



Review Article

A review on Lablab purpureus: DNA Markers and Mapping
Abstract: Success of any crop improvement programme always needs better knowledge about the genetic variation, which is available in the existing plant genetic resources or germplasms for different traits, their inheritance pattern and relationship with yield and the level of genetic diversity. True breeders always make use of the genetic diversity available in the existing germplasms. Available genetic variations among the existing germplasms supports the breeder’s decision on the selection of parental genotypes and in addition to this, it is also helpful to widen the genetic basis of a crop breeding programme. Conventionally Lablab cultivars have been identified based on phenotypic or morphological characters, which requires the establishment and maintenance of the crop plants till it matures. Though great advances in genomic technology observed in majority of the crop species, the molecular tools availability in Lablab is very scanty. A well saturated molecular map I not available till today and even trait specific markers are not identified in Lablab purpureus L. Sweet. Crop breeding programme through marker assisted selection always demands a well saturated genetic map. Assessment of genetic diversity using DNA markers is one of the key tools of crop improvement and germplasm conservation.
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INTRODUCTION: 


Though several distinct species names were in vogue for dolichos bean, the current taxonomic details are Fabaceae (family); Faboidene (sub family); phaseoleae (tribe) and phaseolineae (subtribe) for this Lablab (genus) which is now regarded as monospecific genus with purpureus (species) with varied chromosome number 2n= 20, 22 & 24 being reported (Philip 1982). Being one of the most ancient cultivated plants at present grown widely in the tropics of Asia, Africa and America (Purseglove 1968; Hooker 1879; Candolle 1959 and Kay 1979). Being a multipurpose crop grown for pulse or vegetable purpose for human consumption or a fodder for domestic animals. Crop and agrarian history have documented that, Lablab purpureus is being cultivated either as a pure crop or as an intercrop in rows or mixed with other field crops such as finger millet, sorghum, castor and sorghum besides being a most preferred home gardens which serves for fencing vine, shade, fodder, vegetable and grains (Murphy and Colucci 1999). There are fair evidences available for this crop, dolichos bean being used to suppress weeds in open field as well under tree/bushy crops, avoid soil erosion as well as being used as a preferred green manuring crop across a range of climates as well as soil types due to its versatility (Liu 1996; Murphy and Colucci 1999; Pengelly and Maass 2001). Being a rich source of proteins, Lablab purpureus leaf contains 21-38% of crude proteins which is fairly less (20-28%) in grains rules as a major and affordable source of protein among the poor people and domestic animals especially in the south Indian states. Green pods, green and dry beans and seeds are curried in to various delicacies some times are synchronized for seasonal /ritual celebrations (Norton 1982).

The botanical name of this pulse crop underwent a frequent changes. In the beginning after Linneaeus, this dolichos bean was in the Dolichos genus, now has been assigned to the monotypic genus, Lablab. In the latest classification, Lablab purpureus has three subspecies; i) the wild ancestor with small (40 mm x 15 mm) scimitar shaped pods – ssp. unicnatus; ii) the cultivated pulse crop with fairly larger (100 mm x 40 mm)  scimitar shaped pods – ssp. purpureus which includes the most of the commercial varieties: and iii) the Asiatic origin, linear –oblong shaped pods bearing the longest (140 mm x 10-25 mm) pods ssp. among the three subspecies –ssp. bengalensis. Though there exists a significant morphological difference in pod shape it is widely believed that, genetically ssp. bengalensis and ssp. purpureus are very similar.   The garden type, variety typicus is being cultivated for its soft edible pods while, the variety lignosus commonly known as field bean is mainly cultivated for dry seeds as a pulse crop being well-known for drought tolerance. Vernacularly it is known by Hyacinth bean; Field bean, Indian bean and Lablab bean in English; Avare in Kannada; Avaria in Tamil; Anumulu in Telugu; Sembean and Lubia bean in Sudan and Egyptian Kidney bean (Pureseglove, 1968).

It has been proved beyond that, Dolichos is wild to India as well to Java (Hooker 1879; Candolle 1959) which has been successfully introduced to the China, Western Asia, Africa and Egypt (Kay 1979; Chaudhary 1972). A latest statistical estimate for the year 2022-23 from the Karnataka State Department of Agriculture claims the state production of field bean is 9188 tonnes grown on 15,467 ha with a productivity of 606 kg per ha (Anon. 2023). 
Dolichos bean is the first choice in the traditional semiarid tropics of southern India that too under drought prone situations. In Karnataka, the major producer in India a majority of area will opt for July –August sowing which serves both vegetable and grain yields vegetative growth spread over cool rainy season and reproductive and maturity depending upon dew of cool winter weather with isolated/scanty rains. Cool weather during growth and reproduction phases is ideal for best growth and productivity which prevails in Karnataka state during normal years of south eastern monsoon. Crop continues to grow indeterminately in the subsequent spring if there are some winter and early summer showers, which adds to vegetable, grain and fodder wealth of the farmer making this crop as a priority choice among many pulses, cereals and oilseeds in dry tracts of south interior Karnataka. Besides all these good attributes and advantages, the field bean acreage is dwindling in the recent past owing to its poor genetic exploitation limited by low productivity, long duration and indeterminate growth habits. Fairly a good amount of success has been achieved in making this field bean crop a photo insensitive, short duration, compact plant feature and determinate growth besides higher yield potentials utilizing the exotic and local germplasm which pushed the crop acreage with supportive irrigation mainly for green vegetable pods (Shivashankar et al., 1989 and Shivashankar et al., 1993). Still there is huge intensive efforts are needed for intensified collection, development and evaluation of germplasm, identification dolichos bean plant types suitable for changed agrarian situation with monocropping, mixed and multiple cropping and systems of farming suited for vegetable, grain and fodder as well as a cover or green manure crop. Multifit feature plant types which can sustain from dry to wet weather spells are also need of the day.  
Dolichos bean being an ancient crop owing rich genetic diversity and adaptability features remained in the low-profile agricultural crop. The reason could be its failure to stand in among tough challenging environment of modern agriculture with relatively poor economics and agro-techniques besides lack of concentrated focus by the academia and governance.     

Genetic diversity in a crop offers huge and easy scope for selection and improvement of agro- morphological, ecological, economic and consumer traits. Southern states of India in general and Karnataka in specific houses a huge diversity of germplasm. Still there is a huge scope for collection, evaluation and conservation of genetic variability available in situ in farmers’ fields with much more concentrated efforts. The native diversity available in the Western Ghats in wild and their relatives constitute the invaluable gene reservoir for dolichos needs to be explored on priority to address the climate change challenge.     
Variability in a crop is very essential basic for crop improvement. Yield, being governed by various polygenetically inherited component characters and being highly influenced by environmental variations. Partitioning of natural variability into heritable and non-heritable components comprising best suited genetic parameters viz., genotypic and phenotypic coefficients of variation, estimates for heritability and genetic advance, cause and effect relations through phenotypic correlations help in a big way to formulate/strategize a selection program/schedule in developing/evolving best/desired genotype(s). Understanding the nature the degree of divergence enables identification of genetically diverse genotypes for hybridization enabling a broad spectrum variability and incorporation of desired genes in the recombinants. Studies so far in Lablab have been revealed a wide phenotypic variability with a little genetic diversity (Liu 1996; Maass et al. 2005; Venkatesha et al. 2007).       

Use of inter species crosses to produce the desirable lines with yield, quality, disease, pest and environmental stress resistance being avenue to overcome genetic bottleneck in crop domestication.  Deploying this approach of inter or wide intra specific crosses for breeding will be benefitted from good and comparative genetic maps along with imbedded robust markers.  Gene content, order and function have been easily revealed by comparative genetic mapping utilizing high degree of genome conservation in the closely related plant species (Paterson et al. 1995).   Common markers of common single gene traits are handy to compare one plant species with the closely related species using genetic maps. Sequenced regions of the model legume, Medicago truncatula with Lotus japonicas and Glycine max revealed high degree of conservation between the genomes of M. truncatula and L. japonicas which was lower between M. truncatula and G. max (Choi et al. 2004). Comparative maps are useful and handy to study and understand the genome evolution through time, infer the gene organization, repeat sequences, etc. Relative evolution of two species can be compared upon mapping those two species. Comparative mapping enables identification of inversions, translocations and duplications, if occurred. Comparison of map distances of genes with conserved gene order in two species enables the assessment of genetic factors (Paterson et al. 1995; Gale and Devos 1998; Bennetzen 1998). Though a vast amount of sequence data has been established with related legume species, sequences available for Lablab are a few. Genetic analysis of neglected legume species, Lablab purpureus L. (Sweet) is possible with the comparative mapping and sequence data wealth available with legume crops (Zhu et al. 2003), genome of which aligns well with mungbean, Vigna radiate (Humphry et al. 2002).
DNA MARKERS AND MAPPING:


Studies on the genetic variability in dolichos bean for various productive traits, their inheritance as well as correlation between yield and yield components have been fairly well attempted. Expression of agro-morphological characters often strongly influenced by prevailing environmental factors and resultant diversity estimates poorly reflect the actual genetic diversity potential.  Molecular marker techniques enabled the better and quicker understanding of the genetic diversity of many species including crop plants in the recent 20 to 30 years. Various molecular techniques viz., RAPD (Randomly Amplified Polymorphic DNA) (Gnanesh 2005; Konduri et al 2000), RFLP (Restriction Fragment Length Polymorphism) (Konduri et al 2000), AFLP (Amplified Fragment Length Polymorphism) (Venkatesha et al 2010; Patil et al 2009; Maass et al 2005) and SSR (Simple sequence Repeats) markers (Venkatesha et al 2007), SNP/InDel (Single Nucleotide Polymorphism/ Insertion-Deletion) (Venkatesha and Patil 2022) have been deployed to study the genetic diversity in dolichos bean revealing very little about variation at the DNA level though phenotypically it is highly variable. 

DNA based markers

Molecular marker is a measurable chemical or molecular character that gets inherited following simple Mendelian fashion. Scientific advances of molecular biology in last two to three decades has provided such tools like DNA marker which have enabled differentiation of  molecular information of two or more individuals. This information is being used widely in social and criminal investigations (paternity & forensic studies) besides identification of genes responsible for quality traits, disease or pest or stress resistance, linkage mapping, map-based cloning, genetic diversity analysis across plants and animals including human and microbes. DNA based markers are preferred and superior over other markers as they are abundant in numbers, highly polymorphic and influenced never or rarely by the environment.  

RFLP (Restriction Fragment Length Polymorphism)
A genetic linkage map of mungbean comprising 13 linkage groups was constructed (Humphry et al. 2002). It spanned 737.9 cM with an average distance of 3.0 cM between markers and a maximum of 15.4 cM between linked markers. All these linkage groups of mungbean barring one were comparable to 17 of the lablab linkage groups. This study clearly indicated the successful usage of RFLP markers for construction of genetic linkage map as well as comparative mapping. 

RAPD (Randomly Amplified Polymorphic DNA)


Most of the Asian collections registered higher genetic diversity than the African collections among the 40 genotypes of Lablab purpureus investigated using RAPD markers (Liu, 1996). Asian collections displayed a higher level of variation. A Ugandan accession (CPI 31113) was highly divergent, while tow each from Zimbabwe and Zambia along with four out of five wild accessions were closely related. Cluster analysis showed that the collections from Asia and Africa were mixed without forming distinct subgroups. Though there has been intensive breeding work on dolichos bean in India, the study could not ascertain the Asiatic or African center of origin of L. purpureus. Genetic diversity of 29 augmented Lablab purpureus genotypes were analyzed deploying 39 RAPDs (Pidigam et al. 2021) revealed 97.4% polymorphism (binary data based) among genotypes with 2322 amplification fragments. Three markers viz., OPA05, OPB15 and OPV12 discriminated all the genotypes to an higher level where the PIC values ranged from 0.25 to 0.96 with an average of 0.70. Jaccard’s genetic similarity coefficient indicated a magnificent range and UPGMA based dendrogram classified 29 genotypes in to 4 major clusters, where two genotypes viz., C-384066 and NSJ/NAIP/192 were found to be unique and diverse. Similar grouping patterns were also witnessed with model-based STRUCTURE analysis (K=2) also. The degree and distribution of genetic diversity in the dolichos bean can be utilized to identify the parental lines, to develop mapping populations and breeding purposes. 
Diversity analysis (PIC, MI, MRP, Dendrogram, and RP) of ten lablab genotypes using five primers (OPA 01, OPA 04, OPA 13, OPB 09 and OPB 10) yielded on an average 7.6 polymorphic bands with 74.23 percent polymorphism (Singh et al. 2020).  Level of polymorphism varied from 92.85% (OPA 01) to 55.55% (OPB-09) and the polymorphic information content ranged from 0.24 (OPA-04) to 0.318 (OPA-01) at an average PIC value of 0.275.Clustering of genotypes performed following the UPGMA method built an optimal tree with the sum of length branches measuring 13.30325.
Genetic relationships analysis of 11 country bean genotypes (3 photo-insensitive) using RAPD markers revealed two major clusters as photo-sensitive (8) and photo-insensitive (3). Out of 26 bands detected, 57.69% were polymorphic while, rest were monomorphic. Highest level of genetic distance was noticed between CB04 and CB06 while, it was least between CB01 and CB03 and the similarity indices were too low between former two genotypes indicating more divergence. Crossing genotypes with low similarity coefficient will manifest high heterosis. Identified genetically distinct could serve as potential source germplasm for crop improvement.
Amplified Fragment Length Polymorphism (AFLP)
Genetic diversity using AFLP markers successfully discriminated Lalab purpureus into two main taxonomic organization viz., sub sp. viz., sub sp. purpureus and sub sp. uncinatus as wild and cultivated plant forms, respectively (Maass et al. 2005).  Local collections of UAS Bangalore showed a limited variation compared to a more diverse set of 15 accessions from International Collections from the Australian Tropical Crops Genetic Resources Centre (ATCGRC). There was a considerable genetic diversity between the Indian accessions and the African materials (Venkatesha et al. 2007). High number of clusters formed from both morphological and AFLP analysis indicated considerable genetic diversity in 22 selected L. purpureus accessions collected mainly from India (Venkatesha et al. 2010). Clusters formed on the basis of AFLP data were in asynchrony from the clusters formed by morphological data indicating existence of discrepancy between the two methods deployed.  Diversity results through AFLP method can be correlated with pedigree relationship and morphological traits for genetic improvement of dolichos bean.
Simple Sequence Repeats (SSRs)


Intensive and continuous use of diverse genotypes forms the basic prerequisite for developing and diversifying the genetic base of a crop. SSR markers being crop and stage non-specific, less influenced by the environment, esilly available, accessible and assayable and amenable for automation are being deployed in big way for diversity assessment of germplasm and or breeding lines. SSR markers provide information of the population structure, allele richness, besides specifying diversity among germplasm or genotypes for use in crop or gemplasm improvement. These SSR markers are of great help in evaluation and estimation of Lablab diversity and form a choice to stride the proficiency of genotypes for their utility in conservation and breeding programs. Diversity of 16 phenotypically diverse genotypes were assessed using 55 SSR markers. Study revealed, 52 of 55 markers were polymorphic with 94.55% polymorphism. Amplification of genomic DNA complementary to studied SSR primers yielded 133 scorable alleles. These SSR markers discriminated 16 genotypes which was indicated by the effective multiples ratio estimates ranged from 1.89 to 4.73 and marker index ranging from 0.69 to 3.40. Gene diversity observed using SSR markers is more than that reported in dolichos bean which were complemented by the estimates of Shanon’s diversity index. This study clearly indicated that SSR markers are highly informative and could be used to assess genetic diversity among the genotypes.  Genotypes, HA 10-8, FPB 15 and RIL 162 were proposed for the crossing program to derive genotypes with a combination of desired traits as they shared different alleles  (Keerthi et al., 2018). Four markers out of 220 tested SSR markers were polymorphic in two each of advanced breeding lines, germplasm accessions (candidate varieties), and two released varieties (reference varieties) of dolichos bean used to establish the distinctness of candidate varieties from reference varieties. Based on per cent homozygous plants (>95%) and SSR to homozygous loci ratio (HLR) (>95%) the candidates varieties found to be uniform, deemed stable and were distinct from reference varieties, as evident by the presence of alleles unique to candidate varieties. This study also demonstrated the utility of SSR markers to establish DUS of ABL/elite germplasm accessions of dolichos bean (Desai et al., 2021).
Ninety-six (96) Lablab accessions collected from various parts of Kenya were characterized using ten SSR primers to detect a mean of 4.3 alleles per primer. Expected heterozygosity was on average 0.38. Average polymorphic information content (PIC) was 0.63. Genetic variation among the populations was 15% and variation within populations was 85% as reflected by analysis of molecular variance (AMOVA). Highest Nei genetic distance (0.998) was found between Western and Mwingi populations while, lowest genetic distance (0.092) was noticed between Embu and Meru populations. Cluster analysis and dendrogram-based unweighted pair group method with arithmetic averages (UPGMA) exhibited a high level of relatedness among Lablab purpureus populations of Kenya. Genetic diversity among 26 accessions of Lablab purpureus was determined by PCR amplification of three SSR markers (VM38, AGB8 and GATS911) with the PIC values of  0.452663, 0.473373  and 0.260355, respectively (Kennedy et al. 2023). The Shannon diversity Index (1.25) indicated low levels of genetic diversity among the accessions. 
A total of 134 SSR markers developed from common bean, cowpea, mung bean, moth bean and Faba bean were used to assess their transferability to 143 Indian bean accessions along with quantitative traits analysis. Fifty five out of 134 SSR primers (41.0%) found to be transferable showing reproducible polymorphic amplification products in the Indian bean while, the SSR primers derived from common bean failed to amplify any product. This study indicated potentiality of transferring SSR markers within legumes for diversity analysis. Identification of such a set of transferable SSR markers would ease application of the SSR technology in Indian bean molecular research. This forms the first and unique attempt to evaluate cross-species microsatellite (SSR) markers for genetic diversity analysis in Indian bean (Rai et al., 2016).

Gene diversity of 19 wild accessions (0.6059) was about two-folds greater than that in 474 cultivated accessions and overall gene diversity was relatively low (0.3441) determined using 15 nuclear and 6 chloroplast SSR markers. Gene diversity was greatest in the southern African wild accessions, followed by those from East Africa, it was highest in the eastern African cultivated accessions. Results suggested South Africa as the center of origin and East Africa as the center of domestication of lablab. Accessions of 2 seeded pod (ssp. uncinatus) got clustered with wild accessions while the cultivated accessions (4-(6)-seeded pod) (ssp. purpureus and bengalensis) were intermingled in the cluster analyses and latter got domesticated from wild lablab accessions from southern Africa as indicated by UPGMA tree. Haplotype network analysis revealed tow routes of domestication viz., East Africa (Ethiopia) and Central Africa (Rwanda) respectively for ssp. uncinatus (2-seeded-pod wild lablab) and ssp. purpureus and bengalensis (4-seeded-pod wild lablab). These results were useful for understanding domestication as well as revising lablab classification (Kongjaimun et al., 2022).

Expressed Sequence Tags (ESTs)

Expressed sequence tags derived marker from a range of legumes were deployed for genetic diversity analysis within 78 accessions of Lablab purpureus from Peninsular Indian states along with 15 accessions from CPI (Australia) and ILRI (Ethiopia) revealed usefulness of the  markers for mapping and breeding programs. Selected 15 accessions based on widest genetic distance. Molecular analyses using 97 EST and gene specific markers, designed from a range of legume sequences resulted in 70 percent amplification success, 44 percent primer pairs producing only single band and 10 percent double bands only. Markers generated using EST and genomic sequences provided useful cross reference to comparative longterm benefit in breeding of legume (Venkatesha et al., 2007)
As many as 1129 unique ESTs of dolichos bean are available in the public domain of which 83 EST-SSRs were identified of which tri-nucleotide repeats were most abundant (37) followed by tetra-nucleotide repeats (18) and di-nucleotide repeats (15) (Kumari et al. 2022). Ten EST-SSRs markers were validated successfully by PCR amplification in nine varieties of dolichos bean. These novel EST-SSR markers are expected to be of great role in genetic diversity analysis and for dolichos bean varietal DNA finger printing. There exists a moderate genetic variability among elite D. lablab genotypes (Singh 2022). Potentiality of SSR molecular markers was confirmed in cultivars of lablab and landrace classification indicating comprehensive attempt in determining the relationships through molecular markers. Success got improved by deploying EST-SSRs  over SSR (g-SSRs) as EST-SSRs comes from genome transcribed regions and are expected to be conserved across a larger taxonomic range. It is established across the genus Helianthus compared to g-SSRs, EST-SSRs were three times more transferable. 
Efforts to identify polymorphic parents of recombinant inbreed lines (RILs) derived from two bi-parental crosses in dolichos bean, a genomic resource-limited crop. As many as 100 cross-legume species/genera SSR markers (65, 12, 14 and 9 soybean, medicago, greengram and chickpea, resp.) were used (Kumar et al., 2016). Of the 43 percent SSR markers amplified, 18 (41.86%) were polymorphic between the parents of RILs. Among these 18 SSR markers, di-nucleotide repeat motifs exhibited the highest polymorphism (55.55%), followed by tetra- (16.66%), complex- (16.66%) and tri-nucleotide repeat motifs (11.11%). These identified polymorphic cross-legume SSR markers have been suggested for use in various genetic analysis, conservation and improvement applications of dolichos bean breeding program.

Single Nucleotide Polymorphism (SNP)

Though the genomic research in dolichos beans has advanced fairly well, availability of informative molecular is not convincing. Gene discovery, genome annotation and comparative genomics can be attempted through ESTs, which represent sequence resource for genic marker development in Lablab. Sserumaga et al., (2021) developed high density markers with good genome coverage in Lablab using DArTseq technology. They studied genetic and structural variation in 65 lablab conserved gene bank accessions using 9320 DArT seq-based SNPs and 15179 Silico DArT markers. Development of novel EST-derived SNP and InDel markers through amplicon sequencing of cross-transferrable cowpea EST-SSR primer in Lablab was first of its kind (Venkatesha et al. 2022). They have identified four polymorphic cowpea EST-SSRs (CP2, CP8, CP29, and CP435), with a high transferability rate in dolichos bean. A total of 18 genic fragments from nine parental genotypes were sequenced, enabling the identification of 59 SNPs and 16 InDels. They could successfully designed and validated eight allele-specific markers (Met 2, AF 287258-1, AF 285278-2, AF 151961, D 13557, CP 5, CP16 and CP 43) targeting SNPs/InDels in lablab bean. Utility of these markers was confirmed by trait mapping for the parental polymorphic markers by genotyping in F2 segregating lines derived from two crosses (HA4 × CPI31113 and HA4 × CPI60216). Segregation analysis has clearly revealed that a typical Mendelian segregation ratio of 1:2:1 with co-dominant allelic patterns for SNP/InDels was observed with genic markers developed, paving way for future genomics-assisted breeding applications in Dolichos bean.

Genetic mapping and Comparative mapping 

Genetic linkage map construction is a must to use the tool of marker assisted selection in any crop improvement program but, it is a herculean task for researchers working with Lablab purpurens as the level of genetic polymorphism is low.   
A linkage map comprising 127 RFLP and 91 RAPD loci in an F2 population of 119 individuals was the first for L. purpurens (Konduri et al 2000). This linkage map consisted of 17 linkage groups covering 1610 cM with an average distance of 7 cM between markers. Severe segregation distortions were observed with the extreme being no paternal type could be recovered from the mapping population. These results strongly indicated the presence of a gene conferring preferential transmission from the maternal parent (Rongai).  Comparison of mungbean genetic linkage map with a previous version of L. purpureus using common set of 65 RFLP probes (Humphry et al. 2002) revealed that, mung bean shares a high level of sequence identity with L. purpureus. Twelve of 13 linkage groups of mung bean were comparable to 17 linkage groups of labalab. Comparative mapping approach facilitated more powerful identification of genes conditioning traits of interest on both the species. 

Comparative mapping

Comparative mapping is such an important tool that enables the understanding of structural relationships between genomes in terms of gene content, order and function, has revealed a high degree of conservation in genome structure among closely related plant species (Peterson et al. 1995). Map based efforts will yield an overview of chromosomal rearrangements which are helpful in differentiating related species, while the sequence-based comparisons will ascertain whether the gene orders remained conserved within orthologous chromosome segments. Utilizing the level of gene conservation comparison across species is possible by utilizing the level of gene conservation which forms an important criterion in comparative studies. While identifying the candidate gene for traits of interest utilizing cross species information, high level of collinearity forms a prerequisite, which might be less crucial when new marker sequence data has been identified for a plant species. Identification of orthologous genes and genomic regions between the species of interest forms a major criterion on which the comparative genomics relies upon. Cloning genes of interest deploying the map-based tool will get a boost from the mapping of orthologous regions which reveals extent of synteny (Gale and Devos 1998; Paterson et al. 2000). Comparative genetic maps with extensive linkages with thousands of mapped loci have been produced for a number of plants with a majority on crop plants. Common markers or common single gene traits among closely related species upon construction of map in a plant species of interest. Comparative maps provide detailed insight into genome evolution, how the genome has been rearranged over time and it helps to infer about the gene organization, repeat sequences, etc. Though the comparative mapping studies started with solanaceous plants, extensive work has been accomplished with cereals and legumes. Relative evolution of two species is possible upon completion of mapping studies, enabling the comparative mapping, which can identify the inversions, translocations and duplications that have been occurred. Comparison of map distances of genes with conserved gene order in two species will help in assessing the genetic factors (Cronk, 2006; Devos, 2005). A comparative study with lentil and pea revealed at least eight conserved genome regions constituting nearly 40% of the former genome using molecular marker maps (Weeden et al. 1992). Predicted evolutionary relationships among the genera were confirmed by comparing the maps of chickpea with lentil and pea, besides revealing substantial genome conservation at lower levels in these genera (Simon and Muehlbauer 1997). Multiple linkage groups were found to be conserved between mung bean (V. radiata) and cowpea (V. unguiculata) when a genome comparison within the phaseoloid group was performed (Menancio-Hautea et al. 1993) with the Average length of collinearity extending up to 37 cM and in one case more than 100 cM was observed with Phaseolus vulgaris RFLP map which is largely superimposed on the V. radiata map when the maps of Vigna, Phaseolus and Glycine were compared (Boutin et al. 1995). On the contrast, much shorter distances averaging just 12–13 cM have been observed between the conserved segments in either V. radiata and G. max or P. vulgaris and G. max.
A high level of chromosomal rearrangement has been observed between mung bean and lablab when a mung bean map constructed using 65 RFLP probe was compared with a previously documented L. purpureus map compared to other members of family Fabaceae. It also revealed a large number of duplications and/or deletions accumulated after the divergence (Humphry et al., 2002). Revelation of the organization, evolution and syntenic relationships among legume genomes has been accomplished with ever-growing array of sequence based tools. Frequent and widespread macro- and micro- synteny has been indicated with the legumes which forms a coherent taxonomic group (Young et al 2003). Within the dicot subclass Rosidae, Arabidopsis and Medicago truncatula represent sister clades (Zhu et al., 2003). High and low levels of genome conservation of model legume, M. truncatula was observed between L. japonicas and G. max, respectively through comparative mapping. Significant structural divergence, in terms of frequent insertion-deletion of individual genes or groups of genes besides lineage-specific expansion-contraction of gene families was punctuated in the conserved genome microstructure (Choi et al. 2004). This reveals clearly the considerable utility of comparative mapping for both basic and applied research in legumes. The utility of comparative mapping in terms of predictive values might be tempered by phylogenetic distances and genome duplication. In the evolutionary course, there is a complex rearrangement and was witnessed with Crucifers (Suwabe et al. 2006). A SSR-based linkage map in Brassica rapa was analyzed for synteny with model plant, A. thaliana revealed a number of small genomic segments of latter have been scattered throughout the entire linkage map of the former.  

CONCLUSION

With the available literature it is noticed that, not much research work has been conducted regarding the genetic diversity studies in Lablab purpureus L. Sweet, using Molecular or DNA markers. Genetic diversity assessment employing DNA markers is one of the best tools in the conservation of germplasm and also in crop improvement programme. Though great advances in genomic technology observed in majority of the crop species, the molecular tools availability in Lablab is very scanty. A well saturated molecular map I not available till today and even trait specific markers are not identified in Lablab purpureus L. Sweet. Crop breeding programme through marker assisted selection always demands a well saturated genetic map. Different molecular marker systems like, EPIC markers, AS-PCR, SSAP, NP, COS, EST, SSRs, AFLP, RAPD and RFLP markers are existing regarding Lablab, there are only few markers such as SNP, EST, SSRs, AFLP, RAPD and RFLP markers were employed to identify the parental polyporphism, genetic diversity assessment and mapping population genotyping with polymorphic markers in Lablab purpureus L. Sweet.
Disclaimer (Artificial intelligence)

Option 1:

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

REFERENCES

1. Anonymous, 2023, Final Revised Estimates -2022-23, Department of Statistics, Government of Karnataka. https://des.karnataka.govt.in/storage/pdf-files/AGS/FRE2022-23Final.pdf. 

2. Bennetzen, J. L., Sanmiguel, P., Chen, M., Tikhonov, A., Francki, M. And Avramova, Z., 1998, Grass genomes. Proc. Natl. Acad. Sci. USA 95:1975–1978

3. Boutin, S. R., Young, N. D., Olsen, T. C., Yu, Z. H., Shoemaker, R.C. And Vallejos, C. E., 1995, Genome conservation among three legume genera detected with DNA markers. Genome, 38:928-937.
4. Byre Gowda, M., 2005, Genetic variability in Dolichos lablab collections. Paper presented during training programme on molecular marker techniques for crop improvement UAS, Bangalore November 7-23, 2005 sponsored by Kirkhouse Trust and John Innes Centre.

5. Candolle, A. D., 1959, Origin of Cultivated Plants (2nd ed.), Hafner, New York. 468 p.

6. Chaudhary, B., 1972, Vegetables, NBT, India, New Delhi, p. 220.

7. Choi, H. K., Kim, D. J., Uhm, T., Limpens, E., Lim, H., Mun, J. H., Kalo, P., R. Penmetsa, R.V., Seres, A., Kulikova, O., Roe, B.A., Ton Bisseling, T., Gyorgy, B., Kiss, G.B. And Douglas, R. C., 2004,  A sequence based genetic map of Medicago truncatula and comparison of marker colinearity with M. sativa, Genetics 166: 1463–1502.

8. Cronk, Q., Ojeda, I. and Pennington, R.T., 2006, Legume comparative genomics: progress in phylogenetics and phylogenomics, Curr. Opin. Plant Biol. 9: 99–103 

9. Desai, S.P., Ramesh, S., Vaijayanthi, P.V., Mohan Rao, A., Chandana, B.R. and Gonal, B., 2021. SSR markers assay-based establishment of distinctness, uniformity and stability of dolichos bean [Lablab purpureus (L.) Sweet var. Lignosus] advanced breeding lines and elite germplasm accessions. Genetic Resources and Crop Evolution, 68, pp.1309-1314.

10. Devos, K. M., 2005, Updating the ‘Crop circle’, Curr. Opin. Plant Biol. 8: 155–162 

11. Gale, M. D. And Devos, K. M., 1998, Plant comparative genetics after 10 years. Science, 282:656-659

12. Gnanesh, B. N., 2005, Genetic variability and divergence studies by D2 statistics and RAPD analysis in field bean (Lablab purpureus L. Sweet). M. Sc. (Agri.) Thesis, Acharya N. G., Ranga Agril. Uni. S. V. Agri. College, Tirupati.

13. Hooker, J. D., 1879, The Flora of British India. Vol II, L Reeve & Co. Ltd., NR. Ashford, Kent, England, pp 209.

14. Humphry, M. E., Konduri, V., Lambrides, C. P., Mangner, T., Meintrya, C. L., Aitjen, E. A. B. And Lin, C. J., 2002, Development of a mungbean (Vigna radiate) RFLP linkage map and its comparison with lablab (Lablab purpureus L.) reveals a high level of colinearity between the two genomes. Theor. Appl. Genet., 105: 106-166.

15. Kay, D. E., 1979, Hyacinth bean. In: Forage Legumes: Crop and Product Digest, Tropical Products Institute 3: 184-196.

16. Kennedy, J. and Uzabakiriho, J.D., 2023. Microsatellite (SSR) Analysis of Dolichos Lablab (Lablab purpureus (L.) Sweet) Germplasm in Namibia.

17. Keerthi, C.M., Ramesh, S., Byregowda, M. and Vaijayanthi, P.V., 2018. Simple Sequence Repeat (SSR) Marker assay-based genetic diversity among dolichos bean (Lablab purpureus L. Sweet) advanced breeding lines differing for productivity per se traits. International Journal of Current Microbiology and Applied Sciences, 7(05), pp.3736-3744.

18. Kongjaimun, A., Takahashi, Y., Yoshioka, Y., Tomooka, N., Mongkol, R. and Somta, P., 2022. Molecular analysis of genetic diversity and structure of the lablab (Lablab purpureus (L.) sweet) gene pool reveals two independent routes of domestication. Plants, 12(1), p.57.

19. Konduri, V., Godwin, I. D. And Liu, C. J., 2000, Genetic mapping of the Lablab purpureus genome suggests the presence of ‘cuckoo’ gene(s) in this species, Theor. Appl. Genet., 100: 866–871 

20. Kumar, H.U., Gowda, M.B. and Ramesh, S., 2016. Identification of cross legume species/genera SSR markers polymorphic to parents of recombinant inbreed lines derived from two bi-parental crosses in dolichos bean (Lablab purpureus L. Sweet).

21. Kumari, S., Ujjainwal, S., Singh, N., Archak, S. and Pandhari, W.D., 2022. Development of Genic Simple Sequence Repeat Markers as Novel Genomic Resources in Dolichos Bean (Lablab purpureus L.).

22. Liu, C. J., 1996, Genetic diversity and relationships among Lablab purpureus genotypes evaluated using RAPD markers. Euphytica, 90: 115-119.

23. Maass, B. L., 2005, Changes in seed morphology, dormancy and germination from wild to cultivated hyacinth bean germplasm (Lablab purpureus L. : Papilinoideae). Genetic Reso. Crop Evol., 52: 1-9.

24. Menancio-Hautea D, Fatokun, C. A., Kumar, L., Danesh, D., Young, N. D., 1993, Comparative genome analysis of mungbean (Vigna radiata (L.) Wilczek) and cowpea (V. unguiculata (L.) Walpers) using RFLP mapping data. Theor. Appl. Genet., 86:797-810.

25. Murphy, A. M. And Colucci, P. E., 1999, A tropical forage solution to poor quality ruminant diets: A review of Lablab purpureus. Livestock Research for Rural Development, 11 

26. Norton, B. W., 1982, Differences between species in forage quality. In: JB Hacker (ed.) Nutritional Limits to Animal Production from Pastures. Commonwealth Agricultural Bureaux, Farnham Royal, UK, pp 89-100.

27. Paterson,  A. H., Lin, Y. R., Li, Z., Schertz, K. F., Doebley, J. F., Pinson, S. R. M., Liu, S. C., Stansel, J. W. And Irvine, J. E., 1995, Convergent domestication of cereal crops by independent mutations at corresponding genetic loci. Science, 269:1714-1718.

28. Paterson, A. H., Lander, E. S., Hewitt, J. D., Peterson, S., Lincoln, S. E. And Tanksley, S. D., 1988, Resolution of quantitative traits into Mendelian factors by using a complete linkage map of restriction fragment length polymorphisms. Nature, 335: 721–726.

29. Patil, P. G., Venkatesha, S. C., Ashok, T. H., Gowda, T. K. S. And Byregowda, M., 2009, Genetic diversity in field bean as revealed with ALFP marker. J. of Food Legume: 22(1): 18-22.

30. Pengelly, B. C. And Mass, B. L., 2001, Lablab purpureus (L.) Sweet – diversity, potential use and determination of a core collection of this multipurpose tropical legume. Genet. Reso. Crop Evol., 48: 261-272.

31. Philip, T., 1982, Induced tetraploidy in Dolichos lablab Linn. Curr. Sci, 51: 945.

32. Pidigam, S., Munnam, S., Nimmarajula, S., Amarapalli, G., Sudini, H., Pandravada, S.R. and Yadla, H., 2021. Molecular characterization of Indian Dolichos bean (Lablab purpureus L. var. typicus Prain) accessions using RAPD markers. Indian Journal of Genetics and Plant Breeding, 81(02), pp.322-326.

33. Purseglove, J. W., 1968, Tropical Crops-Dicotyledons. Vol I, Longmans Greens and Company Ltd., London, UK, pp 273-276.

34. Rai, N., Kumar, S., Singh, R.K., Rai, K.K., Tiwari, G., Kashyap, S.P., Singh, M. and Rai, A.B., 2016. Genetic diversity in Indian bean (Lablab purpureus) accessions as revealed by quantitative traits and cross-species transferable SSR markers. Indian J Agric Sci, 86(9), pp.654-660.

35. Sanaullah, B.M., Mohammad, Z. and Mizanur, R.M., 2012. Assessments of genetic diversity in country bean (Lablab purpureus L.) using RAPD marker against photo-insensitivity. Journal of Plant Development, 19.
36. Shivashankar, G., Kulkarni, R. S., Shashirdhar, H. E. And Mahishi, D. M., 1989, Field bean (Lablab purpureus L. Sweet). Bot. Cul. Impr., Report of UAS Bangalore.

37. Shivashankar, H., Nagaraj, Robin, B. G., And Ranganathan, S., 2007, A hitchhiker's guide to expressed sequence tag (EST) analysis. Brief Bioinform., 8: 6-21.

38. Simon, C. J. And Muehlbauer, F. J., 1997, Construction of a chickpea linkage map and its comparison with maps of pea and lentil. J. Hered., 88:115-119.

39. Singh, V., Kudesia, R. and Bhadauria, S., 2020. Assessment of genetic diversity in some Indian Lablab purpureus, L. Bean genotypes based on RAPD marker. Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 90, pp.855-861.

40. Sserumaga, J. P., Kayondo, S. I., Kigozi, A., Kiggundu, M., Namazzi, C., Walusimbi, K., & Mugerwa, S. (2021). Genome-wide diversity and structure variation among lablab [Lablab purpureus (L.) Sweet] accessions and their implication in a Forage breeding program. Genetic Resources and Crop Evolution, 68(7), 2997-3010.
41. Suwabe, K., Tsukazaki, H., Iketani, H., Hatakeyama, K., Kondo, M., Fujimura, M., Nunome,T.,  Fukuoka, H., Hirai, M. And Matsumoto, S., 2006, Simple sequence repeat based comparative genomics between Brassica rapa and Arabidopsis thaliana: The Genetic Origin of Clubroot Resistance, Genetics, 173: 309–319.

42. Venkatesha, S. C., Byregowda, M., Mahadevu, P., Mohan Rao, A., Kim, D. J., Ellis, T. H. N. and Knox, M. R., 2007, Genetic diversity within Lablab purpureus and the application of gene specific markers from a range of legume species. Plant Genet. Res., 5 (3): 154-171.

43. Venkatesha, S.C., Ramanjini gowda P.H., R.G., Ganapathy, K.N., Gowda, M.B., Ramachandra, R., Girish, G., Channamallikarjuna, V., Shanthala, L. and Gowda, T.K.S., 2010. Genetic fingerprinting in dolichos bean using AFLP markers and morphological traits. International Journal of Biotechnology & Biochemistry, 6(3), pp.395-404.

44. Venkatesha, S.C. and Patil, P.G., 2022. Development of novel SNP/InDel markers through amplicon sequencing in dolichos bean (Lablab purpureus L.).

45. Weeden, N. L., Muehlbauer, F. J., and Ladizinsky, G., 1992, Extensive conservation of linkage relationships between pea and lentil genetic maps. J. Hered. 83:123-129

46. Young, N. D., Mudge, J. And Ellis, T. H. N., 2003, Legume genomes: more than peas in a pod, Curr. Opinion Plant Biol., 6:199-204

47. Zhu, H., Kim, D. J., Baek, J. M., Choi, H. K., Ellis, L. C.,  Kuester, H., Mccombie, W. R., Peng, H. M. And Cook, D. R., 2003, Syntenic Relationships between Medicago truncatula and Arabidopsis reveal extensive divergence of genome organization, Plant Physiol., 131: 1018–1026


