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Abstract
Tomato (Lycopersicon esculentum) is the second most consumed 

vegetable in the world. Tomato (Lycopersicon esculentum) is self-
fertilized and diploid belongs to Solanaceae family. It is richest source 
of vitamins, minerals as well as antioxidants (lycopene). It is also 
used as example plant at the level of genomic studies in research 
departments. Tomato (Lycopersicon esculentum) is grown and eaten 
worldwide. As we know that the more demand of tomato (Lycopersicon 
esculentum) for its nutritional value, there is needed to improve the 
tomato (Lycopersicum esculentum) varieties through modern methods 
of breeding and sometimes with the help of conventional breeding. 
Conventional breeding plays very important role to increase yield and 
quality. However, resistance of biotic and abiotic cannot be achieved by 
some methods such as conventional methods. The characters like biotic 
and abiotic are produced in different crops mainly by modern methods 
of biotechnology for example transformation, somaclonal variation, QTL 
mapping. Through different breeding methods, many goals are achieved 
and many varieties have been developed of different better traits or 
combine traits in same variety. Agriculture and biotechnology is trying 
to improve the tomatoes as per demand. 

Keywords: Conventional breeding, Molecular breeding, Molecular 
Marker, lycopene, Hybridization, Lycopersicum esculentum.

Introduction
Tomato (Lycopersicon esculentum) very important vegetable crops. 

It is second most consumed vegetable after potato (Solanum tuberosum) 
in the whole world. The word tomato (Lycopersicum esculentum) 
comes from the Spanish word ‘tomato’ which means swelling fruit. 
Tomatoes can be grown under indoor and outdoor conditions. Tomato 
belongs to the family Solanaceae includes 3000 species [1]. Solanum 
Lycopersicumspecies is domesticated species of tomato. Tomato 
(Lycopersicon esculentum) first originated in South America in the area 
of Peru and Ecuador, but they were first domesticated in Mexico. Spanish 
took domesticated form of tomato (Lycopersicum esculentum) to Europe 
in 1523, Italy in 1544, England in1597 and Philippine and Malaysia in 
1650. These were also taken to North America in late 18th century [2-5].

These were also taken to North America in late 18th century. There is 
great diversity in from very dry to very wet, from coastal to mountains 
and about 3300m elevation area at which it can be grown. In fact, this 
diversity is responsible for variation in the Lycopersicon.

Tomatoes are grown almost in all area of the world, today. Now, these 
have become most popular greenhouse crop in agriculture field. Tomato 
(Lycopersicum esculentum) is consumed in many forms such as raw or 
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cooked and used in many dishes, sauces, salads, and drinks 
etc. They are commonly used as vegetable, but they are fruits 
and botanically classified as barriers, but it has less sugar 
content. Tomato (Lycopersicum esculentum) is a rich source 
of vitamin A, B, and C lycopene and beta carotene flavonoids 
hydroxycinnamic acid and derivatives [3,6-8]. Moreover, it 
is recently discovered like lycopene have antioxidative and 
anti-cancerous functions. Due to its high nutritive value 
of tomato (Lycopersicum esculentum), there is increasing 
demand of its production. But the production is affected by 
many biotic and abiotic stresses i.e., disease developed by 
fungi viruses and bacteria and pests or high temperature, 
salinity and drought. However, the tomato (Lycopersicum 
esculentum) does not have high rank in nutritional value; one 
medium fresh tomato (Lycopersicum esculentum) (135 g) 
provides 47% RDA of vitamin C, 22% RDA vitamin A, and 25 
calories. But due to volume consumed, it contributes mainly 
to the dietary intake of vitamins A and C as well as essential 
minerals and other nutrients. In the U.S. diet, tomatoes have 
rank first in all fruits and vegetables because of source of 
vitamins and minerals and phenolic antioxidants (lycopene) 
[9,10].

Moreover, tomato (Lycopersicum esculentum) is 
also used as model plant for research purposes related 
to genetics. Because it can be grown under many 
environmental conditions, short life cycle, insensitive 
to photoperiod, homozygosity, self-pollinating, diploid 
the reproductive potential rate is high, pollination can 
be controlled, hybridization and small genome. Tomato 
(Lycopersicum esculentum) can also easily regenerate due to 
specific characters and it allows easy grafting which helps 
in development and practical studies. Due to these entire 
characters tomato (Lycopersicum esculentum) crop is ideal 
for genomic studies [4,11]. 

Tomato (Lycopersicum esculentum) is produced in many 
countries but the major producers in descending order 
are China, USA, India, Turkey, Egypt, and Italy. Although, 
California and Florida are by far the leading producer of 
fresh and processed tomatoes [1,12-15].

Breeding in Tomato (Lycopersicum Esculentum)
Tomato (Lycopersicum esculentum) belongs to the family 

Solanaceae. Solanaceae family is one of the economically 
important families of angiosperms and contains many of 
the commonly cultivated plants, including potato (Solanum 
tuberosum), tomato (Lycopersicum esculentum), pepper 
(Piper nigrum), eggplant (Solanum melongena), and tobacco 
(Nicotiana tabacum). Tomato (Lycopersicon esculentum) 
is diploid and self-pollinated plant having 2n=24 [16-18]. 
Flower of tomato (Lycopersicum esculentum) plant is perfect 
having both male and female functional part on the same 
flower. Tomato (Lycopersicum esculentum) is model plant of 
Solanaceae family for studies. In genus lycopersicum, there 
is both self-incompatible compatible plants and but, tomato 
(Lycopersicum esculentum) can easily hybridized with same 
species and also with wild varieties in suitable conditions to 
permit gene transfer from wild species [2].

In the last century tomato (Lycopersicum esculentum) 
breeding has been done by many standard methods 

i.e. pedigree method, hybridization, mass selection and 
backcrossing of desire characters from one parent to another 
which generates improved varieties of tomato (Lycopersicum 
esculentum). Wild species of tomato (Lycopersicum 
esculentum) have been utilized in breeding programs 
during the past seventy years to improve the cultivated 
tomato (Lycopersicum esculentum). Through breeding, many 
diseased resistant species have been evolved from wild type 
species. Breeding methods have been changed after the 
developments of molecular biology and bioinformatics [19]. 

These enhance the effectiveness of classical plant 
breeding programs. Bioinformatics and molecular tools 
helps to analyze large breeding problem [5].

Breeding objectives
Fruit 7ield: To increase the yield and quality of tomato 
(Lycopersicum esculentum) is the main purpose of most 
tomato (Lycopersicum esculentum) breeding programs. To 
increase the yield of tomato (Lycopersicum esculentum) and 
to improve its fruit quality, many beneficial traits such as 
disease and pest resistance, high sugar content, tolerance to 
abiotic stresses, are selected [20,21].

The tomato (Lycopersicum esculentum) breeding 
programs, at the University of Florida, have been introduced 
the new variety of tomato which is heat and drought 
resistance. Due to its trait tomatoes can grow under the 
hot condition. This has been done by breeding. There are 
some difficulties to achieve the better yield these difficulties 
are overcome by the identification of molecular markers. 
Molecular markers identify the beneficial traits which 
can improve the yield of tomato. Disease resistant trait is 
beneficial to increase the yield. In this way, abiotic stresses 
tolerance also increases the yield of crop. Due to these 
specific traits plant can grow in hard conditions it may warm 
or cold [22-25].

Fruit quality: Breeding objectives include characteristics 
shape, size and color and some chemical factors like soluble 
solids, acidity, taste and sensory factors. To increase the shelf 
life of fruit is also goal of tomato breeding program [26]. And 
it allows focus on the fruit ripening. Fruit ripening also affect 
the other traits like color flavor and soluble solids. Flavor 
is actually the sum of the sugar and acid and set of the 30 
volatile compounds. Flavor is a trait which is so complicated. 
By genetic engineering, flavor of tomato fruit increased 
by increasing the sugar and acid contents. The nutritional 
quality of tomato determine by the lycopene, carotenoids, 
vitamin A and vitamin C contents [27].

Nowadays, scientists are working on tomato 
(Lycopersicum esculentum) fruit to increase the content of 
lycopene and carotenoids. Wild species have been identified 
which are rich in lycopene. S.pimpinellifolium is five times 
higher in lycopene level than the cultivated tomatoes [28].

Disease and pest resistant
It is common objective to breeding in food crops to 

produce or develop resistance against many disease and 
pests. The main objective of disease-resistant character is to 
reduce the use of pesticides chemicals to control the disease-
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causing agents. Disease resistance genes can be added from 
wild species to cultivated species of tomato (Lycopersicum 
esculentum) by traditional and modern methods of breeding 
[2,29]. By knowing the whole sequence of tomato genome 
many molecular markers are available to improve the 
varieties. After knowing the knowledge of process and 
protocols of lab, greenhouses and molecular markers 
provided by The World Vegetable Center many resistance 
verities of tomatoes have been developed against many 
disease i.e. late blight of tomato yellow leaf curl, bacterial 
wilt, tobacco mosaic viruses. Many pests resistance gene 
have been inserted wild verities to cultivated verities [1,30].

During the past decades, the emergence of molecular 
markers and Marker Assisted Selection techniques have 
provided gene identification and mapping and inserting 
many disease resistance genes and quantitative trait loci 
(QTLs) in tomato (Lycopersicum esculentum). Now the use of 
marker technology in disease resistance breeding in tomato 
(Lycopersicum esculentum) is becoming a usual procedure. 
Resistance against insects and insect’s disease not yet 
developed because of insects can be controlled by many 
chemical and insecticides and pesticides [31-33]. 

Tolerance to heat and drought stresses
Heat and drought are the major abiotic stresses that 

affect the production of tomato (Lycopersicum esculentum) 
in some areas. Heat is the main stress in the tropical and 
sub-tropical area. This required combination of traditional 
breeding methods a marker-assisted selection. Mutation 
breeding is used to combat heat and drought stresses in food 
crops [34]. Heat affects the ripen pollen and so produces 
nonviable pollens and also affect the number of pollens. 
However, there is less research is done on drought and heat 
resistant traits and required succeeded, proper and long–
term research and methods to combat the abiotic stresses 
[2].

Breeding methods 
Conventional breeding: Breeding has based on standard 
methods which are Mass selection, Pedigree, and 
Hybridization. These are all conventional methods for 
breeding. Conventional breeding has developed the cultivars 
and also dominant resistance genes to control pest and 
disease [35]. The replacement of inbred lines with hybrids 
increases the yield and other beneficial traits of tomato 
(Lycopersicum esculentum).

Mass selection: Mass selection is basically a breeding 
method. Through this method, tomato (Lycopersicum 
esculentum) fruit quality and yield can be increased. In this 
method, phenotypically better plants are selected and they 
grow in bulk. And again, phenotypically better plants are 
grown, and this is repeated again and again till the desired 
characters are developed. In this way, quality and fruit yield 
are increased. In this way, desire characters are combined 
and developed new varieties [36,37].

Pedigree method: In the pedigreemethod, the controlled 
cross between the plants is carried. And by individual plant 
selection, the desirable trait is obtained, and inbred lines 
are prepared by growing them in lines and rows through 

successive generations. This method is beneficial and 
reliable to develop new varieties of the tomato crop. This 
method develops new cultivars faster than mass selection. 
This is done by selecting individual plants in the early 
generation [38].

Hybridization: Hybridization mostly done in the cross-
pollinated crops. But it is also done in some cross-pollinated 
crops just like tomato (Lycopersicum esculentum). And 
introduce many other tomato (Lycopersicum esculentum) 
varieties. But it needs some hard work and pollination 
is done by human intervention in tomato (Lycopersicum 
esculentum). Tomato (Lycopersicum esculentum) is self-
pollinated crop while tomato (Lycopersicum esculentum) 
varieties can be developed through hybridization. First of 
all, inbred lives are produced by self-crossing.And then cross 
the inbred lives of different varieties and grow plants and 
the plants are selected which have traits which are required. 
Sometimes undesirable traits are also transfer with the 
desirable traits then these undesirable traits are eliminated 
by backcrossing method although this is time-consuming 
[2,4].

Molecular breeding: There are some methods that used to 
modify our crop plants are: Molecular markers, Quantitative 
traits locus, Genetic engineering, polymerase chain reaction. 
These methods have been for many purposes such as 
estimation of genetic variability, identification of genotype 
and determination of the sequences of useful genes. These 
techniques are also helpful for the estimation of genetic 
distances between population and breeding materials. 
Molecular markers technique is one of the important 
methods to modify our crop plant.It is widely used for 
breeding tomato. Many genes used that confer resistance 
to crucial categories of tomato (Lycopersicum esculentum) 
pathogens and these are very perfectly mapped and cloned. 
Maps are developed that allowed for “pyramiding” resistance 
genes in tomato (Lycopersicum esculentum) through the 
mass assisted selection. This method is need to the capacity 
for high-throughput analyses at low quality and low cost. 
For practical uses, it is most crucial method. This technique 
is also helpful and available to handle the efficiently large 
amounts of material at very low costs. If we want to get the 
specific needs for modification the molecular applications 
in practical plant breeding. Molecular marker techniques 
for plant breeding are useful in order to increase their 
availability to breeding programs [5]. Isozyme molecular 
maker is one of the best marker types to breeding of tomato 
(Lycopersicum esculentum). It is helpful for study the genetic 
variation between cultivated and wild species of tomatoes. 
Isozyme used for molecular linkage mapping and breeding 
purposes. Rare Isozyme alleles provide more perfect results 
for resistance purposes. Specific region of the tomato 
(Lycopersicum esculentum) genome and uni-gene sequence 
are needed to association of the Isozyme marker [6].

Quantity traits locus
Quantitative Trait Locus in which location of a specific 

gene that affects a measurable trait. These traits are affected 
by many genes and also by the environment. Quantitative 
traits are used for plant height as measured on a ruler and 



www.innovationinfo.org

Sch J Appl Sci Res 2019 24

body weight as measured on a balance. In 1930s the mapping 
of tomatoes is started. In 1970s the tagging of single gene 
traits with the help of molecular markers is started [2].

QTLs mapping is very efficient in tomato (Lycopersicum 
esculentum) breeding as we using the marker-assisted 
selection.QTL technique used for biotic, abiotic stresses and 
for fruit traits. In great amount of the QTLs indicate in the 
tomatoes which are responsible and control the following 
traits as fruit color, shape, size, quality as well as seed yield 
[3]. However, only single gene is responsible to so many 
disease for resistance/cure. With the help of QTLs analysis, 
selection of superior group of traits through the crosses 
between the pure line/modified seed and also helpful for the 
polygenetic durable resistance gene analysis. QTLs are also 
efficient for the genetic controls [7].

DNA markers
These markers have much capacity fordevelopment 

in breeding programs. Only 5-6% variations are shown in 
cultivated species besides that, wild species of tomatoes 
having 95% of the variation in their germplasm. Some DNA 
markers are localized at cytoplasmic (mitochondrial and 
chloroplastic DNA) in the tomato (Lycopersicum esculentum), 
consecution of cDNA and genomic libraries [8].

Genome sequence of tomatoes
Tomato (Lycopersicum esculentum) is an informative 

crop plant. It may be strength material as to finding genetic 
variation and diversity. In 2003 a project named international 
Solanaceae genome project which is doing their best job to 
achieving the high-quality genome sequence in the tomato 
plant. This project hasa big goal, tomato chromosomes 
which contain some genes having rich euchromatic portion 
are sequenced. 12 chromosomes are present in the tomato 
(Lycopersicum esculentum) genome which having 950 
megabase unit of DNA fragment.

Genetic engineering
This technique is used to modify the tomato (Lycopersicum 

esculentum) plant and it is helpful for the disease resistance. 
Lin et al. [7] performed an experiment which is helpful for 
the resistance of bacterial and fungal diseases. In tomato 
(Lycopersicum esculentum) cultivar a gene pr1 which is 
introduced and that gene used to the resistance of tomato 
mosaic virus. The result was observed as in four generations 
there will find that the transgenic lines with gene NPR1 were 
all normal in morphology. Tropoviruse is causing a limiting 
factor in tomatoes plant and according to an experiment that 
is performed to great resistance against tropoviruse. With 
the help of antisense methodology tomatoes plant shown 
resistance against leaf curl disease. The generating plants of 
the transgenic methodology is greatly beneficial to tomato 
(Lycopersicum esculentum) plant against insect attack. 
Cry1A protein is carried by the transgenic plants, which is 
more effective against Helicoverpa Nigeria [8].

Somatic hybridization
Somatic hybridization technique is used to develop a 

hybrid between tomato (Lycopersicum esculentum) and 
potatoes. In the tomato (Lycopersicum esculentum) plant 

breeding, this hybridization had great demand. Wild species 
of the tomatoes varieties have more success to regeneration 
from protoplast than the cultivated species. The symmetry 
and asymmetry hybrid are produced between two varieties 
of tomatoes with the help of protoplast culture. Genetic 
engineering may replace with somatic hybridization is due 
to vigorbehavior is occur in hybrids of some species of 
tomatoes [9]. 

Marker-assisted selection in tomatoes breeding:
The relationship between phenotype and the markers is 

only possible through the development of markers/ linkage 
maps. The using of marker-assisted selection is one of the 
known methodsof finding the chromosomal segment which 
having marker and the identification of the traits. Caps 
(cleaved amplified polymorphic sequence) is the other form 
of the simple PCR marker. Here another marker named SCAR 
(sequence characterized amplified region) which is used as 
the DNA marker in case of breeding of crop plants. This is 
very efficient to enhance breeding programmes. One of the 
best examples of plant breeding that may change from the 
selection of phenotype towards the selection of genes with 
the help of marker-assisted selection [10]. 

Achievements through breeding 
Many varieties of improved characters have been 

developed through different breeding methods. Indian 
and American organization play a vital role in making new 
varieties. Most of the varietieslike Pusa Ruby, Pusa Early 
Dwarf, Hisar Arun, Hisar Anmol, Pusa Hybrid-1, Pusa Divya, 
Arka Vikas, Roma, Sioux, Rakshita, Naveen and NDT 5, are 
developed through conventional methods.

Conclusion
Tomato (Lycopersicum esculentum) is the most important 

of all the cultivation crops. Tomato (Lycopersicum esculentum 
is the self–pollinated crop and has vitamins, minerals and an 
antioxidant against diseases like heart disease etc. Tomato 
(Lycopersicum esculentum) have a considerable importance. 
Market demands of this fruit are long shelf life, its shape, 
and color, in terms of quality and fruit flavor should be 
sweetness and juiciness. For Solanaceae family, tomato 
(Lycopersicum esculentum genome has been selected due to 
its small genome size, short reproduction period and due to 
its diploid genetics. The breeding goals are fruit yield and 
resistance to disease and pests. Until now achievements in 
tomato (Lycopersicum esculentum) breeding are depends 
on breeding methods. In plant breeding, molecular 
techniques opened new pathways for crop improvement. 
During last two decades, notable progress in molecular 
genetics has been confirmed including, cloning of gene, DNA 
sequencing, mapping of genes, QTL analysis, and markers 
development. Now, Functional genomics can be used for 
marker development. Transformation is also enterprising in 
development of marker. In many countries like in Europe, in 
spite of its rejection, economically it this is very important in 
nutraceuticals and pharmaceuticals. QTL analysis has very 
important impact on breeding programs. Many complex 
traits of fruit can be determined by this method. In next 
decades conventional breeding methods will not increase 
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the production. Therefore, traditional breeding methods like 
Marker-assisted selection would be important tool for crop 
improvement. In future, tomato (Lycopersicum esculentum) 
genome sequencing of gene-dense region will be determined.

References
1.	 Abewoy Fentik D (2017) Review on Genetics and Breeding of Tomato 

(Lycopersicon esculentum Mill). Advances in Crop Science and 
Technology. 

2.	 Foolad MR (2013) High lycopene content tomato plants and markers 
for use in breeding for same. The Penn State Research Foundation, US 
Patent 8; pp: 524,992.

3.	 Passam HC, Karapanos IC, Bebeli PJ, Savvas D (2007) A review of recent 
research on tomato nutrition, breeding and post-harvest technology 
with reference to fruit quality. European Journal of Plant Science and 
Biotechnology 1: 1-21.

4.	 Ranjan A, Ichihashi Y, Sinha NR (2012) The tomato genome: Implications 
for plant breeding, genomics, and evolution. Genome Biology 13: 1-8. 

5.	 Ouyang B, Yang T, Li H, Zhang L, Zhang Y, et al. (2007) Identification of 
early salt stress response genes in tomato root by suppression subtractive 
hybridization and microarray analysis. Journal of Experimental Botany 
58: 507-520. 

6.	 Acciarri N, Rotino GL, Tamietti G, Valentino D, Voltattorni S, et al. (2007) 
Molecular markers for Ve1 and Ve2 Verticillium resistance genes from 
Italian tomato germplasm. Plant Breed 126: 617-621.

7.	 Lin T, Zhu G, Zhang J, Xu X, Yu Q, et al. (2014) Genomic analyses provide 
insights into the history of tomato breeding. Nature Genetics 46: 1220-
1226. 

8.	 Collard BCY, Jahufer MZZ, Brouwer JB, Pang ECK (2005) An introduction 
to markers, quantitative trait loci (QTL) mapping and marker-assisted 
selection for crop improvement: The basic concepts. Euphytica 142: 
169-196. 

9.	 Flores FB, Sanchez-Bel P, Estañ MT, Martinez-Rodriguez MM, Moyano 
E, et al. (2010) The effectiveness of grafting to improve tomato fruit 
quality. Scientia Horticulturae 125: 211-217. 

10.	Klee HJ, Tieman DM (2013) Genetic challenges of flavor improvement in 
tomato. Trends in Genetics 29: 257-262. 

11.	Lammerts Van Bueren ET, Jones SS, Tamm L, Murphy KM, Myers 
JR, et al. (2011) The need to breed crop varieties suitable for organic 
farming, using wheat, tomato,and broccoli as examples: A review. NJAS - 
Wageningen Journal of Life Sciences 58: 193-205. 

12.	Liu J, Xu X, Deng X (2005) Intergeneric somatic hybridization and its 
application to crop genetic improvement. Plant Cell, Tissue and Organ 
Culture 82: 19-44. 

13.	Moose SP, Mumm RH (2008) Molecular Plant Breeding as the Foundation 
for 21st Century Crop Improvement. Plant Physiology, 147: 969-977. 

14.	Solanum T, Var LL (2012) Genetic Variability and Trait Relationship in 
Cherry 41: 163-167.

15.	Atherton J, Rudich J (2012) The tomato crop: a scientific basis for 
improvement. Springer Science & Business Media.

16.	Frankel R, Galun E (2012) Pollination mechanisms, Reproduction, and 
plant breeding. Springer Science & Business Media.

17.	Danailov Z (2012) Main Trends of Tomato Breeding Development. Plant 
Breeding Sciences, Bulgaria.

18.	Hanson P, Lus F, Wang JF, Chen W, Kenyon L, et al. (2016) Conventional 
and molecular marker-assisted selection and pyramiding of genes for 
multiple disease resistance in tomato. Scientia Horticulturae 201: 346-
354.

19.	Caliman FRB, da Silva DJH, Stringheta PC, Fontes PCR, Moreira GR, et al. 
(2008) The relation between plant yield and fruit quality characteristics 

of tomato. Biosci J 24: 46-52.

20.	Prins M (2013) Breeding for Sucking Insect Resistance. In: Plant and 
Animal Genome XXI Conference. Plant and Animal Genome.

21.	Lucatti AF, Van Heusden AW, De Vos RC, Visser RG, Vosman B (2013) 
Differences in insect resistance between tomato species endemic to the 
Galapagos Islands. BMC Evolutionary Biology 13: 1-27. 

22.	Firon N, Pressman E, Meir S, Khoury R, Altahan L, (2012) Ethylene is 
involved in maintaining tomato (Solanum lycopersicum) pollen quality 
under heat-stress conditions. AoB Plants. 

23.	Solankey SS, Singh RK, Baranwal DK, Singh DK (2015) Genetic Expression 
of Tomato for Heat and Drought Stress Tolerance: An Overview. 
International Journal of Vegetable Science 21: 496-515. 

24.	Sacco A, Di Matteo A, Lombardi N, Trotta N, Punzo B, et al. (2013) 
Quantitative trait loci pyramiding for fruit quality traits in tomato. 
Molecular Breeding 31: 217-222.

25.	Aarts JMMJG, Hontelez JGJ, Fischer P, Verkerk R, Kammen A, et al. (1991) 
Acid phosphatase-11, a tightly linked molecular marker for root-knot 
nematode resistance in tomato: from protein to gene, using PCR and 
degenerate primers containing deoxyinosine. Plant Mol Biol 16: 647-
661. 

26.	Abouzid AM, Polston JE, and Hiebert E (1992) The nucleotide sequence 
of tomato mottle virus, a new geminivirus isolated from tomatoes in 
Florida. J Gen Virol 73: 3225-3229.

27.	Abreu FB, da Silva DJH, Cruz CD, Mizubuti ESG (2008) Inheritance of 
resistance to Phytophthora infestans (peronosporales, Pythiaceae) in a 
new source of resistance in tomato (Solanum sp. (formerly Lycopersicon 
sp), solanales, Solanaceae). Genet Mol Biol 3: 493-497. 

28.	Agarwal S, Rao AV (2000) Tomato lycopene and its role in human health 
and chronic diseases. Can Med Assoc J 163: 739-744. 

29.	Agrama HA, Scott JW (2006) Quantitative trait loci for tomato yellow leaf 
curl virus and tomato mottle virus resistance in tomato. J Am Soc Hort 
Sci 131: 267-272.

30.	Lukyanenko AN (1991) Disease resistance in tomato. In: Genetic 
Improvement of Tomato G Kalloo, Ed Springer-Verlag, Berlin Heidelberg; 
pp: 99-119. 

31.	Mangin B, Thoquet P, Olivier J, Grimsley NH (1999) Temporal and 
multiple quantitative trait loci analyses of resistance to bacterial wilt in 
tomato permit the resolution of linked loci. Genetics 151: 1165-1172.

32.	Marks RJ, Brodie BB (1998) Potato cyst nematodes, biology, distribution, 
and control. CAB International, Wallingford, UK; pp: 320. 

33.	Martin GB, Brommonschenkel SH, Chunwongse J, Frary A, Ganal MW, et 
al. (1993) Map-based cloning of a protein kinase gene conferring disease 
resistance in tomato. Science 262: 1432-1436.

34.	Martin GB, Vicente MCD, Tanksley SD (1993) High-resolution linkage 
analysis and physical characterization of the Pto bacterial resistance 
locus in tomato. Mol Plant-Micr Interact 6: 26-34. 

35.	Martino A, Mancuso T, Rossi A (2010) Application of high-resolution 
melting to large-scale, high-throughput SNP genotyping: A Comparison 
with the TaqMan (R) method. J Biomol Screen 15: 623-629. 

36.	Matsuda Y, Mori Y, Sakano Y, Nishida M, Tarumoto K, et al. (2005) 
Screening of Wild Lycopersicon species for resistance to Japanese 
isolate of tomato powdery mildew Oidium neolycopersici. Breed Sci 55: 
355-360. 

37.	Medina-Filho H, Stevens M (1980) Tomato breeding for nematode 
resistance: survey of resistant varieties for horticultural characteristics 
and genotype of acid phosphates. Acta Hort 100: 383-391. 

38.	Merk HL, Foolad MR (2012) Parent-offspring correlation estimate of 
heritability for late blight resistance conferred by an accession of the 
tomato wild species Solanum pimpinellifolium. Plant Breeding 131: 
203-221.

Citation: Iqbal RK, Saeed K, Khan A, Noreen I, Bashir R (2019) Tomato (Lycopersicum Esculentum) Fruit Improvement through Breeding. Sch J Appl Sci Res 
Vol: 2, Issu: 7 (21-25).

https://doi.org/10.4172/2329-8863.1000306
https://doi.org/10.4172/2329-8863.1000306
https://doi.org/10.4172/2329-8863.1000306
https://patents.google.com/patent/US20090241209A1/en
https://patents.google.com/patent/US20090241209A1/en
https://patents.google.com/patent/US20090241209A1/en
http://www.globalsciencebooks.info/Online/GSBOnline/images/0706/EJPSB_1(1)/EJPSB_1(1)1-21o.pdf
http://www.globalsciencebooks.info/Online/GSBOnline/images/0706/EJPSB_1(1)/EJPSB_1(1)1-21o.pdf
http://www.globalsciencebooks.info/Online/GSBOnline/images/0706/EJPSB_1(1)/EJPSB_1(1)1-21o.pdf
http://www.globalsciencebooks.info/Online/GSBOnline/images/0706/EJPSB_1(1)/EJPSB_1(1)1-21o.pdf
https://doi.org/10.1186/gb-2012-13-8-167
https://doi.org/10.1186/gb-2012-13-8-167
https://doi.org/10.1093/jxb/erl258
https://doi.org/10.1093/jxb/erl258
https://doi.org/10.1093/jxb/erl258
https://doi.org/10.1093/jxb/erl258
https://doi.org/10.1111/j.1439-0523.2007.01398.x
https://doi.org/10.1111/j.1439-0523.2007.01398.x
https://doi.org/10.1038/ng.3117
https://doi.org/10.1038/ng.3117
https://doi.org/10.1038/ng.3117
https://doi.org/10.1007/s10681-005-1681-5
https://doi.org/10.1007/s10681-005-1681-5
https://doi.org/10.1007/s10681-005-1681-5
https://doi.org/10.1007/s10681-005-1681-5
https://doi.org/10.1016/j.scienta.2010.03.026
https://doi.org/10.1016/j.scienta.2010.03.026
https://doi.org/10.1016/j.tig.2012.12.003
https://doi.org/10.1016/j.tig.2012.12.003
https://doi.org/10.1016/j.njas.2010.04.001
https://doi.org/10.1016/j.njas.2010.04.001
https://doi.org/10.1016/j.njas.2010.04.001
https://doi.org/10.1007/s11240-004-6015-0
https://doi.org/10.1007/s11240-004-6015-0
https://doi.org/10.1007/s11240-004-6015-0
https://doi.org/10.1104/pp.108.118232
https://doi.org/10.1104/pp.108.118232
https://doi.org/10.3329/bjb.v41i2.13443
https://doi.org/10.3329/bjb.v41i2.13443
https://www.springer.com/in/book/9780412251207
https://www.springer.com/in/book/9780412251207
https://www.springer.com/in/book/9783642810619
https://www.springer.com/in/book/9783642810619
http://agris.fao.org/agris-search/search.do?recordID=BG2013000086
http://agris.fao.org/agris-search/search.do?recordID=BG2013000086
https://doi.org/10.1016/j.scienta.2016.02.020
https://doi.org/10.1016/j.scienta.2016.02.020
https://doi.org/10.1016/j.scienta.2016.02.020
https://doi.org/10.1016/j.scienta.2016.02.020
http://www.seer.ufu.br/index.php/biosciencejournal/article/view/6942
http://www.seer.ufu.br/index.php/biosciencejournal/article/view/6942
http://www.seer.ufu.br/index.php/biosciencejournal/article/view/6942
https://innovationinfo.org/journal/article_archive
https://innovationinfo.org/journal/article_archive
https://dx.doi.org/10.1186%2F1471-2148-13-175
https://dx.doi.org/10.1186%2F1471-2148-13-175
https://doi.org/10.1093/aobpla/pls024
https://doi.org/10.1093/aobpla/pls024
https://doi.org/10.1093/aobpla/pls024
https://doi.org/10.1080/19315260.2014.902414
https://doi.org/10.1080/19315260.2014.902414
https://doi.org/10.1080/19315260.2014.902414
https://link.springer.com/article/10.1007/s11032-012-9763-2
https://link.springer.com/article/10.1007/s11032-012-9763-2
https://www.ncbi.nlm.nih.gov/pubmed/1651125
https://www.ncbi.nlm.nih.gov/pubmed/1651125
https://www.ncbi.nlm.nih.gov/pubmed/1651125
https://www.ncbi.nlm.nih.gov/pubmed/1651125
https://doi.org/10.1099/0022-1317-73-12-3225
https://doi.org/10.1099/0022-1317-73-12-3225
https://doi.org/10.1099/0022-1317-73-12-3225
http://dx.doi.org/10.1590/S1415-47572008000300016
http://dx.doi.org/10.1590/S1415-47572008000300016
http://dx.doi.org/10.1590/S1415-47572008000300016
http://dx.doi.org/10.1590/S1415-47572008000300016
https://www.ncbi.nlm.nih.gov/pubmed/11022591
https://www.ncbi.nlm.nih.gov/pubmed/11022591
https://journals.ashs.org/jashs/view/journals/jashs/131/2/article-p267.pdf
https://journals.ashs.org/jashs/view/journals/jashs/131/2/article-p267.pdf
https://journals.ashs.org/jashs/view/journals/jashs/131/2/article-p267.pdf
https://www.springer.com/in/book/9783642842771
https://www.springer.com/in/book/9783642842771
https://www.springer.com/in/book/9783642842771
https://www.ncbi.nlm.nih.gov/pubmed/10049932
https://www.ncbi.nlm.nih.gov/pubmed/10049932
https://www.ncbi.nlm.nih.gov/pubmed/10049932
https://doi.org/10.1046/j.1365-3059.1999.0378a.x
https://doi.org/10.1046/j.1365-3059.1999.0378a.x
https://doi.org/0.1126/science.7902614
https://doi.org/0.1126/science.7902614
https://doi.org/10.1094/MPMI-6-026
https://doi.org/10.1094/MPMI-6-026
https://doi.org/10.1094/MPMI-6-026
https://doi.org/10.1177/1087057110365900
https://doi.org/10.1177/1087057110365900
https://doi.org/10.1177/1087057110365900
https://www.jstage.jst.go.jp/article/jsbbs/55/3/55_3_355/_pdf
https://www.jstage.jst.go.jp/article/jsbbs/55/3/55_3_355/_pdf
https://www.jstage.jst.go.jp/article/jsbbs/55/3/55_3_355/_pdf
http://agris.fao.org/agris-search/search.do?recordID=XE8181578
http://agris.fao.org/agris-search/search.do?recordID=XE8181578
http://agris.fao.org/agris-search/search.do?recordID=XE8181578
https://pennstate.pure.elsevier.com/en/publications/parent-offspring-correlation-estimate-of-heritability-for-late-bl
https://pennstate.pure.elsevier.com/en/publications/parent-offspring-correlation-estimate-of-heritability-for-late-bl
https://pennstate.pure.elsevier.com/en/publications/parent-offspring-correlation-estimate-of-heritability-for-late-bl
https://pennstate.pure.elsevier.com/en/publications/parent-offspring-correlation-estimate-of-heritability-for-late-bl

	Title
	Article Information

