

disease and excessive production of ROS in plants deficient in a photo respiratory enzyme 

can impair restriction of pathogen growth during the hypersensitive response (Moreno et al., 

2005). Photorespiration also has a significant effect on glutathione levels. The ascorbate
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glutathione cycle is central to cytoplasmic detoxification of ROS. These reports support the 

view that this enzyme could be helpful in detoxification of bacteria by restriction of 

excessive production of ROS during bacterial attack in tomato. As it was in high density spot 

in Roma and Rio Grande as well in control as discussed before it could be an important 

candidate as well.

RuBisCO small chain (spot 13) was significantly down regulated in Roma and Pant 

Bahr in JA treated leaves of tomato. JA activates genes involved in pathogen and insect 

resistance, but represses genes encoding proteins involved in photosynthesis including 

RuBisCO (Ana et al., 1999, Soares et al., 2004). 

Threonine deaminase (spot 14) was significantly induced and up regulated in 

response to time course treatment of JA in both Roma and Pant Bahr.  In plants, biosynthetic 

threonine diaminase activity is associated with chloroplasts and regulated by isoleucine 

(Miflin and Lea, 1982).  Threonine deaminase enzymes regulate the biosynthesis of threonine 

and other amino acids of the aspartate family (Jones and Fink, 1982). In Nicotiana attenuata, 

threonine diaminase transcripts accumulate constitutively in cotyledons and flowers and were

elicited in leaves by wounding, herbivore attack, and methyl JA treatment (Kang and 

Baldwin, 2006).  

Tomato plants polyphenol oxidase (spot 17) transcript levels systemically increased 

in young leaves in response to mechanical wounding of mature leaflets and infection by 

fungal and bacterial pathogens, SA, ethylene and JA elicited distinct, cell-specific and 

developmental stages (Thipyapong and Steffens, 1997). Down-regulation of constitutive and 

induced polyphenol oxidase mediated expression results in hyper susceptibility to pathogens, 

suggesting its critical role for polyphenol oxidase mediated phenolic oxidation in plant 

defense (Thipyapong and Steffens, 1997). Polyphenol oxidase over expression transgenic 

tomato plants increased resistance of tomato plants to P. syringae (Thipyapong et al., 2007), 

suggesting polyphenol oxidase role in response to JA treatment, in response to bacterial 

stress in JA pathway not in SA pathway in tomato cultivars. 

Leucine amino peptidase RNA (spot 15, 19, 20) proteins and activities increased in 

response to wound signaling, MeJA and abscissic acid (Gu et al., 1996 a, b) in tomato. 

Leucine aminopeptidase promoter was activated during floral and fruit development, and was 

induced during vegetative growth only in response to wounding and JA in P. syringae (Chao 



Chapter 5                                                                                              Discussion

166

et al., 1999; Pautot et al., 1993). Leucine amino peptidase levels increased within the 

chloroplasts of spongy and palisade mesophyll cells leaf sections after wounding and MeJA 

treatments (Javier et al., 2008). Leucine aminopeptidase had a probable role in defense 

against bacterial pathogens produced through JA signaling pathway. 

Knockout of translationally controlled tumor leads to impaired pollen tube growth, 

slows vegetative growth, leaf expansion is reduced, reduced lateral root formation 

(Berkowitz et al., 2008). Translationally controlled tumor gene is one candidate of the 

differentially expressed genes in pepper leaves infected by a virulent strain of X. campestris 

along with osmotin-like protein and b-1, 3-glucanase (Jung and Hwang, 2000). Secondary 

structure of fish translationally controlled tumor mRNAs shows that they could be potential 

substrates for RNA specific protein kinase (Thayanithy, 2005). It could be important 

candidate for the resistance in the susceptible cultivar by enhancing protein synthesis. It was 

unique as the protein is not defined its function need to be identified.

Plastocyanin was differentially expressed in resistant cultivars, but in JA and SA 

cascade it was not up regulated so intensity difference was due to cultivar difference (Figure. 

4.30; 4.31; 4.32a; 4.33a). Piechulla et al. (1987) reported that the concentration of proteins of 

photosystem1 and 11, photosynthetic electron transport chain including plastocyanin (spot 6) 

decreases during ripening process, maximum in the green photosynthetic tissues.  Burkey 

(1993) reported that by increasing the irradiance to light there is increase in plastocyanin 

accumulation related to increased photosynthetic electron transport activity. High 

concentration of plastocyanin in the resistant varieties may be due to higher rate of 

photosynthesis. 

S-adenosylmethionine syntase, iron ABC transporter, arginase 2, 60 kDa chaperonin, 

peroxiredoxin and ATP synthase are related to defense, were found to be responsible for 

susceptibility and resistance of the tomato cultivars via JA and SA pathway. From them iron 

ABC transporter were induced in both JA and SA pathway.

         The ABC transporters (spot 2) were found in bacteria, fungi, plants and animals, form 

one of the largest protein families and are central to the transport of diverse substances in 

plants, include those related to resistance to biotic and abiotic stress (Amaral et al., 2007). It 

was reported that iron deficiency induced the iron ABC transporter protein and it is expected 

to function as homo or hetero dimmer from barley roots localized in tonoplast (Yamaguchi et 
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al., 2002). These reports and our results suggest that ABC transporter role against bacterial 

stress in tomato susceptible cultivars in both JA and SA induction pathway. 

         S-Adenosylmethionine synthetase was encoded by small multigene family, expressed 

constitutively, or specifically regulated by fungal and bacterial elicitors (Kawalleck et al., 

1992) and wounding (Hwang et al., 2003). It is found to be an important protein which is up

regulated in susceptible cultivar already high intensity spot in Roma the resistant cultivar can 

be an important candidate for producing the resistance in the susceptible cultivar.

Two genes (LeARG1 and LeARG2) from tomato that encode arginase were 

characterized, whose activity were induced in response to wounding and treatment with JA.  

Wounding and JA induced expression of LeARG2 was not observed in the tomato JA 

insensitive mutant, indicating that this response is strictly dependent on an intact JA signal 

transduction pathway (Chen et al., 2004). SA and wounding induced arginase (Kim et al., 

2003), so in tomato treated with SA arginase was not induced. Arginase was another 

important protein which was up regulated in susceptible cultivar already high intensity spot 

in Roma the resistant cultivar can be an important candidate for producing the resistance in 

the susceptible cultivar.

Peroxiredoxin was reported as defense protein up regulated in response to SA and

thiol-specific antioxidant in Brewer’s yeast  and Arabidopsis (Brehelin et al., 2003), is high 

intensity in Roma in comparison to Pant Bahr. MeJA treatment caused a transient reduction 

in guaiacol peroxidase activity and peroxiredoxin protein in Ricinus communis plants (Soares 

et al., 2004). In this experiment it was not significantly changed in response to JA time 

course experiment. The intracellular balance between ROS and reactive nitrogen species is 

critical to trigger cell death in the hypersensitive response (Delledonne et al., 2001). 

Cytosolic antioxidant enzymes are essential in controlling ROS generated by plant organelles 

include catalase, superoxide dismutase, ascorbate and glutathione dependent peroxidases, and 

peroxiredoxin family (Davletova et al., 2005).  The up regulation of peroxiredoxin with SA

treatment shows the reduction in hypersensitive response in pathogen attack with its up 

regulation in Pant Bahr.

60 kDa chaperonin was up regulated in Pant Bahr but remain unchanged in Roma. 

Molecular chaperones are essential for correct protein folding in stressed and unstressed cells 

(Ben-Zvi and Goloubinoff, 2001). Function of Ribulose binding proteins as heat shock 
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protein was classified, causes acceleration of senescence in wheat leaves (Kepova et al., 

2005).  Their higher concentrations are important for protein folding and sustain biotic stress

in tomato. Spot number 25 (ATP synthase epsilon chain) was up regulated in response to SA 

in both Pant Bahr and Roma significantly (Figure. 4.31; 4.33b).  The nucleotide sequences of 

the genes for tobacco chloroplast ATPase have been determined (Shinozaki et al., 1983), and

photosynthesis related group was significantly regulated during the duration of the Diuraphis 

noxia feeding experiment, including a chloroplast ATP synthase in Triticum aestivum (Botha 

et al., 2006). ATPase associated with a various cellular activities protein (NtAAA1) 

suppressed the hypersensitive response upon tobacco mosaic virus infection (Sugimoto et al., 

2004). Lee and Sano (2007) reported that transgenic tobacco lines having ATPase associated 

with NtAAA1 were exhibited an elevated resistance to P. syringae infection, suggesting that 

NtAAA1 negatively controlled the defense reaction. NtAAA1 functions in cellular metabolism, 

and particularly that, responding to JA and or ethylene signals, but interfere with SA 

signaling. ATPase was find out to be an important protein which is up regulated in 

susceptible cultivar already high intensity spot in Roma the resistant cultivar can be an 

important candidate for producing the resistance in the susceptible cultivar.

Plants are capable of differentially activating distinct defense pathways and, 

depending on the type of invader encountered, they appear to be capable of switching on an 

appropriate pathway or combination of pathways. The plant signaling molecules SA, JA, and 

ethylene play important roles in this signaling network; blocking the response to any of these 

signals can render plants more susceptible to pathogens. Because JA and SA are known to 

have roles in producing resistance against bacterial and fungal infections in tomato, an 

examination of the response of resistant and susceptible cultivars to treatment by JA and SA 

helped us to speculate on the relationship between the proteins that were differentially 

expressed and the susceptibility and resistance of the cultivars. The 60 kDa chaperonin, 

peroxiredoxin, and ATP synthase, which were up regulated in response to application of SA; 

S adenosyl methionine synthase and arginase synthase, which were up regulated in response 

to application of JA; and iron ABC transporter, which was up regulated in response to 

application of either JA or SA are candidate proteins that may be responsible for 

susceptibility or resistance of tomato cultivars. Iron ABC transporter has been found to be 
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central to the transport of various substances in plants, including those that are related to 

resistance to biotic and abiotic stresses (Amaral et al., 2007).

This study represents an initial investigation of the proteomes of leaves of susceptible 

and resistant cultivars of tomato, and provides a good starting point for understanding the 

overall defense responses to bacterial inoculations of plants; however, further molecular 

analyses should be conducted to gain a better understanding of the overall defense responses 

of the plants.

Summary

           The objective of this study was to develop a protocol for the efficient and reliable 

Agrobacterium mediated gene transformation of tomato cultivars with resistance to bacterial 

wilt. Highly efficient regeneration is pre requisite for successful transformation, so different 

growth regulators were used for optimization of regeneration. Cultivar, explants type and 

medium composition were found to be the three main factors affecting in vitro plant 

regeneration in tomato. In this work, significant differences in regeneration capacity among 

genotypes and explants types, expressed as frequency of regeneration, average number of 

callus and regenerated shoot primordial was observed. The highest regeneration capacity was 

observed in cultivar Rio Grande and Avinash using hypocotyls and leaf discs. Among the 

explants hypocotyls showed highest regeneration ability directly while calli obtained from 

leaf discs showed the highest regeneration ability in all the cultivars. RM3 was found to be

best for regeneration with average 69.1% regeneration using hypocotyls and 64.1% using leaf 

discs, containing GA3. So in the following experiment different concentrations of BAP were 

evaluated with 2mgL-1 of GA3 (Table 3.4). In these set of experiments MS along with IAA 

0.5 mg L-1, BAP 1.5 mg L-1 and  GA3 2.0 mg L-1 resulted in best regeneration. The time take 

to regeneration was long, and less time to regeneration reduces the chances for somaclonal 

variations. So, coconut water was used in the media and regeneration was highest impressive 

with IAA, Kinetin and coconut water. Coconut water was very effective in not only 

regeneration but also for reduction of days to maturity and increase in number of shoot 

primordial as well. The reduction of days to maturity was from 41 days to 21 days with 

addition of coconut water in hypocotyls and 34 to 15 days in leaf discs. Number of shoot 

primordia increased from 6 to 11 and 2 to 7 in hypocotyls and leaf disc respectively.

Somaclones were established in glass house and compared with control for their
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morphological characters. Somaclones were smaller with reduced number of flowers, leaves

and fruits. Five cultivars of tomato were categorized on the basis of susceptibility and 

resistance to bacterial wilt. Three of them were moderately resistant to the bacterial wilt 

strains, while other two were highly susceptible to this strain. Different factors effecting 

transformation was optimized and it show variation among cultivars. Two days of co-

cultivation, 24 days old in vitro seedlings, 7 days of pre selection and 500 mgL-1 were found 

to be efficient for transformation in all five cultivars tested. In hypocotyls with 400 µM

acetosyringone GUS expression was maximum (92.3%) in Rio Grande with maximum calli 

growth G.1.3. 25mgL-1 hygromycin resulted in 80% browning of explants and was selected

for transformation events. Transformation frequencies ranged from 4.5-42% with hypocotyls 

and 4.1%-40.4% with leaf discs in all cultivars. More than three hundred plants were 

produced in the transformation events, from which 49 from all cultivars reached to maturity 

and were characterized. The stability and presence of inserted gene was confirmed by 

molecular analysis of hygromycin and Xa21 gene by PCR analysis and expression of genes 

can be further tested by Southern analysis for Xa21 gene and hygromycin gene. The 

resistance spectrum was evaluated for transgenic T1 plants/lines. The reaction of the 

transgenic T1 plants to bacterial wilt pathogen was studied with STM and Mendelian 3:1 ratio 

was observed. All the detected GUS-positive T1 plants were resistant as To plants. Mendelian

segregation to hygromycin resistance and GUS expression was observed in T1 progeny 

seedling. Proteomic profiling was used to find out the molecular mechanism responsible for 

susceptibility and resistance of plants to bacterial wilt. Proteins were extracted from leaf of 3-

week-old seedlings, separated by 2-DE. After detection by CBB staining proteins were 

analyzed and more than 400 proteins were reproducibly detected in each CBB-stained gel.  

Fifteen differentially expressed proteins were analyzed by protein sequence, in susceptible 

and resistant cultivars were related to energy, protein destination and storage, defense and 

protein synthesis. To find out the differential protein produced in response to P. 

solanacearum in susceptible and resistant cultivars of tomato leaves were treated with JA and 

SA for 1, 2 and 3 days. As plant signaling molecules JA and SA are known to have roles in 

producing resistance against bacterial and fungal infections in tomato, an examination of the 

response of resistant and susceptible cultivars to JA and SA helped us to speculate the 

relationship between the proteins that were differentially expressed in susceptible and 
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resistant cultivars. Different protein up regulated by JA were glycine H protein, Threonine 

diaminase, polyphenol oxidase, leucine aminopeptidase, S adenosyl methionine, arginase, 

from which S adenosyl methionine and arginase synthase were up regulated in Pant Bahr 

and remain unchanged in Roma. RuBisco was down regulated by JA resulted in yellowing of 

leaf as well. Translationally controlled tumor, 60kDa chaperonin, ATP synthase were up

regulated in response to SA from which 60kDa chaperonin was up regulated in Pant Bahr 

and remain unchanged in Roma. Plastocyanin, iron ABC transporter and peroxiredoxin 

responded both in response to JA and SA. 60 kDa chaperonin, peroxiredoxin and ATP 

synthase were up regulated in response to SA and S- adenosyl methionine and arginase 

synthase were up regulated in response to JA in Pant Bahr and remain unchanged in Roma.

Iron ABC transporter was up regulated in Pant Bahr in response to both JA and SA. 60 kDa 

chaperonin, peroxiredoxin, ATP synthase, S- adenosyl methionine, arginase synthase and 

Iron ABC transporter were suspected to be candidate proteins that may be responsible for 

susceptibility or resistance of tomato cultivars in JA and SA pathway. This study represents 

an initial proteomes of leaves of susceptible and resistant cultivars of tomato but further 

molecular analyses is needed for better understanding of the defense responses in plants.

Future Prospects

1. Stable transgene integration into the tomato cultivars need to be further confirmed by 

southern blot, western blot with RT PCR analysis.

2. Large scale testing of the successive generations with bacterial wilt inoculation 

needed to be done before this technology could be applied to other commercially 

important dicots.

3. Antioxidant and defense proteins induced and up regulated by time course application 

of JA and SA needs further molecular evaluation for confirmation of their importance 

in susceptibility and resistance of the cultivars.
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