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(Abstract- In the fast-changing world, the trend of vegetable consumption is increasing and molecular science has emerged unequivocally as the leading discipline for\
its genetic improvement. Cloning of genes goveming important traits is one of the main objectives of molecular genetics. The map-based cloning approach has been
applied in plant genetics to identify genes having a major effect on the phenotypic variations. Characterizing the causative allelic variation establishes the in vivo
function of genes. The basic idea behind map-based cloning is to clone the gene based on knowing its chromosomal location. Map-based cloning or positional cloning
refers to the process to recognize the underlying cause of variation in a mutant phenotype without prior assumptions or knowledge of specific genes. For this approach
to be successful, a large number of polymorphic markers are required to delimit the gene within a sufficiently small genetic interval of less than 1 cM. Statistical
association analyses between molecular polymorphisms of the candidate genes and variation in the trait of interest have also been carried out in a few studies. To
validate the gene, physiological analyses, genetic transformation andfor sexual complementation experiments are practiced. A brief summary of fine mapped/cloned
genes in vegetable crops is discussed here. The goal of this paper is to present an overview of map-based cloning analyses in plant genetics with special reference to
vegetable crops.
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Introduction

World Health Organization (WHO) recommends a minimum intake of 400 grams
per capita of fruits and vegetables consumptions per day to ensure nutritional
security over the world [1]. Owing the limited availability coupled with high price
make it difficult to meet the WHO recommendation in developing countries like
India. Nutritional security is projected to continuance improvement as
development of improved vegetable varieties/hybrids/ technologies through
systematic research coupled with their adoption by the farmers and developmental
policies of the government, ultimately leading to increased fruit and vegetable
consumption. Urbanization, Health consciousness, shifting of farmers to high
value vegetables due to higher income, favorable elasticity of demand and annual
growth rate for domestic demand for fruits & vegetables are important ingredients
for fuelling vegetable growth in the country [2]. The country has witnessed
tremendous progress in horticulture crop production, surpassing the food grain
production at a record 300.6 MT [3]. Amidst, factors like alarming increase in
population, limited possibility of expanding arable land, water scarcity, erosion of
fertile topsoil, lack of improvement of local plant types and erosion of genetic
diversity posing threat to continue this trend. Therefore, plant breeders and
geneficists are under constant pressure to sustain and expand vegetable
production by using innovative molecular breeding strategies rather relying on
ready availability of genetic variation, either spontaneous or induced and other
traditional methods of crop improvement.

Map-based cloning is a unique approach to recognize the genetic basis of a
mutant phenotype with the help of linkage to markers whose physical location in
the genome is known. The identification of the genetic mutation causative for an
observed trait is the final step in the forward genetic process. While optional, this
is an important step for several reasons. Characterizing the causative allelic

variation establishes the in vivo function of genes [4]. The basic idea behind this
method is to clone the gene based on knowing its chromosomal location. In a
map-based cloning, one starts with a genetic map of the organism's genome, finds
a cloned marker that is close to the gene of interest, and then searches library
DNA for clones that are near the previously cloned marker. By wandering around
in the right neighborhood, one eventually clones the gene of interest. Map-based
cloning is tedious, hampering the quick identification of candidate genes [5]. For
this approach to be successful, a large number of polymorphic markers are
required to delimit the gene within a sufficiently small genetic interval of less than
1 ¢M [6]. Whole genome sequencing of model plant, Arabidopsis sp. for genetic
studies has further accelerated the crop improvement projects [7]. Molecular
marker development has also paved the way by invention of environmentally
insensitive DNA-based marker systems such as restriction fragment length
polymorphism (RFLP) analysis [8] and PCR-based markers such as random
amplified polymorphic DNA (RAPD) [9], simple sequence repeats (SSR) [10] and
amplified fragment length polymorphisms (AFLPs) [11] [Table-1]. Therefore,
molecular marker availability is no longer a limitation for map-based cloning of any
organism. Moreover, complete sequencing of Solanaceous (Tomato and Chili)
and Cucurbitaceous crops (melons, cucumber and bottle gourd) enable vegetable
breeder to assign markers a physical position on the map.

Map-Based Cloning Strategies

Map-based cloning approach for identification of candidate gene utilizes the fact
that, as distances between the gene of interest and the analyzed markers
decrease, so does the frequency of recombination [5]. The first step toward
successful map-based cloning is the mapping of the target gene in a segregating
population.
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Once markers are found linked to the target gene, this region can be saturated
with DNA markers, using a variety of methods, to obtain more closely linked
markers. The next step is to establish the relationship between genetic and
physical distance by physical mapping of the most closely linked markers. This
step is crucial to the success of a map-based cloning effort because the
correspondence between genetic and physical distances can vary over 100-fold in
different regions of a genome [12]. The third step is to use the most closely linked
markers as starting points for chromosome walking or jumping toward the target
gene. Chromosome walking is continued until a genomic clone is isolated that can
be determined genetically to contain the target gene. Finally, once a candidate
clone is isolated, target gene identity must be determined to prove that the gene
has been isolated (e.g., phenotypic complementation in transgenic plants). This
general strategy has been successfully employed in mammalian systems, most
notably for the cystic fibrosis gene [13]. Recently, several strategies have been
developed that allow one to screen a large number of random, unmapped
molecular markers in a relatively short time and to select just those few markers
that reside in the vicinity of the target gene. These methods rely on two principles:
(1) the development of high-volume marker technology, which allows hundreds or
even thousands of potentially polymorphic DNA segments to be generated and
visualized rapidly from single preparations of DNA; and (2) use of genetic stocks
to identify, among these thousands of DNA fragments, those few that are derived
from a region adjacent to the targeted gene. High-volume marker technologies
that have demonstrable efficacy are RAPDs, AFLPs, RFLP subtraction [14], SSR,
and single nucleotide polymorphism (SNP) [15]. An interesting and, for plants,
relatively new approach to identifying linked markers is linkage disequilibrium
mapping in natural populations. Map-based cloning in plants has only recently
been demonstrated in the model plant Arabidopsis thaliana by isolation of the
ABI3 gene [16] and the omega-3 fatty acid desaturase gene [17]. In general,
Quantitative Trait Loci (QTLs) identified through either linkage mapping or
association mapping based approaches has low resolution and has been located
at 10-20 cM intervals. Such intervals may span several hundreds of genes and
identifying the right candidate gene(s) with causal effect on the given trait is like
finding a genic needle in the genomic haystack. Therefore, to identify the causal
gene(s), positional cloning of QTLs has been undertaken in several crop species.
One way to identify the gene of interest is to order the appropriate targeting-
induced local lesions in genomes (TILLING) lines and/or lines in which the
candidate genes are tagged by a T-DNA or transposon. Further phenotyping and
allelism study of these lines identifies the gene of interest. Validation of candidate
genes can be performed by genetic transformation of the wild-type version of the
gene of interest to test the expression of mutant under study.

Map-Based Cloning in Vegetables

Tomato

Tomato was the first plant species in which a disease resistance gene, pto,
conferring resistance to bacterial speck caused by Pseudomonas syringae pv.
tomato (Pst), was cloned using map-based cloning approach [18]. Subsequently,
a similar map-based cloning strategy was employed and several other tomato
genes were cloned, including Prf, which is required for Pto activity and tomato
resistance to Pst and which also confers tomato susceptibility to organophosphate
insecticide, Fenthion [19] and [20]. Apart from this, Sw- 5 conferring resistance to
tospovirus [21], sp (self pruning) [22], members of sp gene family [23], j and j-2
controlling jointless pedicel [24] were also reported in tomato crop. As indicated
earlier, jointless pedicel is an essential character and widely used in the
processing tomato industry as it aids mechanical harvesting and prevents physical
wounding during transportation. Jointless pedicel is also becoming highly
desirable in fresh market tomato cultivars. In addition, during the past decade,
several other major genes in tomato have been fine-mapped and/or cloned via
map-based cloning approach [Table-2]. During the past decade, efforts have been
made to clone QTLs and determine whether QTLs have the same molecular basis
as Mendelian genes [25]. Much of such efforts have been made in tomato as a
model species [26]. For example, the first map-based cloning of a QTL in plants
was carried out by [27] in tomato for fruit size (fw2.2). Because of its large,
consistently detectable effects significant efforts were made to clone and

characterize this QTL. In a complementation test, when a cosmid obtained from
fw2.2 region of a small-fruited wild species (L. pennelli) was transformed into
large fruited cultivars, it resulted in reduction in fruit size. By applying a map-based
cloning approach, fw2.2 was cloned, sequenced, and characterized [28] and [29].
Furthermore, it was determined that this gene was expressed early in floral
development and controls carpel cell number. Following this remarkable
advancement, similar strategy has been used in tomato to fine map and/or clones
a few other QTLs affecting traits such as soluble solids content, fruit shape, and
exerted stigma. However, it is expected that with advancements in marker
technology and QTL identification, more and more QTLs will be fine-mapped and
cloned using positional cloning strategy.

Capsicum

Locus corresponding to Bs2 gene confers resistance to strains of Xanthomonas
campestris pv. vesicatoria was isolated and found to encode motifs characteristic
of the nucleotide binding site-leucine-rich repeat class of resistance genes
controlled hypersensitive response in susceptible pepper and tomato lines and in
a non host species, Nicotiana benthamiana when transiently expressed [30]. Fine
mapping of Restorer of fertility (Rf ), pepper trichome locus 1 controlling trichome
formation and temperature-sensitive gene from Capsicum chinense (sy-2) [31] and
[32] is also provide useful information for map-based cloning of these important
traits and may enable a better understanding of the molecular mechanisms
underlying these genes. Other genes that account for well-known phenotypes in
pepper that have been isolated include polygalauctouronase [33], capsanthin
capsorubin synthase [34], phytoene synthase [35] and [36], Pun? [37] and pvr 1
[38] and [39].

Cole Crops

Functional role of Or gene is associated with a cellular process that triggers the
differentiation of proplastids or other noncolored plastids into chromoplasts for
carotenoid accumulation and it can be used as a novel genetic tool to induce
carotenoid accumulation in a major staple food crop. Using positional cloning,
Orange (Or) gene in cauliflower (Brassica oleracea var. botrytis) was isolated and
verified by functional complementation in wild-type cauliflower [40]. Yellow wilt
poses serious threat to summer cultivation of cabbage crop worldwide, and
therefore breeding programs assisting in development of yellow wilt resistant
varieties are utmost important. Shimizu, et al., (2014) fine mapped the FocBo1
locus controlling type A resistance in F2 plants obtained from double haploid lines
from resistant cabbage (AnjuP01) and susceptible broccoli (GCP04) [41]. The
FocBo1 region was delimited to a 360 kb region where a NBS-LRR type gene,
which is a candidate of FocBo1 was found. The association analysis using the
DNA markers detecting polymorphisms between resistant and susceptible alleles
of the locus in F1 cultivars and F2 populations suggested that the locus contains
the FocBo1 gene [42]. A dominant genic male sterile (DGMS) gene Ms-cd! was
mapped to a 39.4- kb DNA fragment between two InDel markers, InDel14 and
InDel24 on chromosome CO09 of cabbage (Brassica oleracea). ORF designated
Bol357N3 was identified as the candidate of the Ms-cd1 gene will be useful to
reveal the molecular mechanism of the DGMS and develop more practical DGMS
lines with stable male sterility for hybrid seed production in cabbage [43]. Map-
based cloning has been successfully employed to isolate fertility restorer genes of
Rfk1 and Rfo from radish [44] and [45]. Recently, the fertility resteror gene (R¥) for
cytoplasmic male sterility in radish has successively been cloned by the map-
based cloning strategy. A combination positional cloning and microsynteny
analysis between Arabidopsis and radish and tightly linked AFLP marker to fertility
restorer gene (Rfo) orthologous to Arabidopsis chromosome 1 was reported by
[46] and [47].

Sugarbeet: Hs? (pro-1) gene confers resistance to beet cyst nematode
(Heterodera schachtii Schmidt), was cloned with the use of genome-specific
satellite markers and chromosomal break-point analysis. The native Hs1(pro-1)
gene, expressed in roots, encodes a 282-amino acid protein with imperfect
leucine-rich repeats and a putative membrane-spanning segment, features similar
to those of disease resistance genes previously cloned from higher plants [48].
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Table-1 Molecular Marker System

Marker system Advantages Disadvantages References
First-Generation Markers based on Restriction Fragment Detection
Restriction Fragment Length Co-dominant and highly reproducible High on time/labour. Large amounts of high quality DNA [8]
Polymorphism (RFLP) required
Second-generation markers based on PCR
Cleavage amplification Insensitive to DNA methylation, no requirement for radioactivity Produces informative PCR products [57]
polymorphism (CAP)
Random amplified polymorphic Low on time/labour, medium multiplex ratio Dominant, low reproducibility 91
DNA (RAPD)
Amplified fragment length High reproducibility; high muliplex ratio Dominant; moderate time/labour [11]
polymorphism (AFLP)
Sequence-specific amplification Applicable for targeting any gene, transposon or sequence of interest Sequence must be known to enable design of element specific [57]
polymorphism (S-SAP) PCR primers
Simple sequence repeat Co-dominant, highly reproducible, low on time and labour High cost of development, low multiplex ratio [57]
(microsatellite) (SSR)
Inter-simple sequence repeat Technically simple, no prior genomic information needed to reveal both inter Dominant markers, band staining can be weak [57]
(ISSR) and intraspecific variation
Variable number tandem repeat Numerous multiallelic loci Low-resolution fingerprints in plants [57]
(minisatellite) (VNTR)
Sequence tagged sites (STS) Co-dominant; useful for mapping Reproducibility; based on some degree of sequence knowledge [57]
Sequence characterized May be dominant or co-dominant; better reproducibility than RAPDs More difficult to reproduce than RAPDs [57]
amplification region (SCAR)
Sequence amplification of High multiplexing, co-dominant markers; extensive polymorphism Some blurred banding; stutter bands [57]
microsatellite polymorphic loci
(SAMPL)
Third-generation markers based on DNA sequencing
Single nucleotide polymorphism Common; evenly distributed; detection easily automated; high throughput; low Usually only two alleles present [57]
(SNP) assay cost; useful for association studies; potentially high multiplex ratio
Genome scanning for expressed genes
Expressed sequence tag (EST) Easy to collect and sequence; reveals novel transcripts; good representation of | Error-prone; isolation of mMRNA may be difficult [57]
transcripts
Sequence-related amplified Simplicity; high throughput; numerous co-dominant markers; high Detects co-dominant and dominant markers, which can lead to [57]
polymorphism (SRAP) reproducibility; targets coding sequences; detects multiple loci without previous | complexity; null alleles detected directly
knowledge of sequence information; PCR products directly sequenced
Target recognition amplification Simple to use; highly informative; produces numerous markers by using Requires cDNA or EST sequence information for primer [57]
protocol (TRAP) existing public EST databases; uses markers targeted to a specific gene development
Markers using array technology
Microarrays (arrangements of Whole-genome scanning; high-throughput technology; genotype—phenotype Expensive; needs gene sequence data; technically demanding [57]
small spots of DNA fixed to glass relationship; expression analysis of large numbers of genes
slides)
Diversity array technology (DArT) No sequence data required; high throughput; detects single base changes and Dominant markers; technically demanding [57]
indels; rapid germplasm characterization
Other marker systems
Single-strand conformational Detects DNA polymorphisms and mutations at multiple sites in DNA fragments Temperature-dependent; sensitivity affected by pH [57]
polymorphism (SSCP)
Denaturing gradient gel Separates individual sequences from a complex mixture of microbes based on PCR fragment size limited to about 500 bp; difficult to resolve [57]
electrophoresis (DGGE) sequence differences fragments that differ by only one or two bases
Temperature gradient gel Almost identical to DGGE; more reliable; uses temperature gradient Technically demanding; little used in plants [57]
electrophoresis (TGGE)
Methylation-sensitive PCR Detects sites of methylated DNA [57]
Cucurbits substitution of two residues V and K in MR-1 with M and E in Pl 161375,
Cucumber respectively. LRR domain sequences from the susceptible genotype (Vedrantais,

Using map-based cloning with an F2 segregating population of 721 individuals
generated from NCO73 and WT line SA419-2 of cucumber, ts gene, involved in the
initiation of multicellular tender spine in cucumber was identified. It was located
between two markers Indel6239679 and indel6349344, 109.7 kb physical distance
on chromosome 1 containing fifteen putative genes. The gene encodes a C-type
lectin receptor-like tyrosine-protein kinase which would play an important role in
the formation of cucumber fruit. This is firstly reported of a receptor kinase gene
regulating the development of multicellular spines/trichomes in plants. The s allele
could accelerate the molecular breeding of cucumber soft spines [49]. The
mapping population consisting of 9497 F2 plants delimited the controlling white
color in immature cucumber fruit to an 8.2-kb physical interval that defines a sole
candidate gene, APRR2. Single-base insertion in the white color gene w, which
leads to a premature stop codon is hypothesized to have disabled the function of
this gene in chlorophyll accumulation and chloroplast development [50].

Melons

The first gene in cucurbits cloned by map-based cloning approach was disease
resistance genes in melon, Fom-2 [51], followed by Vat [52], and nsv [53, 54]. The
cloned Fom-2 shared a high similarity to the previously characterized NBS-LRR
class of resistance gene /2 in tomato [55] and [56]. Sequence comparison
indicated that the domain of the Fom-2 LRR was identical in the two resistant lines
(MR-1 and PI161375) tested except for three nucleotides which resulted in the

AY and Durango) were identical but 25 amino acids out of 541 were different from
those of the resistant sequences. Another resistance gene, Vat has also been
cloned. Vat confers resistance to colonization by the melon/ cotton aphid and
resistance to transmission of unrelated Cucumber mosaic virus (CMV) and
potyviruses. The cloned Vat belongs to the coiled-coil (CC) NBS/LRR class of
plant disease resistance genes. The gene is 6kb in size with three introns and
encodes a protein of 1473 amino acid. The Vat locus contains resistance gene
homologs including other Vat-like sequences that do not confer any known
resistance. Function of this gene was confirmed by complementation of
susceptible melon varieties. Using genetic and physical mapping delineated the
location of nsv gene that confers resistance to Melon necrotic spot virus. From a
15-BAC clone contig spanning 1.2cM, one BAC clone (1-21-10) was identified
which contained the gene with co-segregated marker 52K20sp6. The delineation
was carried out using 408 F2 plants and 2727 backcross progeny. The single BAC
clone now can be sequenced to identify the candidate nsv gene. Cloned disease
resistance genes can be transferred to other susceptible melon lines to enhance
their resistance to damaging pathogens either through transformation or traditional
breeding aided by MAS via markers developed from these genes. They can also
be introduced into other cucurbits to determine if heterologous expression of these
genes affects host resistance. The sequence of cloned genes could allow for the
development of a unique marker that could aid the selection of functional
resistance gene during plant improvement.
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Table-2 Fine-Mapped and/or Cloned Genes and QTLs in Vegetable Crops
Mapping

Traits Gene/ QTL Chr.No. Source Species P 5 Nature/Activity/ Function References
opulation
Pest Resistance
Aphid Resistance Meu-1 6 L. peruvianum NIL F2 NBS-LRR [58], [59] ,[60]
Bacterial Speck Resistance Pto 5 L. pimpinellifolium NIL F2 Protein Kinase [18], [61] and
Serine, Threonine [62]
Fusarium Wilt Resistance 12 11 L. esculentum NIL F2 Leucine Zipper and LRR-NBS [56]
Leaf Mould Resistance Cf-2, Cf4, 1,6 L. peruvianum NIL F2 LRR [63]
Cf-5, Cf-9
Nematode (Rootknot) Mi-1.1, 6 L. peruvianum NIL F2 NBS-LRR [58], [59] and
Resistance Mi-1.2 [60]
Tomato Spotted Sw-5 9 L. peruvianum NIL F2 NBS-LRR [21]
Wilt Virus Resistance gene
Xanthomonas compestris Bs2 Pepper, F2 NBS-LRR [30]
pv. vesicatoria
Fusarium Yellows FocBo1 7 Brassica oleracea F2 NBS-LRR [41] and [42]
Resistance
Cyst Nematode Resistance Hs1-Pro 1 Sugarbeet Fa NBS-LRR [48]
Resistance gene
Fusarium oxysporum f.sp. Fom-2 Melon RIL, BC4 NBS-LRR [51]
melonis
Aphis gossypii Vat 5 Melon RIL, BC NBS-LRR [52]
Melon necrotic spot virus Nsv 11 Cucumis melo F2, BC1 [53] and [54]
Phytophtohora infestans R8 09 S. demissum F4 NBS-LRR [64]
Plasmodiophora brassicae Rer2 03 Brassica napus F1 TIR-NBS-LRR [65]
Pepper mottle virus Pvr7 10 C. annuum Fa NB-LRR [66]
(Pepmov)
Powdery Mildew PMR1 04 Capsicum annuum Fas, F2 NBS-LRR [67]
Tomato Spotted Wilt Virus Tsw 10 Capsicum annuum Fa NBS-LRR [68]
Bean Rust Ur-3 1 Phaseolus vulgaris F2 NB-ARC LRR [69]
Angular Leaf Spot ALS4.1GS 04 Phaseolus vulgaris Fs Serine/Threonine [70]
Resistance Protein Kinases
Morphological Traits
Flower, Exerted Stigma se2.1(Q) 2 L. pennellii Fs Aspects of Floral Morphology [71]
Fruit Color (B-Carotene) B 6 L. pennellii NIL F2 Lycopene B-cyclase [72] and [73]
Fruit Color (Crimson) 0g°, cr 6 L. esculentum NIL F2 Lycopene cyclase null Allele [72] and [73]
Fruit Color (Old Gold) Og 6 L. esculentum NIL F2 Lycopene Cyclase null allele [73]
Fruit Color (Tangerine) CRISTO 10 L. esculentum NIL F2 Carotenoid Isomerase [74]
Fruit Ripening (Never Ripe) | Nr 9 L. esculentum NIL F2 Blocks Ethylene Perception [75]
Fruit Ripening (Nonripen Nor 10 L. esculentum NIL F2 MADS-box [76]
Ing)- Transcription factor
Fruit Ripening (Ripening Rin 5 L. esculentum NIL F2 MADS-box [76], [77] and [78]
Inhibitor) L. cheesmanii transcription
L. pennellii factor
Fruit Shape s8.1(Q) 8 L. pimpinellifolium NIL F2 Imparts Blocky, [79] and [80]
Elongated Shape
Sun (Q) 7 L. esculentum NIL F2and Imparts oval [80] and [81]
Fs Shape
ovate (Q) 2 L. pimpinellifolium NIL F2 Plant-Growth [80]
Suppressor
Fruit Weight fw2.2 2 L. pennellii NIL F2 Controls Carpel Cell Number [27] and [80]
Growth Habit PW9-2-5 9 L. pennellii F2 Determinate Growth [82]
Jointless J 1" L. esculentum Fa, NIL F2 Suppress Formation of [24]
Pedicel Abscission Zone
j-2 12 L. cheesmanii F2 Suppress Formation of [83] and [84]
Pedicel Abscission Zone
Self Pruning (Sp) Sp 6 L. esculentum NIL F2 Regulate Cycle of Vegetative [22]
and Reproductive Growth
Self Pruning (Sp) sp21, sp3D, 2,3,5,6,9 L. pennellii NIL F2 Not determined [23]
sp5G, spbA,sp9D
Trichomes Ptl1 10 Capsicum annuum Fa Trichome Formation [32]
Growth Habit Bnsadt1 10 Brassica napus BC+ Determinate [85]
Tender Spines ts 1 Cucumis sativus Fa Receptor like kinase [49]
White Immature Fruit Color w 3 Cucumis sativus Fa Chloroplast Development and [50]
Chlorophyll Biosynthesis
Spine Color B 4 Cucumis sativus F2 R2R3-MYB Transcription [86]
factor
Flesh Color B 04 Citrullus lanatus Fa Carotenogenesis [87]
Wf 02 Citrullus lanatus Fa carotenogenesis [87]
Yellow Seed Coat Brsc1 09 Brassica rapa BCs4 Zinc Finger Protein [88]
Plant Tendrils td-1 06 Cucumis sativus Fa Histone Acetyltransferase [89]
Plant Height BnDWF1 09 Brassica napus BC+ Dwarf Trait [88]
Glossy Green Trait BoGL1 08 Brassica oleracea var. capitata = F2 wax biosynthesis reduction [90]
Fruit Weight fw11.3 11 Solanum lycopersicum BCiFs Controls carpel cell number [91]
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Virescent Leaf Gene v-1 06 Cucumis sativus RIL Delayed chloroplast [92]
Development
Glossiness Cql1 08 Brassica oleracea var. capitata | F2 Wax Biosynthesis Gene [90]
Purple leaf colour BoPr 09 Brassica oleracea var.acephala = BCi1and F2 Dihydroflavonol Reductase [90]
Nutritional Traits
Brix (Soluble Solids) Brix9-2-5,Lin5(Q) | 9 L. pennellii NIL F2 Apoplastic Invertase [82]
Iron Uptake Chloronerva 1 L. pennellii NIL F2 Nicotianamine Synthase [93]
B-Carotene Or Cauliflower F2 Plastid-Associated Protein [40]
Anthocyanin accumulation BnaA.PL1 03 Brassica napus BCiP, Anthocyanin Synthesis [94]
Male sterility
Genic male-sterility ms1 5 Capsicum annuum Fa PHD-type Transcription factor | [95]
Genic male-sterile gene Bnms1 7 Brassica napus NIL Male Sterility [96]
BnMs2 16 Brassica napus NIL Male Sterility [97]
Bnms3 19 Brassica napus NIL Male Sterility [98]
Genic Male Sterility Ms-cd1 9 Brassica oleracea BCs Ethylene-Evoked Salt [43]
Tolerance
Cytoplasmic male sterility orf687 Kosena Radish F2 Pentatricopeptide-Repeat [99]
(CMS) Protein
Fertility Resteror Gene Rf 1 Radish Fa Pentatricopeptide-Repeat [47]
Protein
Self incompatibility
Self Incompatibility S 1 L. peruvianum N/A RNase activity [100]
Temperature Sensitivity
Temperature Sensitive sy-2 01 Capsicum chinense Fa Low temperature Sensitivity [50]
Herbicides Resistance
Fenthion Resistance Prf 5 L. pimpinellifolium NIL F2 NBS-LRR, Resistance gene [101]
Conclusion http://www.fao.org.in

The map-based cloning approach is a powerful strategy for identifying and
isolating agronomically important genes controlling traits of economic importance.
Studying multiple alleles of a gene can provide a nuanced understanding of gene
function. While broadening the knowledge base of plant gene function, such
research may not be of immediate importance to some breeders. Recovery of the
causative mutation, however, provides a perfect genetic marker for introgression
of alleles into different genetic backgrounds. The appropriate choice of methods
will ultimately depend on details of the particular species, traits, and QTLs being
studied. The map-based cloning approach also has some limitations for
application to plant genetics viz., tedious, time consuming and requires large,
preferably advanced, segregating populations. But the Presence of high
throughput technology will probably lead to a greater interest for this approach in
plant genetics.

Application of review: The review describes the significance of cloning of
agronomically important genes controlling traits of economic importance.

Abbreviations:

QTLs-quantitative trait loci, WHO-World Health Organization, RAPD-random
amplified polymorphic DNA, SSR-simple sequence repeats, AFLPs-amplified
fragment length polymorphisms, SNP- single nucleotide polymorphism etc.
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