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EVALUATION AND MOLECULAR MARKER ANALYSIS IN 

BACKCROSS PROGENIES (BC2F1) OF TOMATO FOR SHELF LIFE 

LAVANYA, N. 

Thesis Abstract 

Tomato is second most important vegetable crop grown throughout the world. It 

experiences great post-harvest losses by its natural perishability, precarious transportation 

and storage conditions. In India upto 40 per cent of the fruit losses occur due to excessive 

fruit softening. Hence the present investigation was aimed to introgress the high shelf life 

character into commercially well accepted variety which has low shelf life by backcross 

breeding method. Two backcross populations (BC2F1) of cross Pusa Ruby/L121//Pusa 

Ruby and Vaibhav/RIL126//Vaibhav were developed and grown in the field condition. 

These were evaluated for morphological, yield, shelf life and fruit quality parameters in 

augmented design. All characters studied were significant among backcross progenies 

and between checks and progenies except number of fruits per cluster in both 

populations. The shelf life has positive significant correlation with number of fruits per 

cluster (0.22), rind thickness (0.45) and lycopene (0.35) in the population of the cross 

Pusa Ruby/L121//Pusa Ruby. In the other population of the cross 

Vaibhav/RIL126//Vaibhav shelf life have significant positive correlation with number of 

fruits per cluster (0.21) and lycopene content (0.21) whereas, rind thickness has no 

significant correlation (0.15). The SSR marker TGS 293 used to screen the 40 backcross 

progenies of the cross Pusa Ruby/L121//Pusa Ruby. Out of these 21 progenies showed 

heterozygous bands and 19 progenies showed recurrent parental type of band which 

shows the approximate 1:1 ratio and the heterozygous progenies was association with 

high shelf life character. Hence this marker is linked to shelf life. 
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mÉÆªÀiÁåmÉÆÃ ºÀtÂÚ£À fÃ«vÁªÀ¢üUÉ »A À̧APÀgÀt vÀ½UÀ¼À (BC2F1) ªÀiË®åªÀiÁ¥À£À ªÀÄvÀÄÛ ªÀiÁPÀðgï 
«±ÉèÃµÀuÉ 

¯ÁªÀtå, J£ï. 

¥Àæ§AzsÀ ¸ÁgÁA±À 

mÉÆªÀiÁåmÉÆÃªÀÅ «±ÀézÁzÀåAvÀ JgÀqÀ£ÉÃ ¥ÀæªÀÄÄR vÀgÀPÁj ¨É¼ÉAiÀiÁVzÀÄÝ, s̈ÁgÀwÃAiÀÄ ¥Àj¸ÀgÀzÀ°è, 
C¤²ÑvÀªÁzÀ ¸ÁUÁtÂPÉ¬ÄAzÀ, ¸ÀjAiÀiÁzÀ ±ÉÃRgÀuÉAiÀÄ PÉÆgÀvÉ EgÀÄªÀÅzÀjAzÀ, PÉÆ¬Äè£À £ÀAvÀgÀzÀ°è 
mÉÆªÀiÁåmÉÆÃ ºÀtÄÚUÀ¼ÀÄ PÉÆ¼ÉvÀÄºÉÆÃUÀÄvÀÛªÉ. EzÀjAzÀ gÉÊvÀgÀÄ ºÉaÑ£À £ÀµÀÖªÀ£ÀÄß C£ÀÄ¨sÀ«¸ÀÄwÛzÁÝgÉ. 
mÉÆªÀiÁåmÉÆÃ ºÀtÂÚ£À CwAiÀiÁzÀ ªÀÄÈzÀÄvÀé¢AzÀ ¨sÁgÀzÀ°è ±ÉÃPÀqÁ 40 gÀµÀÄÖ E¼ÀÄªÀj £ÀµÀÖªÁUÀÄwÛzÉ. DzÀ 
PÁgÀt PÉÆ¬Äè£À £ÀAvÀgÀzÀ £ÀµÀÖ PÀrªÉÄ ªÀiÁqÀ®Ä »A¸ÀAPÀgÀt vÀ½ ¸ÀAªÀzÀð£ÉAiÀÄÄ CvÀåAvÀ ¸ÀÆPÀÛªÁVzÉ. 
F ¸ÀA±ÉÆÃzsÀ£ÉAiÀÄ°è ¥ÀÆ¸ÀgÀÆ©/J¯ï121//¥ÀÆ¸ÀgÀÆ© ªÀÄvÀÄÛ ªÉÊ¨sÀªï/j¯ï126//ªÉÊ¨sÀªï »A¸ÀAPÀgÀt 
UÀÄA¥ÀÄUÀ¼À£ÀÄß ºÉÆ®zÀ°è ¨É¼ÉzÀÄ CªÀÅUÀ¼À gÀÆ¥ÀÄgÀZÀ£É, E¼ÀÄªÀj ªÀÄvÀÄÛ ºÀtÂÚ£À UÀÄtªÀÄlÖzÀ ¤AiÀÄvÁAPÀUÀ¼À 
ªÀiË®åªÀiÁ¥À£À ªÀiÁqÀ¯ÁVzÉ. »A¸ÀAPÀgÀt UÀÄA¥ÀÄUÀ¼À°è F J¯Áè UÀÄtUÀ¼ÀÄ UÀªÀÄ£ÁºÀð ªÀåvÁå¸ÀUÀ¼À£ÀÄß 
ºÉÆA¢zÉ. mÉÆªÀiÁåmÉÆÃ ºÀtÂÚ£À fÃ«vÁªÀ¢ü ªÀÄvÀÄÛ CzÀgÀ ºÀtÂÚ£À vÉÆUÀmÉAiÀÄ zÀ¥ÀàªÀÅ ¥ÀgÀ̧ ÀàgÀ 
¸ÀA§AzsÀªÀ£ÀÄß ºÉÆA¢zÉ. CzsÀåAiÀÄ£À £ÀqÉ¹zÀ J¯Áè UÀÄtUÀ¼ÀÄ »A¸ÀAPÀgÀt ¸ÀAvÀwUÀ¼À £ÀqÀÄªÉ, ZÉPï 
vÀ½UÀ¼ÀÄ ªÀÄvÀÄÛ »A¸ÀAPÀgÀt ¸ÀAvÀwUÀ¼À £ÀqÀÄªÉ UÀªÀÄ£ÁºÀð ªÀåvÁå¸À PÀAqÀÄ§A¢gÀÄvÀÛzÉ. F JgÀqÀÆ 
»A¸ÀAPÀgÀtzÀ ¦Ã½UÉUÀ¼À £ÀqÀÄªÉ ºÀtÂÚ£À UÉÆAZÀ®Ä ¸ÀASÉåAiÀÄ°è AiÀiÁªÀÅzÉÃ ªÀåvÁå À̧ PÀAqÀÄ §A¢gÀÄªÀÅ¢®è. 
¥ÀÆ¸ÀgÀÆ©/J¯ï121//¥ÀÆ¸ÀgÀÆ© »A¸ÀAPÀgÀt ¦Ã½UÉAiÀÄ°è ºÀtÂÚ£À fÃ«vÁªÀ¢üAiÀÄÄ, ºÀtÂÚ£À UÉÆAZÀ®Ä 
(0.22) ºÀtÂÚ£À vÉÆUÀmÉAiÀÄ zÀ¥Àà (0.45) ªÀÄvÀÄÛ ¯ÉÊPÉÆ¦Ã£ï CA±ÀPÉÌ (0.35) UÀªÀÄ£ÁºÀð ¸ÀPÁgÁvÀäPÀ 
¸ÀA§AzsÀ«zÉ. ªÀÄvÉÆÛAzÀÄ ªÉÊ¨sÀªï/j¯ï126//ªÉÊ¨sÀªï ¦Ã½UÉAiÀÄ°è ºÀtÂÚ£À ¨Á½PÉ UÀÄtªÀÅ, ºÀtÂÚ£À 
UÉÆAZÀ®Ä (0.21) ªÀÄvÀÄÛ É̄ÊPÉÆ¦Ã£ï (0.21) CA±ÀPÉÌ UÀªÀÄ£ÁºÀð ¸ÀPÁgÁvÀäPÀ ¸ÀA§AzsÀ«gÀÄvÀÛzÉ. DzÀgÉ 
ºÀtÂÚ£À vÉÆUÀmÉAiÀÄ zÀ¥ÀàPÀÄÌ (0.15) ºÀtÂÚ£À ¨Á½PÉAiÀÄ UÀÄtPÀÄÌ AiÀiÁªÀÅzÉÃ UÀªÀÄ£ÁºÀð ¸ÀA§AzsÀ«gÀÄªÀÅ¢®è. 
¥ÀÆ¸ÀgÀÆ©/J¯ï121//¥ÀÆ¸ÀgÀÆ© »A¸ÀAPÀgÀt¢AzÀ §AzÀ 40 À̧¸ÀåUÀ¼À£ÀÄß J¸ï.J¸ï.Dgï UÀÄgÀÄvÀÄ 
n.f.J¸ï. 293 ¬ÄAzÀ ¥ÀjÃQë¸À¯ÁVzÉ. F 40 ¸À¸ÀåUÀ¼À°è, 21 ¸À À̧åUÀ¼ÀÄ ©ü£ÀßAiÀÄUÀäPÀ UÀÄgÀÄvÀ£ÀÄß 
vÉÆÃgÀÄvÀÛªÉ. F 40 ¸À À̧åUÀ¼ÀÄ 1:1 C£ÀÄ¥ÁvÀªÀ£ÀÄß vÉÆÃjgÀÄvÀÛªÉ. CzÀgÀ°è ©ü£ÀßAiÀÄUÀäPÀ ¸À À̧åUÀ¼ÀÄ Cw ºÉZÀÄÑ 
¨Á½PÉ UÀÄtªÀ£ÀÄß ºÉÆA¢gÀÄvÀÛªÉ. EzÀjAzÀ PÀAqÀÄ§gÀÄªÀÅzÉAzÀgÉ F n.f.J¸ï 293 UÀÄgÀÄvÀÄ ºÀtÂÚ£À 
fÃ«vÁªÀ¢ü UÀÄtPÉÌ ºÉÆA¢PÉÆArgÀÄvÀÛzÉ.  

dÄ¯ÉÊ, 2016 
eÉÊ«PÀ vÀAvÀæeÁÕ£À «¨sÁUÀ 
PÀÈ¶ «±Àé«zÁå®AiÀÄ, ªÀÄÄRå ¸À®ºÉUÁgÀgÀ ¸À» 
f.PÉ.«.PÉ, ¨ÉAUÀ¼ÀÆgÀÄ (¦. ºÉZï. gÁªÀiÁAf¤ UËqÀ) 
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I  INTRODUCTION 

Tomato (Solanum lycopercicum, formerly Lycopercicum esculentum) is the most 

important vegetable crop in India and is an important source of essential nutrients 

worldwide. Tomato belongs to the Solanaceae family, which includes >3000 species 

origins in Central and South America (Knapp, 2002). It diversified first in Peru, Mexico. 

Solanum lycopersicum CV. cerasiforme is thought to be the ancestor of cultivated 

tomato, based on its wide presence in Central America and the presence of a short style 

length in the flower (Cox, 2000). However, recent genetic investigations have shown that 

the plants known as „cerasiforme‟ are a mixture of wild and cultivated tomatoes rather 

than being „ancestral‟ to the cultivated tomatoes (Nesbitt and Tanksley, 2002). 

Total area under tomato in the world is 4582.438 m ha with production of 

150,513,813 Mt and with productivity of 32.8 t ha
-1

. The major tomato growing countries 

are China, USA, Italy, Turkey, India and Egypt (FAOSTAT, 2013).India ranks second in 

area under tomato cultivation (8,79,600 ha) and also production(18,226.6 Mt) with 

average productivity of 20.7 Mt ha
-1

. In India Andra Pradesh is the leading state with an 

area of 260,910 ha and production of 5,218,100 Mt. Karnataka takes the first position in 

terms of productivity (33.2 Mt ha
-1

). (www.indiastat.com, 2015). 

Tomato is an ideal model plant for studying climacteric fruit ripening. Several 

tomato gene banks have been established and more than 75,000 accession of tomato are 

maintained. Several mutants affected in fruit size, shape, development, and ripening have 

been isolated. Recently the genome of Solanum lycopecicum has been fully sequenced 

and made publically available.With its short generation time and availability of routine 

transformation technology, mapping populations and microarrays of mapped DNA 

markers, tomato is highly tractable experimental system for improving the fruit quality 

(Alba et al., 2005). 

Fruit quality in the cultivated tomato is very important attribute to choice the 

appropriate cultivar by producers and also by consumers. The consumers reporting 

tomato use on any given day for fresh fruits are 28 per cent, processed 60 per cent, sauce 

28 per cent, paste 8 per cent, total 18 per cent, and ketchup 15 per cent (Anonymous, 

2015). Markets are today interested in differentiating products by attributes related to 

taste, aroma, acidity, sugar content and vitamins (Causse et al., 2002). Tomato is one of 

the most important supplementary sources of minerals and vitamins in the human diet. It 

acts as a blood purifier, improves skin texture and colour, protects liver from cirrhosis, 

prevents haemorrhages and is a rich source of vitamin K. It contains a pigment called 

lycopene, which is a powerful antioxidant and can fight cancer cells (Mukeshkumar et 

al., 2007). High levels of lycopene have been found in the serum, testes and adrenal 

glands of human body. Several recent studies have indicated that the dietary intake of 

tomato and its products containing lycopene is associated with a decreased risk of chronic 

diseases, such as cancer and cardiovascular diseases. 

Lycopene is an acyclic carotene with 11 conjugated double bonds found in plants 

and also in plasma. The long chromophore in the polyene chain accounts for the red 
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colour of lycopene and also for its powerful antioxidant activity. It is able to react with 

singlet oxygen and various radical cations and has the highest TEAC (Trolox-equivalent 

antioxidant capacity) value of all carotenoids (Miller and Rice-Evans, 1997). A daily 

intake of 25-30 mg dietary lycopene is recommended to prevent diseases like cancer, 

cardiovascular diseases etc.Minimising the loss of fruit quality throughout the production 

process, storage and increasing shelf life is important. However, degradation of lycopene 

and colour loss of processed tomato products are affected by a number of factors such as 

high temperature, long processing time, light, oxygen, acids, and some metal ions. 

Compositional variation of lycopene in tomato occurs as a consequence of varietal 

differences, climatic conditions, agricultural variables, stage of maturity, harvesting and 

postharvest handling conditions during storage, and transportation (Kader, 2005). 

The postharvest losses of fruits and vegetables in the developing countries 

account for almost 50 per cent of the produce. In India losses of up to 40 per cent of 

produce occur because of excessive fruit softening. Tomato experiences great postharvest 

losses because of its natural perishability, precarious transportation and storage 

conditions, and inadequate packaging. These losses can be minimised by increasing the 

shelf life of the tomato. 

The maintenance of good organoleptic characters for an extended period of time 

after fruit harvest is defined as shelf life. A long shelf life is a desirable trait for fresh 

market tomatoes. Several postharvest packaging methods and treatments are available 

such as modified atmosphere packaging used in the storage of fresh fruits and vegetables 

i.e. storage in plastic films, which restrict the transmission of respiratory gases. This 

results in the accumulation of carbon dioxide and depletion of oxygen around the fruits, 

which may increase their storage life (Kader, 2005). Tomato treated with chlorine, 

packed in perforated (0.25 %) polyethylene bag and kept at ambient (Temperature  

20-25 °C and Relative humidity 70-90 %) conditions showed substantial reduction in 

losses caused by decay and weight loss (Nasrin et al., 2008). The maximum shelf life was 

noticed in 1 per cent calcium chloride treated fruits (16.50 days) followed by (0.75 %) 

calcium chloride treated fruits (16.17 days) (Bhattarai and Gautam, 2006). But, these 

methods are expensive and quite labour intensive.  

Shelf life of fruit can also be increased through biotechnological approach (gene 

silencing & genetic engineering) but in India genetically modified food crops are not 

easily permitted because of many reasons. Several spontaneous ripening mutants were 

described in tomato, such as rin (ripening inhibitor), nor (nonripening) and alc 

(alcobaca) (Giovannoni, 2006). Among, these genes alc have been found to be located on 

the short arm of the chromosome number 10 of Tomato. While fruits of alc mutant gene 

confer uniform ripening in tomato, fruits of nor and rin fail to ripen and do not exhibit 

any climacteric rise. Introgression of these genes in local cultivar results in increase in 

shelf life of fruit. Solanum pimpinellifolium produces small and high nourishing quality 

fruits, and easily crosses with the cultivated tomato. Zuriaga et al. (2009) evaluated 

different S. Pimpinellifolium accessions for the fruit Shelf life, and selected one of them 

(LA722 from Tomato Genetic Resources Center, Davis, USA) because of its long Shelf 

Life. Zarzoli et al. (2000) crossed that accession to a standard Argentinian variety of S. 
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lycopersicum cv. Caimanta, and obtained a hybrid with a longer shelf life than the 

cultivated parent and other commercial varieties. 

Several authors Pereira da costa et al. (2009) suggested that why tomato species 

are alternative genetic resources to develop long shelf life varieties without negative 

pleiotropic effects on other fruit quality traits. Several wild species were used in tomato 

quality breeding such as Solanum pennelii (Causse et al., 2004), Solanum peruvianum 

and Solanum hirsutum (Fulton et al., 2002). Solanum pimpemilifolium is characterized by 

small size and high quality fruits (Stevens and Rick,1986) and previous studies have 

shown that this wild species and its hybrids with cultivated tomato had longer fruit shelf 

life with better fruit quality while compared to commercial cultivars (Rodriguez et al., 

2011). 

But production of the hybrids with high shelf life has a major disadvantage such 

as; some of the undesirable genes that are linked to this trait decrease the fruit quality. 

This type of demerits can be eliminated by marker assisted selection. The microsatellite 

or SSR markers are PCR-based, genetically co-dominant, robust, reproducible, hyper 

variable, informative and reasonably easy-to-use (Powell et al., 2012). These can be 

widely used in the various studies like marker assisted selection, gene introgression 

studies etc. Backcross breeding is widely used for the introgression of several desirable 

traits into the well adopted variety for which it is deficient. Backcross population 

developed by crossing F1 hybrid to one of its parents, are the simplest of mapping 

populations developed for self-pollinating species. They are very easy to develop in short 

time (Mc Couch and Doerge, 1995; Paterson, 1996). 

Keeping the above points in the view, present investigation was conducted to 

introgress the high shelf life trait into commercially well accepted variety. We have 

developed two backcross populations (BC2F1) of the crosses Pusa Ruby/L121//Pusa Ruby 

and Vaibhav/RIL126//Vaibhav and these were evaluated to achieve the following 

objectives: 

1) To assess the genetic characteristics of parents, F1 generation and backcross 

population. 

2) Validation of SSR markers linked to high shelf life and other characters in backcross 

population. 
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II REVIEW OF LITERATURE 

In this chapter an attempt has been made to review the relevant literature on 

different aspects of the present study under the following sub-heads: 

2.1 Classification and Phylogeny of Tomato 

The Tomato belongs to the family solanaceae, division Magnoliophyta, class 

Magnoliopsida, subclass Asteridae, order Solanales, suborder Solanineae, genus 

Lycopersicon, subfamily Solanoideae and tribe Solaneae. The taxonomic classification of 

the tomato is still debated. In 1753, the Swedish botanist Linnaeus named it Solanum 

lycopersicon, but 15 years later, Philip Miller replaced the Linnaean name with 

Lycopersicon esculantum (Taylor, 1986). Although taxonomists have recently 

reintroduced its original name, Solanum lycopersicon (Heiser and Anderson, 1999), the 

commonly accepted and still valid name is Lycopersicon esculantum. 

Tomatoes were introduced into Europe from the America and eventually came in 

to the focus of botanist, aged back at the middle of the sixteenth century, The scientific 

naming of tomatoes, including wild species, has been linked to concepts of diversity in 

Solanum lycopersicum, the cultivated species. All related wild species of tomato are 

native to the Andean region that includes parts of Chile, Colombia, Ecuador, Bolivia and 

Peru (Sims, 1980). The first domesticated tomato might have been a little yellow fruit, 

similar in size to cherry tomato, grown in Central Mexico (Smith and Andrew, 1994). 

Based on morphological characters, phylogenetic relationships, and geographic 

distribution, 13 species of wild tomatoes, including the cultivated tomato (Solanum 

lycopersicum L.) and four closely related species have been recognized as part of the 

tomato clade. Four species have been segregated from the highly polymorphic green-

fruited species S. peruvianum, S. arcanum, S. huaylasense, S. peruvianum and  

S. corneliomulleri.  

The first two have been described as new species from Peru and other two had 

already been named by Linnaeus, (1753) and Mc Bride, (1962), respectively, (Peralta and 

Spooner, 2005). Another yellow to orange-fruited species, S. galapagense, was 

segregated from S. cheesmaniae; both of which are endemic to the Galapagos Islands 

(Darwin et al., 2003; Knapp and Darwin, 2007). (Peralta and Spooner, 2007) had 

included these 13 species, in addition other four closely related species  

(S. juglandifolium, S. lycopersicoides, S. ochranthum, S. sitiens) in the taxonomic series 

Systematic Botany Monographs. 

A wide variety of studies, based upon several morphological and molecular 

characters such as chloroplast and mitochondrial restriction sites, nuclear RFLPs, 

isozymes, internal transcribed spacer (ITS) and granule bound starch synthase (GBSSI or 

waxy) sequences, simple sequence repeats (SSRs) and amplified fragment length 

polymorphisms (AFLPs) have been carried out to determine the wild tomato phylogeny 

(Peralta and Spooner, 2005). Although evolutionary relationships among the known 

species of tomato have not been completely resolved, consensus is emerging on several 

aspects of the group. 
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2.2 Genome characterization 

All the known tomato species are diploid (2n=2x=24) having equal chromosome 

number and similar chromosome structure, the Lycopersicon genus was initially divided 

into two major subgenera regarding the color of the fruits: Eulycopersicon (for color-

fruited species) and Eriopersicon (for green-fruited species) (Muller,1940). A more 

comprehensive and objective division was proposed by (Rick, 1976), which included two 

major complexes: (1) the esculentum complex, for the species that cross easily with the 

commercial tomato; and (2) the peruvianum complex, for the species that could not be 

easily crossed with the commercial tomato. 

2.3 Importance of tomato 

2.3.1 As a commercial crop  

2.3.2 As a nutritional source  

2.3.3 As a model system 

2.3.1 As a commercial crop 

Tomato is one of the most popular vegetable crops at National, International, and 

State level. India ranks second in tomato production and also in area under tomato 

cultivation where area under tomato cultivation in India is 8,79,600 ha and total 

production is 18,226.6 Mt with average productivity of 20.7 Mt ha
-1

. Tomatoes are 

second largest vegetable crop in India after Potato. The most important production states 

are Bihar, Karnataka, Uttar Pradesh, Orissa, Andhra Pradesh, Maharashtra, Madhya 

Pradesh and Assam. In Karnataka it is cultivated in an area of 64.25 ha and production is 

2034.37 t and productivity is 33.9 Mt ha
-1

. 

In Karnataka the main season in which tomato crop is planted during end of 

November to early December and fruit availability period from this crop is very short that 

is from mid of April to May ending. Excess production of tomato during this short period 

of time leads to glut coupled with low prices and this period is followed by a period of 

scarcity and high prices in the market. Hence there is a need to make availability of 

produced tomato for long time. A few mutant genes interfering with ripening process of 

tomato have been reported. These genes include slow ripening alcobac (alc), ripening 

inhibitor (rin) and non-ripening (nor) mutants (Almeida, 1961). These alleles are helpful 

in extending fruit availability period of tomato by first delaying the ripening of the fruits 

on the plants (Kopeliovitech et al., 1980 and Dhatt, 2001) and then by storing them at 

room temperature or in controlled conditions (Agar et al., 1994; Ignatova et al., 1999 and 

Kitagawa et al., 2005). 

Beside to extend the fruit availability period, another crop may be planted in first 

fort-night of March. Although the fruit quality components like TSS, total acidity, pH are 

better under late planting conditions than in main crop but there is decline in productivity 

due to inadequate vegetative growth and low fruit under high temperature conditions 

(Naveen et al., 2008). To break all these barriers and to evolve varieties having a built in 
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desirable character with high potential, hybridization, selection are successful to 

considerable extent. Nowadays marker assisted selection made this work easier. 

Despite of tomatoes used as vegetables they are also used as a desert purpose for 

salads. In processing industries for sauce, ketchup, jam, pickle preparations. These 

processed tomato products has role in commercialization of grown tomatoes. 

To meet these commercial demands fruit quality on the cultivated tomato is a very 

important attribute to choice the appropriate cultivars by producers and also by 

consumers. Markets are today interested in differentiating products by attributes related 

to taste, aroma, acidity, sugar content and vitamins (Causse et al., 2002 and Powell et al., 

2012). Quality is a combination of visual stimuli such as size, shape, color, firmness and 

sensory factors like Sugars, acidity and taste. The maintenance of good organoleptic 

characteristics for an extended period of time after fruit harvest is defined as shelf life. A 

long shelf life is a desired character for fresh market tomatoes. 

2.3.2 As a nutritional benefit 

Besides all these aspects consumers are paying ever increasing attention to the 

health and nutritional aspects of horticultural products such as vitamin contents, mineral 

elements and antioxidants (Causse et al., 2010). Fresh fruits and vegetables have long 

been regards as having considerable health benefits, in particular to their antioxidant 

content, which can protect the human body against cellular events, cancer and other age 

related degenerative diseases (Adams and Adams, 2000). Tomatoes are large reservoir of 

diverse antioxidant molecules, such as ascorbic acid, vitamin E, carotenoids, flavonoids 

and phenolic acids. It is also rich in vitamins and minerals. These represent a major 

contribution to nutrition worldwide. Hence it is called as “protective food”. (Naveen et 

al., 2008; Sacco et al., 2012) which play important role in human health.  

These carotenoids including lycopene, flavonoids, vitamin C, and vitamin E have 

potential to prevent chronic diseases including epithelial cancer, cardiovascular diseases, 

digestive disorders and immune deficiency (Fooland, 2007). In this regards carotenoids 

have attracted significant attention, particularly Beta-carotenoid as provitamin A is very 

important for retinal health, preserving eyesight, night blindness and protection against 

cataract. Carotenoids like lycopene have also been implicated in reducing low density 

lipoprotein (LPL) improving immune system and preventing neuron degenerative 

diseases such as Alzheimer‟s, Parkinson‟s and vascular dementia. Flavonoids also have 

anti-oxidant properties reduces the risk of age related diseases, heart ailments and cancer. 

The potential of phytonutrients in protecting against or delaying in incidence of 

fatal diseases is believed largely to occur via their antioxidants and free radical 

scavenging properties by protecting cellular macromolecules from oxidative damage 

induced by pro-oxidants, especially during aging.  Therefore many researchers have been 

made conducted to enhance the nutritional quality of the commercial tomato varieties. 
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2.3.3 As a model system 

In addition to obtain in depth knowledge of genetic regulation of nutritional 

content compounds in fruits, tomato also represent an excellent model system for both 

basic and applied research  for many reasons including care of  growth is a wide range of 

environment, a short lifecycle and well developed genetic and genomic tools (Fooland, 

2007; Barone et al., 2005). It has proven a highly useful model system for fruit 

development and ripening and in the system in which the role of ethylene during fruit 

ripening has been most thoroughly studied review (Cara and Giovannoni, 2008). It is an 

ideal model plant for studying climacteric fruit ripening several gene banks have 

established and more than 75,000 accesion of tomato are maintained. In addition several 

mutants affected in fruit size, shape, diversity and ripening have been isolated (Tanksley, 

2004 and Rodriguez et al., 2011).  

Recently the genome of Solanum lycopericon cv. “Heinz 1706” has been fully 

sequenced and made publically available. The predicted size of its diploid genome is 

approximately 900 mega bases (Mb), distributed on 12 chromosomes, more than 75 per 

cent of which is heterochromatin and largely devoid of genes.  Around 33,000 genes have 

been predicted and some 5,000 genes are preferentially expressed in fruits. Tomato with 

its short generation time and the availability of a routine transformation technology, 

mapping population and micro array of mapping DNA markers, tomato is a highly 

tractable experimental system. Several “omics” tools (transcriptomics, proteomics and 

metabolomics) have been used to explore fruit formation and development (Alba et al., 

2005 and Moore et al., 2005) leading to genetic characterization of several important 

traits that have been selected during tomato domestication (Pereira da Costa et al., 2013). 

2.4 Shelf life  

The maintenance of good organoleptic characteristics for an extended period of 

time after fruit harvest is defined as shelf life. A long shelf life is desirable trait for fresh 

market tomatoes (Pereira da Costa et al., 2013). Tomato is a product that experience great 

postharvest losses because of its natural perishability, precarious transportation, storage 

conditions and in adequate packaging. It is considered to be a perishable commodity its 

water content pertains to its poor postharvest life unless appropriate handling or storage 

technique is adopted. It is estimated about 1/3
rd 

of the harvested fruits do not reach the 

consumers as a result of these losses. In India about 40 per cent of produce is loss 

because of excessive softening. In order to minimize these losses it is important to study 

and understand the biological and environmental factors leading to postharvest loss in 

tomato (Kader, 2005). 

2.4.1 Influence of gene regulation on shelf life 

Tomato is a climacteric fruit and its ripening is dependent on an ethylene burst. 

Conversely in several tomato mutants in which ripening is delayed (rin, nor, nr) ethylene 

production is compromised. Synthesis of ethylene depends on the action of two enzymes 

ACC synthase (ACS) and ACC oxidase (ACO). ACS convert (s-adenosylmethionine into 

aminocyclopropane-1-carboxylate) which is subsequently transformed into ethylene by 

ACO. ACC synthases in tomato are encoded by a multigene family, but only LeACS2 and 
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LeACS4 are upregulated during climacteric fruit ripening (Barry et al., 1996; Giovannoni, 

2006) down regulation of LeACS2 and LeACO2 delays ripening and the transgenic 

tomato fruits increases their shelf life. 

2.4.2 Spontaneous ripening mutants of tomato   

2.4.2.1 Never ripe (nr) 

Never ripe (nr) is a semi dominant mutant that affects one of the seven ethylene 

receptors (LeETR1-7) present in tomato genome. Out of these seven genes, only LeETR4, 

LeETR6 and Nr LeETR3 are strongly expressed during fruit ripening, nr is insensitive to 

ethylene (Lanahan et al., 1994; Wilkinson et al., 1995) showed that nr was the outcome 

caused by a mutation member of the tomato ethylene receptor gene family. The nr mutant 

contains a mutation in the ethylene binding site conferring ethylene insensitivity. 

Analysis of nr showed a number of pleiotropic effects indicative of ethylene insensitivity 

throughout the plant (Lanahan et al., 1994). The mutant only produces approximately 50 

per cent of the normal level of ethylene and 20 per cent of the normal level of red 

carotenoid.  

2.4.2.2 Ripening inhibitor (rin) mutant 

Ripening inhibitor (rin), Nonripening (nor) participate in ethylene independent 

regulatory cascade during the early stages of fruit ripening. These neither produce 

autocatalytic ethylene nor ripen in the presence of exogenous ethylene. They display 

signs of ethylene insensitivity and ethylene inducible expression of several genes 

(Vrebalov et al., 2002) LeMADS-RIN encodes a member of MADS-box family of 

transcription factor. The rin mutant fruit fail to synthesize climacteric ethylene or 

accumulate lycopene in addition to being deficient in softening and remaining resistant to 

microbial infection. By manipulating these genes breeder are able to show the ripening 

process and these mutations are already being used commercially to extend shelf life. 

(Giovannoni et al., 2008) 

2.4.2.3 Colourless non ripening mutant (cnr) 

It is a rare dominant mutation in a tomato gene that results in non-ripening 

phenotype that has firm fruit with reduced cell adhesion and complete absence of 

carotenoid synthesis in the pericarp (Giovannoni, 2006). The CNR promoter is 

progressively demethylated during ripening, but cnr mutants the promoter remain hyper 

methylated, which prevents RIN-MADS from binding to it (Zhong et al., 2013). The 

methylation states of several RIN-MADS targets change during ripening, indicating that 

progressive demethylation is necessary for RIN-MADS binding which lead to 

development of colourless, less softened fruits. 

2.4.2.4 Green ripening (gr) 

It is dominant non ripening mutant, whose phenotype is due to misexpression of 

gr gene in developing fruits and organs, where it is normally not active. In addition, a 

subset of ethylene responses associated with floral senescence, abscission and root 
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elongation are also impacted in mutant plants, but to lesser extent (Barry and Giovannoni, 

2008). 

2.4.2.5 Alcobac (alc) 

It was discovered by Leal in 1973. It is an abnormally ripening mutant of tomato, 

as having an exceptionally long shelf life. Mutant is characterized by its extended shelf 

life and the yellow colour of its ripe fruits (Leal, 1973; Leal and Tabin, 1974). The long 

shelf life of the mutant facilitates its use for commercial breeding (Kopeiiovitch et al., 

1980). Alcobac containing the recessive alleles (alc) induces slow ripening, with a 

reduced level of ethylene production and have prolonged shelf life. This mutant is 

controlled by a single gene (alc) located on short arm of chromosome 10 (Kinzer et al., 

1990). The use of these mutant alleles that interfere with the fruits natural ripening 

process is an attempt to minimize these problems (Mutschler et al., 1992). Postharvest 

shelf life of tomato may be increased by delaying mutant alleles which affect the natural 

ripening process by a favourable genotypic background. Among the several ripening 

mutant genes alc has proved to be highly efficient in increasing shelf life of commercial 

tomato fruits, especially in heterozygosis. The utilization of the alc mutant is 

heterozygosity (alc+/alc) decreased fruit firmness loss in tomato plants (Dias et al., 

2003). 

The cultivation of tomatoes of the extra firm and long shelf life types showed 

increased quality of the fruits above 50 per cent. This increase happened because of 

improvement in the quality of fruit firm, which is suitable for consumption for an 

extended period of time after being harvested. These material bear genetic traits which 

interfere with the activity of enzymes that act directly upon the physiological process can 

be altered by mutant alleles which, in heterozygosity, extend the postharvest life of fruits. 

This is reflected as a higher resistance to transportation and a longer shelf life, without 

loss of their organoleptic characteristics (Dias et al., 2003). 

2.4.3 Recommendations for Maintaining Postharvest Quality  

2.4.3.1 Maturity Indices 

A. Standard Tomatoes 

Minimum harvest maturity (Mature Green 2) is defined by internal fruit structure 

indices. Seeds are fully developed and are not cut upon slicing the fruit. Gel formation is 

advanced in at least one locule and jelly like material is forming in other locules. 

B. Extended Shelf Life Tomatoes 

Off-vine ripening is severely affected if fruits are harvested at the MG2 stage. 

Minimum harvest maturity is better defined as equivalent to ripeness class Pink (USDA 

Color Stage 4 more than 30 per cent but not more than 60 per cent of the fruit surface, 

overall, shows a pink-red color). 
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2.4.3.2 Quality Indices 

Standard tomato quality is primarily based on uniform shape and freedom from 

growth or handling defects. Size is not considered as a factor for grade quality but may 

strongly influence commercial quality expectations. 

Shape - well-formed for type (round, globe, flattened globe, aroma) 

Color - Uniform color (orange-red to deep red; light yellow). No green shoulders. 

Appearance - Smooth and small blossom-end scar and stem-end scar.  

Firmness - Yields to firm hand pressure. Not soft and easily deformed due to an over 

ripe condition. 

2.5 Different approaches to improve postharvest shelf life of Tomato 

Tomato is one of the most important supplementary sources of minerals and 

vitamins in the human diet. It is highly perishable and encounters several problems 

during its transportation, storage and marketing. Owing to the lack of information on 

appropriate postharvest treatments, packaging, temperature etc., the fruits not only lose 

their quality but also encounter a substantial postharvest loss. In a commercial context, 

the control of fruit ripening is often achieved through early harvest, by controlling the 

postharvest storage atmosphere and by genetic selection for slow or late ripening 

varieties. However, an increasing understanding of the metabolic changes underlying 

fruit development and ripening may help in developing new strategies to improve shelf 

life and postharvest quality of fruit (Matas et al., 2009). 

2.5.1 Postharvest treatments: 

(a) Effect of Polyethylene Packaging on Fruit 

Tomatoes harvested at breaker stage and packed in 300 gauge polyethylene bags 

with three vents recorded minimum changes in moisture, total soluble solids, acidity and 

sugars than the control fruits. The organoleptic score was high in above acceptable limits 

for these fruits with a shelf life of 42 days (Naik et al., 1993). Minimum weight loss of 

77.5 g was recorded for tomatoes packed in black polyethylene bags. While, a maximum 

weight loss of 224.16 g occurred for unpacked fruits. The best colour retention and 

firmness was noted in black polyethylene bags (Badshah et al., 1997). Tomato treated 

with chlorine; packed in perforated (0.25 %) polyethylene bag and kept at ambient 

(Temperature 20-25 °C and Relative humidity 70-90 %) condition resulted in substantial 

reduction in losses caused by decay and weight loss. This treatment combination 

considerably delayed compositional changes in total soluble solids (TSS), total sugar, 

reducing sugar, vitamin-C, β-carotene etc. Under this condition, shelf life of tomato had 

extended up to 17 days as compared to the non-treated tomatoes kept in ambient 

condition without packaging or packed in a gunny bag for 7 days (Nasrin et al., 2008). 

 

http://postharvest.ucdavis.edu/Produce/ProduceFacts/Veg/tomato_graphics.shtml
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(b) Effect of Heat Treatment on Tomato Fruit 

Matured tomatoes immersed in water at 40 °C for 15 min and stored for 21 days 

at 5 °C followed by 12 days at 20 °C exhibited lowest incidence of chilling injury and 

were firmer. Those fruits ripened normally at 20 °C characterized by climacteric ripening. 

Complete disappearance of chlorophyll followed by lycopene synthesis was observed 

after 9 days at 20 °C indicating normal ripening (Nagetey et al., 1999). Hot water dips 

(39 °C for 90 min) of mature green cherry tomato fruits and subsequent storage in MAP 

substantially delayed the colour development (Ali et al., 2004). „Rapsody‟ tomato fruit 

exposed to 34 °C for 24 hr in air and stored at 10 °C for 30 days developed the best 

colour when ripened and had the least chlorophyll and highest lycopene content (Yahia et 

al., 2003). 

(c) Effect of calcium chloride on Tomato Fruit 

Tomato fruits were dipped in 0, 0.5, 1.0 and 1.5 per cent of calcium chloride. 

Then the fruits were placed on foam tray and wrapped with PVC film. The fruits were 

kept at 5 
o
C, 85 per cent RH. It was found that vitamin C content and respiration were 

increased, while firmness, total solids and total acids were decreased. Bhattarai and 

Gautam, (2006) conducted experiment to find out the effect of harvesting method and 

calcium chloride treatment on postharvest physiology of tomato. Tomato fruits with stalk 

and without stalk were harvested at breaker stage and dipped in distilled water and 

different concentrations of calcium chloride i.e. 0.25 per cent, 0.50 per cent, 0.75 per cent 

and 1 per cent for fifteen minutes. Fruits were then air dried and stored at ambient 

conditions (24 ± 3 
o
C and 70 ± 5 % RH). Among the tested treatments the least 

cumulative physiological weight loss (12.14 %) was exhibited by 1 per cent calcium 

chloride.  

The maximum shelf life was noticed in 1per cent calcium chloride treated fruits. 

Low O2 and high CO2 atmospheres (3 % O2 + 20 % CO2) prevented the total carotenoid 

and lycopene biosynthesis and as well as β-galactosidase activity in tomatoes. The 

chlorophyll degradation and loss of firmness was slowed down (Gabriel et al., 1999). 

Modified atmosphere packaging provided good quality tomato slices with a shelf life of 2 

weeks at 5 °C (Hong and Gross, 2001). Mature green tomatoes packed in MAP had a 

built in atmosphere of 4 per cent O2 and 5 per cent CO2 and delayed the fruit ripening. 

These fruits had a low rate of physiological loss in weight and better overall quality than 

control (Onwuzulu et al., 1995). Tomatoes packed with several polyvinylchloride (PVC) 

films or with K-resin had a slow rate of colour change than control, but continued to ripe 

normally after the packs were perforated and transferred to 20 °C. The aroma, flavour and 

texture of these fruits were slightly better than control fruits (Geeson et al., 1985). A 

parallel delay in fruit softening was attributed to an inhibition of polygalacturonase and 

pectin methyl esterase, and the most effective treatment was that of 20 ml ethanol per 2.5 

kg fruit (Thakur et al., 2000). 

2.5.2 Genetic engineering approaches 

The manipulation of tomato fruit quality through genetic engineering is 

reasonably well advanced. Many important processes in plants are regulated by ethylene, 
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especially those involved with postharvest processes. There are several methods available 

to manipulate ethylene responses. First, by blocking ethylene synthesis: with antisense 

RNA for ACC synthase or ACC oxidase, using gene silencing or co-suppression, by 

metabolic interference, diverting SAM or ACC away from ethylene synthesis. Secondly, 

by blocking the expression of genes that are induced in response to ethylene by antisense 

RNA for PME (pectin methylesterase) or PG (polygalacturonase). Third, the expression 

of a dominant mutant ethylene receptor blocks the perception of ethylene. To identify the 

function of genes and their role in the ripening process, an antisense RNA strategy has 

been used by several research groups and several transgenic plants that showed reduced 

expression of ripening related genes (Gray et al., 1994; Stearns and Glick, 2003).  The 

understanding of the biology of fruit ripening has improved, has boosted the ability to 

improve the organoleptic and nutritional qualities of fruits through crop management, 

breeding or biotechnology. 

One important target for modification of tomato fruit ripening to decelerate is the 

softening of the fruit. During fruit ripening, various enzymes that degrade specific 

components of the cell walls are synthesized in the fruit. The events such as dissolution 

of the middle lamella, resulting in a reduction in intercellular adhesion, depolymerization, 

and solubilization of hemi cellulosic and pectic cell wall polysaccharides are 

accompanied by the increased expression of numerous cell wall degrading enzymes, 

including polysaccharide hydrolases, transglycosylases, lyases, and other wall loosening 

proteins, such as expansin (Rose et al., 2003; Brummell, 2006). Among the enzymes that 

accumulate in the fruits are cellulases, polygalacturonase (PG) and pectin methylesterase 

(PME), the last two are being involved in breakdown of the pectin cross linking 

molecules. These enzymes contribute to the softening of the fruit by reducing the rigidity 

of the cell wall structures. The expressions of the genes encoding these enzymes are 

regulated by ethylene. 

2.5.3 Enzymes regulating fruit ripening 

2.5.3.1 Polygalacturonase (PG) 

Polygalacturonase or PG is an enzyme that degrades pectin in fruit cell walls and, 

along with other enzymes, provokes the softening of fruits during fruit ripening. antisense 

RNA techniques have been developed to generate novel mutant tomatoes in which the 

biochemical function of this enzyme and its involvement in fruit softening has been 

tested (Bird et al., 1988). The Calgene (Davis, CA) Flavr Savr TM tomato based on 

antisense PG gene was commercialized in the U.S. market in 1995, marketed as high 

flavoured fresh tomato. This tomato was modified by silencing the turning off PG 

synthesis using antisense technology (Redenbaugh et al., 1992). It was claimed that 

softening of the fruit was impeded in those fruit, allowing them to remain on the vine 

longer, with harvest later than the typical "mature green fruit" stage. 

2.5.3.2 Pectin methyl esterase (PME) 

PME is involved in the metabolism of pectins in the cell wall. Pectins are present 

in mature green fruit as long polymers, and PME is expressed during fruit ripening to 

break these large polymers into shorter molecules. It is likely that PME is one of the first 
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enzymes involved in the metabolism of pectins. Transgenic plants with low expression of 

pectin methyl esterase (PME) in the fruits were developed again using antisense RNA 

approach (Tieman et al., 1992; Hall, 1996). The pectins in these fruit with reduced PME 

activity remain large as the fruit ripen. They are not broken down into shorter pectins 

because there is no PME activity. However, transgenic plants with reduced PME levels 

ripen normally as it does not interfere with ethylene production, the central regulator of 

fruit ripening. Suppression in transgenic fruit resulted in reduced pectin 

depolymerization, however there was no effect on firmness during ripening (Tieman and 

Handa, 1994). The outcome of this modification is that using this transgenic tomato fruit 

has more viscous juice as the starting material. In turn, it requires less processing to 

produce tomato paste of the desired consistency.  

2.5.3.3 Other enzymes 

Softening following ripening proved to be significantly reduced in transgenic 

tomato fruit with suppressed β-galactosidase, an enzyme that is normally up regulated 

during the early stages of ripening and serves to remove pecticgalactan side chains 

(Smith et al., 2002). In addition, expansin proteins appear to play an integral role in fruit 

softening, probably by disrupting hydrogen bonding between cellulose micro fibrils and 

matrix polysaccharides, resulting in loosening of the cell wall structure (Brummell and 

Harpster, 2001). 

2.5.3.4 Phospholipase D 

Phospholipase hydrolyze phospholipids, which are the backbones of the 

biological membranes. The transgenic tomato fruits (Solanum lycopersicon cv. Celebrity) 

transformed with an antisense phospholipase D (PLD) cDNA construct, resulted in a 30-

40 per cent reduction of PLD activity in ripe fruits. The transgenic fruits were firmer, 

possessed better red colour, and flavour. The dry matter and ash contents, as well as the 

precipitate weight ratio (PPT) of the transgenic fruit products were significantly higher 

when compared to the products from the control fruits. The vitamin C content of the 

transgenic fruits was also higher compared to the control fruits. The results suggested that 

a reduction in PLD activity may lead to increased membrane stability and preservation of 

membrane compartmentalization (Pinhero et al., 2003). 

2.5.3.5 Deoxyhypusine synthase 

Regulation of expression of programmed cell death, including senescence, in 

plants is achieved by integration of a gene or gene fragment encoding senescence-

induced deoxyhypusine synthase, senescence-induced elF-5A or both into the plant 

genome in antisense orientation. DHS mediates the first of two sequential enzymatic 

reactions that activate eukaryotic translation initiation factor-5A (eIF 5A) by converting a 

conserved Lys to the unusual amino acid, deoxyhypusine. DHS levels were suppressed 

by anti-sense approach under constitutive promoter in tomato (Wang et al., 2005). The 

suppression of DHS had pleiotropic effects on growth and development of tomato. Fruit 

from the transgenic plants ripened normally, but exhibited delayed postharvest softening 

and senescence that correlated with suppression of DHS protein levels. Transgenic plants 
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in which DHS was more strongly suppressed were male sterile, did not produce fruit, and 

had larger, thicker leaves with enhanced levels of chlorophyll. 

2.5.3.6 Delayed fruit ripening by manipulating ethylene metabolism 

A number of approaches have been used to develop tomatoes with reduced 

synthesis of ethylene, to alter the ripening of tomatoes, besides improved quality as fresh 

market tomatoes. Expression of antisense versions of enzymes from the ethylene 

biosynthesis pathway can be used to regulate the genetic control of ethylene levels. The 

important transgenic strategies to lower the ethylene levels are as follow: 

2.5.3.7 ACC synthase 

ACC synthase is responsible for the conversion of SAM to 1-ACC. It is one of the 

rate limiting enzymes in ethylene biosynthesis and is the target for many strategies aimed 

at reducing ethylene. Oeller et al., (1991) to inhibit one tried tomato ACC synthase 

(ACS2) mRNA, for which the entire gene including the untranslated regions was inserted 

in opposite orientation under the constitutive CaMV 35S promoter into plant genome. 

These transgenic tomatoes showed a 99.5 per cent reduction in ethylene production and 

no ripening was observed. That effect can be reversed by exogenous ethylene treatment. 

2.5.3.8 ACC oxidase 

ACC oxidase is responsible for the conversion of 1-ACC to ethylene and it also 

encoded by a multigene family. Hamilton et al., (1999) over-expressed the antisense 

ACC oxidase gene in tomato. In other approach, RNAi-mediated gene silencing for the 

ACC oxidase gene was used for successful production of transgenic tomatoes with trace 

levels of ethylene and prolonged shelf life. 

2.5.3.9 ACC deaminase 

The enzyme ACC deaminase is shown to convert ACC to ammonia and β-

ketobutyrate, both of them were further metabolized by microorganisms. This enzyme 

was first discovered in soil micro-organisms (Honma and Shimomura, 1978). These 

transgenic plants showed 90-97 per cent reduced ethylene production but they also had 

delayed pigment accumulation, altered ripening pattern and softening. 

Vijaykumar et al. (2010) reported the prolonging of the shelf life of transgenic 

tomato resulting from the suppression of genes encoding cell wall–degrading proteins. N-

glycans have been reported to play an important role during fruit ripening, although the 

role of any particular enzyme is yet unknown. They identified and targeted two ripening-

specific N-glycoprotein modifying enzymes, α-mannosidase (α-Man) and β-D-N-

acetylhexosaminidase (β-Hex). Analysis of transgenic tomatoes revealed ~ 2.5-fold and 

~2-fold firmer fruits in the α-Man and β-Hex RNAi lines, respectively, and ~30 days of 

enhanced shelf life. Genetic manipulation of N-glycan processing can be of strategic 

importance to enhance fruit shelf life, without any negative effect on phenotype, 

including yield. 
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Handa and Mattoo, (2010) introduced the spermidine synthase gene from yeast 

into the transgenic tomato plants which led to increased production of spermidine in the 

tomatoes. Spermidine is a polyamine and is found in all living cells. Spermidine is 

important in reducing senescence. Spermidine synthase is an enzyme that catalyzes the 

transfer of the propylamine group from S-adenosyl methionine amine to putrescine in the 

biosynthesis of spermidine. It enhances nutritional and processing quality of tomato. 

Tomato has been engineered to produce long shelf-life fruits, however but 

genetically modified crops are not yet well accepted by consumers. Considering the 

current scenario of India, approved for GM crop, except Bt cotton is still pending, where 

the next best option is to employ conventional breeding integrated with molecular marker 

assisted selection (MAS) for developing desired quality in this crop. Several spontaneous 

ripening mutants have been reported in tomato, were described in tomato, such as rin 

(ripening inhibitor), nor (nonripening) and alc (alcobaca) (Giovannoni, 2006) these gene 

can be well to improve the shelf life. 

2.6 Breeding for high shelf life in tomato 

Like all known species of the genus Solanum, tomato is a diploid; having 2n=24 

chromosomes, with a genome size of 2.0 pg/2c = 9.5×105 Kb/1c (950 M bp), which is 

composed of 77 per cent heterochromatin and 23 per cent euchromatin (Paterson, 1996). 

The nine species have been grouped into two intracrossable and interincrossable groups 

(or complexes): the “esculentum complex,” including L. esculentum, L. esculentum var. 

cerasiforme, L. pimpinellifolium, L. cheesmanii (including L. cheesmanii f. minor),  

L. chmielewskii, L. parviflorum, L. hirsutum (including f. typicumand f. glabratum) and 

L. pennellii, and the “peruvianum complex” including L. peruvianum and L. chilense.  

All species within the esculentum complex can be hybridized with the cultivated 

tomato, and most of which (except L. hirsutum f. typicum and some L. pennellii) are self-

compatible. The two species within the peruvianum complex are extremely diverse and 

represent a wealth of characteristics, which are potentially valuable for crop 

improvement. These species, which are mostly self-incompatible and produce green fruit, 

have been rather partial in their usefulness to cultivated forms due to various barriers 

present in sexual hybridization and gene transfer. However, they can be hybridized with 

members of the esculentum complex by the application of techniques such as embryo 

rescue or by the use of pollen mixture (with tomato pollen) when fertilizing tomato 

plants. There are documented examples of crosses with peruvianum complex which have 

been utilized in tomato breeding programme. 

2.7 Use of molecular marker in evaluation of a population 

Genetic markers represent genetic differences between individual organisms or 

species. Generally, they do not represent the target genes themselves but act as „signs‟ or 

„flags‟. Genetic markers that are located in close proximity to genes (i.e. tightly linked) 

may be referred to as gene „tags‟. Such markers themselves do not affect the phenotype 

of the trait of interest because they are located only near or „linked‟ to genes controlling 

the trait. All genetic markers occupy specific genomic positions within chromosomes 

(like genes) called „loci‟ (singular „locus‟) (Collard et. al., 2005). 
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There are three major types of genetic markers: 

(1) Morphological (also „classical‟ or „visible‟) markers, which themselves are 

phenotypic traits or characters; 

(2) Biochemical markers, which include allelic variants of enzymes called isozymes; and  

(3) DNA (or molecular) markers, which reveal sites of variation in DNA (Jones et al., 

1997; Winter and Kahl, 1995). 

DNA markers may be broadly divided into three classes based on the method of 

their detection: (1) hybridization-based; (2) polymerase chain reaction (PCR)-based and 

(3) DNA sequence-based (Gupta et al., 1999; Jones et al., 1997; Joshi and Nguyen, 1993; 

Winter and Kahl, 1995). Essentially, DNA markers may reveal genetic differences that 

can be visualised by using a technique called gel electrophoresis and staining with 

chemicals (ethidium bromide or silver) or detection with radioactive or colorimetric 

probes. DNA markers are particularly useful if they reveal differences between 

individuals of the same or different species. These markers are called polymorphic 

markers, whereas markers that do not discriminate between genotypes are called 

monomorphic markers. Polymorphic markers may also be described as co-dominant or 

dominant. This description is based on whether markers can discriminate between 

homozygotes and heterozygotes. Co-dominant markers indicate differences in size 

whereas dominant markers are either present or absent. The different forms of a DNA 

marker (e.g. different sized bands on gels) are called marker „alleles‟. Co-dominant 

markers may have many different alleles whereas a dominant marker only has two alleles 

(Collard et al., 2005). 

Several different populations may be utilized for mapping within a given plant 

species, with each population type possessing advantages and disadvantages (Mc Couch 

and Doerge, 1995; Paterson, 1996). F2 populations, derived from F1 hybrids, and 

backcross (BC) populations, derived by crossing the F1 hybrid to one of the parents, are 

the simplest types of mapping populations developed for self-pollinating species. Their 

main advantages are that they are easy to construct and require only a short time to 

produce. 

It is critical that sufficient polymorphism exists between parents in order to 

construct a linkage map (Young, 1994). In general, cross pollinating species possess 

higher levels of DNA polymorphism compared to inbreeding species; mapping in 

inbreeding species generally requires the selection of parents that are distantly related. In 

many cases, parents that provide adequate polymorphism are selected on the basis of the 

level of genetic diversity between parents (Anderson et al., 1993; Collard et al., 2003; 

Joshi and Nguyen, 1993; Yu and Nguyen, 2000). The choice of DNA markers used for 

mapping may depend on the availability of characterized markers or the appropriateness 

of particular markers for a particular species. 

Once polymorphic markers have been identified, they must be screened across the 

entire mapping population, including the parents (and F1 hybrid, if possible). This is 

known as marker „genotyping‟ of the population. Therefore, DNA must be extracted from 
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each individual of the mapping population when DNA markers are used. Significant 

deviations from expected ratios can be analyzed using Chi-Square tests. Generally, 

markers will segregate in a Mendelian fashion although distorted segregation ratios may 

be encountered (Sayed et al., 2002; Xu et al., 1997). 

The cultivated tomato, Lycopersicon esculentum, is the second most consumed 

vegetable worldwide and a well-studied crop species in terms of genetics, genomics, and 

breeding. It is one of the earliest crop plants for which a genetic linkage map was 

constructed, and currently there are several molecular maps available, which have been 

constructed based on crosses between the cultivated and various wild species of tomato. 

The high-density molecular map, developed based on an L. esculentum × L. pennellii 

cross, includes more than 2200 markers with an average marker distance of less than 1 

cM and an average of 750 K bp per cM. Different types of molecular markers such as 

RFLPs, AFLPs, SSRs, CAPS, RGAs, ESTs and COSs have been developed and mapped 

onto the 12 tomato chromosomes. Markers have been used extensively for identification 

and mapping of genes and QTLs for many biologically and agriculturally important traits 

and occasionally for germplasm screening, fingerprinting, and marker-assisted breeding. 

The utility of MAS in tomato breeding has been restricted largely due to limited marker 

polymorphism within the cultivated species and economic reasons. Also, when used, 

MAS has been employed mainly for improving simply-inherited traits and not much for 

improving complex traits. The latter has been due to unavailability of reliable PCR-based 

markers and problems with linkage drag. Efforts are being made to develop high-

throughput markers with greater resolution, including SNPs. The expanding tomato EST 

database, which currently includes ∼214 000 sequences, the new microarray DNA chips, 

and the ongoing sequencing project are expected to aid development of more practical 

markers. Several BAC libraries have been developed that facilitate map-based cloning of 

genes and QTLs. Sequencing of the euchromatic portions of the tomato genome is paving 

the way for comparative and functional analysis of important genes and QTLs (Fooland, 

2007). 

In order to use the wild germplasm in tomato breeding and genetic studies  (Eshed 

and Zamir, 1994) developed a new kind of genetic resource which is composed of 50 L. 

esculentum lines each containing a single introgression from the green fruited species L. 

pennellii (LA 716). The lines contain on the average an introgression of 33 cM from a 

total genome size of 1200 cM. The size and identity of the introgressed segments was 

determined based on RFLP analysis of 350 markers. 

An introgression line F2 derived from L. esculentum (tomato) × L. pennellii and a 

backcross 1 (BC1) population derived from L. esculentum × L. pimpinellifolium both 

place fw 2.2 near TG-91 and TG-167 on chromosome 2 of the tomato high density 

linkage map. fw 2.2 accounts for 30 per cent and 47 per cent of the total phenotypic 

variance in the L. pimpinellifolium and L. pennellii populations, respectively (Alpert et 

al., 1995). 

Five hundred DNA sequences of tomato were searched for SSRs and analyzed for 

the design of PCR primers. Of the 158 pairs of SSR primers screened against a set of 19 
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diverse tomato cultivars, 129 pairs produced the expected DNA fragments in their PCR 

products, and 65 of them were polymorphic with the polymorphism information content 

(PIC) ranging from 0.09 to 0.67. Among the polymorphic loci, 2-6 SSR alleles were 

detected for each locus with an average of 2.7 alleles per locus; 49.2 per cent of these loci 

had two alleles and 33.8 per cent had three alleles (He et al., 2003). 

Lycopersicon esculentum accessions bearing fasciated (multiloculed) fruit were 

characterized based on their flower organ and locule number phenotypes. The most 

significant of these, map to the bottoms of chromosomes 2 and 11 and correspond to the 

locule number and fasciated loci. All stocks tested were fixed for mutations at the 

fasciated locus, which maps to the 0.5 cM interval between the markers T302 and 

cLET24J2A and occurs in at least three allelic forms (wild type and two mutants). One of 

the fasciated mutant alleles is associated with nonfused carpels and repressed 

recombination. The other two loci controlling locule number correspond to the lcn 1.1 

and lcn 2.2 loci located on chromosomes 1 and 2, respectively (Barrero and Tanksley, 

2004) 

Frary et al. (2004) used 150 molecular markers for genotyping 175 BC2 plants for 

detection of QTLs for different yield and fruit quality traits in a population derived from 

the interspecific cross Lycopersicon esculentum (E6203) × Lycopersicon pennellii 

accession (LA1657).  

In previous introgression studies, involving several different wild tomato species, 

have shown that the long arm of chromosome 4 contains QTLs for many horticulturally 

important traits including soluble solids content, fruit shape, lycopene content and 

biochemical composition. However, these earlier studies were unable to determine how 

many genes control these traits and whether genes affecting the same character from 

different wild species are allelic or not. In an effort to shed light on these issues, we have 

constructed a series of lines containing small, overlapping introgressions for portions of 

the long arm of chromosome 4 from L. peruvianum and L. hirsutum and tested these lines 

in replicated field trials. The results provide evidence for multiple, non-allelic loci 

controlling soluble solids and fruit weight. They also showed that the loci controlling 

some traits (e.g. fruit shape, fruit weight, epidermal reticulation) co-localize to the same 

portions of chromosome 4, a result that may be attributed to pleiotropy and gene dense 

areas with lower than average recombination (Yates et al., 1965). 

Tomato and potato expressed sequence tag (EST) sequences contained in the 

solanaceae genomics network (SGN) database were screened for simple sequence repeat 

(SSR) motifs. A set of 76 SSRs were placed on the S. lycopersicum (LA925) × S. 

pennellii (LA716) high-density map. A set of 76 selected cleaved amplified 

polymorphism (CAP) markers were also developed and mapped onto the same 

population. These 152 PCR-based anchor markers are uniformly distributed and 

encompass 95 per cent of the genome with an average spacing of 10.0 cM. These PCR 

based markers were further used to characterize S. pennellii introgression lines and 

should prove helpful in utilizing these stocks for high-resolution mapping experiments 

(Eshed and Zamir, 1994 and Frary et al., 2005). 
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The comparative characterization was done by simple sequence repeat (SSR) and 

sequence characterized amplified region (SCAR) markers of two populations of F6 lines 

derived from Lycopersicon pimpinellifolium (population, consisting of 142 lines) and L. 

cheesmanii (population, consisting of 115 lines) and sharing the female parent, L. 

esculentum cv. cerasiforme. A linkage map for each population was obtained, with the 

average distances between consecutive markers being 3.8 cM or 3.4 cM respectively, 

depending on the population (Villalta et al., 2005). 

Fruit shape features were measured in three inter-specific F2 populations using the 

software application Tomato Analyzer. The largest effect QTL in the Rio Grande 

population were found to be fs 8.1 on chromosome 8 was associated with TG-176 and 

dblk 2.1 on chromosome 2  was associated with TG-645 (Gonzalo and Knap, 2008). 

Ohyama et al., 2009 developed nearly 700 non-redundant 2- or 3-base simple 

sequence repeat (SSR) markers from tomato using sequence data obtained from open 

genome databases. Among various types of core motifs, AT was most abundant in SSRs 

derived from cDNAs 53 per cent and bacterial artificial chromosome (BAC) ends 72 per 

cent. They found that there was a positive correlation between the rate of detection of 

polymorphic alleles (heterozygosity value; Hv) and the repeat number of the core motif 

in all markers showing polymorphism atleast among one pair of six cultivars or lines 

tested (r = 0.566**).  

A total of 54 SSR primer pairs from 17 BAC clones on chromosome 6 were 

designed and validated. Polymorphism of these loci was evaluated in a panel of 16 

genotypes comprising of Solanum lycopersicum and its wild relatives. Genetic diversity 

analysis based on these markers could distinguish genotypes at species level (Geethanjali 

et al., 2010).  

Using public genome sequence data in tomato, Shirasawa et al., 2010 developed 

three types of DNA markers: expressed sequence tag (EST)-derived simple sequence 

repeat (SSR) markers (TES markers), genome-derived SSR markers (TGS markers) and 

EST-derived intronic polymorphism markers (TEI markers). A total of 2,047 TES, 3,510 

TGS and 674 TEI markers were established and used in the polymorphic analysis of a 

cultivated tomato (Solanum lycopersicum) „LA925‟ and its wild relative Solanum 

pennellii „LA716‟, parents of the Tomato-EXPEN 2000 mapping population. A high-

density genetic linkage map composed of 1,433 new and 683 existing marker loci was 

constructed on 12 chromosomes, covering 1,503.1 cM. In the present map, 48 per cent of 

the mapped TGS loci were located within heterochromatic regions, while 18 per cent and 

21 per cent of TES and TEI loci, respectively were located in heterochromatin. 

2.8 Molecular markers in tomato breeding 

As there is need for breeding high quality tomato hybrid with both quality and 

quantity traits molecular markers allow the direction of such plant yield and fruit quality 

traits (Sacco et al., 2012). These molecular markers constitute an efficient tool for 

indirect selection in plant breeding. They have been widely used for following the 

introgression of monogenomic traits such as disease resistance (Singh et al., 2001). For 
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polygenic traits, several quantitative trait loci (QTLs) have been mapped and their 

individual effects estimated. MAS has been particularly efficient in investigation on trait 

with low heritability or traits that are expensive or difficult to assess and various MAS 

strategies have been proposed when all of the alleles come from a distant and inadequate 

line, the MABC (Bouchez et al., 2002) have optimized the theoretical conditions required 

to the markers for introgressing several QTLs through MABC. 

With all these researchers give importance to tomato molecular breeding, because 

both selfing and crossing in tomato. It is easy to do emasculation in cultivated tomato, as 

the flowers are large  and anthers come off easily which is done about 2 days before 

opening of flower buds (Rick, 1991) pollen collection is also very easy in tomato since 

tomato  flower itself acts as a natural pollen storage device. We can dig enough pollen 

out of the anther cones for pollinating few flowers. Drying anthers in the sun or under an 

incandescent lamp that is atleast 18‟‟ away from the pollen work well. This pollen can be 

stored at -80 ⁰C for extended period of time and thawed as needed (Sack and St. Clair, 

1996). 

2.9 Marker assisted selection (MAS) for shelf life in tomato 

In tomato, most of the studies related to MAS are based on crosses carried out 

between cultivated tomato and related species. The level of genetic variation within the 

cultivated tomato, revealed by most of the common molecular markers, was very low, 

which is a burden for MAS with respect to a wide range of important agronomical traits. 

Most traits of agricultural importance, such as yield and quality, are complex and they 

have polygenic control and quantitative inheritance. There are many regions within the 

genomes which contain genes that are associated with a polygenic traits are called 

quantitative trait loci (QTLs). The identification of QTLs based only on conventional 

phenotypic evaluation is not possible. The efficiency of MAS backcrosses for the 

introgression of a quantitative trait locus (QTL) depends on the stability of QTL 

expression (Chaib et al., 2006). 

2.10 Suitable mapping population 

It would be always advantageous using populations of early generations such as 

F2, F3, Backcross population etc. since the development of these populations require only 

2 to 3 years compared to the late generation populations such as F6, F8, RIL, BC inbred 

lines etc. which requires about 7 to 8 years (Fig. 1). Development of these early 

generations are not a costly affair as in case the doubled haploid lines. 

However predictions made involving early generations would be misleading 

because of the camouflaging effect of major genes on minor genes in early generations. 

Continuous inbreeding to evolve Recombinant Inbreed Lines (RILs) can eliminate this 

camouflaging effect. Thus, RILs can remain as the best choice of population for QTL 

analysis. As an alternative doubled haploid lines (DHLs) can also be used. The inherent 

homozygosity prevailing in the individuals of these two populations make the RILs and 

DHLs as immortals and help to have as many replications as required. 
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Fig. 1: Flow chart for development of mapping populations 

2.11 Evaluation of Backcross population in tomato 

Bernacchi and Tanksely, (1997) worked on producing improved processing 

tomato lines by molecular breeding strategy of advanced backcross QTL analysis. An 

evaluation of the agronomic performance of the NILs in five locations worldwide 

revealed that 22 out of the 25 (88%) quantitative factors showed the phenotypic 

improvement predicted by QTL analysis of the BC3 populations, as NILs in at least one 

location. 

The significant effect of the diallel mating scheme and simultaneous effect of the 

introgressed regions and of the genetic backgrounds were shown by using marker assisted 

introgression of five QTLs controlling fruit quality traits were reported by Lecomate et 

al. (2004). 

Frary et al. (2004) used advanced back cross QTL mapping strategy to identify 

loci for yield, processing and fruit quality traits in a population derived from the 

interspecific cross between L. esculantum E6203 × L. Pennelli LA1657. A total of 84 

different QTLs were identified, 45 per cent of which have been possibly identified in 

other wild-species-derived populations of tomato. 

Yun et al. (2006) reported on validation of quantitative trait loci for multiple 

disease resistance in barley using advanced back cross lines developed with wild barley. 

They had conducted QTL analysis on population derived from diverse parental 

genotypes, providing the advantage of high levels of DNA polymorphisms for mapping 

and a high level of variation for trait of interest. 

Pereira da costa et al. (2013) conducted research on QTL detection for fruit shelf 

life and quality trait across segregating population of tomato, this is done to detect QTL 
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associated with fruit shelf life and quality traits across different segregating population 

derived from an interspecific cross. Families derived from five BC1 self-plant and BC2 

were used to validate the detected QTL in the BC1 as well as to identify regions with wild 

type recessive alleles of QTLs controlling these traits. Thirty polymorphic markers (SSR) 

in parental genotypes and F1 were used to analyze the segregating populations. The 

comparison among QTLs detected in the BC1 and BC2 generations and the families 

BC1S1 allowed assessing the consistency of six QTLs for length, shape, weight, pH, 

soluble solids content and fruit shelf life. 

2.12 Single Markers analysis (SMA) 

SMA is the method used in earliest studies on QTL mapping (Edwards et al., 

1987; Weller et al., 1988). In this method one marker is involved at a time to find the 

QTL Marker association (Fig. 2). This single marker analysis can be implemented as a 

simple t test, ANNOVA, linear regression and likelihood ratio test and maximum 

likelihood estimation (Haley and Knott, 1992; Wang et al., 1994). SMA can be 

performed using common statistical software. 

 

Fig. 2: Association of a marker with a putative QTL 
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III MATERIAL AND METHODS 

The present investigation was carried out by conducting the field experiments 

during Kharif 2015 at the Department of Plant Biotechnology, University of Agricultural 

Sciences, GKVK, Bangalore, which is located at an altitude of 899 m above Mean Sea 

Level (MSL) and at 13° 00′ N latitude and 77° 35′ E longitude. 

The details pertaining to the experimental location, materials used, layout of the 

field experiment, observations recorded, laboratory procedures followed for analysis of 

lycopene, total soluble solids, molecular characterization using SSR markers, validation 

of molecular markers linked to high shelf life and statistical procedures adopted for 

analysis of the data are briefly presented below. 

3.1 Experimental material 

The Experimental material consists of two BC2F1 populations which were derived 

from crossing P1 with P2 and again back crossing with P1 for twice. One population was 

developed by using Pusa Ruby as P1 (plate: 2) and L121 as P2 (plate: 3). Pusa Ruby was 

used as recurrent parent and it has semi-determinate growth habit. It is a commercially 

well accepted cultivar with good agronomic traits and has low shelf life of 10 days 

developed by IARI, New Delhi. L121 was used as donor parent and it has high shelf life 

of 40 days which is high compared to Pusa Ruby. L121 is a high shelf-life line because it 

contains alc gene. This gene is responsible for slow synthesis of ethylene hormone. 

In the similar manner one more population of BC2F1 was derived by using 

Vaibhav as P1 (plate: 4) and RIL126 as P2 (plate: 5). Here Vaibhav is used as a recurrent 

parent. It is a commercially well accepted variety because of its high yielding capacity 

and it has low shelf life of 20 days released from University of Agricultural Sciences, 

GKVK, Bangalore. RIL126 developed by crossing L121 with Vaibhav, where L121 is 

used as female parent. This RIL 126 was used as donor parent and it has high shelf life of 

50 days which was developed in our lab by Dr. P. H. Ramanjini Gowda. 

3.2 Development of BC2F1 progenies 

The seeds of P1 and P2 of both the cross were sown in Green house at Department 

of Plant Biotechnology, GKVK, Bangalore during Kharif 2014. F1 hybrids were obtained 

by hand pollination using the cultivar P1 as female parent and P2 as male parent. BC1F1 

progenies were developed by hand pollinating the true F1 hybrids with that of recurrent 

parent during Rabi 2014 as a part of DBT project in our lab. Subsequently BC2F1 

progenies were developed by hand pollinating the heterozygous BC1F1 progenies with 

that of recurrent parent (Fig. 3). The crossing plan that has been carried out to transfer 

genomic regions conferring high shelf life to low shelf life cultivar is as follows. 
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P1 × P2 (Crossing between parents having high and low shelf life) 

   

    F1 × P1 (Identification of true F1, crossing with recurrent parent- P1) 

 

        BC1F1 × P1 (Identification of true BC1F1, crossing with recurrent parent- P1) 

 

                  BC2F1 

Development of BC2F1 populations. 

The 70 BC2F1 progenies of the cross Pusa Ruby/L121//Pusa Ruby (plate: 6) and 

92 BC2F1 progenies of the cross Vaibhav/RIL126//Vaibhav (plate: 7) were used for 

evaluation of shelf life and other characters. 

3.3 Evaluation of backcross progenies and comparison with F1 hybrids and parents 

Total 162 BC2F1 progenies developed by backcrossing were evaluated in 

augmented design (windostat ver. 8.5) with their parents Pusa Ruby, L121, Vaibhav, 

RIL126 and F1 hybrids of the cross Pusa Ruby/L121//Pusa Ruby and Vaibhav/ 

RIL126//Vaibhav during Kharif 2016. The experimental plot was ploughed and 

recommended FYM dose with fertilizers were incorporated into the soil before 

transplanting. 30 days old seedlings were transplanted into experimental plot with a 

spacing of 90 × 40 cm. Irrigation and other cultural practices were followed as per 

recommendations of the package of practices. 

3.4 Recording of observations in backcross populations 

The observations of plant morphological and yield characters in each plant were 

recorded. Three fruits per plant of parents (Pusa Ruby, L121, Vaibhav and RIL126) in 

each block, F1 hybrids and every plant of two populations of BC2F1 at breaker stage 

defined by (Giovannoni, 2006) was harvested and was evaluated for fruit morphological, 

biochemical characters and shelf life. The average values were computed as treatment 

mean under each replication in parents F1 hybrids. The characters studied and techniques 

adopted to record the observations given below. 

3.4.1 Plant height (cm) 

This was measured in cm from base of the plant to the tip after 65 days of 

transplanting. 

3.4.2 Number of branches per plant 

Number of branches in each plant was counted after 65 days of transplanting. 



 

Plate 1: General view of the plot 



 

 

 

 

 

Plate 2: Parental Line – Pusa Ruby (P1) 

Plate 3: Parental Line – L121 (P2) 



 

 
 

     

  

Plate 4: Parental Line – Vaibhav (P1) 

 

 

Plate 5: Parental Line – RIL126 (P2) 



  

 

 

  

 

 

 

 

 

 

 

  

Plate 6: BC2F1 (Pusa Ruby/L121) 

Plate 7: BC2F1 (Vaibhav/RIL126) 
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3.4.3 Number of flowers per cluster 

The number of flowers in each plant is counted after all the flowers in a cluster 

are initiated. Readings are taken from three clusters from each plant and averaged. 

3.4.4 Number of fruits per cluster 

Number of fruits per cluster is counted; average of three clusters per plant will be 

taken after all the flowers are set as fruits in that cluster. 

3.4.5 Yield (g/plant) 

Fresh weight of fruits per plant was recorded at each picking and total yield per 

plant was calculated and expressed in grams per plant. 

3.4.6 Total number of fruits per plant 

The total number of fruits per plant was counted in each plant at the time of 

picking. 

3.4.7 Single fruit weight (g) 

Three fruits of each plant will be weighed on a weighing balance and will be 

measured in g and averaged. 

3.4.8 Fruit length (cm) 

Length of the three fruits from each plant will be taken by using vernier calipus 

which will be measured in mm. Then these are converted to cm and are averaged to get 

mean value. 

3.4.9 Fruit width (cm) 

Width of the three fruits from each plant will be taken and measured by using 

vernier calipus in mm. Then these are converted to cm and are averaged to get mean 

value. 

3.4.10 Number of locules per fruit 

Three fruit from each plant will be cut in transverse section at fully ripened stage 

and number of locules will be counted. 

3.4.11 Rind thickness (mm) 

Three fruits from each plant were taken at red ripe stage and werecut into 

transverse section and rind thickness was measured by Vernier scale recorded in mm. 

3.4.12 Shelf life (Days) 

Three fruits at breaker (the stage at which green fruits turns to pink colour) stage 

from each plant will be kept for measuring shelf life at room temperature till shrinking 

and number of days will be counted from fruit breaker stage to shrinking stage. 
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3.4.13 Lycopene (mg/100g) (Ranganna, 1976) 

Lycopene is responsible for red colour of tomato and it has various health 

benefits. 

Principle:  

The carotenoids in the sample were extracted in acetone and then taken up in 

petroleum ether. Lycopene has absorption maxima at 473 nm and 503 nm. One mole of 

lycopene when dissolved in one liter light petroleum (40-60 ºC) and measured in a 

spectrophotometer at 503 nm in 1 cm light path gives an absorbance of 17.2 × 10
4
 

Therefore, a concentration of 3.1206 µg lycopene/ml gives unit absorbance. 

Materials: 

Acetone (AR grade) 

Petroleum ether 40-60 (AR grade) 

Anhydrous Sodium sulphate 

5 per cent Sodium sulphate. 

Procedure: 

1. Three to four tomato fruits were taken in a waring blender and pulp it well to a 

smooth consistency. 

2. Five to ten g of this pulp was weighed. 

3. The pulp was repeatedly extracted with acetone using pestle and mortar or a 

waring blender until the residue is colorless. 

4. The acetone extracts were pooled and transferred to a separating funnel containing 

about 20 ml petroleum ether and mix it gently. 

5. Twenty milliliters of five percent Sodium sulphate solution was added to it and the 

separating funnel was gently shaken. Volume of petroleum ether may be reduced 

during these processes because of its evaporation. Twenty ml of petroleum ether 

was added again to the separating funnel for obtaining clear separation of two 

layers. Most of the colour could be noticed in the upper petroleum ether layer. 

6. The two phases were separated followed by re-extraction of the lower aqueous 

phase with additional 20 ml petroleum ether until the aqueous phase is colorless. 

7. The petroleum ether extracts were pooled and washed once with a little distilled 

water. 

8. The washed petroleum ether extract containing carotenoids was poured into a 

brown bottle containing about 10 g anhydrous sodium sulphate and kept 

undisturbed for 30 minutes or longer. 
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9. The petroleum ether extract was then decanted into a 100ml volumetric flask 

through a funnel containing cotton wool. Sodium sulphate slurry was washed with 

petroleum ether until turns colorless and transferred to the volumetric flask. 

10. The volume was made up to 100 ml and the absorbance was measured in a 

spectrophotometer at 503 nm using petroleum ether as blank. 

3.4.14 Calculation: 

Absorbance (1 unit) = 3.1206 µg lycopene/ml. 

mg lycopene in 100g sample= 
31.206 × Absorbance 

Wt. of sample (g) 

3.4.15 Total soluble solids (TSS) 

Total soluble solids were recorded from three randomly selected fruits of each 

plant by squeezing the juice on Erma hand refractometer (0-32
0 

Brix) at room 

temperature and mean was recorded. 

3.5 Statistical analysis 

3.5.1 Analysis of variance for morphological, yield and fruit quality characters  

The analysis of variance for different characters was used to partition the variance 

due to different sources following the method given by (Panse and Sukhatme, 1964).The 

significance was tested by comparing with the table values as given by (Yates, 1965). In 

this experiment analysis of variance was obtained by augment analysis for both the 

populations (Pusa Ruby/L121//Pusa Ruby) and (Vaibhav/RIL126//Vaibhav. 

Analysis of variance for backcross progenies 

Source of variation  df mss 

Blocks (b) b-1 Mss (b) 

Backcross progenies (r) + checks (c) e-1 Mss (t) 

Checks (c) c-1 Mss (c) 

Backcross progenies (v) v-1 Mss (v) 

Checks vs  Backcross progenies (r) (c-1) (v-1) Mss (vc) 

Error (c-1) (b-1) Emss 

Where, v = number of progenies 

            c = number of check varieties 

            b = number of blocks 

            e = number of backcross progenies + checks 

  r = number of checks vs backcross progenies 
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The effect of each block (Bj) was computed as, Bj= Xj -X→ 

Where, 

Xj = Trait means of check entries in j
th

 block 
X→ = Trait mean of all the checks in all the blocks. 

Bj was used to adjust the trait means of the accessions relevant to the block. Thus, 

trait means of each accession evaluated in jth block was adjusted by subtracting the block 

effect Bj of the j block from actual trait value of the accession. The significance was 

tested by referring to the table given by Fisher et al., (1932). 

3.5.2 Phenotypic and Genotypic coefficient of variation (PCV and GCV) 

The phenotypic and genotypic coefficient of variation was computed as per 

Burton and Dewane, (1953) for low moisture stress. 

P 

PCV = ------ × 100 

X 

G 

GCV = ------ × 100 

X 

Where, 

P = Phenotypic standard deviation 

G = Genotypic standard deviation 

X = Grand mean of character 

PCV = Phenotypic coefficient of variation 

GCV = Genotypic coefficient of variation 

PCV and GCV were classified according to Robinson et al., (1949). (0-10 %) was 

considered as low, (10-20 %) as moderate and (20 %) and above as high. 

3.5.3 Heritability (h
2
) 

Broad Sense Heritability was calculated using the formula. 

Vg 

h
2 

% = -------- × 100 

Vp 

Where, 

h
2 

% =Heritability percentage 

Vg= Genotypic variance 

Vp= Phenotypic variance 
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Heritability percentage was categorized as follows (Robinson et al., 1949).        

(0-30 %) was considered as low; (30-60 %) was considered as moderate; (60 %) was 

considered as high. 

3.5.4 Genetic advance (GA) 

Genetic advance was calculated by using formula given by Johnson et al., (1955). 

GA = h
2
 × σp × K 

Where, 

h
2 

= Heritability (Broad sense) 

σp =Phenotypic standard deviation 

K = Selection differential which is 2.06 at 5 % intensity of selection (Lush, 1949). 

3.5.5. Genetic advance as per cent mean 

                           GA 

GA as per cent mean = ------ × 100 

                            X 

Where, 

GA = Genetic advance and 

X =Treatment mean for the character. 

The GA as per cent mean was classified (Johnson et al., 1955) as given below.  

(0-10 %) was considered as low, (10-20 %) as moderate and (20 %) and above as high. 

3.5.6. Correlation analysis 

To estimate the degree of association between the traits studied, phenotypic 

correlation was computed by using the formula given by Webber and Moorthy, (1952). 

    COV (X, Y) 

rp = ----------------------- 

      [V(X). V (Y)]
 1/2

 

Where, 

rp = phenotypic correlation co-efficient. 

COV (X, Y) = Phenotypic covariance. 

V(X) and V(Y) = Phenotypic variances of the traits X and Y 

3.5.7 Test of normality 

3.5.7.1 Normal distribution 

The normal distribution (the term first used by Galton, 1989) function is 

determined by the following formula: 
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f (x) = 1/[(2*π) 1/2*σ] *e**{-1/2* (x-μ)/ σ2} -∞ to ∞ 

Where, 

„μ‟ is the mean 

„Σ‟ is the standard deviation 

„e‟ is Euler‟s constant (2.71) 

„π‟ is the constant Pi (3.14) 

3.5.7.2 Skewness 

Skewness is a measure of the extent to which the distribution of the respective 

variable is skewed to the left (negative value) or right (positive value), relative to the 

standard normal distribution (for which the skewness is 0). Genetic expectations of 

skewness reveal the nature of genetic control of the traits (Fisher et al., 1932). The 

adjusted mean values of each genotype for quantitative traits were used to estimate 

coefficient of skewness using software program. The skewness is calculated with the 

formula: 

Skewness = n * M3 / [(n-1) * (n-2) * σ3] 

Where, 

„M3‟ is equal to Σ (Xi – mean X) **3 

„N‟is the valid number of cases 

„σ3‟ is the standard deviation (sigma) raise to the third power. 

3.5.7.3 Kurtosis 

Kurtosis is a measure of how wide flat or peaked the distribution is for the 

respective variable, relative to the standard normal distribution (for which the kurtosis is 

equal to 3). Kurtosis indicates the relative number of genes controlling the traits (Robson, 

1956). The adjusted mean values of each genotype (line) for quantitative traits were used 

to estimate coefficient of kurtosis using software program. The kurtosis is calculated with 

the formula: 

Kurtosis = [n* (n+1) * M4 - 3 * M2 * M2 * (n-1)] / [(n-1)* (n-2)* (n-3)* σ4] 

Where, 

„Mj‟ is equal to Σ (Xj – mean X)**j 

„N‟ is the valid number of cases 

„σ4‟ is the standard deviation (sigma) raise to the fourth power. 

3.6 Molecular characterization with SSR markers 

3.6.1 Material  

70 BC2F1 progenies of the cross from Pusa Ruby/L121//Pusa Ruby, BC2F1 

progenies derived from Vaibhav/RIL126//Vaibhav and four parents were used for 
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molecular characterization studies. DNA was extracted from the young leaves using 

CTAB method as demonstrated explained by Saghi – Maroof et al. (1984). 

3.6.2 Protocol for extraction of genomic DNA 

a. One gram of fresh young leaf sample was taken in a mortar and powdered well using 

liquid nitrogen. 

b. The ground tissue was transferred to a 50 ml sterile centrifuge tube by adding 15 ml 

of CTAB buffer (Extraction buffer- 2 per cent C-TAB, 1.4 NaCl, 20 mM EDTA 

(Disodium) & 10 mM Trisbase (pH 8). Then 50 l of - mercaptaethanol was added 

to each tube and the extract was mixed well by inverting the tubes several times. The 

tubes were incubated in a water bath maintained at 65 
0
C for an hour with constant 

stirring at an interval of 15 minutes. 

c. After an hour, 15 ml of chloroform isoamyl alcohol (24:1) was added to the 

incubated sample and mixed well by inverting. The tubes were then centrifuged at 

6000 rpm for 20 minutes. 

d. The aqueous upper phase was carefully transferred using the 1 ml cut tips into fresh 

sterile centrifuge tubes. To this supernatant 0.7 volume (10.5 ml) of cold Isopropanol 

was added. 

e. The tubes were carefully inverted and kept for 5 minutes in ice. DNA precipitation 

was seen in the form of strands. The tubes were then centrifuged at 6000 rpm for 20 

minutes and sedimentation of DNA as a hard pellet was seen. 

f. Further the supernatant was decanted gently and the tubes were inverted on a clean 

filter paper.  

g. The pellet was washed twice by suspending in one ml of 70 per cent ethanol for 5 to 

10 minutes and the DNA was centrifuged at 6000 rpm for two minutes. 

h. Ethanol was drained of slowly and the pellet was vacuum dried in a desiccator for 5 

to 10 minutes. The pellet was then dissolved in 500 l of TE buffer by flicking the 

tubes. (TE buffer = 0.1 mM Tris + 0.05 mM EDTA). 

i. To remove the RNA 5l of RNase (10 mg/ml) was added into the DNA solution and 

is incubated at 37 ºC in a water bath for 1 hour.  

j. Again the DNA solution was cleaned by washing with equal volume (500 l) of 

Phenol: Choloroform: Isoamyl alcohol (25:24:1) by invert mixing several times and 

centrifuging at 6000 rpm for 15 minutes to separate the two phases.  

k. The aqueous upper phase was transferred into a clean 1.5 ml eppendorf tube and 

twice the volume of 100 per cent ethanol was added to precipitate the DNA.  



32 Lavanya, N.,   M.Sc. (Agri.) 2016 

l. The DNA pellet was washed with 70 per cent ethanol twice and after removing 

ethanol the pellet was dried.  

m. Finally, DNA pellet was dissolved in 500 l of TE buffer and stored at 20 °C until 

use. 

n. The extracted DNA was quantified using spectrophotometer. 

3.6.3 Quantification of DNA 

The genomic DNA was quantified spectrophotometrically both at 260 nm and 280 

nm wavelength. The absorbance at 260 nm allows the calculation of DNA concentration 

in the sample. An OD of 1 at 260 nm corresponds to 50 g of double stranded DNA. A 

pure sample of DNA shows the ratio of OD 260/280 as 1.8. Ratios less than 1.8 indicate 

contamination in the isolation either with phenol or with proteins. The values higher than 

this indicate the presence of RNA in the isolation 

3.7 Molecular markers used in the study 

In this study 30 SSR markers (Appendix I) were selected from database (He et al., 

2003; www.oardc.ohio-state.edu/tomato/SNPdata/SSRPrimerVMar05.xls; http://solg 

enomics.net/). And also from research paper (Pereira da Costa et al., 2013). 

3.7.1 Simple sequence repeats (SSRs) 

The microsatellites are also called as short tandem repeats (STR) or simple 

sequence repeats (SSR) or simple sequence length polymorphisms. Typically they may 

be dinucleotides (AC)n; trinucleotides (TCT)n; tetranucleotide (TATG)n and so on where 

n is the number of repeating units within the microsatellites locus. In addition to 

occurring at many different loci they can also be polyallelic. The (AT)n dinucleotides are 

the most abundant type of SSR in plants (Ma et al., 1996). The methodology used to 

isolate an SSR at particular locus starts with the construction of the small insert genomic 

library. PCR amplification is used to generate DNA banding patterns on a gel and to 

reveal the polymorphism based on different number of repeats at the two alleles of a 

locus. The marker thus has the advantage of being co-dominant; they are simple PCR 

based and extremely polymorphic. They are also highly informative due to number and 

frequency of alleles detected and ability to distinguish between closely related 

individuals. They find application as marker for mapping, cultivar identification, 

protecting germplasm, determination of hybridity, analysis of gene pool variation and as 

diagnostic marker for traits of economic value (Powell et al., 2012). 

3.7.2 Standardization of annealing temperature for SSR primers 

The annealing temperature was standardized by using gradient PCR technique. In 

this method different annealing temperatures (Tm ± 5 
0
C) were set to each block and 

amplification is carried as per below mentioned reaction conditions. After standardization 

of annealing temperature the parental lines were amplified using the same protocol.  

 

http://www.oardc.ohio-state.edu/tomato/SNPdata/SSRPrimerVMar05.xls
http://solgenomics.net/
http://solgenomics.net/
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3.7.3 PCR reaction mixture for standardization of annealing temperature 

PCR for SSR marker was performed in a total volume of 20 μl. The components 

used for PCR reaction mixture are listed below. 

Sl. No. Components Volume (μl) 

1 10X PCR buffer 1.00 

2 0.4mM dNTPs mix 0.40 

3 1.0 mM of MgCl2 1.00 

4 1.5 M forward primer 1.50 

5 1.5 M reverse primer 1.50 

6 100 ng genomic DNA 2.00 

7 0.3units of Taq polymerase 0.30 

8 Nuclease free water 12.30 

 Total  20.00 

3.7.4 Amplification condition 

Amplification was carried out on Master Cycler Gradient Techgene PCR. 

The amplification profile was as follows:  

a) Initial denaturation temperature 94 °C 5 min. 

b) Denaturation 94 °C 1 min 

c) Primer annealing (primer specific) 50 °C- 52 °C 1 sec  35 cycles 

d) Primer extension 72 °C 1 min 

e) Complete primer extension 72 °C 5 min. 

f) Hold 4 °C till removal 

3.7.5 Polyacrylamide gel electrophoresis (Wang et al., 2003)  

Polyacrylamide gel electrophoresis of 5 per cent concentration was prepared and 

PCR products were run using 1x TBE buffer for two and half hour at 150 V and 

photographed in trans-illuminator using digital camera. The bands are then scored for 

statistical analysis.  

3.7.6 Scoring of generated bands  

The bands generated by polymorphic primers were scored by giving code „1‟ for 

Parent-1 (upper/ lower band), „3‟ for Parent-2 (upper/ lower band) and „2‟ for backcross 
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progenies having both the bands, „1‟ for backcross progenies having recurrent parental 

type of band.  

3.7.7 Single marker analysis  

Single-marker analysis (also single-point analyses) is the simplest method for 

detecting QTLs associated with single markers. The statistical methods used for single 

marker analysis include t-tests, analysis of variance (ANOVA) and linear regression. We 

have done single marker analysis by ANOVA (Lander et al., 1987). 
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IV EXPERIMENTAL RESULTS 

The results obtained from the present investigation on “Evaluation and Molecular 

marker analysis in backcross progenies of (BC2F1) in tomato for shelf life” are presented 

below. 

4.1 Mean performance of parents, their F1 hybrids and backcross progenies in field 

conditions 

The mean performance of parents used in development of backcross population 

BC2F1, their F1 hybrids and backcross progenies (Table 1), with respect to morphological, 

yield and biochemical characters are briefly presented below. 

4.1.1 Plant height  

The mean plant height of the parent Pusa Ruby was 48.1 cm and parent L121 was 

50.4 cm. Their F1 hybrids and backcross progenies have recorded plant height of 60 cm 

and 54.8 cm, respectively. Among the progenies, the highest plant height of 80 cm and 

lowest plant height of 27 cm was observed.  

The mean plant height of the parent Vaibhav was 82.2 cm and parent RIL126 was 

64.3 cm while, their F1 hybrids and backcross progenies have recorded plant height of 75 

cm and 77.5 cm, respectively. Among the progenies the highest plant height of 99 cm and 

lowest plant height of 43 cm was observed.  

4.1.2 Number of branches per plant 

The mean number of branches per plant in the parent Pusa Ruby was 6and parent 

L121 was 5, while their F1 hybrids and backcross progenies have 7 and 6 branches per 

plant respectively. Among the progenies the highest number of branches per plant was 9 

and lowest was 3 branches per plant.  

The mean number of branches per plant in the parent Vaibhav was 3 and in the 

parent RIL126 was 2 while, their F1 hybrids and backcross progenies both have 3 

branches per plant. Among the progenies the highest number of branches per plant was 9 

and lowest was 2 branches per plant.  

4.1.3 Number of flowers per cluster 

The mean number of flowers per cluster in the parent Pusa Ruby was 6 and parent 

L121 was 5 while their F1 hybrids and backcross progenies both have 6 flowers per 

cluster. Among the progenies the highest number of flowers per cluster was 9 and lowest 

was 3. 

The mean number of flowers per cluster in both the parents Vaibhav and RIL126 

was 5 while their F1 hybrids and backcross progenies have 6 and 5 flowers per cluster 

respectively. Among the backcross progenies the highest number of flowers per cluster 

was 10 and lowest was 3. 
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Table 1: Mean performance of parents their F1 hybrids, backcross progenies and commercial checks for morphological, yield 

and Biochemical characters 

Sl.  

No. 
Varieties 

PHT 

(cm) 
NBP NFLC NFRC NFP 

SFW 

(g) 
FL(cm) 

FW 

(cm) 
NLF 

RT 

(mm) 

YLD 

(g/plant) 
SL 

(Days) 

TSS 

(%) 

LYC 

(mg/100g) 

1 Pusa Ruby 48.1 6 6 4 17 35.4 2.8 4.1 6 3.17 580.55 10 4.90 1.18 

2 L121 50.4 5 5 3 12 85.4 3.9 6.0 7 4.15 963.80 40 4.60 0.81 

3 F1 60.0 7 6 4 28 60.0 4.5 5.5 6 4.50 1080.0 30 5.10 1.02 

4 BC2F1 54.8 6 6 4 20 50.0 3.0 4.3 6 3.29 673.60 30 4.72 0.95 

5 Vaibhav 82.2 3 5 5 16 39.3 5.2 4.1 2 5.21 560.21 20 4.20 3.69 

6 RIL126 64.3 2 5 3 8 51.6 5.4 4.3 2 4.72 410.02 50 4.30 2.80 

7 F1 75.0 3 6 5 20 55.0 4.5 5.5 2 5.50 910.00 40 5.00 4.11 

8 BC2F1 77.5 3 5 4 17 49.0 4.5 3.8 2 5.20 685.25 40 4.35 3.24 

Legend 

PHT = Plant height (cm)     NBP = Number of branches per plant 

NFLC = Number of flowers per cluster    NFRC = Number of fruits per cluster 

SFW = Single fruit weight (g)     NFP = Number of fruits per plant 

FL = Fruit length (cm)      FW = Fruit width (cm) 

NLF = Number of locules per fruit    RT = Rind Thickness (mm) 

YLD = Yield (g/plant)      SL = Shelf life (days) 

TSS = Total Soluble Solids (%)     LYC = Lycopene content (mg/100g) 
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4.1.4 Number of fruits per cluster 

The mean number of fruits per cluster in the parent Pusa Ruby was 4 and parent 

L121 was 3 while their F1 hybrids and backcross progenies both have 4 fruits per cluster. 

Among the progenies the highest number of fruits per cluster was 6 and lowest was 2. 

The mean number of fruits per cluster in the parent Vaibhav was 5 and in RIL126 

was 3 while their F1 hybrids and backcross progenies have 5 and 4 fruits per cluster, 

respectively. Among the progenies the highest number of flowers per cluster was 8 and 

lowest was 2. 

4.1.5 Number of fruits per plant 

The mean number of fruits per plant in the parent Pusa Ruby was 17 and parent 

L121 was 12. Their F1 hybrids and backcross progenies have 28 and 20 fruits per plant. 

Among the backcross progenies the highest number of fruits per plant was 43 and lowest 

was 3. 

The mean number of fruits per plant in the parent Vaibhav was 16 and parent 

RIL126 was 8.Their F1 hybrids and backcross progenies have 20 and 17 fruits per plant. 

Among the backcross progenies the highest number of fruits per plant was 47 and lowest 

was 5. 

4.1.6 Single fruit weight (g per fruit) 

The mean weight of single fruit in parents Pusa Ruby was 35.4 g and in L121 was 

85.4 g. Their F1 hybrids and backcross progenies have fruit weight of 60.0 and 50.0 g per 

fruit, respectively. Among the backcross progenies the maximum weight of single fruit 

was 96.0 g per fruit and minimum was 21.0 g per fruit. 

The mean weight of single fruit in Vaibhav was 39.3 g and in RIL126 was 51.6 g, 

while their F1 hybrids and backcross progenies have fruit weight of 55.0 g and 49.6 g per 

fruit, respectively. Among the progenies the maximum weight of single fruit was 86.0 g 

per fruit and minimum was 30.0 g per fruit.  

4.1.7 Fruit length (cm) 

The mean length of the fruit in Pusa Ruby was 2.8 cm and in L121 was 3.9 cm, 

while their F1 hybrids and backcross progenies have fruit length of 4.5 cm and 3.0 cm, 

respectively. Among the backcross progenies the maximum length of the fruit was 4.5 cm 

and minimum was 2.4 cm. 

The mean length of the fruit in Vaibhav was 5.2 cm and in RIL126 was 5.4 cm, 

while their F1 hybrids and backcross progenies both have fruit length of 4.5 cm. Among 

the backcross progenies the maximum length of the fruit was 5.7 cm and minimum was 

3.7 cm. 
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4.1.8 Fruit width (cm) 

The mean width of the fruit in Pusa Ruby was 4.1 cm and in L121 was 6.0 cm, 

while their F1 hybrids and backcross progenies have fruit width of 5.5 cm and 4.3 cm, 

respectively. Among the backcross progenies the maximum width of the fruit was 6.0 cm 

and minimum was 3.5 cm. 

The mean width of the fruit in Vaibhav was 4.1 cm and in RIL126 was 4.3 cm, 

while their F1 hybrids and backcross progenies have fruit width of 5.5 cm and 3.8 cm, 

respectively. Among the backcross progenies the maximum length of the fruit was 4.7 cm 

and minimum was 3.0 cm. 

4.1.9 Number of locules per fruit 

The mean number of locules per fruit in the parent Pusa Ruby was 6 and parent 

L121 was 7, while their F1 hybrids and backcross progenies both have 6 locules per fruit. 

Among the progenies the maximum number of locules per fruit was 9 and minimum was 

3. 

The mean locules per fruit in the parent Vaibhav was 2 and in RIL126 was 2 

while their F1 hybrids and backcross progenies both have 2 locules per fruit, respectively. 

The maximum number of locules per fruit was 3 and minimum was 2.   

4.1.10 Fruit Rind thickness (mm) 

The mean rind thickness of the fruit in Pusa Ruby was 3.17 mm and in L121 was 

4.15 mm, while their F1 hybrids and backcross progenies have fruit rind thickness of 4.50 

mm and 3.29 mm, respectively. Among the progenies the maximum rind thickness of the 

fruit was 5.5 mm and minimum was 2.2 mm.   

The mean rind thickness of the fruit in Vaibhav was 5.21 mm and in RIL126 was 

4.72 mm, while their F1 hybrids and backcross progenies have fruit rind thickness of 5.50 

mm and 5.20 mm, respectively. Among the backcross progenies the maximum rind 

thickness of the fruit was 7.6 mm and minimum was 2.8 mm. 

4.1.11 Yield per plant (g/plant) 

The mean yield per plant in the parent Pusa Ruby was 580.55 g/plant and parent 

L121 was 963.80 g/plant, while their F1 hybrids and backcross progenies have 1080.00 

g/plant and 673.60 g/plant, respectively. Among the progenies the maximum yield per 

plant was 3120.00 g / plant and minimum was 94 g/plant.   

 The mean yield per plant in the parent Vaibhav was 560.21 g/plant and in 

RIL126 was 410.02 g/plant, while their F1 hybrids and backcross progenies have 910.00 

g/plant and 685.25 g/plant respectively. Among the backcross progenies the maximum 

yield per plant was 1815.0 g/plant and minimum was 157.50 g/plant.   
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4.1.12 Total soluble solids (%) 

The mean Total soluble solid in Pusa Ruby was 4.9 and in L121 were 4.6, while 

their F1 hybrids and backcross progenies have TSS of 5.1 and 4.7, respectively. Among 

backcross the progenies the maximum TSS was 7.3 and minimum was 3.7. 

The mean TSS in Vaibhav was 4.2 and in RIL126 was 4.3, while their F1 hybrids 

and backcross progenies have TSS of 5.0 and 4.3 respectively. Among the backcross 

progenies the maximum TSS was 7.0 and minimum was 3.5.  

4.1.13 Lycopene content (mg/100g) 

The mean lycopene in Pusa Ruby was 1.18 mg/100g and in L121 was 0.81 

mg/100g, while their F1 hybrids and backcross progenies have lycopene of 1.02 mg/100g 

and 0.98 mg/100g, respectively. Among the progenies the maximum lycopene was 2.30 

mg/100g and minimum was 0.2 mg/100g. 

The mean lycopene in Vaibhav was 3.69 mg/100g and in RIL126 was 2.80 

mg/100g, while their F1 hybrids and backcross progenies have lycopene of 4.11 mg/100g 

and 2.23 mg/100g, respectively. Among the progenies the maximum lycopene was 4.40 

mg/100g and minimum was 2.10 mg/100g. 

4.1.14 Shelf life (Days) 

The mean fruit keeping quality in Pusa Ruby was 10 and in L121 was 40, while 

their F1 hybrids and backcross progenies have shelf life of and 30days, respectively. 

Among the progenies the maximum fruit keeping quality was 60 and minimum was 30 

days. 

The mean fruit keeping quality in Vaibhav was 20 and in RIL126 was 50, while 

their F1 hybrids and backcross progenies both have shelf life of 40 days. Among the 

progenies the maximum fruit keeping quality was 60 and minimum was 30 days.  

4.2.1 Analysis of variance for plant growth, yield and fruit quality parameters in 

field condition for the population 1 (Pusa Ruby/L121//Pusa Ruby) 

The mean sum of squares due to various sources of variation for plant growth, 

yield and fruit quality parameters of the backcross progenies in population 1 was 

represented in (Table 2) and (Table 3). Significant differences were observed within the 

checks for all the characters except number of flowers per cluster and also there was 

significant difference for all the traits between the parents. There was significant 

difference between the checks and backcross progenies for all the characters except for 

number of flowers per cluster. The significant difference was also observed within the 

backcross progenies for all the traits except plant height, number of flowers per cluster, 

fruit length, yield (g/plant) and lycopene indicating variability for the yield associated 

traits and shelf life. 
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Table 2: Analysis of variance for growth and yield parameters in BC2F1 population of the cross Pusa Ruby/L121//Pusa Ruby 

Source of variations 

Mean sum of squares 

df 
Plant height 

(cm) 

Number of 

branches/ 

plant 

Number of 

flowers/ 

cluster 

Number  

of fruits/ 

cluster 

Yield 

(g/plant) 

Number  

of fruits/  

plant 

Single fruit 

weight (g) 

Blocks 03 512.41 0.09 0.81 0.14 157947.00 2.31 18.26 

(BC2F1 progenies+checks) 74 620.37 * 2.41 ** 1.23 1.52 ** 230415.60 * 89.15 ** 291.29 ** 

Checks 06 4172.87 ** 11.36 ** 1.32 5.47 ** 590591.90 ** 325.46 ** 860.23 ** 

BC2F1 progenies 67 130.11 1.07 ** 1.20 1.10 ** 167930.30 65.13 ** 236.38 ** 

Checks vs. BC2F1 progenies 01 12153.28 ** 38.24 ** 2.74 6.24 ** 2255877.00 ** 280.62 ** 556.76 ** 

ERROR 18 231.08 0.17 0.67 0.14 88096.37 4.88 27.87 

*  Significant at 5 %  **  Significant at 1 % 

Table 3: Analysis of variance for fruit quality parameters in BC2F1 population of the cross Pusa Ruby/L121//Pusa Ruby 

Source of variations 

Mean sum of squares 

df Fruit length Fruit width 
Number of  

locules/ fruit 

Rind  

thickness 
TSS Lycopene  Shelf life 

Blocks 03 0.05 0.03 0.29 0.003         0.002 0.43        28.57 

(BC2F1 progenies + checks) 74 0.92 ** 0.49 ** 4.59 ** 1.04 ** 0.40 ** 0.90       227.01 ** 

Checks 06 3.63 ** 3.48 ** 18.90 **  2.71 ** 0.45 *** 3.85 ** 703.57 ** 

BC2F1 progenies 67 0.06         0.19 **        2.10 **    0.31 ** 0.39 ** 0.15 186.54 ** 

Checks vs. BC2F1 progenies 01   42.72 ** 2.68 ** 85.86 ** 40.38 ** 0.67 ** 33.25 ** 79.00 

ERROR 18 0.04 0.06         0.64 0.06 0.001         0.47 25.79  

*  Significant at 5 % **  Significant at 1 % 
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4.2.2 Analysis of variance for plant growth, yield and fruit quality parameters in 

field condition for the population 2 (Vaibhav/RIL126//Vaibhav) 

The mean sum of squares due to various sources of variation for plant growth, 

yield and fruit quality parameters of the backcross progenies in population 2 was 

represented in (Table 4) and (Table 5). There are no significant differences between the 

backcross progenies because these are considered as replications. Significant differences 

were observed within the checks for all the characters except number of flowers per 

cluster and yield per plant. There was significant difference between the checks and 

backcross progenies for all the characters except for plant height, number of flowers per 

cluster and lycopene. The significant differences were also observed within the backcross 

progenies for all the traits except plant height, number of flowers per cluster, yield 

(g/plant), fruit length, fruit width, number of locules per fruit and lycopene. 

4.3 Test of normality for the population 1 (Pusa Ruby/L121//Pusa Ruby) 

4.3.1 Skewness 

Among all the backcross progenies all characters are positively skewed except for 

the traits like plant height, number of branches per plant, number of flowers per cluster, 

number of fruits per cluster, and shelf life which are negatively skewed (Figure 3, 4 and 

Table 6). 

4.3.2 Kurtosis 

The distribution curves for all the characters in the backcross progenies were 

found to be platykurtic with a kurtosis value less than 3, except fruit length, TSS and 

lycopene. Whereas, in plant height, number of locules per fruit, and shelf life are 

Leptokurtic with kurtosis was less than 3 (Figure 3, 4 and Table 6). 

4.4 Test of normality for the population 2 (Vaibhav/RIL126//Vaibhav) 

4.3.1 Skewness 

Among all the backcross progenies all characters are positively skewed except for 

the traits like plant height, number of branches per plant, fruit length, fruit width, rind 

thickness, lycopene and shelf life which were negatively skewed. (Fig.5, 6 and Table 7). 

4.3.2 Kurtosis 

The distribution curves for all the characters in the backcross progenies were 

found to be platykurtic with a kurtosis value less than 3, except number of branches per 

plant, flowers per cluster and total soluble solids. The plant height was leptokurtic with 

kurtosis value less than 3 (Fig.5, 6 and Table 7). 

4.4 Studies on genetic variability 

The genetic variability parameters viz., minimum, maximum, mean, genotypic 

coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability in 

broad sense (h
2
) and genetic advance as per cent mean for plant growth, yield and fruit
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Table 4: Analysis of variance for growth and yield parameters in BC2F1 population of the cross Vaibhav/RIL126//Vaibhav 

Source of variations 

Mean sum of squares 

df 

Plant 

height 

(cm) 

Number  

of branches/ 

plant 

Number  

of flowers/ 

cluster 

Number 

of fruits/ 

cluster 

Yield  

(g/plant) 

Number  

of fruits/ 

plant 

Single fruit 

weight(g) 

Blocks 03 512.42 0.09 0.81 0.14 157949.10 2.32 18.26 

(BC2F1 progenies + checks) 98 383.46 2.53 ** 1.19 1.23 ** 183880.40 * 105.05 ** 132.29 **

Checks 06 4172.88 ** 11.37 ** 1.32 5.48 ** 590591.90 ** 325.47 ** 860.24 **

BC2F1 progenies 91 136.42 1.52 ** 1.13 0.89 ** 146944.60 91.26 ** 76.96 **

Checks vs. BC2F1 progenies 01 127.09 41.37 ** 5.81 ** 6.45 ** 1104773.00 ** 37.35 * 800.65 **

ERROR 18 231.08 0.18 0.67 0.14 88096.02 4.89 27.88

*  Significant at 5 % **  Significant at 1 % 

 

Table 5: Analysis of variance for fruit quality parameters in BC2F1 generation of the cross Vaibhav/RIL126//Vaibhav 

Source of variations 

Mean sum of squares 

df 
Fruit length  

(cm) 

Fruit width 

(cm) 

Number of  

locules/ fruit 

Rind 

thickness (mm) 
TSS (%) 

Lycopene 

(g/100mg) 

Shelf life 

(days) 

Blocks 03 0.059 0.034 0.291 0.003 0.002 0.43 28.57 

(BC2F1 progenies + checks) 98 0.352** 0.47 ** 2.23 ** 1.03 ** 0.19 ** 0.67 140.48 ** 

Checks 06 3.64** 3.49 ** 18.91 ** 2.71** 0.46** 3.86 ** 703.57** 

BC2F1 progenies 91 0.14 ** 0.11 0.14 0.86** 0.17** 0.25 103.25 ** 

Checks vs. BC2F1 progenies 01 0.10 15.23** 92.86** 6.14** 1.08 ** 19.79 ** 149.59* 

ERROR 18 0.04 0.06 0.64 0.07 0.001 0.47 25.79 

*  Significant at 5 %      **  Significant at 1 % 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                     = P1 Pusa Ruby = P2 L121  = F1 (Pusa Ruby/L121) 

Fig. 3: Frequency distribution for yield and yield attributing traits in BC2F1 population of the cross Pusa Ruby/L121// Pusa Ruby 
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Fig. 4:  Frequency distribution for fruit quality traits in BC2F1 population of the cross Pusa Ruby/ L121// Pusa Ruby 
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Fig. 5: Frequency distribution for yield and yield attributing traits in BC2F1 population of Vaibhav/RIL126// Vaibhav 
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Fig. 6: Frequency distribution for fruit quality traits in BC2F1 population of Vaibhav/RIL126// Vaibhav 
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Table 6: Estimates of mean, range and components of variability for the morphological, yield and shelf life characters in 

BC2F1 population of Pusa Ruby/L121//Pusa Ruby 

Sl. No. Characters Mean ± SE Minimum Maximum Std. Dev. Skewness Kurtosis 

1 Plant height (cm) 54.83 ± 1.34 27.00 80.00 11.46 -0.26 -0.48 

2 Number of branches per plant 6.0 ± 0.12 3.00 9.00 1.07 -0.58 1.26 

3 Number of flowers per cluster 5.0 ± 0.13 3.00 9.00 1.12 -0.46 0.72 

4 Number of fruits per cluster  4.0 ± 0.12 2.00 6.00 1.03 -0.81 0.10 

5 Number of fruits per plant 15.0 ± 0.98 3.00 43.00 8.38 1.11 1.38 

6 Single fruit weight (g) 50.23 ± 1.83 21.00 96.00 15.68 0.58 0.40 

7 Fruit length (cm) 3.01 ± 0.03 2.40 4.50 0.33 1.58 4.95 

8 Fruit width (cm) 4.37 ± 0.05 3.50 6.00 0.49 0.75 0.78 

9 Number of locules per fruit 6.0 ± 0.16 3.00 9.00 1.40 0.03 -0.48 

10 Rind thickness (mm) 3.29 ± 0.07 2.20 5.50 0.61 0.65 0.92 

11 Yield (g / plant) 595.0 ± 52.59 94.00 3120.00 449.37 3.28 15.26 

12 Total soluble solids 4.72 ± 0.07 3.70 7.30 0.60 1.20 3.93 

13 Lycopene (mg / 100g) 0.98 ± 0.04 0.20 2.30 0.38 1.58 3.78 

14 Shelf life (days) 35.0 ± 1.5 10.00 60.00 13.54 -0.26 -0.94 
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Table 7: Estimates of mean, range and components of variability for the morphological, yield and shelf life characters in 

BC2F1 population of Vaibhav/RIL126//Vaibhav 

Sl. No. Characters Mean ± SE Minimum Maximum Std.Dev. Skewness Kurtosis 

1 Plant height (cm) 77.49 ± 1.19 43.00 99.00 11.42 -0.39 -0.04 

2 Number of branches per plant 3.0 ± 0.13 2.00 9.00 1.25 1.21 3.10 

3 Number of flowers per cluster 6.0 ± 0.11 3.00 10.00 1.06 0.92 3.30 

4 Number of fruits per cluster  4.0 ± 0.10 2.00 8.00 0.96 1.04 2.88 

5 Number of fruits per plant 17.81 ± 1.00 5.00 47.00 9.61 0.92 0.21 

6 Single fruit weight (g) 49.25 ± 0.91 30.00 86.00 8.77 0.96 2.88 

7 Fruit length (cm) 4.55 ± 0.04 3.70 5.70 0.39 -0.01 0.45 

8 Fruit width (cm) 3.88 ± 0.03 3.00 4.70 0.33 -0.33 0.08 

9 Number of locules per fruit 2.0 ± 0.03 2.00 3.00 0.38 1.74 1.08 

10 Rind thickness (mm) 5.20 ± 0.09 2.80 7.60 0.91 -0.39 0.29 

11 Yield (g / plant) 685.41 ± 40.09 157.50 1815.00 384.62 1.03 0.64 

12 Total soluble solids 4.31 ± 0.04 3.50 7.00 0.41 3.15 19.16 

13 Lycopene (mg / 100g) 3.23 ± 0.05 2.10 4.40 0.51 -0.47 0.01 

14 Shelf life (days) 39.0 ± 1.05 10.00 60.00 10.16 -0.27 0.41 
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quality parameters of the backcross progenies of population 1 and population 2 are 

presented in the Table 8 and 9, respectively. 

4.4.1 Studies on genetic variability for the population 1 (Pusa Ruby/L121//Pusa 

Ruby) 

The GCV and PCV estimates are high for yield per plant (42.05 % and 66.69 %) 

followed by lycopene content (40.92 % and 50.94 %), number of fruits per plant (43.51 

% and 45.87 %), shelf life (30.78 % and 34.00 %), single fruit weight (24.60 % and 26.71 

%). The GCV and PCV estimates were less for the characters like plant height (7.75 % 

and 23.70 %), number of locules per fruit (16.30 % and 20.65 %), number of fruits per 

cluster (18.03 % and 19.79 %), number of flowers per cluster (10.40 % and 17.13 %), 

rind thickness (13.02 % and 15.19 %), number of branches per plant (13.26 % and 14.96 

%), total soluble solids (11.29 % and 11.31 %). fruit width (7.18 % and 9.17 %), fruit 

length (3.52 % and 8.11 %) (Table 8). 

Heritability in broad sense was highest for TSS (99.50 %) followed by number of 

fruits per plant (89.98 %), single fruit weight (84.24 %), number of fruits per cluster 

(83.02 %), shelf life (81.95 %), number of branches per plant (78.54 %), rind thickness 

(73.45 %), lycopene content (64.23 %), number of locules per fruit (62.35 %), fruit width 

(61.41 %) and it was moderate for yield (39.76 %), number of fruits per cluster (36.88 %) 

and it was lowest for fruit length (18.92 %), plant height (10.69 %) (Table 8). 

Genetic advancement as percent of mean was high for lycopene content (86.81 

%), number of fruits per plant (85.03 %), shelf life (73.56 %) and yield (69.99 %). It is 

moderate for single fruit weight (46.61 %), number of locules per fruit (33.99 %), number 

of fruits per cluster (33.9 %), number of branches per plant (31.05 %), TSS (29.73 %), 

rind thickness (29.45 %), and less for number of flowers per cluster (16.68 %), fruit 

width (14.87 %), plant height (6.68 %), fruit length (4.05 %) (Table 8). 

4.4.2 Studies on genetic variability for the population 2 (Vaibhav/RIL126//Vaibhav) 

The GCV and PCV estimates are high for number of locules per fruit (50.34 % 

and 54.25 %), yield per plant (31.42 % and 53.58 %) followed by lycopene (49.32 % and 

51.11 %), number of fruits per plant (46.60 % and 48.25 %), number of branches per 

plant (30.82 % and 33.34 %), shelf life (19.59 % and 23.38 %), single fruit weight (12.60 

% and 16.54 %). The GCV and PCV estimates are less for the characters like number of 

fruits per cluster (16.65 % and 18.55 %), plant height (11.18 % and 17.50 %), number of 

flowers per cluster (9.70 % and 16.45 %), rind thickness (15.12 % and 15.89 %), total 

soluble solids (8.30 % and 8.34 %), fruit width (4.99 % and 8.11 %), fruit length (5.89 % 

and 7.61 %) (Table 9). 

Heritability in broad sense was highest for TSS (98.90 %) followed by number of 

fruits per plant (93.27 %), lycopene (93.13 %), rind thickness (90.55 %), number of 

locules per fruit (86.10 %), number of branches per plant (85.48 %), number of fruits per 

cluster (80.56 %), shelf life (70.20 %), fruit length (59.95 %) and it was moderate for 

single fruit weight (58.01 %), plant height (40.80 %), fruit width (37.89 %), yield (34.38 

%) and number of flowers per cluster (34.38 %) (Table 9). 
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Table 8: Estimates of genetic components for different traits in for the morphological, yield and shelf life characters in 

backcross population (BC2F1) of Pusa Ruby/L121// Pusa Ruby 

Sl. No. Characters GCV (%) PCV (%) 
Broad sense heritability  

h
2
 (%) 

Genetic Advancement as  

per cent mean  

1 Plant height (cm) 7.75 23.70 10.69 6.68 

2 Number of branches per plant 13.26 14.96 78.54 31.05 

3 Number of flowers per cluster 10.40 17.13 36.88 16.68 

4 Number of fruits per cluster  18.03 19.79 83.02 33.85 

5 Number of fruits per plant 43.51 45.87 89.98 85.03 

6 Single fruit weight (g) 24.60 26.71 84.24 46.61 

7 Fruit length (cm) 3.52 8.11 18.92 4.05 

8 Fruit width (cm) 7.18 9.17 61.41 14.87 

9 Number of locules per fruit 16.30 20.65 62.35 33.99 

10 Rind thickness (mm) 13.02 15.19 73.45 29.45 

11 Yield (g/plant) 42.05 66.69 39.76 69.99 

12 Total soluble solids (%) 11.29 11.31 99.50 29.73 

13 Lycopene (mg/100g) 40.92 50.94 64.23 86.81 

14 Shelf life (days) 30.78 34.00 81.95 73.56 
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Table 9: Estimates of genetic components for different traits in for the morphological, yield and shelf life characters in 

backcross population (BC2F1) of Vaibhav/RIL126// Vaibhav 

Sl. No. Character GCV (%) PCV (%) 
Broad sense heritability 

h
2 

(%) 

Genetic advancement  

as per cent mean  

1 Plant height (cm) 11.18 17.50 40.80 18.85 

2 Number of branches per plant 30.82 33.34 85.48 75.24 

3 Number of flowers per cluster 9.70 16.45 34.80 15.11 

4 Number of fruits per cluster 16.65 18.55 80.56 39.47 

5 Number of fruits per plant 46.60 48.25 93.27 118.81 

6 Single fruit weight (g) 12.60 16.54 58.01 25.33 

7 Fruit length (cm) 5.89 7.61 59.95 12.05 

8 Fruit width (cm) 4.99 8.11 37.89 8.11 

9 Number of locules per fruit 50.34 54.25 86.10 123.32 

10 Rind thickness (mm) 15.12 15.89 90.55 37.99 

11 Yield (g / plants) 31.42 53.58 34.38 48.64 

12 Total soluble solids (%) 8.30 8.34 98.90 21.79 

13 Lycopene (mg/100g) 49.32 51.11 93.13  125.66 

14 Shelf life (days) 19.59 23.38 70.20 43.34 
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Genetic advancement as percent of mean was high for lycopene (125.66 %), 

number of locules per fruit (123.32 %), number of fruits per plant (118.81 %), number of 

branches per plant (75.24 %). It was moderate for yield (48.64 %), shelf life (43.34 %), 

number of fruits per cluster (39.47 %), rind thickness (37.99 %), single fruit weight 

(25.33 %), TSS (21.79 %) and less for plant height (18.85 %), number of flowers per 

cluster (15.11 %), fruit length (12.05 %) and fruit width (8.11 %) (Table 9). 

4.6 Evaluation of shelf life 

Three fruits from each plant were kept at room temperature for shelf life 

evaluation. The shelf life ranged from 10 days to 60 days. There was increase in shelf life 

in most of the progenies than the recurrent parent in both the populations (Plate 8 and 9).  

4.7 Correlation studies 

The results of the correlation analysis for population 1 and population 2 are 

presented in Table 10 and 11. The correlation studies in the population 1 shows that shelf 

life of tomato has significant effect with rind thickness and also lycopene content of the 

fruit and also number of fruits per cluster. Where as in population 2 there was no 

significant effect of rind thickness on shelf life but it shows the positive effect and traits 

like number of fruits per cluster and lycopene content have significant effect on shelf life. 

In both the population number of fruits per plant has significant effect on yield 

and in population 2 fruit length and fruit width also shows the significant effect on yield. 

The fruit width has significant effect on number of locules per fruit and thus shows the 

indirect effect on yield of the plant. 

4.8 Molecular marker analysis of backcross populations 

Molecular marker analysis was done by using Simple Sequence Repeat (SSR) 

markers as they display co-dominant inheritance. The gradient PCR has been carried out 

for standardization of annealing temperature. Annealing temperatures was standardized 

for markers which showed locus specific amplification. After standardization, these 

primers were used to identify parental polymorphism and then for validation of SSR 

markers linked to high shelf life. The PCR amplification of the 30 selected SSR markers, 

followed by Polyacrylamide gel (5%) electrophoresis was done for the parental lines Pusa 

Ruby, L121, Vaibhav and RIL126 to identify the polymorphic markers. Out of them four 

SSR markers were polymorphic in nature (Plate 10 and 11). 

4.8.1 Identification of true backcross progenies in BC1F1 generation. 

Identification of true backcross progenies in BC1F1 was done for selecting the true 

backcross progenies to develop BC2F1 generation for both the population. Out of 30 SSR 

markers 4 markers were found to be polymorphic for the parents. Out of these 2 SSR 

markers TGS 293 and TGS 450 were showing the true backcross progenies (Plate 12, 

13). In BC1F1 progenies of the cross (Pusa Ruby/L121//Pusa Ruby), P4 and P8 were 

identified as true backcross progenies. Thus seeds of these progenies in this cross (Pusa 

Ruby/L121//Pusa Ruby) were used to develop BC2F1 progenies. In BC1F1 progenies of 

the cross (Vaibhav/RIL126//Vaibhav), P5 and P9 were identified as true backcross
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Table 10: Estimation of phenotypic correlation coefficient for shelf life and its contributing trait in BC2F1 generation of the 

cross Pusa Ruby/L121//Pusa Ruby 

 NBP NFLC NFRC NFP SFW FL FW LOC RT YLD TSS LYC SL 

PHT 0.5042** 0.4237** 0.1443 0.3182** 0.3119**  0.2414* 0.0922 -0.1949 -0.0734 -0.0164 -0.0914 -0.0123 -0.0732 

NBP 1.00 0.8525**  0.4038** 0.0708 0.2538* 0.0326 0.0316  -0.1331 -0.1287 -0.1916 -0.1527 0.1474 0.0462  

NFLC  1.00 0.5793**  0.0094 0.2004 0.0567 -0.0208 -0.0917 -0.1137 -0.2014 -0.1122 0.0568 0.0146 

NFRC   1.00 - 0.1198 0.1000 0.1600 -0.0804 0.1486 -0.0038 -0.3066** 0.0257 0.0132 0.2261* 

NFP    1.00 0.0789   0.1568 0.0898 -0.0596 0.2373* 0.6493** -0.0812 -0.0166 -0.1860  

SFW     1.00 0.2794*  0.269 * 0.0293 -0.0525 0.1641 - 0.1112 -0.2386* 0.0301 

FL      1.00 0.515** 0.1292 0.2462* 0.1175 -0.0301 0.0590 -0.1199  

FW       1.00 0.4615**  0.2992* 0.0048 - 0.2852* 0.1668 -0.0866 

LOC        1.00 0.1749  -0.0769 - 0.2861* 0.1446 0.0781  

RT         1.00 0.1831 0.1411 0.0024 0.4525** 

YLD          1.00 -0.1292  0.0835 -0.0188 

TSS           1.00 -0.1823 0.1183 

LYC            1.00 0.3567** 

Legend 

PHT- Plant height (cm)               NBP-Number of branches per plant 

NFLC- Number of flowers per cluster     NFRC-Number of fruits per cluster  

YLD-Yield (g/plant)      SFW- Single fruit weight (g) 

NFP- Number of fruits per plant     FL - Fruit length (cm) 

FW - Fruit width (cm)      LOC- Number of locules per fruit  

RT- Rind thickness (mm)      TSS– Total Soluble Solids (%) 

LYC– Lycopene content (mg/100g)    SL - Shelf life (days) 
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Table 11: Estimation of phenotypic correlation coefficient for shelf life and its contributing trait in BC2F1 generation of the 

cross Vaibhav/RIL126//Vaibhav 

 NBP NFLC NFRC NFP SFW FL FW LOC RT YLD TSS LYC SL 

PHT 0.0411   0.2135* 0.1873 -0.0163 0.0383  0.0974 0.0295 -0.2181* - 0.0390 0.0788 -0.1344 -0.1004 -0.1367   

NBP 1.00 0.0765  0.2203* 0.3539** 0.0656 0.0371 0.0607 0.0746 0.0210 0.4606 ** 0.0427 -0.0806 0.0233 

NFLC  1.00 0.4994** -0.2026 -0.0634 -0.1275 -0.1641 -0.0124 -0.0626 0.0083 0.0477 0.1055 0.1256 

NFRC   1.00 -0.0775 -0.1325 -0.0391 -0.0529 -0.2278* -0.0685 0.1624 -0.0733 0.0693 0.2100* 

NFP    1.00 -0.0261 0.1314 0.2461* - 0.0375 0.0699 0.5695** 0.0945 -0.0429 -0.0325 

SFW     1.00 0.3703** 0.3063** 0.0435 0.0108 0.0971 0.0948 -0.1558 -0.0179 

FL      1.00 0.0783 0.0514 0.1231 0.3824** 0.0251 -0.0158 -0.1881  

FW       1.00 -0.0699 0.5093**  0.6604 ** 0.0039 -0.0937 -0.1201 

LOC        1.00 0.4678** -0.0327 -0.0234 -0.2669* 0.0386 

RT         1.00 0.1340 -0.0021 -0.1396 0.1532 

YLD          1.00 0.0064  -0.0770 -0.0270 

TSS           1.00 0.0982 0.0487 

LYC            1.00 0.2100* 

Legend 

PHT- Plant height (cm)               NBP-Number of branches per plant  

NFLC- Number of flowers per cluster          NFRC-Number of fruits per cluster  

YLD-Yield (g/plant)      SFW- single fruit weight (g) 

NFP- Number of fruits per plant           FL - Fruit length (cm)  

FW - Fruit width (cm)                 LOC- Number of locules per fruit  

RT- rind thickness (mm)              TSS – Total Soluble Solids (%) 

LYC– Lycopene content (mg/100g)     SL - shelf life (days) 



 

Plate 8: Shelf life evaluation of 10 Tomato backcross progenies (BC2F1) of the cross 

Pusa Ruby/L121// Pusa Ruby along with their parents 

 

 

 

Plate 9: Shelf life evaluation of 10 Tomato backcross progenies (BC2F1) of the cross 

Vaibhav/RIL126// Vaibhav along with their parents 

 

  



 

 

 

Plate 10: Identification of parental polymorphism between Pusa Ruby (P1) and 

L121 (P2) arrows indicate polymorphic markers 

 

 

 

 

Plate 11: Identification of parental polymorphism between vaibhav (P1) and 

RIL126 (P2) arrows indicate polymorphic markers 

 

 

Plate 12: Identification of true Backcross progeny in BC1F1 population using 

polymorphic primer TGS450  

Single banding pattern indicate parental type and the double bands (arrow) indicate the true 

backcross progeny 

Parents: 1. Vaibhav 2. Pusa Ruby 3. Arka Alok 4. L121 5. RIL-126 

 

 

Plate 13: Identification of true Backcross progeny in BC1F1 population using 

polymorphic primer TGS293 

Single banding pattern indicate parental type and the double bands (arrow) indicate the true 

backcross progeny 

Parents: 1. Pusa Ruby 2. Arka Alok 3. L121 4. RIL-126 
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progenies. Thus seeds of these progenies were used to develop BC2F1 progenies of the 

cross (Vaibhav/RIL126//Vaibhav). 

4.8.2 Validation of SSR markers linked to high shelf life in backcross population. 

The primers which showed parental polymorphism were further used for 

screening 40 selected backcross progenies along with their parents (Plate 14). The single 

Marker analysis was done by single factor ANOVA performed between the marker loci 

and shelf life traits. The results of single marker analysis revealed that markers were 

associated with fruit shelf life. The SMA revealed that SSR markers TGS 293 was 

associated with fruit keeping quality (Plate 14). 



 

 

 

 

 

 

 

 

 

Plate 14:  TGS 293 Screened for 40 Progenies along with their parents 

1-40: Backcross Progenies 

Parent (P1): L121 

Parent (P2): Pusa Ruby 

Marker (M): 100bp Ladder (Genei) 
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V  DISCUSSION 

A significant impact of globalization on horticulture crops has been an increasing 

demand for quality improvement and the wider adoption of quality standards for fruit and 

vegetable. Tomato (Solanum lycopersicum) is a major vegetable crop with an estimated 

total area 45,82,438 thousand ha with production of 15,05,13,813 Mt and with 

productivity of 32.8 t ha
-1

. (FAOSTAT, 2013). Tomato is very popular for genetic 

research. Because, it is a basic diploid with minimal DNA duplication and its 12 

chromosomes are highly differentiated and distinguishable. The tomato is naturally self-

pollinated, yet flowers are easily manipulated to yield large quantities of hybrid seed. The 

plants can be easily cultured in a wide range of environmental conditions; the tomato is 

amenable to sexual and asexual propagation. The genome is replete with conventional 

and molecular markers and has well developed linkage maps. The tomato offers the 

advantages of its edible crop status; much mutual benefit results from frequent exchanges 

between applied and basic research (Rick, 1991). 

Tomato experiences great post-harvest losses because of its natural perishability, 

precarious transportation and storage conditions, and inadequate packaging. The post-

harvest losses of fruits and vegetables in the developing countries account for almost 50 

per cent of the produce. In India, losses up to 40 per cent of produce occur because of 

excessive fruit softening. The quality of tomato fruits depends entirely on their 

developmental stage. So, if harvested at immature stage, the colour, taste and flavour of 

fruits do not develop properly. Hence, on storage the fruits get shrivelled and post-harvest 

shelf life is reduced (Mutschler et al., 1992). 

The enhancement of yield or economic product of any crop species is the ultimate 

aim of the plant breeder in the concerned crop improvement programme. The yield and 

its attributing characters are polygenic in nature and as such, are complex in their mode 

of inheritance. An understanding of the genetic nature and inheritance of such complex 

traits and extent of their association with yield is very much essential to help and guide 

the plant breeder in selection experiments. It also helps in systematic handling of 

breeding material to achieve maximum improvement by adopting highly sophisticated 

statistical techniques. 

Integrating molecular approaches with traditional breeding for high shelf-life 

could significantly increase the storage life of tomato. Most traits of agricultural 

importance, such as yield and quality, are complex and they have polygenic control and 

quantitative inheritance. There are many regions within the genomes which contain genes 

that are associated with a polygenic trait and are called quantitative trait loci (QTLs). The 

identification of QTLs based only on conventional phenotypic evaluation is not possible. 

The efficiency of MAS backcrosses for the introgression of a quantitative trait locus 

(QTL) depends on the stability of QTL expression (Chaib et al., 2006). These marker 

assisted backcross breeding has become one of the essential tools in transferring novel 

genes to adapted varieties. 
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The main aim of the present research is to introgress the high shelf life genes from 

variety with high shelf life into the background of commercially well accepted variety 

using backcross breeding. Both phenotypic evaluation of these backcross progenies for 

shelf life and other related characters. This evaluation study shows the phenotypic 

variations between the parents and their progenies. The phenotypic variation measures 

the magnitude of variation arising out of difference in phenotypic values while, the 

genotypic variances cannot be used for comparing the magnitude of variation due to 

differences in genotypic values. The absolute values of the genotypic and phenotypic 

variances cannot be used for comparing the magnitude of variability for different 

characters since the mean and units of magnitude of variability for different characters 

since the mean and units of measurement of characters may be different. Hence, the co-

efficient of variations expressed at phenotypic and genotypic levels have been used to 

compare the variability present in the characters. While, genotypic co-efficient of 

variation indicates the amount of heritable portion of variation indicates the amount of 

genetic variability present in the characters, the heritability estimates aid in determining 

the relative amount of heritable proportion of variation. However, heritability values 

themselves provide no indication of the amount of genetic progress that would result 

from selecting the best individuals. Ramanujam and Thirumalachar, (1967) while 

studying the genetic variability in red pepper discussed the limitation of estimating the 

heritability in a broad sense as it include both additive and non-additive genetic effects. 

According to them heritability estimates in broad sense would be reliable if accompanied 

by high genetic advance. 

The results obtained in the current study are discussed under the following main 

headings. 

5.1 Mean performance of parents, F1 hybrids and backcross progenies of the cross Pusa 

Ruby/L21//Pusa Ruby (population-1)  

5.2 Mean performance of parental lines, F1 hybrids and backcross progenies of the cross 

Vaibhav/RIL126//Vaibhav (population-2) 

5.3 Genetic variability studies 

5.4 Test of normality. 

5.5 Correlation studies. 

5.6 Evaluation of shelf life in backcross progenies 

5.7 Validation of SSR markers 

5.1 Mean performance of parental lines, F1 hybrids and backcross progenies of the 

cross Pusa Ruby/L21//Pusa Ruby (population-1) 

In the present study the mean performance of the F1 hybrids is superior to both the 

parents in plant height, number of fruits per plant, fruit length, rind thickness, yield and 

TSS which is due to the hybrid vigour. The characters like number of flowers per cluster, 

number of fruits per cluster, number of locules per fruit of F1 hybrids are similar to Pusa 

Ruby whereas single fruit weight, lycopene and shelf life of F1 hybrids lay in-between 
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both the parents. In BC2F1 progenies most of the characters were found to be similar to 

that of recurrent parent Pusa Ruby except for single fruit weight, yield, TSS, rind 

thickness and shelf life which are superior to Pusa Ruby. 

The mean mass per commercial fruit was not affected by the alcobaça allele in 

heterozygosity (Freitas et al., 1996). Mutschler et al. (1992), Souza et al. (1999), and 

Faria et al. (2003) concluded that the mean fruit mass is not affected by the genetic 

makeup of the alcobaca locus, in agreement with the results of this research the gene 

related to high shelf life do not affect the total yield of the plant.  

5.2 Mean performance of parental lines, F1 hybrids and backcross progenies of the 

cross Vaibhav/RIL126//Vaibhav (population-2) 

In this population the mean performance of the F1 hybrids is superior to both the 

parents in plant height, number of flowers per cluster, number of fruits per plant, single 

fruit weight, fruit width, yield TSS and lycopene which is due to the heterosis. The 

characters like number of fruits per cluster, number of locules per fruit of F1 hybrids are 

similar to vaibhav whereas yield and shelf life of F1 hybrids lay between both the parents. 

In BC2F1 progenies most of the characters were found to be similar to that of recurrent 

parent Vaibhav except for single fruit weight, yield, TSS fruit length and shelf life which 

are superior to Vaibhav. 

The mean performance of the population-2 in most of the characters is superior to 

population-1 except for number of locules per fruit, TSS, and it is early variety. The fruits 

with more number of locules contribute to the highest seed number which is not preferred 

by consumers but these are preferred due to its high TSS content (Rodriguez et al., 2011). 

The population-2 is better for the table purpose and also has longer shelf life than 

population -1. 

5.3 Genetic variability studies of backcross progenies 

The analysis of variance revealed that highly significant differences among the 

genotypes for all the characters indicating sufficient variability existed in the present 

material selected for the study and indicating the scope for selection of suitable initial 

breeding material for crop improvement.  However, the absolute variability in different 

characters does not permit identification of the characters showing the highest degree of 

variability. Therefore, PCV and GCV values were estimated. The coefficient of variation 

whether it is genotypic or phenotypic, both are useful in studying the extent of variability 

in different characters as it measures the range of variability. 

The range in mean values does not reflect the total variance in the material 

studied. Hence, actual variance has to be estimated for the characters to know the extent 

of existing variability, so, the co-efficient of variation (GCV and PCV) which is 

calculated by considering the respective means have been used for the comparison. High 

values of these parameters indicate wider variability and vice versa. In the same context, 

narrow difference between the phenotypic co-efficient of variation (PCV) and genotypic 

co-efficient of variation (GCV) implies lesser influence of environment on these traits. In 

both the population the phenotypic co-efficient of variation (PCV) were higher in 
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magnitude than the genotypic co-efficient of variation (GCV) indicating the involvement 

of environmental factors in manifestation of traits under study. Singh, (2005) reported the 

estimates of PCV and GCV were high for fruit yield per plant, yield per ha. Fruits weight, 

radial diameter, polar diameter and average fruit weight shows less influence of 

environment on these traits. 

5.3.1 Genetic variability studies of backcross progenies of tomato in Pusa Ruby/ 

L21//Pusa Ruby (population-1) 

In population-2 the difference between values of PCV and GCV were less for all 

traits except plant height, number of flowers per cluster, fruit length and yield. It means 

that these traits were less influenced by environment and hence, they could be improved 

by phenotypic selection for further studies. Shankar et al., (2013) observed highest PCV 

and GCV values particularly for lycopene and yield per plant due to very high variability 

available in these traits. 

The PCV and GCV values were very high particularly for lycopene, number of 

fruits per plant, single fruit weight, yield per plant and shelf life due to very high 

variability available in these traits. Moderate PCV and GCV values for number of 

branches per plant, number of flowers per cluster, number of fruits per cluster, number of 

locules per fruit, pericarp thickness and TSS indicated the presence of moderate genetic 

variability for these characters in backcross progenies.  

Whereas, low PCV and GCV was recorded for fruit length, fruit width and plant 

height suggesting less variability existed in these characters. This moderate to low 

variability indicates the need for improvement of base population through crossing with 

recurrent parent followed by selfing to increase the gene flow and to fix favourable 

alleles. Yogendra and Gowda, (2013) reported that the genetic variability studies in 

tomato RIL‟s shows the low genetic variability in fruit quality characters. 

Perusal of results on heritability and genetic advance as per cent of mean (GAM) 

revealed that heritability estimates were high for most of the characters studied. This 

suggested the greater effectiveness of selection due to less influence of environment and 

improvement to be expected for these characters in future breeding programme.  Johnson 

et al. (1955) suggested that high heritability coupled with high genetic advance as 

percentage of mean (GAM) were more useful than heritability alone in predicting the 

resultant effect during selection of best individual genotype. Genetic advance is the 

measure of genetic gain under selection and expression in percentage of mean. In the 

present research high heritability and genetic advance as per cent of mean (GAM) was 

recorded for number of branches per plant, number of fruits per cluster, number of fruits 

per plant, single fruit weight, number of locules per fruit, pericarp thickness, yield, shelf 

life, lycopene and TSS indicating predominance of additive gene action for these 

characters. Simple selection based on phenotypic performance of these characters would 

be more effective. 

High heritability and moderate genetic advance as per cent of mean values were 

observed for the fruit width character. This indicates the influence of non-additive gene 
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action and considerable influence of environment in the expression of these traits. These 

traits could be exploited through manifestation of dominance and epistatic components 

through heterosis. Whereas the results of Shankar et al. (2013) showed, high heritability 

and moderate genetic advance as per cent of mean for number of flowers per cluster, 

TSS. This indicates the influence of non-additive gene action and considerable influence 

of environment in the expression of these traits. 

5.3.2 Genetic variability studies of backcross progenies of tomato in Vaibhav/ 

RIL126//Vaibhav (population-2) 

In population-2 the difference between values of PCV and GCV were less for all 

traits except plant height, number of flowers per cluster, fruit width and yield. It means 

that these traits were less influenced by environment and hence, they could be improved 

by phenotypic selection for further studies. The PCV and GCV values were very high 

particularly for lycopene, number of fruits per plant, number of locules per fruit, yield per 

plant and shelf life due to very high variability available in these traits.  

Moderate PCV and GCV values for plant height, number of branches per plant, 

number of flowers per cluster, number of fruits per cluster, single fruit weight and 

pericarp thickness indicated the presence of moderate genetic variability for these 

characters in backcross progenies. 

Whereas, low PCV and GCV was recorded for fruit length, fruit width and TSS 

suggesting less variability existed in these characters. Shankar et al. (2013) observed 

higher estimates of PCV and GCV are obtained for plant height, number of fruits per 

cluster, Average fruit weight, yield per plant, titrable acidity, ascorbic acid content and 

lycopene indicated a good deal of variability in those characters signifying the 

effectiveness of selection of desirable types for improvement. The moderate to low 

variability indicates the need for improvement of base population through crossing with 

recurrent parent followed by selfing to increase the gene flow and to fix favorable alleles.  

In the population-2 high heritability and genetic advance as per cent of mean 

(GAM) was recorded for number of branches per plant, number of fruits per cluster, 

number of fruits per plant, single fruit weight, fruit weight, number of locules per fruit, 

pericarp thickness, yield, shelf life, lycopene and TSS indicating predominance of 

additive gene action for these characters. Simple selection based on phenotypic 

performance of these characters would be more effective. This suggested the greater 

effectiveness of selection due to less influence of environment and improvement to be 

expected for these characters in future breeding programme. 

High heritability and moderate genetic advance as per cent of mean values were 

observed for the fruit length character. This indicates the influence of non-additive gene 

action and considerable influence of environment in the expression of these traits. These 

traits could be exploited through manifestation of dominance and epistasis components 

through heterosis. These results are in agreement with Shankar et al. (2013). Hence, the 

breeder should adopt suitable breeding methodology to utilize both additive and non-
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additive gene effects simultaneously, since varietal and hybrid development will go a 

long way in the breeding programme especially in case of tomato. 

Both the population show similar type of variability for the characters studied. In 

Population-1 there is high heritability for shelf life than population-2 indicating there is 

more additive gene action in population-1 than population-2. 

5.4 Test of normality 

From the results of Shapiro-Wilk‟s W test (Shapiro et al., 1968) it was found that 

the BC2F1 populations of the cross Pusa Ruby/L121//Pusa Ruby has been shown normal 

distribution for most of the characters. The study of distribution properties such as 

coefficients of skewness and kurtosis provides insight about the nature of gene action 

(Fisher et al., 1932) and number of genes controlling the traits (Robson, 1956), 

respectively. All the reported genetic analysis of quantitative traits based on first degree 

(gene effects through generation mean analysis) and second degree (components of 

genetic variance analysis) statistics. 

Skewness and kurtosis are more powerful than variances which reveal interactions 

and genetic effects (Choo and Reinbergs, 1982). The skewed distribution of a trait in 

general suggests that the trait is under the control of non-additive gene action, especially 

epistasis and influenced by environmental variables (Pooni et al., 1977; Kimbeng and 

Bingham, 1998; Roy, 2000). While positive skewness is associated with complementary 

gene interactions, negative skewness is associated with duplicate (additive × additive) 

gene interactions. The genes controlling the trait with skewed distribution tend to be 

predominantly dominant irrespective of whether they have increasing or decreasing effect 

on the trait. The traits with leptokurtic and platykurtic distribution are controlled by fewer 

and large number of genes, respectively. Kurtosis is negative or close to zero in the 

absence of gene interaction and is positive in the presence of gene interactions (Pooni et 

al., 1977; Choo and Reinbergs, 1982; Kotch et al., 1992). 

5.4.1 Test of normality in backcross progenies of the cross Pusa Ruby/L21//Pusa 

Ruby  

Negatively skewed and platykurtic distribution is an evidence for involvement of 

large number of dominant genes with majority of them having increasing effects and 

duplicate type of epistasis in the inheritance of number of branches per plant, number of 

flowers per cluster, number of fruits per cluster. 

 Positively skewed and  platykurtic distribution is an evidence for involvement of 

moderate number of genes among which equal frequency of genes had increasing and 

decreasing effects with complementary type of epistasis on the expression of number of 

fruits per plant, single fruit weight, fruit length, fruit width, rind thickness, yield and TSS. 

Maximizing the genetic gain in respect of the traits with positively skewed distribution 

requires intense selection from the existing variability (Roy, 2000).  
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Leptokurtic and positively skewed distribution can be seen in rind thickness, 

suggested the involvement of relatively fewer number of segregating genes with majority 

of them having decreasing effects and dominance based complementary type of 

interaction in the inheritance of fruit yield per plant. 

5.4.2 Test of normality in backcross progenies of the cross Vaibhav/RIL126// 

Vaibhav 

Negatively skewed and platykurtic distribution is an evidence for involvement of 

large number of dominant genes with majority of them having increasing effects and 

duplicate type of epistasis in the inheritance of  fruit length, fruit width, rind thickness, 

lycopene and shelf life. 

Positively skewed and platykurtic distribution is an evidence for involvement of 

moderate number of genes among which equal frequency of genes had increasing and 

decreasing effects with complementary type of epistasis on the expression of number of 

branches per plant, number of flowers per cluster, number of fruits per cluster, number of 

fruits per plant, single fruit weight, number of locules per fruit, yield and TSS. 

Maximizing the genetic gain in respect of the traits with positively skewed distribution 

requires intense selection from the existing variability (Roy, 2000). Leptokurtic and 

negatively skewed distribution can be seen in plant height suggested the involvement of 

relatively fewer number of segregating genes with additive gene effects. 

Some of the traits in the both the populations exhibiting deviation from normal 

distribution due to: 

1. Natural selection and meiotic distortion. 

2. Due to the phenomenon of linkage drag and linkage disequilibrium. 

5.5 Correlation studies 

As the present investigation is related to shelf life the correlation analysis was 

carried out to understand the relationship between different traits in backcross population. 

As fruit shelf life is a complex polygenic trait, direct selection based on these trait would 

not yield fruitful results without giving due importance to their genetic background. 

Besides total plant yield, other most important character has to be understood by this 

correlation studies. The relative association of these traits and their component traits 

reflects the nature and degree of relation between them. The correlation analysis helps in 

examining the possibility of improving shelf life and yield through indirect selection of 

their component traits which are highly correlated. 

5.5.1 Correlation studies of backcross progenies of tomato in backcross progenies 

of the cross Pusa Ruby/L21//Pusa Ruby 

In this population the correlation analysis was carried out in 68 BC2F1 progenies. 

Highly significant and positive correlations were observed for fruit shelf life with number 

of fruits per cluster, rind thickness and lycopene. Rest of the characters did not have 
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significant association with fruit shelf life. Shelf life has negative correlation with 

number of fruits per plant and single fruit weight.  

Yield per plant which is most important trait has significant and positive 

correlation with number of fruits per plant. Reports of Aruna, (1992), Premalakshmi, 

(2001), Ghosh et al., 2010 and Indurani et al., (2010) are in conformity with the above 

results. The traits like plant height and number of branches per plant were negatively 

correlated to yield which are on par with the results of Mohanty, 2003 and Ghosh et al., 

2010.  The TSS has negative association with yield. Results were conformity with results 

of and Indurani et al. (2010). 

The studies in the population-1 suggest that rind thickness and lycopene should be 

considered together as primary shelf life determining traits in tomato. Besides favorable 

association of characters with shelf life, an inter relation of characters would simplify 

selection schemes. 

5.5.2 Correlation studiesof backcross progenies of tomato in backcross progenies of 

the cross Vaibhav/RIL126//Vaibhav (population-2) 

In the population-2 the correlation analysis was carried out in 92 BC2F1 progenies. 

Highly significant and positive correlations were observed for fruit shelf life with number 

of fruits per cluster and lycopene. Yield per plant has significant positive association with 

number of branches per plant, number of fruits per plant, single fruit weight and fruit 

width.  

5.6 Evaluation of shelf life in backcross progenies 

The mean values of shelf life in Pusa Ruby were significantly lower compared to 

L121 which carries alc gene responsible for high shelf life. The Vaibhav also shows 

significant variation with respect to shelf life in comparison to RIL126. The F1 hybrids 

and backcross progenies showed high shelf life compared to their respective recurrent 

parents.(Pratta et al., 2011) showed the evidence for prolonged shelf life is due to genes 

carried by both parents (the low and high shelf life genotypes),we have also observed the 

transgressive segregation in our studies for shelf life. 

About 25 per cent of the backcross progenies have low shelf life rest 75 per cent 

of the progenies shows improved shelf life. This shows the additive effect of the genes 

governing shelf life of these progenies. The effects of the alc allele on several plant and 

fruit traits were studied by (Mutschler et al., 1992). However, the possible effects of the 

genetic background were not prioritized in these studies, even though studies previously 

conducted have shown that losses in fruit mass, coloration and firmness could be result 

from the genetic background utilized. 

5.7  Validation of SSR markers  

SSR markers which are co-dominant in nature have specific positions on 

chromosome regions. In the present study 30 SSR markers were used but out of these 4 

markers were found to be polymorphic. In backcross population the shelf life is linked by 
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SSR marker, with the help of single marker analysis. Genetic polymorphism was scored 

among the backcross population of cross Pusa Ruby/L121//Pusa Ruby using polymorphic 

SSR marker TGS 293.The association of markers to fruit quality traits was detected using 

SMA. The association of a single marker to a number of traits is important because it 

reveals the nature of the particular marker (Yogendra and Gowda, 2013). The SMA 

revealed that the SSR marker TGS 293 is associated with fruit shelf life. 

Pratta et al. (2011) also reported the presence of favourable alleles for shelf life in 

the cultivated genotypes of tomato. He also observed that heterozygous individuals of 

backcross population have longer shelf life than homozygous individuals which indicate 

the heterotic effect. 
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VI SUMMARY 

Tomato is the second most important vegetable crop next to potato and has been 

the subject of genetic study for more than a century. The demand for tomato is increasing 

day by day mostly because of the increased per capita fresh fruit consumption. The 

postharvest losses of fruits and vegetables in the developing countries account for almost 

50 percent of the produce. In India, post-harvest losses up to 40 percent of produce occur 

because of excessive fruit softening. Different approaches are used to improve the shelf 

life of tomato, these include Post harvest treatments, breeding methods and genetic 

engineering approaches. 

An investigation was carried out in tomato (Solanum lycopersicum) at 

Department of Plant Biotechnology, University of Agricultural Sciences, GKVK, 

Bangalore, during Kharif, 2015 to evaluate parents, F1 hybrids and backcross 

populations of the cross „Pusa Ruby/L121//Pusa Ruby‟ and „Vaibhav/RIL126//Vaibhav‟ 

in field conditions for shelf life using SSR markers. 

The salient features of the present investigation are summarized below 

An important trait in commercial fresh market tomatoes is the fruit shelf life. 

Biotechnology has made considerable progress in modifying metabolic pathways that 

delay the tomato ripening process and discovering complex networks of transcription 

factors that regulate ripening, making it plausible that these features could be added 

through bioengineering. However, some consumers do not support genetic engineering of 

crops due to unanswered questions of food and environmental safety. Hence the 

transgenic technologies through plant breeding should be applied backcrossing is the 

most convenient method of plant breeding to introgress the favourable genes into the 

background of commercial variety. This present investigation was carried out to transfer 

the high shelf life character to commercially accepted varieties (Pusa Ruby and Vaibhav) 

with low shelf life. 

All the checks and progenies shown considerable amount of variations in their 

mean performance with respect to all the characters studied, this indicates genotypes 

under study were genetically variable. The evaluation of per se performance of parents, 

F1 hybrids and backcross progenies of both the crosses indicated that, F1 hybrids were 

superior in respect of most of the traits studied.  This is due to hybrid vigour whereas 

backcross progenies did not show higher performances than the F1 hybrids may be due to 

inbreeding depression. However, among these most of the backcross progenies have 

shown the increased shelf life than their recurrent parental line this shows the transfer of 

desirable trait from donor parent to the recurrent parent. In some of the progenies we 

could see the decreased shelf life and also yield attributing characters, this may be due 

transfer of some undesirable genes from donor parent to the recurrent parent as linked 

genes. 

Most of the traits showed less difference between GCV and PCV which indicate 

the less environmental effects. The heritability rates for fruits per cluster, fruits per plant, 

TSS, single fruit weight and shelf life were high which indicate the genetic stability for 



 

62 Lavanya, N.,   M.Sc. (Agri.) 2016 

these traits. This suggested the greater effectiveness of selection due to less influence of 

environment and improvement to be expected for these characters in future breeding 

programme. 

Highly significant and positive correlations were observed for fruit shelf life with 

number of fruits per cluster, rind thickness and lycopene. Rest of the characters did not 

have significant association with fruit shelf life. Shelf life has negative correlation with 

number of fruits per plant and single fruit weight. Yield per plant which is most important 

trait has significant and positive correlation with number of fruits per plant. The traits like 

plant height and number of branches per plant were negatively correlated to yield 

Negatively skewed and platykurtic distribution is an evidence for involvement of 

large number of dominant genes with majority of them having increasing effects and 

duplicate type of epistasis in the inheritance of number of branches per plant, number of 

flowers per cluster, number of fruits per cluster. 

 Positively skewed and platykurtic distribution is an evidence for involvement of 

moderate number of genes among which equal frequency of genes had increasing and 

decreasing effects with complementary type of epistasis on the expression of number of 

fruits per plant, single fruit weight, fruit length, fruit width, rind thickness, yield and TSS. 

Maximizing the genetic gain in respect of the traits with positively skewed distribution 

requires intense selection from the existing variability.  

Leptokurtic and positively skewed distribution can be seen in rind thickness, 

suggested the involvement of relatively fewer number of segregating genes with majority 

of them having decreasing effects and dominance based complementary type of 

interaction in the inheritance of fruit yield per plant. 

The polymorphic markers TGS 293 and TGS 450 were used to identify the 

heterozygous plants which were used in further crossing. This study indicates, the shelf 

life trait can be introduced by backcross breeding using molecular markers. The 

screening of 40 backcross progenies using TGS293 marker showed the improved shelf 

life in heterozygous progenies and this indicate the marker is linked to the trait of interest. 

The use of alcobaca genes and their effects in heterozygosity are independent 

from the utilized background, and fallowed the same tendencies regardless of fruit 

position in the plant. The genotypic background can be manipulated in addition to using 

the alc ripening mutant, to promote the shelf life fruits. 

Among both the populations studied the population-2 of the cross 

Vaibhav/RIL126//Vaibhav has high genetic stability with favourable traits. So this 

population can be further used for various selection and genetic improvement studies. 
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Future line of work: 

1. The backcross progenies (BC2F2 and BC3F1) developed by using these BC2F1 can 

be used for further stabilization of yield and shelf life characters. 

2. Further validation of polymorphic SSR markers linked to shelf life can be used 

for screening of stabilized populations. 

3. Development of NILs and BILs for commercialization. 
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APPENDIX-I 

The simple sequence repeat markers, their flanking primer sequences, chromosome 

number and expected fragment sizes of the PCR products 

Primers  Sequence (5'-3') 
Chromosome 

number 

Expected 

band size (bp) 

SSR20 
F:GAGGACGACAACAACAACGA 

12 130 
R:GACATGCCACTTAGATCCACAA 

SSR22 
F:GATCGGCAGTAGGTGCTCTC 

3 210 
R:CAAGAAACACCCATATCCGC 

SSR26 
F:CGCCTATCGATACCACCACT 

2 190 
R:ATTGATCCGTTTGGTTCTGC 

SSR27 
F:CCCAAATCAAGGTTTGTGGT 

3 210 
R:TCAGATGCCACCACTCTCAG 

SSR32 
F:TGGAAAGAAGCAGTAGCATTG 

2 180 
R:CAACGAACATCCTCCGTTCT 

SSR34 
F:TTCGGATAAAGCAATCCACC 

10 190 
R:TCGATTGTGTACCAACGTCC 

SSR327 
F:GTTTCTATAGCTGAAACTCAACCTG 

8 130 
R:GGGTTCATCAAATCTACCATCA 

TGS293 
F:TGCAGGTATGTCTCACACCA 

10 192 
R:TTGCAAGAACACCTCCCTTT 

TGS450 
F:CTCCAAATTGGGCAATAACA 

10 230 
R:TTAGGAAGTTGCATTAGGCCA 

SSR45 
F:TGTATCCTGGTGGACCAATG 

7 260 
R:TCCAAGTATCAGGCACACCA 

SSR47 
F:TCCTCAAGAAATGAAGCTCTGA 

6 205 
R:CCTTGGAGATAACAACCACAA 

SSR51 
F:CTACCCTGGTCTTGGTGGAA 

1 100 
R:AAAGGATGCTCTAGCTTCTCCA 

SSR52 
F:TGATGGCAGCATCGTAGAAG 

7 200 
R:GGTGCGAAGGGATTTACAGA 

SSR596 
F:CCACAAACAATTCCATCTCA 

10 210 
R:GCTTCCGCCATACTGATACG 

SSR288 
F:GGCAGGAGATTGGTTGCTTA 

1 215 
R:TTCCTCCTGTTTCATGCATTC 

SSR66 
F:TGCAACAACTGGATAGGTCG 

2 190 
R:TGGATGAAACGGATGTTGAA 

SSR67 
F:GCACGAGACCAAGCAGATTA 

11 300 
R:GGGCCTTTCCTCCAGTAGAC 

SSR69 
F:TTGGCTGGATTATTCCTGTTG 

9 250 
R:GCATTTGATAGAAGGCCAGC 

SSR70 
F:TTTAGGGTGTCTGTGGGTCC 

9 100 
R:GGAGTGCGCAGAGGATAGAG 

SSR71 
F:AAATGGCATGGAGAATGGAA 

- 210 
R:CATCCACTGAGAGCCCAAAG 

SSR80 
F:ATCCGTTAGCTATTGTGCCG 

11 195 
R:TTGCCATGCACTTATCTTCG 

SSR96 
F:GGGTTATCAATGATGCAATGG 

2 210 
R:CCTTTATGTCAGCCGGTGTT 
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APPENDIX-II 

 
1. Cetyl trimethyl ammonium bromide (CTAB) extraction buffer (100 ml) 

CTAB 2 per cent (w/v) 

Tris HCl (pH 8.0) 100 mM 

Sodium Chloride 4 M 

EDTA 20 mM 

0.2 per cent β – Mercaptoethanol 

2 per cent Polyvinyl Poly Pyrrolidone (PVP) 

 

2. TE Buffer – for dissolving DNA pellet. 

Tris EDTA (TE) buffer 

Tris HCl (pH 8.0) 10 mM 

EDTA (pH 8.0) 1 mM 

(This was dissolved and made up to 100 ml, autoclaved and stored at 4 °C). 

3. 3X loading dye 

5 M NaOH 200 μl 

95 per cent formamide (v/v) 95 ml 

50 per cent bromophenol blue (w/v) 50 g 

0.5 per cent xylene cyanol (w/v) 50 mg 

(Dissolved in sterile double distilled water and made up the volume to 100 ml) 

 

4. 10X Tris Borate EDTA buffer (TBE) – for PAGE 

Tris base 121 g 

Boric acid 51.30 g 

EDTA (Na2.2H2O) 3.70 g 

(Dissolved in 800 ml of sterile double distilled water and made up to 1000 ml) 

 

5. PAGE gel 5 per cent 

Water 86.45 ml 

10X TBE 13 ml 

40 per cent acrylamide: bisacrylamide 16.25 ml 

TEMED 195 μl 

10 per cent APS 975 μl 

 

6. Buffers for silver nitrate staining of  PAGE gel 

Developer- 30 g Sodium sulphate, 3 ml (40 %) Formaldehyde – 1 litre 

Staining – 2.5 g silver nitrate, 3 ml (40 %) Formaldehyde - 1 litre 

Fixing buffer- 100 ml of commercial grade acetic acid – 1 litre 


