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The potential of tomato ripening mutants; rin, nor, alc, nr, gr, etc to prolong the shelf life of tomato 
cannot be overemphasized. Ripening mutants have gained a considerable attention in the last few years 
to extend shelf life. They have been characterized and examined for their potential utilization in 
lengthening shelf life of tomatoes. Mutant genes are therefore available to extend the shelf-life of 
tomato via breeding. These single recessive gene mutants mostly modify ethylene’s downstream 
effects on specific biochemical processes related to fruit ripening. The fruits of these mutants are 
characterized by an absence of a ripening-associated ethylene burst and failure to ripen in the presence 
of exogenous ethylene. They are useful in research and breeding of cultivated tomatoes for postharvest 
quality. The effect is more pronounced in homozygotes where fruits do not develop normal colour. 
However, in the heterozygous form, several ripening characteristics exhibit levels that are intermediate 
between those of the wild and mutant parents and are able to produce fruits that have high shelf life 
than normal cultivars. Their discoveries have generated insights into ripening control and created new 
understanding of the primary ripening control mechanisms. Nonetheless, some scientists have argued 
that these mutant genes produce undesirable pleiotropic effects on other components of fruit quality. 
This is true in the homozygotes state, however in the heterozygote form, they develop acceptable 
colour for marketing, ripe naturally and exhibit extended shelf life too. Hence this offers an opportunity 
to exploit these genes to regulate tomato supply for longer period.  
 
Key words: Ethylene, fruit ripening, ripening mutants, shelf life, tomato. 

 
 
INTRODUCTION 
 
Tomato (Solanum lycopersicum L. 2n=24) is one of the 
most widely cultivated and consumed vegetable crops in 
the world (Grandillo et al., 1999) and is the second 
important vegetable crop after potato in the world (Saeed 
et al., 2014). Tomatoes and tomato-based foods offer a 

wide variety of nutrients and lots of health-related 
benefits and can be eaten raw as fruits, salads or use as 
ingredient in the preparation of stews, soups, drinks and 
many other dishes (Alam et al., 2007). In Africa and 
especially Ghana where it is cultivated and consumed
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daily in every household, it constitutes a very important 
part of people’s food (Wolff, 1999; Osei et al., 2010). 
Wolff (1999) points out that because tomato is consumed 
daily in every household, consequently, it requires more 
money to purchase than any other vegetable. Production 
of tomato is thus an important source of income for most 
rural and peri-urban producers in most developing 
countries who are the main producers of this crop. 
Regardless of all the many benefits from the crop, many 
challenges beset its production. The challenges faced by 
tomato farmers and other stakeholders are attributed to a 
number of constraints in the tomato production, 
postharvest handling and marketing chain or a blend of 
them. A major dilemma in contemporary tomato 
production is postharvest handling. Tomato experiences 
great postharvest losses due to its natural perishability, 
precarious transportation, storage conditions and 
improper packaging. Kitinoja and Kader (2015) reported 
that the postharvest losses of fruits and vegetables in the 
developing countries account for almost 50% of the 
produce. Arah et al. (2015) further emphasized that 
postharvest losses in tomatoes can be as high as 25 to 
42% globally. A fundamental limitation in fruit marketing 
is the premature ripening and softening during 
transportation. This predisposes the crop to rapid post-
harvest softening and poor shelf life leading to great 
losses. Arah et al. (2015) indicated that these losses 
‘bring low returns to growers, processors and traders’. 
The authors again emphasized that this will result in loss 
of foreign exchange earnings in Ghana. Shelf-life is 
therefore an important quality trait that influences fresh 
tomato marketability, transportation and domestic use. 
Firm tomato fruits are also demanded by growers, 
shippers and processors to enable the fruit to withstand 
the rigors of shipping and reach the consumer in 
acceptable condition. 

Several postharvest methods and treatments have 
shown some decline in fruit decay and weight loss in 
tomato. Such treatments include the use of gibberellic 
acid, calcium chloride, potassium and salicylic acid with 
chlorine (Mujtaba et al., 2014). Other methods include 
packing in perforated polyethylene bag and kept at 
ambient condition. These methods are however, quite 
laborious and impracticable in farmers’ fields. 
Additionally, advanced technique RNA interference can 
be used to down regulates the genes involved in ethylene 
biosynthesis and cell-wall degrading enzymes to extend 
the shelf life in tomato (Yogendra and Gowda, 2013; 
Carrari et al., 2007). However, this involves genetic 
modification which is not supported by some countries 
due to lack of environmental safety and social 
acceptance of genetically modified crops. A high yielding 
tomato cultivar with high quality fruit and a long shelf life 
is one of the main goals in any fresh market tomato 
breeding program. Fresh-market tomatoes often have 
poor consumer quality, which is due in part to the 
marketing procedures used. Fruits are picked  green  and 
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ripening is initiated by ethylene treatment for fresh 
market. This practice can produce satisfactory or 
acceptable fruit when tomatoes are picked mature-green, 
but often immature green fruits are also harvested. The 
immature green fruits will develop red pigmentation 
without acquiring the flavor, texture, and quality of a vine-
ripe tomato (Kader et al., 1977). This commercial practice 
is developed to facilitate tomato harvest, prolong fruit 
shelf life and minimize physical damage to the fruit during 
handling. The regulatory events controlling fruit ripening 
have greatly benefitted from the availability of natural 
ripening mutants. Use of the ripening mutant genes in the 
heterozygous condition offers the possibility of picking 
fruit at early stages of red pigment development, thereby 
ensuring harvest of mature fruit, and yet having adequate 
shelf life (Kopeliovitch and Rabinowitch, 1979; 
McGlasson et al., 1983; Tigchelaar et al., 1978). The 
present review discusses commercially used ripening 
mutants as potential germplasm for prolonging shelf-life 
of cultivated tomato and emphasizes the characteristic 
expression and effects of rin, nor and alc. It also 
highlights the prospects and problems associated with 
using the mutants. 
 
 
TOMATO FRUIT DEVELOPMENT 
 
Tomato fruit’s development is initiated by fertilization 
(Picken, 1984; Gillaspy et al., 1993). Fruits can be formed 
when the yellow flowers on the tomato plants are 
fertilized. As soon as they are fertilized, the flowers 
develop into small green globes that become visible at 
the base of the blossoms and ultimately become mature 
fruits (tomatoes). Tomato plants possess both the male 
and female reproductive parts often referred to as 
monoecious. The male reproductive part is structured in 
such a way that inside each flower, pollen from the male 
stamen is able to pollinate the female pistil thereby 
ensuring fertilization. Though this does not happen in 
every single flower on each plant, the process can be 
aided by agents such as insects (eg. Bees), wind and 
Man. The insects find themselves inside the flowers for 
nectar and move the pollen from one place to the other. 
Man and wind also ensure pollination by shaking the 
plants in an effort that causes the pollen grains to 
disperse. 

A single tomato branch can have many or few yellow 
flowers with the prospective flower first appearing on the 
end of the branch as a small tightly closed bud contained 
by outer leaves designated as sepals, also collectively 
known as the calyx. Right inside the calyx, the yellow 
petals, or the corolla, of the tomato flower develop around 
its reproductive organs composed of the (pistal) that 
houses the bright green carpels where fruit formation 
takes place following fertilization. Once fertilized, the 
yellow petals wither and fall off to make way for the 
developing   fruit.  That  is,  the  flower  begins  to  age,  a 
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process called senescence, shedding its petals and 
female reproductive organs, revealing the tiny green 
tomato still attached to the sepals. At this stage, 
unfertilized flowers are however, excluded by the plant 
and separated just below the sepals. Even though 
flowers in a cluster do not develop and mature at the 
same rate, it is common to see unopened buds, mature 
blossoms and developing tomatoes on a single branch at 
the same time. The ovary wall is transformed into the 
pericarp as soon as fertilization is successful. The 
pericarp can be divided into three different structures: 
exocarp, mesocarp, and endocarp. The external exocarp 
is made up of a cuticle layer and the skin. The cuticle 
layer thickens as the fruit ages. The skin however, 
contains an epidermal cell layer and a collenchymatous 
tissue (three to four layers), in which starch accumulates 
and few plastids are retained (Esau, 1953; Varga and 
Bruinsma, 1986; Joubès et al., 2000; Lemaire-Chamley 
et al., 2005). The mesocarp, the intermediate layer, is a 
parenchymatous tissue formed by big cells with large 
vacuoles (Joubès et al., 2000; Lemaire-Chamley et al., 
2005; Mintz-Oron et al., 2008). The cells of the mesocarp 
commonly undergo six to eight rounds of DNA duplication 
(endocycles) reaching ploidy levels of up to 512C 
(Bourdon et al., 2010) and are reminiscent of the palisade 
cells of leaves (Gillaspy et al., 1993) since they contain 
several chloroplasts, the organelle where photosynthesis 
occurs and produces up to 20% of fruit photosynthates, 
whereas the rest of photo assimilates are imported from 
source leaves (Hetherington et al., 1998). 

Tomato fruit development can be classified into four 
different phases. The first, dubbed the fruit set phase, 
corresponds to the stage where the development of the 
ovary either proceeds or aborts. The initiation of ovary 
development normally depends on the success of the 
pollination and fertilization. The ovary begins to develop 
into the fruit once the ovules are fertilized. During this 
stage, cell division and enlargement result in slow growth. 
Plant hormones such as gibberellins and auxins have 
been shown to play an important role in fruit set. These 
hormones when artificially applied can trigger the 
development of parthenocarpic (seedless) fruits 
(Gustafson, 1960; Gillaspy et al., 1993). Again, this 
phase is described by rapid cell division, thereby resulting 
into a progressive increase in pericarp cell number. 

The rate of cell division decreases barely two weeks 
after pollination marking the end of phase one. At this 
stage the fruit is about 1 cm in diameter. The subsequent 
phase of fruit development is characterized by a period of 
extensive cell division of the fruit tissue that generally 
takes between seven and ten days after fertilization 
depending on genotype (Varga and Bruinsma, 1966; 
Mapelli and Lombardi, 1982; Bohner and Bangerth, 
1988). All through this stage, fruit growth depend on cell 
expansion and leads to a significant increase in weight. 
Cell expansion coincides with endo reduplication 
(Bergervoet et al., 1996). By the end  of  this  stage  fruits  

 
 
 
 
have a diameter of around 2 cm. Throughout the third 
phase, the fruit enters the mature green (MG) stage (Ho 
and Hewitt, 1986; Giovannoni, 2004; Czerednik et al., 
2012) and attains its final size, which varies greatly 
among cultivars and is very susceptible to environmental 
influences (Chevalier, 2007). Most fruit growth is 
associated with the subsequent expansion phase during 
which cells undergo substantial endoreplication resulting 
in the production of large high ploidy cells with a diameter 
of more than 0.5 mm and up to 512C DNA content 
(Cheniclet et al., 2005). This growth phase is driven by 
the accumulation of water in the vacuole. At the end of 
the cell expansion period, the tomato fruit reaches its final 
size and contains mature seeds. Roughly two days after 
reaching the mature green (MG) stage, the tomato fruit 
undergoes an extensive metabolic reorganization, which 
marks the beginning of the fruit ripening process (Ho and 
Hewitt, 1986). The mature fruit then undergoes the last 
phase of fruit development, known as ripening. Two main 
phases can be distinguished, which are referred to as the 
breaking (BR) and the ripening (RR) stages. From a 
botanical point of view, the tomato fruit is a berry, which 
can be bi- or multilocular. The septa of the carpels divide 
the ovary and the fruit into two or more locules. Seeds 
develop attached to the placenta, a parenchymatous 
tissue, which becomes gelatinous and fills the locular 
cavities during fruit development and maturation 
(Grierson and Kader, 1986; Ho and Hewitt, 1986; Bertin, 
2005; Mintz-Oron et al., 2008). 
 
 
TOMATO FRUIT RIPENING AND RIPENING MUTANTS 
 
Ripening is a phenomenon accountable for producing 
fruit that are eye-catching for consumption. Ripe fruits are 
a great source of energy, minerals, vitamins, carotene 
and antioxidants. Ripening is studied not only for its role 
in nutrition, but also its unique and complex 
developmental process requiring the well-coordinated 
regulation of numerous biochemical pathways. Study of 
fruit ripening is therefore valuable not only for practical 
agricultural purposes but also to better understand the 
regulation and transposition of plant developmental 
programs. Ripening is said to be a deteriorating process 
involving senescence and the general breakdown of 
cells. Fruit ripening is a sophisticatedly orchestrated 
developmental process, unique to plants, that results in 
major physiological and metabolic changes, ultimately 
leading to fruit decay and seed dispersal. Because of 
their strong impact on fruit nutritional and sensory 
qualities, the ripening associated changes have been a 
matter of sustained investigation aiming at unraveling the 
molecular and genetic basis of fruit ripening. All 
biochemical, molecular, physiological and structural 
modifications associated with ripening are tightly 
orchestrated at the genetic level, enabling the control of 
appearance, aroma and flavour. Ethylene is  required  for 
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fruit ripening and plays other important roles in plant 
growth and development (Barry, 2007). Ripening in the 
cultivated tomato comprises a series of biochemical and 
physiological events, including softening, pigment 
change, development of flavor components, autocatalytic 
ethylene production, and climacteric respiratory behavior, 
which together make ripe fruits. During ripening, tomato 
increases their ethylene level and subsequently 
undergoes various physiological changes. These 
changes occur simultaneously and are caused by the 
highly synchronized expression of numerous genes at the 
onset of ripening. Ethylene is rapidly produced at the 
breaker stage of the fruit and drives a series of reactions 
that together define the fruit ripening process. Generally, 
ripening involves softening of the fruit tissue, conversion 
of starch to sugar, accumulation of secondary 
metabolites affecting appearance, taste and aroma 
(Seymour, 1993). Polygalacturonase (PG) is the most 
important softening enzyme in tomato. It is absent in 
green fruit and accumulates in large quantities during 
ripening. The presence of this enzyme is correlated with 
the onset of cell wall degradation. Natural ethylene 
synthesis begins before PG appears and exogenous 
ethylene causes the accumulation of this enzyme in 
mature fruit (Grierson and Kader, 1986). 

The process that leads to tomato ripening can be 
further divided into mature green stage, breaker stage 
and red ripe fruit stage. The mature green stage refers to 
the final-sized fruit containing mature seeds before 
initiation of ripening. The breaker stage corresponds to 
the beginning of the ripening program in the fruit, and is 
characterized by the first visual sign of ripening (orange 
color at the base of the fruit) and production of high levels 
of ethylene. Numerous genes associated with ripening 
begin to be expressed at high level at this stage (Alba et 
al., 2004). The red ripe fruit stage corresponds to the fruit 
having completed the ripening program. Again the time 
required to reach red ripe fruits from BK is typically three 
to ten days, depending on the variety. 

Although numerous ripening-associated traits have 
been shown to be influenced by ethylene, the 
identification and characterization of several naturally 
occurring ripening mutations have revealed another layer 
of regulation acting upstream of ethylene. Ripening 
mutants particularly alcobaca (alc), non-ripening (nor), 
never ripe (nr) and ripening inhibitor (rin) have gained a 
considerable attention in the last few years to prolong 
shelf life of tomato. These genes generally inhibit 
ethylene synthesis and or modify ethylene’s downstream 
effects on specific biochemical processes related to fruit 
ripening. The fruits of these mutants are generally 
characterized by an absence of a ripening-associated 
ethylene burst, and an inability to ripen in the presence of 
exogenous ethylene. They are useful in research and 
breeding of cultivated tomatoes for postharvest quality. 
Kopeliovitch et al. (1979) have used several ripening 
gene mutants such as alc, nor, nr and rin to develop lines  
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and cultivars with delayed ripening through disruption of 
the ethylene signalling pathway. Rodriguez et al. (2010) 
also explored the inheritance of fruit quality traits such as 
fruit shelf life in some tomato crosses using an 
Argentinean cultivar and a ripening mutant (nor). The 
mutant alleles rin, nor and alc generate a somewhat 
similar extended shelf life phenotype in heterozygous 
plants at these loci and have different modes of action. 
 
 
CHARACTERISTIC EXPRESSION AND EFFECTS OF 
rin, nor AND alc 
 
Ripening inhibitor (rin) is a regulator of ripening that 
directly influences many ripening- associated processes 
in a specific pattern. The rin mutant appeared in an F4 
breeding line developed by H. M. Munger at Cornell 
University. The recessive gene altered several aspects of 
ripening as fruits did not ripen fully, turned yellow and 
softened very slowly (Robinson and Tomes, 1968). It 
encodes a genetic regulatory component necessary to 
trigger climacteric respiration and ripening-related 
ethylene biosynthesis. The rin gene is located on tomato 
chromosome 5 and belongs to the MADSBOX family of 
transcription regulators which is known to play essential 
roles in a variety of plant development processes 
(Riechmann and Meyerowitz, 1997). The name MADS is 
an abbreviation of the four founding members of the 
family: Mcm1 from S. cerevisiea (Passmore et al., 1989), 
AGAMOUS from Arabidopsis thaliana (Yanofsky et al., 
1990), DEFICIENS from A. majus (Sommer et al., 2000) 
and Serum Response Factor (SRF) from Homo sapiens 
(Norman et al., 1988). MADS box genes encode DNA-
binding proteins involved in many developmental 
processes in yeast, insects, nematodes, lower 
vertebrates, mammals and plants (Becker and Theissen, 
2003; Messenguy and Dubois, 2003). In this regard, rin is 
a comprehensive ripening regulator explaining both the 
severe ripening inhibition of the mutation and its utility in 
coordinately slowing virtually all ripening processes in 
hybrid Rin/rin fruit predominant in current fresh market 
tomato production. Tomato plants homozygous for the 
ripening-inhibitor (rin) mutation have fruits that fail to 
ripen. Moreover, rin plants show enlarged sepals and 
loss of inflorescence determinacy. Two tandem MADS-
box genes (LeMADS-RIN and LeMADS-MC) were 
revealed at positional cloning of the rin locus. Their 
expression patterns suggested roles in fruit ripening and 
sepal development for LeMADS-RIN and LeMADS-MC 
respectively. The rin mutation alters expression of both 
genes. The rin mutant exhibits ethylene sensitivity, 
including the seedling triple response, floral abscission, 
and petal and leaf senescence. Nevertheless, rin fruit do 
not ripen in response to exogenous ethylene, yet they 
display induction of at least some ethylene responsive 
genes, indicating retention of fruit ethylene sensitivity. 
The rin/rin homozygous  plant  produces  fruit  that  never 
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fully ripen and have much firmer fruit with a significantly 
longer shelf life. At maturity, fruits are green and later 
turned into bright yellow, retarded ripening. 

In the heterozygous condition rin/+ plants produce fruit 
with near normal fruit colour and flavour, and shelf life 
that is intermediate between rin/rin and +/+ (wild type) 
plants. Rin/rin lines generally have very low fruit sugars. 
They however, vary in sugar levels between rin/rin lines 
and +/+ lines. Lycopene levels in rin/+ hybrids is a little 
lower than wild type. Ripening is a little slower with rin/+ 
hybrids. Tomatoes heterozygous for the rin allele stay 
firm and ripen over a lengthened period. This is most 
probably due to reduced levels of functional RIN protein 
which allows industrial-scale handling and expanded 
delivery and storage opportunities. 

The non-ripening (nor) gene was identified in an 
introduction, ‘Italian Winter,’ by E.A. Kerr at Horticultural 
Research Institute, Ontario. The nor gene is located on 
tomato chromosome 10 and belongs to the NAC family of 
transcription factors whose members play important 
regulatory roles in numerous developmental programs 
(pathways) (Olsen et al., 2005). The NAC family is the 
largest plant-specific family of transcription factors with 
more than 100 members identified in A. thaliana 
(Riechmann et al., 2000). NAC genes are named for their 
18 founding members: Petunia hybrida NAM and A. 
thaliana ATAF1/2 and CUC2 genes (Souer et al., 1996; 
Aida et al., 1997). The nor gene is an unrelated 
transcription factor that also serves as a master regulator 
of fruit ripening in tomato. The nor/nor homozygous plant 
has a very similar phenotype to rin/rin, and nor/+ hybrids 
also have much restored color and flavor with extended 
shelf-life. Nor prevents normal fruit ripe (non-
pigmentation, non-softening and crack resistance in 
fruits). This mutation is often used in the heterozygous 
form to create long shelf life of fruits. The non-ripening 
phenotype associated with the nor mutation suggests that 
many biochemical pathways are influenced by this gene. 

The cultivar Alcobaca from Portugal possessing slow 
ripening gene alc was discovered in the 1960’sdescribed 
as a tomato with prolonged fruit storage life (Almeida, 
1961) and potato type leaf (Lu et al., 1995, Robinson and 
Tomes, 1968). Alcobaca genes in its homozygous form is 
noted to obstruct or significantly slow down a wide range 
of processes associated with ripening of tomato fruit 
leading to a noticeably extended shelf life (Kopeliovitch et 
al., 1979; Lobo et al., 1984; Mutschler, 1984b; Tigchelaar 
and Rios, 1989; Lu et al., 1995; Ignatova et al., 1999; 
Dhatt, 2001; Garg, 2006) but inferior flavour (Kopeliovitch 
et al., 1980, 1982) and poor colour development (Sink et 
al., 1974; Kopeliovitch et al., 1980; Lobo et al., 1984). 
However, in plants heterozygous for these alleles, 
several ripening characteristics exhibit levels intermediate 
between those of the wild and mutant parents and 
produce fruits having shelf life many times greater than 
normal cultivars (Kopeliovitch et al., 1979; Mutschler et 
al.,   1992;   Dhatt,  2001;  Kitagawa  et  al.,  2005;  Garg, 

 
 
 
 
2006), besides developing acceptable colour (Kopelivitch 
et al., 1981; Mutschler, 1984b; Gavrish and Korol, 1991) 
and flavour attributes (Kopeliovitch et al., 1982; Agar et 
al., 1994). This semi-climacteric mutant causes a ripening 
syndrome characterized by attenuated respiratory 
activities and ethylene production, delayed softening of 
the fruit, low PG activity and extended shelf life 
(Mutschler, 1984b). Kopeliovitch et al. (1980) found that 
the final colour of mutant fruits picked at mature green 
stage, breaker stage and two weeks post breaker stage 
was yellow, orange and light red, respectively. 
 
 
UTILIZATION OF rin, nor AND alc ALLELES 
 
Fruits of tomato are only available for a short time. 
Excess production of tomato during these short periods 
leads to a saturated market and low prices. These 
periods can be followed by scarcity and high prices. 
Mutant genes such as alcobaca (alc), ripening inhibitor 
(rin), and non-ripening (nor) in heterozygous form extend 
shelf-life and take more time to go from mature green to 
red ripe as compared to normal genotypes (Buescher et 
al., 1976; Kopeliovitch et al., 1979; McGlasson et al., 
1983; Nguyen et al., 1991; Mutschler et al., 1992; Agar et 
al., 1994; Lu et al., 1995; Dhatt, 2001; Kitagawa et al., 
2005) and develop acceptable color (Sink et al., 1974; Ng 
and Tigchelaar, 1977; Hobson, 1980;  Kopeliovitch et al., 
1981; Mutschler, 1984; Lu et al.,1994) and flavor 
attributes (Kopeliovitch et al., 1982; Agar et al., 1994). 
Fruit of F1 hybrids carrying these mutant alleles take 
longer to transition from mature green to red ripe stages 
as compared to normal genotypes (McGlasson et al., 
1983; Nguyen et al., 1991; Dhatt, 2001). Sinha et al. 
(2014), in their work on tomato shelf life, evaluated 
twenty four F7 RIL’S developed from the cross L121 X 
Vaibhav for high shelf life. L121 is a parent having alc 
gene is able to prolong shelf-life but has poor agronomic 
character. 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 (110 days), followed by 
RIL 102-1 and RIL 182-4 (100 days) with an average 
shelf life of the F7 RILs were 63 days. 

According to Giovannoni (2007), the discoveries of fruit 
ripening mutants have yielded insights into ripening 
control. He further mentioned that these findings have 
produced new understanding of the primary ripening 
control mechanisms which include transcription factors 
such as those encoded by the RIPENING- INHIBITOR 
(RIN) MADS-box and COLOURLESS NON-RIPENING 
(CNR) SPB-box genes. These are actually necessary for 
the progression of virtually all ripening processes. They 
have also facilitated the elucidation of downstream signal 
transduction components that impact the hormonal and 
environmental stimuli that coordinate and modulate 
ripening phenotypes. He demonstrated in  his  report  that 



 

 
 
 
 
physiologically characterized single gene tomato ripening 
mutants, which in some cases have been available for 
decades, have recently become accessible and useful at 
the molecular level as the genomics infrastructure for 
tomato has expanded. 

Lavy-Meir et al. (1989) also reported that tomato 
ripening mutants and their hybrids showed resistance to 
Botrytis cinerea. Their work examined the resistance of 
mutant fruits to infection by B. cinerea, one of the main 
pathogens of tomato fruit by studying differences in 
conidia germination, infection and lesion development 
among normal, mutant and hybrid fruits. Yasuhiro (2016) 
further confirmed in his report or review that the 
identification of ripening mutants particularly key 
regulatory gene rin in tomato has opened new horizons in 
our understanding of fruit ripening. He also reported that 
the rin mutant removes the transcriptional activation 
activity from the protein thereby preventing the up-
regulation of genes required for ripening (Ito et al., 2008). 
Additionally, his review revealed that rin regulates other 
transcription factors involved in fruit ripening, including 
nor and cnr. Ethylene mediates the induction of ripening-
associated genes under the control of the ripening 
regulating transcription factors, and the ethylene 
signalling pathway also enhances the expression of RIN, 
FUL1, and NOR in a positive feedback loop (Fujisawa et 
al., 2013). Understanding of ripening regulation, 
especially the crucial role of MADS-box transcription 
factors, have expanded scientists ability to control 
ripening-associated metabolic characteristics, thereby 
providing breeding methods for fruits with better taste, 
aroma, nutrition, and shelf life. The author further 
reported that apart from biological interest in ripening 
regulation, breeding programs have targeted the RIN 
locus because the RIN/rin heterozygous genotype 
produces red-ripe fruits with a remarkably extended shelf 
life (Kitagawa et al., 2005). The heterozygous genotype 
has also been proposed for use in developing tomatoes 
with low levels of allergens (Kitagawa et al., 2006). 
 
 
PROBLEMS AND PROSPECTS OF TOMATO 
RIPENING MUTANTS 
 
The remarkable features of rin, nor and alc mutants are 
their extended shelf life beside quality parameters 
(except colour) comparable with the normal fruit 
(Kopeliovitch et al., 1979; MutscWer et al., 1984b; Lu et 
al., 1994; Hobson 1980; McGlasson, 1983; Lobo et al., 
1984; Lobo et al., 1991; Mutschler et al., 1992). Mutant 
genes such as rin, nor and alc can be used to extend the 
shelf life of tomato (Leal and Tabim, 1974; Robinson and 
Tornes, 1968; Tigchelaar et al., 1973). The fruits of these 
mutants are elite by an absence of a ripening-associated 
ethylene burst, and an inability to ripen in the presence of 
exogenous ethylene. This phenotype is described as a 
failure to reach ripening competency,  a  developmentally  
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regulated stage in which a fruit becomes responsive to 
ethylene. These mutant genes not only delay the normal 
process of ripening but also have undesirable pleiotropic 
effects on other components of fruit quality (Kovacs et al., 
2009; Matas et al., 2009; Mutschler et al., 1992; 
Thompson et al., 1999; Tigchelaar et al., 1978). The 
abnormal pattern of fruit colour development in the 
homozygous form has restricted their use at commercial 
levels (Robinson and Tomes, 1968; Tigchelaar et al., 
1973; Lobo et al., 1984). For instance, the non-ripening 
(nor) gene repress the normal ripening of tomato fruit. 
The molecular mechanism of fruit ripening regulation by 
the nor gene is however, unclear. Unfortunately, in 
homozygous state these genes do not develop normal 
colour (Kopeliovitch et al., 1979). Even exogenous 
application of ethylene is not helpful in stimulating colour 
development (Tigchelaar et al., 1978). Some efforts 
employed by some scientists to overcome the problem 
associated with the homozygous state of the ripening 
mutant genes is by cross combinations with desired 
genotypes for colour improvement. Trinklein and 
Lambeth (1976) proposed incorporation of uniform 
ripening and colour enhancing genes to improve colour. 

Nguyen et al. (1991) and Dhatt (2001) demonstrated 
that rin, nor and alc alleles in heterozygote form 
nonetheless, developed acceptable colour for marketing. 
This was also confirmed by Mutschler (1984), Lu et al. 
(1994) and Seroczynska et al. (1998) who reported that 
the fruits of hybrids between normal homozygotes (+/+) 
and mutant homozygotes (nor/nor, rin/rin and alc/alc) do 
ripen naturally and exhibited extended shelf life too. 
Hence, this offers an opportunity to exploit these genes to 
regulate tomato supply for longer period. The commercial 
use of rin, nor and alc mutants has been made in many 
countries. In Australia, several varieties have been 
developed using ripening mutants. For instance, 'Red 
Centre' (HRAS 87-70 x rin-HRAS 81-85) and 'Juliette' 
(79T-I x rin-795054-1) hybrids having 40 days shelf life at 
20°C temperature have been released (Nguyen et al., 
1991; Nguyen 1994). The nor gene has been exploited 
by Gavrish and Bogdanov (1992) in Russia by developing 
'Vasilisa' hybrid, 'Changline' an outstanding nor hybrid 
with exceptional shelf life was also released in China (Lu 
et al., 1994). The F1 between S 15 x 110r was registered 
as Rafal' in Poland, which has storage life of 77 to 99 
days. It also provided 2 to 4 weeks delay in last harvest 
along with high firmness, acceptable colour and good 
quality (Seroczynska et al., 1998). Likewise in the USA 
(Suslow and Cantwell, 1997) and India, ripening mutant 
genes have been successful at the commercial level 
(Dhatt, 2001). The alcobaca (alc) gene, a mutant involved 
in the ripening process of tomato plant fruits, have 
allowed an understanding about some effects that it 
causes on the quality and post-harvest conservation traits 
of tomatoes. The effects of the alc allele on several plant 
and fruit traits were studied by Mutschler et al. (1992), 
Flori (1993),   Flori  and  Maluf  (1994),  Resende  (1995), 
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Souza (1995) and Freitas (1996). 
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGMENT 
 

The authors are grateful to Syngenta for providing 
financial support for their tomato research work. We 
thank Prof. Douglas Maxwell (former of University of 
Wisconsin-Madison, USA), Dr. Mark Massoudi 
(AgBiotech, USA) and Mr. Isaac Newton Boakye- 
Mensah (CSIR-CRI) for their pre paper reviews. 
 
 
REFERENCES 
 
Agar IT, Abak K, Yarsi G (1994). Effect of different maturity stages on 

the keeping quality of nor (non-ripening), rin (ripening-inhibitor) and 
normal type tomatoes. Acta Hortic. 368:742-753. 

Aida M, Ishida T, Fukaki H, Fujisawa H, Tasaka M (1997). Genes 
involved in organ separation in Arabidopsis: An analysis of the cup-
shaped cotyledon mutant. Plant Cell 9:841-857. 

Alam T, Tanweer G, Goyal GK (2007). Stewart Postharvest Review, 
Packaging and storage of tomato puree and paste. Res. Article 
3(5):1-8. 

Alba R, Fei Z, Payton P, Liu Y, Moore SL, Debbie P, Cohn J, D' 
Ascenzo M, Gordon JS, Rose JK, Martin G, Tanksley SD, Bouzayen 
M, Jahn MM, Giovannoni J (2004). ESTs, cDNA microarrays, and 
gene expression profiling: tools for dissecting plant physiology and 
development. Plant J. 39:697-714. 

Almeida JLF (1961). Um novo aspect de melhoramento do tomato. 
Agricultura 10:43-44. 

Arah IK, Amaglo H, Kumah EK, Ofori H (2015). Preharvest an 
Postharvest Factors Affecting the Quality and Shelf Life of Harvested 
Tomatoes: A mini Review. Int. J. Agron. Article ID 478041, 6p. 
http://dx.doi.org/10.1155/2015/478041 

Barry CGJ (2007). Ethylene and fruit ripening. J. Plant Growth 
Regulation 26:143-159. 

Becker A, Theissen G (2003) The major clades of MADS-box genes 
and their role in the development and evolution of flowering plants. 
Mol. Phylogenet. Evol. 29:464-489.  

Bergervoet JHW, Verhoeven HA, Gilissen LJW, Bino RJ (1996).High 
amounts of nuclear DNA in tomato (Lycopersicon esculentum Mill.) 
pericarp. Plant Sci. 116:141-145. 

Bohner J, Bangerth F (1988) Effects of Fruit-Set Sequence and 
Defoliation on Cell Number, Cell-Size and Hormone Levels of Tomato 
Fruits (Lycopersicon esculentum Mill) within a Truss. Plant Growth 
Regul. 7:141-155 

Bourdon M, Frangne N, Mathieu-Rivet E, Nafati M, Cheniclet C, 
Renaudin JP, Chevalier C (2010). Endoreduplication and growth of 
fleshy fruits. Progr. Bot. 71:101-132. 

Carrari F, Asis R, Fernie AR (2007). The metabolic shifts underlying 
tomato fruit development. Plant Biotechnol. 24:45-55. 

Cheniclet C, Rong WY, Causse M, Frangne N, Bolling L, Carde JP, 
Renaudin JP (2005). Cell expansion and endoreduplication show a 
large genetic variability in pericarp and contribute strongly to tomato 
fruit growth. Plant Physiol. 139:1984-1994. 

Chevalier C, Inzé D (2007). Cell cycle control and fruit development, 
Cell cycle control and plant development, Annual Plant Reviews, 
2007, Oxford Blackwell Publishing 32:269-293. 

Czerednik A, Busscher M, Bielen BA, Wolters-Arts M, De Maagd RA, 
Angenent GC (2012) Regulation of tomato fruit pericarp development 
by an interplay between CDKB and CDKA1 cell cycle genes. J. Exp. 
Bot. 63:2605-2617.  

 
 
 
 
Dhatt AS (2001). Evaluation of F.J hybrids incorporating nor, rin and ale 

<llldes for yield, quality and shelflife of tomato (Lreopersicon 
esculentum Mill)." Ph.D, Thesis. Punjab Agricultural Lniveristy, 
Ludhiana. 

Esau K (1953). Plant Anatomy. New York: John Wiley and Sons Inc Fei 
Z, Tang X, Alba RM, White JA, Ronning CM, Martin GB, Tanksley 
SD, Giovannoni JJ (2004) Comprehensive EST analysis of tomato 
and comparative genomics of fruit ripening. Plant J. 40:47-59. 

Flori JE (1993). Obtenção e avaliação de híbridos F1 de tomate 
(Lycopersicon esculentum Mill.) no grupo multilocular. Lavras: Escola 
Superior de Agricultura de Lavras, (Dissertação Mestrado) 44p. 

Flori JE, Maluf WR (1994). Obtenção e avaliação de híbridos F1 de 
tomate (Lycopersicon esculentum Mill.) do grupo multilocular. Ciênc. 
Prát. 18:395-398. 

Freitas JA (1996). Produtividade e qualidade de frutos de híbridos de 
tomateiros, heterozigoto na loco alcobaça. Lavras: UFLA, 87p. 
(Dissertação - Mestrado) 

Fujisawa M, Nakano T, Shima Y, Ito Y (2013) A large-scale 
identification of direct targets of the tomato MADS box transcription 
factor ripening inhibitor reveals the regulation of fruit ripening. Plant 
Cell 25:371-386. 

Garg N (2006). Studies on heterosis and combining ability involving 
ripening mutants in tomato (Lycopersicon esculentum Mill.). - Ph. D. 
Dissertation, Punjab Agricultural University, Ludhiana, India. 

Gavrish SF, Korol VG (1991). Some biological features of F1 tomato 
hybrids carrying the nor gene. - Izvestiya Timiryazevskoi 
Sel’skhozyaistvennoi Akademii 1:118-132. 

Gillaspy G, Ben-David H, Gruissem W (1993). Fruits: a developmental 
perspective. Plant Cell 5:1439-51. 

Giovannoni JJ (2004). Genetic regulation of fruit development and 
ripening. Plant Cell 16:S170-180. 

Giovannoni JJ (2007). Fruit ripening mutants yield insights into ripening 
control. Curr. Opin. Plant Biol. 10:283-289. 

Grandillo S, Zamir D, Tanksley SD (1999). Genetic improvement of 
processing tomatoes: A 20 years perspective. Euphytica 110:85-87. 

Grierson D, Kader AA (1986). Fruit ripening and quality. In JG Atherton, 
J Rudich, The Tomato Crop: A Scientific Basis for Improvement. 
Chapman and Hall, London pp. 241-280. 

Gustafson FG (1960). Influence of Gibberellic Acid on Setting and 
Development of Fruits in Tomato. Plant Physiol. 35:521-523. 

Hetherington S, Smillie R, Davies W (1998). Photosynthetic activities of 
vegetative and fruiting tissues of tomato. J. Exp. Bot. 49:1173-1181. 

Ho L, Hewltt J (1986). Fruit development. In The Tomato Crop, J.G. 
Atherton and J. Rudich, eds (New York: Chapman and Hall) pp. 201-
239. 

Hobson GE (1980). Effect of the introduction of non-ripening mutant 
genes on the composition and enzyme content of tomato fruit. J. Sci. 
Food Agric. 31:578-584. 

Ignatova SI, Garanko IB, Botyaeva GV (1999). The genotype-
environment interaction with using genes nor, rin and alc. Acta Hortic. 
487:367-372. 

Ito Y, Kitagawa M, Ihashi N, Yabe K, Kimbara J, Yasuda J, Ito H, 
Inakuma T, Hiroi S, Kasumi T (2008) DNA-binding specificity, 
transcriptional activation potential, and the rin mutation effect for the 
tomato fruit-ripening regulator RIN. Plant J. 55:212-223. 

Joubès J, Chevalier C, Dudits D, Heberle-Bors E, Inzé D, Umeda M, 
Renaudin JP (2000). CDK-related protein kinases in plants. Plant 
Mol. Biol. 43:607-621. 

Kader AA, Stevens MA, Albright-Holton M, Morris LL, Algazi M (1977). 
Effect of fruit ripeness when picked on flavor and composition on 
fresh market tomatoes. J. Am. Soc. Hortic. Sci. 102:724-731. 

Kitagawa M, Ito H, Shiina T, Nakamuran IT, Kasumi T, Ishiguro Y, Yabe 
K, Ito Y (2005) - Characterization of tomato fruit ripening and analysis 
of gene expression in F1 hybrids of the ripening inhibitor (rin) mutant. 
Physiol. Plant. 123:331-338. 

Kitagawa M, Moriyama T, Ito H, Ozasa S, Adachim A, Yasuda J, 
Ookura T, Inakuma T, KKasumi T, Ishiguro Y, Ito Y (2006). Reduction 
of allergenic protenins by the effect of the ripening inhibitor (rin) 
mutant gene in an F1 hybrid of the rin mutant tomato. Biosci. 
Biotechnol. Biochem. 70:1227-1233. 

Kitinoja L, Kader AA (2015) Measuring of postharvest losses of fresh 
fruits and vegetables in developing countries. The Postharvest  



 

 
 
 
 

Education Foundation (PEF White Paper 15- 02). 
Kopeliovitch E, Mizrahi Y, Rabinowitch HD, Kedar N (1980). Physiology 

of the tomato mutant alcobaca. Physiol. Plant. 48:307-311. 
Kopeliovitch E, Mizrahi Y, Rabinowitch HD, Kedar N (1982). Effect of 

the fruit-ripening mutant genes rin and nor on the flavour of tomato 
fruit. J. Am. Soc. Hortic. Sci. 107:361-364. 

Kopeliovitch E, Rabinowitch HD, Mizrahi Y, Kedar N (1979). The 
potential of ripening mutants for extending the storage life of the 
tomato fruit. Euphytica 28:99-104. 

Kopeliovitch E, Rabinowitch HD, Mizrahi Y, Kedar N (1981). Mode of 
inheritance of alcobaca: A tomato fruit ripening mutant. Euphytica 
30:223-225. 

Kovacs K, Hurst LD, Papp B (2009). Stochasticity in Protein Levels 
Drives Colinearity of Gene Order in Metabolic Operons of Escherichia 
coli. PLoS Biol. 7(5):e1000115.  
Lavy-Meir, G., Barkai-Golan, R., Kopeliovitch, E (1989). Resistance 
of tomato ripening mutants and their hybrids to Botrytis cinerea. Plant 
Dis. 73:976-978. 

Leal NR, Tabim MH (1974). Tested de conservaco natural poscolheita 
alem dos 300 dias dos [rutos de alguns .cultivars de lOt'lateiro e 
hibridos dcstes com Alcobaca '. Rev. Ceres. 21:310-328. 

Lemaire-Chamley M, Petit J, Garcia V, Just D, Baldet P, Germain V, 
Fagard M, Mouassite M, Cheniclet C, Rothan C (2005). Changes in 
transcriptional profiles are associated with early fruit tissue 
specialization in tomato. Plant Physiol. 139:750-769. 

Lobo AM, Hall CB, Hannah LC, Bdssett MJ (1991). Study of the storage 
life of tomato fruits in the postharvest ripening mutant AJcobaca. 
Actualidades Regional lnstituto Colombiano. Agropeeuario Colombia 
5:60. 

Lobo M, Bassett MJ, Mammah LC (1984). Inheritance and 
characterization of the fruit ripening mutation in Alcobaca tomato. J. 
Am. Soc. Hortic. Sci. 109:741-745. 

Lu CG, Xu HL, Yian RC, Yu WG (1994). Storage-linked physiological 
characters of tomato carrying fruit ripeningmutant genes and their 
implications in breeding. Jiangsu J. Agric. Sci. 10:5-10. 

Lu CG, Xu HL, Yian RC, Yu WG (1995). Physiological and biochemical 
characters of the alc, nor and rin ripening mutants in tomato and 
application in breeding for storage property. Acta Hortic. 402:141-
150. 

Mapelli S, Lombardi L (1982). A Comparative Auxin and Cytokinin 
Study in Normal and to-2 Mutant Tomato Plants. Plant Cell Physiol. 
23:751-757. 

Matas AJ, Gapper NE, Chung MY, Giovannoni JJ, Rose JKC (2009). 
Biology and genetic engineering of fruit maturation for enhanced 
quality and shelf-life. Curr. Opin. Biotechnol. 20:197-203. 

McGlasson WB, Sumeghy JB, Morris LL, McBridge RL, Best DJ, 
Tigchelaar EC (1983). Yield and evaluation of F1 tomato hybrids 
incorporating the non- ripening nor gene.  Austr. J. Exp. Agric. Anim. 
Husb. 23:106-11 2 

Messenguy F, Dubois E (2003). Role of MADS box proteins and their 
cofactors in combinatorial control of gene expression and cell 
development. Gene 316:1-21 

Mujtaba A, Masud T, Butt JS, Qazalbash AM, Fareed W, Shahid A 
(2014). Potential role of calcium chloride, potassium permanganate 
and boric acid on quality maintenance of tomat cv. Rio grandi at 
ambient temperature. Int. J. Biosci. 5(9):9-20. 

Mutschler MA (1984b). Ripening and storage characteristic of Alcobaca 
ripening mutant in tomato. J. Am. Soc. Hortic. Sci. 109:504-507. 

Mutschler MA, Wolfe DW, Cobb ED, Yourstone KS (1992). Tomato fruit 
quality and shelf life in hybrids heterozygous for the alc ripening 
mutant. Hortic. Sci. 27:352-355. 

Ng TJ, Tigchelaar EC (1977). Action of the non-ripening (nor) mutant on 
fruit ripening of tomato. J. Am. Soc. Hortic. Sci. 102:504-509. 

Nguyen YQ (1994). 'Juliette' fresh-market tomato. HortScience 
29(4):332. 

Nguyen YQ, Ashcroft WJ, Jones KJ, McGlasson WB (1991). Evaluation 
of F1 hybrids incorporating the rin (ripening inhibitor) gene to improve 
the storage life and fruit quality of fresh market tomatoes 
(Lycopersicon esculentum Mill.). Aust. J. Exp. Agric. 31:407-413. 

Norman C, Runswick M, Pollock R, Treisman R (1988) Isolation and 
properties of cDNA clones encoding SRF, a transcription factor that 
binds to the c-fos serum response element. Cell 55:989-1003. 

Osei et al.          3527 
 
 
 
Olsen AN, Ernst HA, Leggio LL, Skriver K (2005). NAC transcription 

factors: structurally distinct, functionally diverse. Trends Plant Sci. 
10:79-87. 

Osei MK, Akromah R, Shilh SL, Green SK (2010). Evaluation of some 
tomato Germplasm for resistance to Tomato Yellow leaf curls Virus 
disease (TYLCV) in Ghana. Aspects Appl. Biol. 96:315-323. 

Passmore S, Elble R, Tye BK (1989) A Protein Involved in 
Minichromosome Maintenance in Yeast Binds a Transcriptional 
Enhancer Conserved in Eukaryotes. Genes Dev. 3:921-935.  

Picken AJF (1984). A review of pollination and fruit set in the tomato 
(Lycopersicon esculentum Mill.). J. Hortic. Sci. 59: 1-13. 

Resende JM (1995). Qualidade pós-colheita de dez genótipos de 
tomateiro do grupo multilocular. Lavras: UFLA, 1995. (Dissertação - 
Mestrado) 88p. 

Riechmann JL, Heard J, Martin G, Reuber L, Jiang C, Keddie J, Adam 
L, Pineda O, Ratcliffe OJ, Samaha RR, Creelman R, Pilgrim M, 
Broun P, Zhang JZ, Ghandehari D, Sherman BK, Yu G (2000). 
Arabidopsis transcription factors: genome-wide comparative analysis 
among eukaryotes. Science 290:2105-2110. 

Riechmann JL, Meyerowitz EM (1997). MADS domain proteins in plant 
development. Biol. Chem. 378:1079-1101. 

Robinson RW, Tomes ML (1968). Ripening inhibitor: a gene with 
multiple effect on ripening. Tomato Genet. Coop. 18:36-37. 

Rodriguez GR, Pratta GR, Libertti DR, Zorzoli R (2010). Inheritance of 
shelf life and other quality traits of tomato fruit estimated from F1 ’s, 
F2 ’s and backcross generations derived from standard cultivar, nor 
homozygote and wild cherry tomato. Euphytica 176:137-147. 

Saeed A, Hasan N, Shakeel A, Farrukh SM, Khan NH, Ziaf K, Khan MA, 
Saeed N (2014). Genetic analysis to find suitable parents for 
development of tomato hybrids. Life Sci. J. 11(12s):30-35 

Seroczynska A, Niemirowicz SK, Korrenicwsk lA (1998). Utilizarion of 
three non~ripening mutants In tomato breeding for prolonged shelf 
lite. Folia Hortic. 1:3-14.  

Seymour GB (1993). Biochemistry of Fruit Ripening. Chapman & Hall, 
London; New York. 

Sinha S, Ramanjini Gowda PH, Kumar S, Mallikarjuna NM (2014). Shelf 
Life Evaluation in Selected Tomato (Solanum Lycopersicum L) F7 
Recombinant Inbred Lines (RILs). Aust. J. Biotechnol. Bioeng. 1(3):4. 

Sink KC Jr, Herner RC, Knowlton LL (1974). Chlorophyll and 
carotenoids of the rin tomato mutant. Canad. J. Bot. 52:1657-1660. 

Sommer H, Beltran JP, Huijser P, Pape H, Lonnig WE, Saedler H, 
Theissen G, Becker A, Di Rosa A, Kanno A, Kim, JT, Munster T, 
Winter KU, Saedler H (2000). A short history of MADS- box genes in 
plants. Plant Mol. Biol. 42:115-149. 

Souer E, Van Houwelingen A, Kloos D, Mol J, Koes R (1996). The no 
apical meristem gene of Petunia is required for pattern formation in 
embryos and flowers and is expressed at meristem and primordia 
boundaries. Cell 85:159-170. 

Souza JC (1995). Avaliação de tomateiros híbridos, do grupo 
multilocular, portadores do alelo alcobaça em heterozigose. Lavras: 
UFLA, (Dissertação - Mestrado) 56p. 

Suslow TV, Cantwell M (1997). Produce Facts Tomato 
Recommendations for Maintaining, PostHarvest Quallty. Post 
Harvest Handling News Letter 90(5):25-26. 

Thompson AJ, Tor M, Barry CS, Verbalov J, Orfila C, Jarvis MC, 
Giovannoni JJ, Grierson D, Seymour GB (1999). Molecular and 
genetic characterization of a novel pleiotropic tomato- ripening 
mutant. Plant Physiol. 120:383-389. 

Tigchelaar and Rios, 1989-Use of tomato fruit ripening mutants to 
enhance fruit storage life, pp. 123-135. In: Green S.K., T.D. Griggs, 
and B.T. McLean (eds.) Proceedings of Tomato and Pepper 
production in the Tropics International Symposium on ‘Integrated 
Management Practices’, held at Asian Vegetable Research and 
Development Center, Tainan, Taiwan, 21-26 March, 1988. 

Tigchelaar EC, Barman RJ (1978). Linkage of the nonripening (nor) and 
Uniform ripening (u) genes Tomalo Genet. Co-op. Rep. 28:20. 

Tigchelaar EC, Tomes L, Kerr EA, Barman RJ (I973). A new fruit 
ripening mutant, non- npening. (nor). Rep. Tomato Genet. Coop. 
23:33. 

Trinklein DH, Lambeth VN (1976). Blossom-end rot and the uniform-ripe 
fruit trait in tomato [Genetic aspects of a physiological disease]. 
HortScience 11:21-22. 



 

3528          Afr. J. Agric. Res. 
 
 
 
Varga A, Bruinsma J (1986). Tomato. In CRC Handbook of Fruit Set 

and Development, S.P. Monselise, ed (Boca Raton, FL: CRC Press), 
pp. 461-480. 

Wolff H (1999). Economics of tomato production with special reference 
to aspects of plant protection: A case study of two tomato production 
systems in Brong-Ahafo region, Ghana. Prepared for Ghanaian–
German Project for Integrated Crop Protection. GTZ: Eschborn. 

Yasuhiro I (2016). Regulation of Tomato Fruit Ripening by MADS-Box 
Transcription Factors JARQ 50(1):33-38.  

Yogendra KN, Gowda PHR (2013) Phenotypic and Molecular 
characterization of a tomato F2 population segregation for improving 
shelf life. Genet. Mol. Res. J. 12(1):506-518. 


