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Abstract

Tomato (Solanum lycopersicum L), one of the most important vegetable 
crop in the world is susceptible to rapid post harvest softening and poor 
shelf life leading to great post harvest losses. Among all strategies available 
for minimizing the postharvest losses, genetics approaches, very precisely 
conventional breeding coupled with modern marker technology is the promising 
one because of more acceptability by the consumer. We have evaluated twenty 
four F7 RIL’S developed from the cross L121 X Vaibhav for high shelf life. L121 
is a parent having (alc gene) a ripening mutant is able to prolong shelf-life but 
has poor agronomic character; Vaibhav is the good agronomic cultivar released 
by the University of Agricultural Sciences, Bangalore and Karnataka. The 
evaluation of F7 RILs resulted in the identification of tomato RILs with high shelf 
life. Among F7 RILs, parents and checks, the maximum shelf life was observed 
in RIL 7-3, RIL 110-2 (110days), followed by RIL 102-1 and RIL 182-4 (100 
days) with an average shelf life of the F7 RILs were 63 days. Some genetic 
SSR polymorphic markers were identified to be associated with the fruit shelf-
life which was determined by Single Marker Analysis (SMA). SMA revealed that 
the markers Tom184 and Tom144 are linked to high shelf life in tomato.
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fruit ripening [7,8]. Ethylene biosynthesis requires the conversion 
of Aminocyclopropane- 1-Carboxylic Acid (ACC) to ethylene by 
the ACC oxidase (ACO). ACC oxidases are encoded by multigene 
families in plants and have been described to be involved in ripening, 
growth, and development [9,10] have used several ripening gene 
mutants, such as alcobaca (alc), non-ripening (nor), never ripe, and 
ripening inhibitor (rin) to develop lines and cultivars with delayed 
ripening through disruption of the ethylene signaling pathway.

All genetic markers occupy specific genomic positions within 
chromosomes (like genes) called ‘loci’ (singular ‘locus’) [11]. Single 
Marker Analysis (SMA) is the method used in earliest studies on QTL 
mapping [12,13]. In this method, one marker is involved at a time to 
find the QTL – Marker association. This single marker analysis can 
be implemented as a simple t test, ANOVA, linear regression and 
likelihood ratio test and maximum likelihood estimation [14-16]. 

In this study, twenty four Recombinant Inbred Lines (RILs) with 
high shelf life along with parental lines and the commercial checks 
like Arka Alok, Pusa Ruby and Sankranti were used. The objective of 
the study was to find out the best tomato lines which can stay for long 
time after harvesting and also the molecular evaluation of the RILs 
using SSR markers which are linked to the trait.

Material and Methods
The study was conducted in the field during Rabi 2013 at the 

Department of Plant Biotechnology, University of Agricultural 
Sciences, 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 field experiment was conducted using Randomized 
block design.

Introduction
Tomato (Solanum lycopersicum L), being a climacteric fruit, has a 

relatively short postharvest life since many processes affecting quality 
loss take place after harvest [1]. The main factor associated with 
tomato postharvest shelf-life, particularly in tropical regions where 
the temperature is high, is increased respiration which results in 
faster fruit ripening and deterioration of fruit quality [2]. In India, the 
aggregate post-harvest losses from farm gate to consumers in tomato 
ranges from 13 to 26% [3].

Several efforts have been made to increase the shelf life of tomato 
fruits. An early effort was done with calcium treatment to the fresh 
fruits. Calcium helps maintaining cell wall integrity and hence 
reduces the action of cell wall degrading enzymes and consequently 
fruit softening [4]. One of the successful efforts was by Californian 
Company Calgene, which had developed a tomato variety called Flavr 
Savr tomato using the antisense RNA technology. The introduction 
of this gene in the reverse form, also called antisense, resulted in low 
production of the poly galactonurase enzyme. Consequently, ripe 
tomato fruits do not lose their firmness because the cell wall of these 
fruits, which is made of cellulose, does not degrade as rapidly as it 
does in normal tomatoes.  Since the Flavr Savr tomato had been taken 
off from the market, there is no commercial tomato variety sold in the 
market with high shelf life.

In the fleshy fruit model, tomato, the plant hormone, ethylene, 
plays a central role in ripening [5,6]. Several fruit ripening mutants 
have been characterized in tomato. The rin (ripening-inhibitor), nor 
(non-ripening) and cnr (colorless non-ripening) upstream genes were 
shown to act on the ethylene signaling in ripening gene. Mutations in 
the ethylene receptor, the Nr (Never-ripe) gene, is also shown to affect 
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Experimental material
The experimental material includes F7 lines, which is derived from 

crossing between L121 and Vaibhav for evaluation of shelf life. In this 
experiment, L121 used as female parent is a tomato line with high 
shelf life. Another parent Vaibhav was used as male parent with good 
agronomical characters.

Evaluation of F7 RILs
The best 24 F6 RILs having high shelf life were sown in the field 

at Department of plant Biotechnology, Bangalore during Rabi 2013 
(Table 1). 

taken by fruits from breaker stage until the firmness is lost from the 
fruits was recorded. The fruits were harvested at breaker stage and 
kept at room temperature (250C). There was a gradual change in the 
color, firmness and appearance of fruits. The breaker stage fruits 
turned to red ripe stage within 15 to 40 days depending on the tomato 
variety/RILs. Different stages of fruit maturity were captured in 
digital camera at 10 days interval up to 40 days (Figure1).

The comparison of shelf life of F7 RILs with commercial checks 
like Arka Alok, Pusa Ruby and Sankranti shows that the RILs had 
higher shelf life than the checks, with an exception of the variety 
Sankranti.

The results showed that among F7 RILs, parents and checks, 
the fruit shelf life was maximum in RIL 7-3, RIL 110-2 (110 days); 
followed by RIL 102-1 and  RIL 182-4 (100 days), while least number 
of days were found in check  Pusa Ruby (25 days), followed by RIL 5-3 
(28 days). The parental line L121 and Vaibhav recorded a shelf life of 
48 and 35 days respectively (Figure 2).

Some of the RILs were superior to both the parents, whereas some 
were inferior to both of them in terms of fruit firmness and shelf life. 
According to [18] with respect to shelf-life, it was possible to identify 
three different groups: I- RIL 7-3, 15-1, 34-2, 45-4, 54-4, 60-5, 61-1, 
96-1, 102-1, 110-2, 135-2, 145-4, 169-1, 171-3, 182-4, 189-3,200-2 and 
201-2 displayed values higher than both parents;  group II- RIL 53-1, 
61-2, 104-1 and 124-1 displayed shelf life values between parents, and  
group III- RIL5-3 and 60-3, displayed values lower than both parents. 
The I and III groups clearly represent fixed transgressive variants as 
reported by [19]. Similar results were obtained by [20] using mutant 
gene nor. They developed a cross nor x ‘Ce’ in which the F1 had a shelf 
life of 64.1 days compared with those of nor (52.1 days) and ‘Ce’ (23.9 
days). This difference occured because the ripening gene mutants 
participate in ethylene-independent signaling and impart delayed 
ripening in tomato [21].

Fruit firmness (lbs/cm2)
Among F7 RILs, parents and checks evaluated, the fruit firmness at 

RIL 5-3 RIL 7-3 RIL 15-1 RIL 34-2 RIL 45-4 RIL 53-1

RIL 54-4 RIL 60-3 RIL 60-5 RIL 61-1 RIL 61-2 RIL 96-1

RIL 102-1 RIL 104-1 RIL 110-2 RIL 124-1 RIL 135-2 RIL 145-3

RIL 169-1 RIL 171-3 RIL 182-4 RIL 189-3 RIL 200-2 RIL 201-2

Table 1: List of Tomato F7 Recombinant Inbred lines used for evaluation.

Recording of observations
The fruits harvested from each RILs, parents and checks at 

breaker stage was kept at room temperature (250C) and observed for 
the shelf life up to 110 days. The fruit firmness was recorded at 10 
days interval from the date of harvesting till 40th day. Fruit firmness 
was determined using a fruit penetrometer (Wagner Instruments, 
New Delhi, India). The fruits at breaker stage were punctured with a 
plunger (1 cm diameter) of penetrometer and the pressure required 
to penetrate the fruit pericarp was recorded and expressed in lbs/cm2.

DNA isolation
DNA was extracted from the young leaves (three to four leaves 

stage) using CTAB method as demonstrated by [17]. The DNA 
concentration was measured using Biophotometer plus (Eppendof, 
Geramany). The quality of the DNA was inspected using agarose gel 
electrophoresis (3%).

SSR marker analysis
A total of 42 SSR markers were used for the study to check the 

parental polymorphism, so that suitable marker can be linked to 
high shelf life. The PCR reactions were performed in Eppendorf 
Mastercycler (Germany). The 15 μl reaction volume included 10 
X reaction buffer, 50 mM MgCl2, 10 mM deoxyribonucleotide 
triphosphate mix, 1 U of Taq DNA polymerase, and 0.25 μM each of 
forward and reverse SSR primers and 25 ng of genomic DNA. 

The amplification reactions were carried out using the following 
thermal profile: 94°C for 4 min (1 cycle); 94°C for 30 sec, 47-52°C 
(based on the annealing temperature of the SSR primers) for 1 min, 
72°C for 1 min (35 cycles); 72 °C for 7 min (1 cycle). Amplified 
products were screened using 5% Poly Acryl amide gel (PAGE) using 
1x TBE buffer for two and half hours at 150 V and photographed. The 
bands were scored and analysed statistically.

Statistical analysis
The shelf life data recorded from the replicated design were 

analyzed using MS-Excel 2007.  The single marker analysis was done 
using ‘single factor ANOVA’.

Results and Discussion
Shelf life of the fruits

In order to identify the tomato lines with high shelf life, the days 

Figure 1: Figure showing the gradual change in the fruit at 10 days interval 
after harvesting at breaker stage up to 40 days keeping at room temperature; 
the lines with high shelf life remain intact even after 40 days, whereas lines 
with low shelf life shriveled even at the 20th day.
(a)Parent1 (L121), (b)Lines showing higher shelf life, (c)Lines showing lower 
shelf life, (d)Parent2 (Vaibhav), (e) Commercial checks.
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0 days was  maximum in RIL5-3 (11.50 lbs/cm2), Pusa Ruby recorded 
minimum (5.31 lbs/cm2), while Mean of F7 RILs were 8.84 lbs/cm2, 
whereas at 15 days RIL15-3 (8.50 lbs/cm2) recorded maximum, Pusa 
Ruby recorded minimum (4.19 lbs/cm2), while Mean of F7 lines were 
6.30 lbs/cm2 and at 30 days the fruit firmness recorded maximum in 
RIL15-3 (6.62 lbs/cm2), Pusa Ruby recorded minimum (2.62 lbs/cm2), 
while Mean of F7 lines were 4.52 lbs/cm2. RIL 7-3, 15-1, 110-2, 169-
1 has higher fruit firmness at the time of harvesting from both the 
parents but rest of the RILs had the firmness in between both parents 
and lower. The fruit firmness decreased significantly over time after 
harvesting (Figure 3).

Molecular characterization
Molecular characterization was done by SSR markers. SSR 

markers which are codominant in nature have specific positions on 
chromosome regions. The association of a single marker to a number 
of traits is important because it reveals the nature of the particular 
marker.  In the present study 42 SSR markers were used out of which 
only 5 markers were found to be polymorphic. SMA is the method 
used in earlier studies on QTL mapping where one marker is involved 
at a time to find the QTL – Marker association. The SMA revealed that 
for fruit keeping quality only two SSR markers TOM 184, TOM 144 
were associated (Table 2). A single QTL was identified for shelf life on 
linkage group six. This QTL, fr_ke_qlty1 was flanked by LEgata 2 and 
LEta16 [22]. Physiological and genetic studies have resulted in the 
identification and characterization of several ripening mutants such 

as never ripe (Nr), non-ripening (nor), and ripening inhibitor (rin), 
genes of which are located on chromosomes 9, 10, and 5, respectively. 
While fruits of Nr mutant ripen slowly, fruits of nor and rin fail to 
ripen and do not exhibit any climacteric rise [23]. Several QTLs have 
been identified in L. esculentum which are linked to high shelf life 
which are distributed on chromosome 2 and chromosome 4 [24].  In 
the present study the SSR markers TOM 184 and TOM 144 found 
to be linked with the high shelf life trait but these two markers are 
present on chromosome number 4 and 11 respectively (Figure 4).

Conclusion
Among F7 RILs, parents and checks the maximum shelf life was 

observed in RIL 7-3, RIL 110-2(110days), followed by RIL 102-1 
and RIL 182-4 (100 days). Molecular study involving single marker 
analysis confirms that TOM 184 and TOM 144 are linked to high 
shelf life trait.  These RILs with high shelf life can be used for crop 
improvement programme in combination with Marker Assisted 
Selection (MAS).
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Sl. No. Trait Primer P value F (crit.)

1 Fruit shelf life TOM144 0.0018* 4.01

TOM184 0.0028* 2.28

Table 2: Single factor ANOVA for fruit shelf life.

*Significant at 5%

Figure 4: Poly Acryl amide Gel Electrophoresis (PAGE) image of SSR 
marker TOM184 and TOM144
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