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ABSTRACT 

Cluster bean (Cyamopsis tetragonoloba [L.] Taub.), commonly known as guar, is used 

as fodder, vegetable and green manure. In recent times it has become a major industrial crop 

due to the need of the guar galactomannan/gum present in the endosperm of its seeds. Guar 

gum is useful in various industries like paper, textile, petroleum, drilling, pharmaceutics, food, 

cosmaceutics, explosives, etc. Guar is a drought resistant, hardy, deep rooted annual legume. In 

India the crop is mainly grown in the dry habitats of Rajasthan, Haryana, Gujarat, Punjab and 

to a limited extent in Uttar Pradesh and Madhya Pradesh. Outside India, guar is grown in 

Pakistan, South Africa, Brazil, Australia and Oklohoma planes of North Texas in USA. Guar is 

a cultivated crop not found in wild conditions and hence its available landraces are the main 
source of genetic variability. 

Guar is strictly a self-pollinated diploid legume with chromosome number (2n) equal to 

14 and genome size approximately 2.45 Giga Bases/C. Cross pollination is prevented due to 

the cleistogamous nature of flowers. Thus, the heterosis available is reduced, which makes 

commercial hybrid seed production difficult and non-economical. This limiting factor of 

yield gap can be overcome by production of improved varieties of guar through molecular 

marker based selection and breeding programs. The DNA based molecular markers reveal 

natural variation at the DNA sequence level; these markers are used in plant genotyping, 

diversity studies, genetic linkage studies, quantitative trait mapping and marker-assisted 

selection during plant breeding. Hence, an overview of the genetic diversity and the 

development of molecular markers are very important for breeding and crop improvement in 

guar. 

In the present study genetic diversity in 19 commercial varieties and 29 landraces of 

cluster bean belonging to Gujarat, Rajasthan, Haryana and Delhi regions of India were 

analyzed using 13 RAPD (Randomly Amplified Polymorphic DNA) and 7 1SSR (Inter Simple 

Sequence Repeat) markers. 

The amplification using RAPD primers produced a total of 118 bands, out of which 103 

were polymorphic and 15 monomorphic. Out of the 13 primers used OPQ-09 produced the 

highest number of bands (12); the average percentage polymorphism for RAPD markers was 

87.63. UPGMA tree was constructed using Jaccard's similarity. The accessions of cluster bean 

distinguished into two major clusters at 75% similarity and a third cluster at lower similarity. 

The observed number of alleles, effective number of alleles, Nei's genetic diversity, Shannon's 



information index for landraces and commercial varieties using 13 RAPD markers were found 

to be 1.872±0.335, 1.589±0.351, 0.333±0.170, and 0.490±0.230, respectively. The value of 

total genotypic diversity among population (Ht) was 0.333±0.029, whereas diversity within 

population (Hs) was found to be 0.283±0.026. Mean coefficient of gene differentiation (Gst) 

value was 0.148 which indicated that 86.2% of genetic diversity was present within the 

population. AMOVA was used to analyze molecular variance among and within the population. 

Percentage of molecular variance was found to be 27% among populations and 73% variance 

was attributed to variance within the population. 

Seven ISSR markers used in the study produced 64 bands out of which 50 were 

polymorphic. Among the ISSR primers used UBC-868 produced highest number of bands (13); 

the average percentage polymorphism for ISSR markers was 77.82. The dendrogram from 

ISSR data showed one major cluster at 75% similarity and five minor clusters at lower level of 

similarity. The major cluster possesses six sub-clusters. The dendrogram did not differentiate 

between landraces and commercial varieties. The observed number of alleles, effective number 

of alleles, Nei's genetic diversity, Shannon's information index for landraces and commercial 

varieties using 7 ISSR markers were found to be 1.7812±0.4167, 1.4627±0.3844, 

0.267±0.1939, and 0.3988±0.2681, respectively. The value of total genotypic diversity among 

population (Ht) was 0.2639±0.0378 whereas diversity within population (Hs) was found to be 

0.253±0.035. Mean coefficient of gene differentiation (Gst) value was 0.041 and the estimated 

gene flow in the population was 11.549. AMOVA was used to analyze variation among and 

within the populations. Molecular variances were 8% and 92% among and within the 

population, respectively. 

Pooled RAPD+ISSR data of cluster bean distinguished into two major clusters at 75% 

similarity and 3 minor clusters at lower similarity in the dendrogram constructed. The observed 

number of alleles, effective number of alleles, Nei's genetic diversity, Shannon's information 

index for landraces and commercial varieties using 13 RAPD and 7 ISSR markers were found 

to be 1.8407+0.367, 1.5446±0.3671, 0.3130±0.1817, and 0.4584±0.2478, respectively. The 

value of total genotypic diversity among population (Ht) was 0.3089±0.0333 whereas diversity 

within population (Hs) was found to be 0.272±0.029. Mean coefficient of gene differentiation 

(Gst) value was 0.116 and the estimated gene flow in the population was found to be 3.787. 

AMOVA was used to analyze variation among and within the populations. Molecular variance 

among populations was found to be 21% and that within the population was 79% indicating 
higher variation within the population. 



The Mantle test revealed a significant correlation between the molecular data and the 

geographic data. The correlation value (R) for RAPD, ISSR, RAPD+ISSR data with 

geographic data were 0.5252, 0.3144, 0.5303, respectively. This indicates that molecular 

variation corresponds to differences in geographic distribution of landraces. 

A recombinant inbred population is essential for various purposes in plant genetics. 

Hence a cross was made between guar cultivars M-83 X RGC-1066. The parental lines used 

were unbranched type with 0-3 branches. M-83 is a vegetable variety with low gum content, 

glabrous leaves and, white flowe. While, RGC- 1066 is a gum producing variety with high gum 

content, hairy leaves and purple flowers. The leaf pubescence is associated with uneasiness in 

handling the plants, yet no information on the morphology of trichomes in guar is available. 

Scanning Electron Microscopy (SEM) was done to observe the fine structure of leaf 

pubescence. The SEM pictures showed long, slender, porous hair like structures in the hairy 

plant. The Fl hybrid plants showed hairy leaf, purple flowers and 0-3 branches. The F2 

population segregated in Mendelian ratio showing —3:1 ratio of hairy and glabrous plants. No 

observable difference in the density of the pubescence was observed in hairy plants. Similar 

ratio was observed for purple and white flowered phenotypes, showing single locus control for 

these two phenotypes. But, the branching behavior showed transgressive segregation leading to 

very high branching in some F2 plants. In the population majority of the plants showed less 

than 10 branches per plant. 

Expressed Sequence Tags (EST) are considered as a quick and inexpensive source for 

obtaining Simple Sequence Repeat (SSR) markers. Available C. tetragonoloba EST (16,476) 

were downloaded from dbEST of NCBI. The EST sequences were trimmed using EST 

trimmer. The sequences so obtained (16,108) were assembled into contigs using CAP3. The 

candidate SSR containing sequences in the EST sequences (16,108), assembled contigs (1755) 

and singlet sequences (4320) were mined using the PERL script MISA. The program showed a 

total of 1568 microsatellite repeats in the complete EST sequences; among them 91 were in 

compound formation and remaining were perfect microsatellites. The contigs showed 327 

microsatellite repeats from 276 sequences of which 28 were in compound formation. Singlets 

had 580 microsatellite repeats in 506 sequences of which 41 were in compound formation. 

Mononucleotide repeats (435) were the most abundant among the SSR types in C. 

tetragonoloba ESTs, followed by di-nucleotide repeats (189). Only one hexa-nucleotide repeat 

and seven penta-nucleotide repeats were found. A/T repeats were the most abundant form of 

nucleotide repeats. The sum of the microsatellite repeats from the contigs and singlets (907) 



were used for designing primers. Primers flanking the SSR regions were designed using 

Primer3. 

To test the EST based SSRs, 226 primers were synthesized and tested on 3 accessions 

of C. tetragonoloba, viz., M-83, RGC-1002, RGC-1066 and one accession each of C. serrata 
and C. senegalensis. The amplification, transferability and polymorphism of these markers 

were analyzed. Out of the 226 primers used 190 amplified to produce the product in the 

expected range. The polymorphism between the C. tetragonoloba accessions was very low; 

only 5 of the markers were polymorphic, showing very high homogeneity in the cultivated 

genotypes. Euclidean similarity coefficient was used to generate a dendrogram using the SSR 

data. The dendrogram showed that C. senegalensis was very diverse from the other accessions. 

The accession of C. serrata was very close to the cultivated guar cultivars. 

DNA from the F2 population was extracted and used to study the inheritance of the 

markers developed. Bulk segregant analysis was also done to check the linkage of leaf 

pubescence and flower color traits with the polymorphic markers derived. The amplification in 

bulks showed both the marker alleles of parents. This shows that the traits are independent of 

the markers tested. 

This research work showed significant variation between the landraces and 

commercially grown cultivars. In the landraces the diversity correlates with the geographic 

distribution. The work also showed very high variation in the genomes of the wild Cyamopsis 

species in comparison to guar. In this work a total of 362 primers flanking the SSR regions in 

guar were designed; this would be a useful resource for genetic studies and breeding in guar. 

IV 
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1. Introduction 
Cluster bean (Cyamopsis tetragonoloba [L.] Taub.), commonly known as guar, is being 

grown in India since ancient times. It has been useful as fodder, vegetable and green manure in 

the past; in the recent times guar has become a major industrial crop due to the need of the guar 

gum contained in the endosperm of its seeds [36]. Guar is a drought hardy, deep rooted, annual 

legume grown in Kharif season. The crop is mainly grown in the dry habitats of Rajasthan, 
Haryana, Gujarat, and Punjab and to a limited extent in Uttar Pradesh and Madhya Pradesh. In 

addition to India, guar is also grown in Pakistan and as a cash crop to a limited extent in other 

parts of the world like South Africa, Brazil, Australia and Oklahoma planes of North Texas in 

USA. Guar is generally 50-100 cm tall and bears 4-10 branches (branched types); however, 

unbranched type varieties having main stem only are also available [77]. The flowers are borne 

in axillary raceme on long pedicels. The flowers are small, typically papilionaceaous. The pods 

are oblong, 5-12 cm in length, normally contain 5-12 oval or cube shaped seeds. The crop 

matures in 90-150 days depending on the genotype. It prefers warm climates and can also be 

grown in subtropical areas during summer. Guar is known for its exceptionally high adaptation 

towards poor rainfall conditions, low inputs and less care, soil enrichment properties and 

multiple uses in cropping systems. 

Guar seed consists of seed coat (14-17%), endosperm (35-42%) and germ (43-47%). 

The endosperm contains about 80% galactomannan, 12% water, 5% protein, 2% acid insoluble 

ash, 0.7% ash and 0.7% fat [107]. Galactomannan is a water soluble polysaccharide made up of 

linear chains of a (3-1,4-mannan as backbone to which galactosyl residues are attached through 

an a-1,6 linkage [130]. Guar gum is used as a binder, disintegrant, suspending agent, thickening 

agent and stabilizing agent. It is soluble in cold water, hydrating quickly to produce viscous 

pseudo plastic solutions that generally have greater low-shear viscosity than other 

hydrocolloids [107]. These properties have made guar gum useful in various industries like 

paper, textile, petroleum, drilling, pharmaceutics, food, cosmaceutics and explosives [140]. 

Guar gum is used as an edible thickening agent and has cholesterol lowering effect. The 

cholesterol and glucose lowering effects are most often associated with gelling, mucilaginous, 

viscous and fibers properties of guar gum. The demand for guar galactomannan is growing 

rapidly because, in addition to its indispensable role in lowering serum cholesterol and glucose 

levels, it is also considered helpful in weight loss [20]. Dietary intake of high viscosity of guar 

gum decreases the protein efficacy [105]. Guar gum also decreases lipid utilization by 

interfering with digestion and absorption of nutrients when it is dissolved in water. This results 
1 
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in a slower gastric emptying [156]. Partially hydrolyzed guar gum (PHGG) is a water-soluble, 

non-gelling fiber that has therapeutic benefits. It is used in the treatment of irritable bowel 

syndrome [47]. 

Guar gum is a very important foreign exchange earner for India. For instance, guar gum 

export reached 183.57 thousand tons providing foreign exchange worth Rs. 10384 million 

during the year 2004-05. In 2005-06, 189.11 thousand ton guar gum costing Rs. 11249 million 

was exported to western countries. Thus the demand for guar gum is rising in the global market 

and is becoming an opportunity for the farmers and the industrialists as well [76]. 

Guar gum is synthesized in the endosperm part of the developing seeds. In the recent 

years many efforts towards the understanding of molecular mechanism of galactomannan 

synthesis have shown that galactomannans are synthesized in Golgi lumen by the combined 

action of two enzymes: mannan synthase (ManS), which makes (3-1,4-linked mannan backbone, 

and a-galactosyltransferase, which adds galactosyl residues to the mannan backbone [32]. 

Several genes from cellulose synthase like (Cs!) gene family have been found to be involved in 
synthesis of galactomannan [130]. The stored galactomannans are utilized for plant 

development by galactomannan degrading enzymes such as a-galactosidase which hydrolyses 

the galactose side chain from mannose backbone and -mannanase which cleaves the mannose 

polymer to oligo mannans and (3-mannosidase which hydrolyses the oligomannans. The 

enzymes are synthesized during the seed development to nourish the developing seedling [95]. 

Apart from guar many other leguminous plants also produce galactomannans in their 

seeds. Naturally in legume seeds galactomannans perform energy storage, water-retaining and 

defense function [132]. The degree of galactose (G) addition to the mannan (M) backbone 

differ depending upon the source of the gum which is represented by M/G ratio; like M/G ratio 

for guar gum is 1.3-2 and for locust bean gum is 3.75-4. The change in M/G ratio changes the 

structure of the gum thereby changing the various properties and applications of the 

galactomannans [140]. Higher viscosity of the gum is essential for use in oil drilling and other 

industries. The locust bean gum is better in terms of its viscosity characteristics but it is 

difficult to obtain since carob tree flowers only after 10 years of vegetative growth. Moreover 

these trees are grown in Mediterranean climates. The cost of locust bean gums are high in 

comparison to guar gum because of the long maturation period of the plant, labour-intensive 
harvesting of fruits and competition from other cash crops [19]. Many other legumes have 

galactomannans in their seeds, but the extraction of gum from them is not economical because 
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of the low yield in comparison to guar and locust bean. To improve the characteristics of guar 

gum various chemical modifications are employed like O-carboxymethyl-O-hydroxypropyl 

guar gum (CMHPG), with anionic character, O-2-hydroxy-3-(trimethylammonio) propyl guar 

gum 	(HTPG), 	with 	cationic 	character, 	and O-carboxymethyl-O-2-hydroxy-3- 

(trimethylammonio) propyl .guar (CMHTPG), with amphoteric character [160], polyacrylamide 

grafted guar gum [139] and sulfated guar gum [151]. These modifications require higher input 

and lead to higher cost of the modified. guar gum. Even then modified guar gum has found 

various uses in capsule preparation for controlled release of drugs and oil drilling. 

Biotechnological approaches to produce guar gum with wide range of MIG ratio has been 

reported through application of a-galactosidase in the preprocessing steps to remove excess of 

galactose [19]. An effort on improving the M/G ratio of galactomannan through transformation 

and expression of a-galactosidase gene of senna in developing guar seed has shown slight 

increase in M/G ratio [64]. Yet there are no reports on any commercial operations based on 

these processes. Hence, improving the yield and M/G ratio of guar gum could be highly to the 

guar growers and the industries which use these galactomannans. 

Even though guar gum synthesis is understood to a certain extent, guar is still 

considered a neglected crop due to the limitation of the genomic resources and lack of the 

understanding of its genomics. Cluster bean belongs to the genus Cyamopsis which has three 

sub species C. tetragonoloba, C. serrata, C. senegalensis. Among the species C. tetragonoloba 

being. a cultivated crop, is not found in wild conditions [58], which makes the available 

landraces as the main source of genetic variability. Apart from variability, landraces are also 

known for adaptations , to the selective environments in the region of cultivation [23]. 

Conventionally guar accessions have been characterized on the basis of their phenotypes [91]: 

In India, National Bureau of Plant Genetic Resources (NBPGR), New Delhi is working on the 

collection, maintenance and characterization of the guar landraces. A total of 4901 accessions 

are available with NBPGR which have been characterized for various phenotypic traits like 

pubescence, days to 50% flowering, days to 50% maturity, plant height, number of branches, 

number of clusters per plant, seed yield per plant, gum content, etc. [30]. But the limitation of 

this approach lies with the phenotype being influenced by the environmental factors during the 

developing stage of plant. This available genetic resource is yet to be utilized to transfer useful 

traits to elite cultivars of guar. Hence, there is a need to study these landraces for genetic 

diversity based on the geographic origin and phenotype. Only few studies towards studying the 

diversity of commercially grown varieties using RAPD have been carried out [100, 109]. An 
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overview of the genetic diversity is essential for any crop improvement programme. Hence the 

study of the genetic diversity available in the landraces of guar is very essential for selecting 

the source of genetic variation which could be applied for production of cultivars with various 

beneficial traits. 

Guar is a self-pollinated diploid legume with chromosome number (2n) equal to 14. The 

genome size of guar is estimated to be 2.45 Giga Bases/C [101]. ' Guar due to the 

cleistogamous nature is strictly self pollinated, but outcrossing, to the extent of 0.5% to 9% has 

been reported [48]. Thus, lesser heterosis is available. The optimal time for pollinating the buds 

is between 8:00 a.m-9:00 a.m. [26]. Generally the pods formed after hybridization are relatively 

smaller having 2-3 seeds. This makes commercial hybrid seed production non economical in 

guar. This limiting factor of yield gap can be overcome by production of improved varieties of 

guar through modern breeding programme; this requires the application of modern genomic 

approaches to increase the speed and efficiency. 

The DNA-based molecular markers reveal natural variation at the DNA sequence level; 

these markers are used in plant genotyping, diversity studies, genetic linkage studies, 

quantitative trait mapping and marker-assisted selection during plant breeding [69]. DNA-

based molecular markers offer numerous advantages over conventional phenotype based 

alternatives because they are stable and can be detected in all tissues regardless of growth, 

differentiation, development, or defense status of the plant. They are not confounded by the 

environment, pleiotropic and epistatic effects [ 1]. Molecular markers do not have any 

biological effect; they are identifiable DNA sequences, found at specific locations of the 

genome and are transmitted by the standard laws of inheritance from one generation tothe next. 

They can be considered as constant landmarks in the genome. The existence of various 

molecular techniques and differences in their principles and methodologies require careful 

consideration in choosing one or more of such marker types. The diversity and implications of 

the markers have increased in the recent times with the discovery of various PCR based marker 

types like RAPD, ISSR, SSR, SCAR, SSCP, AFLP, SNP, DaRT, etc. These marker techniques 

differ from each other with respect to important features such as genomic abundance, level of 

polymorphism detected, locus specificity, reproducibility, technical requirements and cost. One 

of the widely used co-dominant marker for studying genetic linkage and marker-assisted 

selection is Simple Sequence Repeat (SSR) marker. SSRs have been developed and 

successfully applied for various applications in crop plants. This marker system has not been 

applied to guar. Very less attention has been paid to development of molecular markers in guar. 
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With the above information in view, the current research work on application of the 

molecular markers to understand the genetic diversity in guar landraces and utilization of the 

available DNA sequence resources to develop markers for application in guar was undertaken 

The objectives of this work were as follows:- 

1. to study the genetic variability in cluster bean accessions through application of 

RAPD and ISSR markers, 

2. to screen publically available Expressed Sequence Tags of guar for Simple 

Sequence Repeat (SSR) regions and design primers flanking SSR regions, 

3. to synthesize and test EST-SSR markers for amplification and polymorphism 

studies among guar accessions, 

4. to cross guar genotypes for developing a population to study the inheritance of 

phenotypic traits and genetic linkage, 

5. to conduct bulk segregant analysis for phenotypic traits and study the linkage of the 

markers with specific traits. 
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2. Review of Literature 
Guar, also known as cluster bean (Cyamopsis tetragonoloba (L.) Taub.), is being grown 

in India since ancient times. Earlier, it was used mainly as a forage, green manure and 

vegetable crop, but now it is an important industrial crop due to galactomannan gum contained 

in the endosperm of its seeds [36]. Cluster bean is mainly grown in semi-arid regions of 

Rajasthan, Haryana, Gujarat, Punjab, Madhya Pradesh and Uttar Pradesh in India. It is also 

cultivated to some extent in Pakistan and has been introduced as a cash crop in Oklahoma and 

Texas states of USA. It is also cultivated to a limited extent in Italy, Morocco, Spain, France, 

Greece, and Germany [109]. 

The name guar comes from the Sanskrit word 'gau ahaar' which means the fodder of 

cow. Guar is also known as gawaar in Hindi and Marathi, goruchikkudu kaya 

/orgokarakaya in Telugu, gorikayie/javalikayie in Kannada, and kotthavarai in Tamil [58]. Guar 

belongs to the family Fabaceae. Earlier Cyamopsis tetragonoloba was known as Dolichos 
fabaeformis or C. psoralioides. Guar is a self-pollinated diploid (2n = 14) plant. It is generally 

50-100 cm tall and bears 4-10 branches (branched types); however, unbranched type varieties 

are also available. Guar plant may produce around 30-90 pods per plant. The leaves are 

alternate trifoliate, which are born on long petioles. The stem is slender and tall [77]. The 

flowers are purple, pink to white in colour, typically papilionaceous and form axillary raceme 

inflorescence. The calyx has five unequal linear teeth type sepals. The corolla has orbicular 

standard wing petals, which are oblong, while the keel petals are long and broad as the wings. 

All the ten stamens are fertile and the filaments form a tube while the anthers are apiculate. The 

pollen grains are circular and 40-43 µm in diameter. The stigma expands into a head-shape 

while the style is short and slender [91]. The pods are oblong, 5-12 cm in length and normally 

contain 5-12 oval or cube shaped seeds of variable shape [104] as shown in Fig 2.1. 

Cluster bean prefers warm climates and can also be grown in semi-arid conditions in 

subtropical areas. It is known for its exceptionally high adaptation towards poor rains, low 

inputs and less care, soil enrichment properties and multiple uses in cropping systems. Guar has 

high transpiring ability leading to the cooling of canopy and increasing the soil moisture 
extraction from deep layers [77]. 

Green pods of guar are a very good source of vitamin A, calcium, iron, phosphorous and 

ascorbic acid. It is a rich source of protein (3.2%), fiber (3.2%) and carbohydrate (10.8%). 
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Guar pods are also used in traditional medicine for controlling constipation, anorexia, diabetes, 

arthritis, colic pain, hair fall and body pain [49]. 

2.1 History of guar 

Cluster bean is considered to be originated by domestication of the African wild 

species, C. senegalensis which appear to be the ancestor of the C. tetragonoloba. The 

domestication process could have been taken place in the dry areas of the northwestern region 

of the Indo-Pakistan Subcontinent [58]. It was cultivated as a minor crop in India during 

ancient times as a vegetable and feed for cattle. 

Guar was introduced in USA in 1903 for experimentation in the southwest region, 
where the climate is hot and have long growing seasons to suit its adaptation [59]. The 

objective was to use guar as a soil improving legume and forage for cattle. Before world war II 

the carob (locust bean) seed (Ceratonia siliqua) from Mediterranean was used to extract carob 

gum for extensive use in paper industry. During World War lithe supply of imported carob 

seed from the Mediterranean region was cut off, as a result search for domestic source of 

galactomannan gum was initiated in USA by Institute of Paper Chemistry. This study revealed 

guar as a alternative source for galactomannan [5]. Further studies were done on milling the 

guar seeds for gum production and application in the manufacturing of paper revealed the 

beneficial effects of guar gum on paper processing. This information helped in the adoption of 

guar gum in the different manufacturing process. 

2.2 Germplasm 

Germplasm is a basic tool for crop any improvement programme. Natural variation 

represents a huge and largely untapped resource, which has been subjected to selection over 

millions of years of evolution, with both basic and practical value, as well as the potential to 

break yield barriers of agricultural plants [66, 143, 157] The variation available in the 

germplasm is utilized as a source of useful genes to improve the cultivars. As the importanceof 

guar was realized in 1950's germplasm collection was initiated. The collection initially began 

from Maharashtra for vegetable varieties. Later the Pant Introduction Division of the Indian 

Agricultural Research Institute (IARI), New Delhi continued the "collection and maintenance 

work. There are about 4,901 accessions in National Bureau of Plant Genetic Resources 

(NBPGR), New Delhi. These accessions have been catalogued based on the accession numbers 
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(a)  

(b) (c) 

(d) 

Fig. 2.1. a) Guar plants grown in a field at IIT Roorkee, b) Green pods of guar 
c) Dried pods of guar, d) Seeds of guar 
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and characterized for phenotypic traits like pubescence, days to 50% flowering, .days to 50% 
maturity, plant height, branch number, total number of pods per plant, number of seeds per pod, 

seed yield per plant, seed color, gum content and disease resistance under field conditions [30]. 

These studies have identified the accessions that can be donors to traits like dwarfing, 

branching/unbranched, pod length, pods per plant, seed size, days to maturity, gum content and 
disease resistance. Classical approaches using the donor cultivars as sources have lead to the 

development of certain elite cultivars for cultivation in the previous decade. The development 

of elite chltivars and their widespread use in breeding programmes have reduced the utilization 

of available genetic resources. It has been estimated that for most crop species, less than 5% of 

the biodiversity known to exist has been utilized in agriculture, particularly in the case of self-

pollinated crops [143]. Much of the diversity present in living systems is probably adaptive 

[66]. 

2.3 Breeding and Genetics 

Crossing leads to the hybridization of DNA from two plants with different genetic 

makeups but belonging to the same genus. It is difficult with small flowers or less consistent 

pollen production. As in guar the flower is only 8 mm long and requires magnifying lens to 

emasculate the flowers [48]. Once the anthesis begins ten anthers can be seen encircling the 

stigma. The pollen is viable from two hours before to eleven hours after anthesis [141]. The 

flower morphology leads to.  self pollination and hence considered cleistogamous and only 

exhibit outcrossing to an extent of 9% [48]. Chaudhary et al. in 1974 developed a new crossing 

technique which had a success rate of 7%. The method was based on manual emasculation of 

anthers and pollination by bringing the mature anthers in contact of the stigma. The optimal 

time for pollinating the buds is between 8:00 a.m - 9:00 a.m. [26]. Generally the pods formed 

after hybridization are relatively smaller with 2-3 seeds in each of the pod. To ease the problem 

of manual breeding, male sterile lines of guar are necessary. There are some reports on nuclear 

sterility and partial male sterile system [142]. Recently other methods like caging have been 

applied in guar to speed up the process of hybrid production [48]. However, very little success 

has been achieved in improving efficiency in making crosses in guar. 

Mutation breeding is considered as a useful tool to enrich the variation in crops where 

useful genetic variability is meager [6]. Many mutants with useful traits like early flowering, 

increased yields and gum content have been produced by this approach [137]. 
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Through these procedures of hybridization plant breeders can manipulate the alleles to 

obtain recombination for various genetic traits. Hybridization allows conducting genetic studies 

on control of phenotypes and their inheritance pattern. The resulting population allows 

prediction of quantitative traits, epistasis and transgressive control of phenotypes. 

The inheritance of five characteristics namely branching behavior, clustering pattern, 

growth habit, leaf size and hairiness have been studied in cluster bean. The results of the study 

showed that all the traits were controlled by single pair of genes except branching behavior 
which exhibited digenic inheritance. The study also showed that the alleles governing 

branching, discontinuous clustering, indeterminate growth habit, small leaf size and hairiness 

were dominant over the alleles controlling non-branching, continuous clustering, determinate 

growth habit, broad leaf and glabrous leaf and stem [25]. 

2.4 Galactomannans 

Galactomannans are heterogeneous polysaccharides widely distributed in nature. These 

belong to the hemicellulosic cell wall component of the plant cell. These galactomannans 

assume the role of storage polysaccharides in seeds of some plants, which is analogous to that 

of starch in cereal grains [32]. Galactomannans also perform water-retaining and defense 

functions in plants [132]. Apart from plants galactomannans are also found in microbial sources 

such as yeast and fungi [35, 82]. Galactomannan is accumulated in the form of secondary wall 

thickenings in the endosperm of guar (C. tetragonoloba) and locust bean/carob (Ceratonia 

siliqua) which are used for commercial production of galactomannan gum. Other plants like 

tera (Caesalpinia spinosa) [148], fenugreek (Trigonella foenum-graecum) [17], mesquite 

(Prosopis pallida) [15, 16] and coconut palm (Cocus nucifera) also contain galactomannan in 

their seeds. 

2.4.1 Structure 

Galactomannans are natural nonionic high molecular weight (100-1000 kDa) polymers. 

Galactomannan is made of linear chains of a (3-1,4-mannan as backbone to which galactosyl 

residues are attached through a-1,6 linkages [151]. The degree of galactose (G) substitution to 

the mannan (M) backbone differs depending upon the source of the gum which is represented 

by M/G ratio; like M/G ratio for guar gum is 1.3-2 and for locust bean gum is 3.75-4. The 

change in M/G ratio changes the structure of the gum thereby determining various properties 
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and applications of the galactomannans [140]. The Fig 2.2 shows the general structure of 

galactomannans. 

	

H, 6H 	h m; 

Fig. 2.2. General structure of galactomannans 11481, n indicates the number of 
unsubstituted mannose, m indicates the degree of polymerization 

Homo-polymer made of long chains of mannose is insoluble in cold water and the 

increase in galactosylation leads to an increase in solubility [18]. Locust bean gum with M/G 

ratio of 4 is considered superior in its viscosity characteristics in comparison to guar gum. Even 

though superior in quality it is difficult to produce [19]. Individual galactomannans differ from 

each other in distribution pattern of the galactose residues along the main chain. It is found that 

in guar galactomannan the distribution is blockwise whereas locust bean gum may contain 

random, blockwise, and ordered distributions [103]. Fig 2.3 shows different kinds of 

distribution of galactose residues in galactomannans. In a recent study the degree of 

substitution and the degree of polymerization of galactomannan was studied. Unmodified guar 

galactomannan was found to contain aggregates, but partial removal of galactose side units 

significantly decreased this tendency. The chain length seemed to dictate the solubility of the 

molecules together with the degree of substitution. 

Regular 
M—M—M—M—M—M—M—M—M—M—M—M—M—M—M—M 
I 	I 	I 	I 	I 	I 
G G G G G G G G 

Random 
M—M—M—M—M—M—M—M—M—M—M—M—M—M—M—M 
I 	 I 	I 	 I 

	
I 

G 	 U U 	 G G 
Blockwise 

M—M—M—M—M— M—M—M—M—M—M— M—M—M—M—M 
I 	 I 	I 

G G G G 	 G G G G 

Fig. 2.3. Arrangement of the galactosyl  side chains in galactomannan [148] 
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The sample with a relatively low degree of polymerization and low degree of 

substitution formed large assemblies but stayed in solution while the solubility of the samples 

with longer chain length was reduced [103]. 

2.4.2 Galactomannan biosynthesis in plants 

Galactomannans are synthesized in endosperm cells by the combined action of two 

enzymes, mannan synthase (ManS) which makes (3-1, 4-linked mannan backbone, and a-

galactosyltransferase, which adds galactosyl residues to the mannan backbone [32, 39, 116]. 

Mannan synthase, the enzyme that forms the (3-1,4-linked backbone of galactomannan, assayed 

in vitro using membrane particles derived from developing endosperm, shows independent 

activity leading to mannose polymer [38]. It has a high affinity for the substrate, GDP-

mannose, and requires divalent cations for activity [130]. But galactosyltransferase has been 

found to be dependent on mannan synthase for activity; it shows no activity in presence of the 

substrate UDP-galctose alone. 

In vitro studies have shown that preformed long mannan chains cannot be 

galactosylated by the enzyme. However the combined action of both mannan synthase and 

galactosyl tranferase has produced polymers similar to galactomannan [38]. They have 

proposed a model for the interaction of GDP mannose mannosyltransferase and UDP-galactose 

galactosyltransferase in galactomannan biosynthesis [38]. The study on galactosyltransferase 

from fenugreek has shown that the enzyme acts on D-manno-oligosaccharides of length greater 

than or equal to 5 acts as acceptor. But the D-manno-oligosaccharides longer than 9 monomers 

require heating for dissolving [41]. 

The degree of galactosylation of natural galactomannans is also believed to be 

determined by two methods. One in which the control is at biosynthesis level i.e. in guar. 

Second kind of regulation involves the alteration of galactomannan formed by the action of a-

galactosidase later in seed development [39] like that in locust bean gum. However both the 

mechanisms of mannose:galactose ratio control in plants are genetic [115]. the pathway for 

biosynthesis of guar galactomannans is shown in Fig 2.4. 

The direct precursors for galactomannan biosynthesis, GDP-D-mannose and UDP-D-

galactose, are formed by the actions of GDP mannose phosphorylase (EC 2.7.7.22) and UDP-

galactose 4-epimerase (EC 5.1.3.2). In vitro experiments have shown that the relative 

concentrations of these precursors also effect the M:G ratio of the galactomannan [39]. 
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The biodegradative hydrolysis of galactomannans during seed development requires the 

presence of three enzymes a-galactosidase, (3-mannanase and (3-mannosidase. a -galactosidase 
hydrolyses the galactose side chain from mannose backbone, J3-mannanase cleaves the mannose 

polymer to oligo mannose and 13-mannosidase hydrolyses the oligomannanans. These enzymes 

are synthesized during the seed development to nourish the developing seedling [95]. 
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Fig. 2.4. Schematic representation of galactomannan metabolism in guar seeds [95] 

Abbreviations: Glu, glucose; Fru, fructose; Man, mannose; Gal, galactose; HXK, hexokinase; 
PMI, phosphomanno-isomerase; PMM, phosphomanno-mutase; GDP-MP, GDP-mannose 
pyrophosphorylase; MS, GDPman- dependent mannosyl-transferase; GT, UDP-gal-dependent 
galactosyl transferase; SS, sucrose synthase; UDP-GE, UDPgalactose 4-epimerase. . 

2.4.3 Genes in galactomannan biosynthesis 

Identification of genes involved in the biosynthetic pathway of cell wall 
polysaccharides has been considered difficult till recent times because of various reasons. Plant 
cell wall synthesizing enzymes are integral membrane proteins with one or few transmembrane 
domains: They are quite challenging for biochemical studies as they tend to be labile, are 
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present in multimeric complexes and are encoded by large gene families whose members may 

have overlapping function [32]. 

UDP-galactose epimerase catalyzes the reversible conversion of UDP-D-glucose to 

UDP-D-galactose. This compound is a precursor for the biosynthesis of various cell wall 

polymers, including galactomannan[65]. Two cDNA clones encoding two different UDPG 

epimerases were isolated. Using functional complementation of a UDP-galactose epimerase 

deficient E. coli mutant by a cDNA expression library from immature guar seeds, galactose 

metabolising colonies with UDPG epimerase activities comparable to wild type level were 

obtained [65]. 

Success in identifying cDNA encoding mannan synthase (ManS) was achieved through 

the identification of a candidate gene via transcriptional profiling followed by functional 

expression in a heterologous system such as soybean somatic embryos. Further analysis 

showed the gene belongs to cellulose synthase like (Csl) gene family [32, 130]. The cellulose 
synthase-like (Csl) genes were first identified in the model plant Arabidopsis [119] and rice 

[56] which are grouped under the family based on certain sequence homology [29]. 

The enzyme responsible for the transfer of galactose (Gal) residues to a mannose (Man) 

on the mannan backbone is a member of the glycosyl transferase (GT) family of proteins called 

galactomannan galactosyltransferase (GMGT). The putative cDNA encoding galactosyl 

transferase from fenugreek seed was cloned and expressed in yeast Pichia pastoris. The 
expressed galactosyl transferase showed transfer of galactose to D-manno-oligosaccarides with 

chain length 5 or more [41]. The mRNA sequence for galactosyl transferase form guar is 

available in NCBI database with sequence id AJ93 8067.1 (gmgtl gene). 

The mannan synthase (ManS) and galactomannan galactosyl transferase (GMGT) 

enzymes are Iocalized in the membrane of Golgi vesicles and are believed to work together 

very closely to determine the statistical distribution of galactosyl residues along the mannan 
chain [40]. 

2.4.4 Genes for biodegradative hydrolysis of galactomannans in guar 

The gene encoding a-galactosidase, an enzyme that hydrolyses the galactose 

side chain from mannose backbone, was identified using oligo-nucleotide mixed probes based 

on the terminal amino acid sequence and the sequence of an internal peptide. The nucleotide 

sequence of the cDNA clone showed that the enzyme is synthesized in the form of a precursor 
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with a 47 amino acid NH2 terminal extension. This pre-sequence mainly functions to target the 

protein outside the aleurone cells into the endosperm [99]. 

2.5 EST sequences in guar 

A database of 16,476 guar seed ESTs was constructed from two eDNA libraries 

consisting of 8,163 and 8,313 ESTs sequences. A library constructed from seeds at an early 

developmental stage (15-25 days after flowering, DAF) formed the first set of sequences, and a 

library from seeds at 30-40 DAF formed the second set. Approximately 27% of the clones 
were not similar to known sequences, suggesting that these ESTs represent novel genes or may 

represent non-coding RNA. Further analyses have shown that the high input of energy into 

carbohydrate and storage protein synthesis in guar seeds was reflected by a high representation 

of genes annotated as involved in signal transduction, carbohydrate metabolism, chaperone and 

proteolytic processes, and translation and ribosome structure. Among the seed storage proteins, 

the most abundant contig represented a conglutin accounting for 3.7% of the total ESTs from 

both libraries [95]. 

2.6 Efforts for obtaining optimal M/G ratio in galactomannans 

There is high importance, application and commercial benefit to obtaining 

galactomannans with good viscosity characteristics. This has lead to various biotechnological 

applications to improve M/G ratio of galactomannans both in vivo and in vitro. Initial studies 

were carried out with the use of a-galactosidase for enzymatic removal of side-chain galactose 

residues from guar gum to yield galactomannans similar in chemical composition and 

functional properties to locust bean gum. Galactomannans with varying galactose content were 

prepared by manipulating reaction time, temperature and enzyme/guar gum ratio. 

Enzymatically modified guar galactomannans with 22-24% galactose contents were found to 

reproduce the rheological and stabilization properties of locust bean gum [19]. 

Later the available information on genes involved in synthesis and biodegradation of 

galacotmannans lead to transformation studies. Fenugreek seed galactomannan is almost fully 
substituted by galactose, whereas galactomannan in tobacco seed (Nicotiana tabaccum) 

contains very low level of galactose substitution. Fenugreek galactoamannan galactosyl 

transferase (GMGT) was expressed under a strong constitutive promoter in tobacco to modify 

galactomannan. The results showed production of galactomannans with significantly increased 

level of galactose substitution in transformed tobacco similar to fenugreek galactomannan 
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[117]. This study also showed that the exogenously introduced fenugreek GMGT dominated 

over the endogenous tobacco GMGT and can operate mutually with the endogenous mannan 

synthase in tobacco [117]. In another approach, the GMGT gene in Lotus japonicus was down-

regulated by sense and antisense expression of GMGT. The Lotus japonicus plant has native 

galactomannan with high galactose substitution (Man/Gal ratio of 1.2-1.3). The transformation 

of galactomannan galactosyltranferase constructs, resulted in the modification of its 

galactomannan to one with a lower galactose content at a Man/Gal ratio of 6 [40]. This study 

clearly showed the potential of modifying low value galactomannan to a more valuable 

galactomannan producing plants through genetic engineering methods [40]. An obvious target 

of such engineering would be guar which is already used for production of galactomannan. In 

addition guar is transformable and is an annual crop, to evaluate the potential role of a-

galactosidase for the control of the final galactose content. An a-galactosidase gene expressed 

in immature senna seeds was cloned and transformed into guar using a wheat high-molecular-

weight glutenin promoter by Agrobacterium tumefaciens-mediated gene transfer. About 30% of 

the guar transformants produced endosperm with galactomannans where the galactose content 

was significantly reduced [64]. 

Development of .suitable endosperm- specific promoters for use in guar is desirable for 

metabolic engineering of the .seed gum. - A -1 .6 kb guar mannan synthase (MS) promoter 

region has been cloned and characterized by studying the quantitative expression of f3-

glucuronidase (GUS) directed by MS promoter. GUS expressed specifically in endosperm of 

transgenic alfalfa [94]. Thus, the guar NIS promoter could prove useful for directing 

endosperm-specific expression of transgenes in legume species. This promoter can be used for 

driving high expression of foreign genes in transgenic guar endosperm as well as in other 

species [94]. 

2.7 Process of guar gum production 

Guar gum is obtained by grinding the seed endosperms and is sold as whitish flour. Fig 

2.5 shows the manufacturing process of guar gum from seeds. Depending on the degree of 

purification, various amounts of other seed tissues, such as residues of germ, seed coat and 

endosperm cell walls may be present in the above obtained guar gum. 

After harvesting the pods are dried in sun and then threshed mechanically so that the 

seeds are freed from the pods. The endosperm contains most of the pure galactomannan, and so 

it must be separated from the seed coat [148]. On commercial scale, seeds are roasted in a 
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furnace to loosen the seed coat, after heat treatment the hull is easy to separate by attrition 
milling or various other types of impact milling [72]. The separated endosperm usually sticks 
with the hull and has to be resubjected to milling process. Then, the endosperm is powdered by 
means of pulverisers to desirable mesh size. The pulverization step is carried out in humid 
condition and special care is taken to avoid degradation of high molecular weight polymers. 
The gum so obtained is called crude gum or commercial grade gum [148]. 
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Fig. 2.5. Flow chart showing the process of guar gum extraction from guar seeds [72] 

Crude gum obtained by milling process contains proteins, fibers, etc, as impurities. To 
determine physico-chemical properties the gum is dissolved in water and partially precipitated 

with polar solvents. Gum can also be purified by complexation with Cue+  and Bat+  salts or by 

dialysis for advanced studies [140]. 

2.8 Modifications 

As galactomannans produce relatively high viscosity, they may not be suitable for 
certain applications; hence, depolymerized gum can be used to reduce the viscosity [156]. 
Some modifications make the gum less susceptible to microbial degradation [148] while certain 
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modifications increase the viscosity of the galactomannan [77]. Table 2.1 shows the 
applications of modified guar gum in various industries [77]. 

2.9 Applications of guar gum. 

Guar gum has numerous applications. Fig 2.6 shows the applications of guar gum in 
different industries. 
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Fig. 2.6. Applications of guar gum in different industries [31] 

Table 2.1. Applications of guar gum and its modified forms in various industries [771 

Sr. Form of gum 	 Functions 
No 
1 Explosives Industry 

Crosslinked guar gum Water remover 
Guar gum Plasticity improver 
Hydratable guar gum and self complexing guar um Gelling agent 
Nitrate ester of guar gum Thickening agent 
Guar gum Increases viscosity 
Cyanoethyl ether of guar gum Thickening agent 
Guar gum with inorganic oxidizer salts Thickening agent 
Guar gum with transition metal ions Increases viscosity 

2 Petroleum Industry 
Sulfonated guar gum and Me3 N guar gum Thickener 
Alkali refined guar gum crosslinked with borax Gelling agent 
Hydroxy propyl guar gum Thickening agent 
Guar gum and hydroxy ethyl cellulose Gel ling agent 
Cationic guar gum Viscosity and thermally stable 
Guar gum with boric acid and magnesium-oxide Provides viscosity stability 
Hydroxyl alkyl ether derivatives of guar gum Reduces friction and increases permeability 
Guar gum with mineral salts and PEG Improve water loss 
Hydroxy alkyl guar gum Good fluid loss properties 

--- 	
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Guar gum with methylene blue Indicator of fluid life 
Guar gum with laminar silicate starch and swelling clay For reduction of fluid loss 
Borate cross linked guar gum Stable super-elastic liquid with lessened 

temperature sensitivity for control of lost 
circulation in oil field drilling operation 
For plugging leaks and stabilization of 

Guar gum xanthomonas campestris mixture 	. likages 
3 Textiles Industry 

Guar gum Thickener 
Guar gum and xanthomonas gum Printing paste thickener 
Guar gum derivatives (polyacrylic acid, polyacrylamide, Thickener 
carboxy methyl guar gum & guar gum mixture grafted with 
acrylic acid or acrylonitrite or acrylamide) 
Guar gum PEG lauryl ether Foam composition 
Sulfonated guar gum derivatives Pigment retention aid 
Guar gum with acrylamide Stabilizer 

4 Paper Industry 
Guar gum Increase fines retention 
Quaternary ammonium guar gum Imparts dry strength 
Derivatives of guar gum (mey proid, SFA, mey pro bend Enhance surface and sizing 
PA109, meyprofilm PA 116) Improves retention for filter barrier 
Cationic guar gum Retention & drainage providing agent 
Guar gum formate Flocculent and sizing agent 
Sodium salt carboxy methylated guar gum Dry strength 

5 Ore refining/metal Industry 
Amino ethyl gum In settling fine particles colloidal 
Guar gum Flocculent 
Guar gum with polyacrylamide Less mechanical work 
Guar gum and its derivatives Binder 

6 Coal mining Industry 
Esterified guar gum Stabilizer 
Guar gum Dispersant 
Guar gum with boric acid/borax For shock impregnation of coal seams 

7 Tobacco Industry 
Guar gum Adhesive 
Guar gum Reduces irritation & strengthening agent 

8 Electricals and telephone 
Guar gum Lubricant for installation of electric and 

telephone cable 
Guar gum with isobutylene and Carboxy methyl cellulose Electrical insulator 

9 Fire fighting Industry 
Carboxy methylated guar gum Provides storing stability 
Guar gum with glycerol and ethylene glycol Dispersions 
Guar gum with decyl sulphate & ammonium phosphate Provide viscosity and stability 
solution 

10 Building and construction Industry 
Guar gum Gelling agent, foam stabilizer and thickening 

agent 
Guar gum Water proofing 

11 Pollution Control/water purifier Industry 
Trimethyl ammonio, triethyl ammonio, diethyl amino and Adsorbent 
sulfo derivatives of guar gum 
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Cationic guar gum derivatives 	 Flocculating and exchanging agent 
12 Analytical Industry 

Guar gum derivatives (Glycin hydroxamate in guaran, Separation of metal ions 
acetic acid hydroxamate in guaran, imino diacetic acid 
dihydroxamate in guaran) Support for immobilization of ligands 
Modified guar gum Purification of lectins 
Guar gum Chromatographic separation and selective 
Crosslinked guar gum resin for boron 

13 Photography 
Hydrolysed guar gum 	 Binder 

14 Food Industry 
Guar gum Thickener, Binder, 
Guar gum Stabilizer and gelling agent 
Guar gum with carragenan and Modify visco-elastic behavior of wheat flour 
O-carboxy methyl cellulose Stable thixotropic stabilizer, emulsifier 

system 
Guar gum with carboxymethyl cellulose and tamarind seed Thickening and improver 
gum 
Glydyl trimethyl ammonium denatured guar gum Improves sedimentation 
Guar gum with xanthan and carob gum Thickening agent and stabilizer 
Guar gum Freeze thaw and heat stabilizer 
Guar gum with whipable albumin and edible fat To create pudding & cream dressing of cakes 

15 Dairy 
Guar gum 	 Thickener and calcium binder 

16 Pharmaceutical Industry 
Guar gum Stabilizer, Suspending agent, 

Binder/disintegrant 
Sodium carboxymethyl guar Binds medicine 
Guar gum Drug targeting to colon 
Modified guar gum Sustained release of diltiazem-hydrochloride 

Insulinogenic & blood glucose lowering 
Guar gum agent 
Guar gum Cholesterol lowering agent 
Guar gum Decreases transit time of colon 
Partially hydrolysed guar gum Blood glucose and blood lipid lowering agent 
Guar gum Malnutrition treatment 
Guar gum High resorptivity 
Guar gum Synergistic activity with bismuth salt 

17 Agriculture 
Guar gum or guar gum + polyvinyl alcohol + borax Increased water retention capacity of soil 
Guar gum derivatives Improves water holding capacity 
Guar gum Anticrusting agent and adhesive of 

azotobacter 
Guar gum polyacrylamide Water retaining agent 
Guar gum Decreasing cholesterol level, decreases 

nitrogen retention, fat absorption and 
Guar gum with fatty acid derivatives and kaolin metabolizable energy 

Prevention of granules 
18 Cosmetics 

Guar gum with hydroxyethyl-cellulose and Zn pyrithione Suspending agent 
etc Thickener 
Guar gum/urea an sulphite 
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19 Soap Industry 
Hydroxy-G-6 alkyl ether derivatives of guar gum Thickener 
Guar gum Removes soil but retains lipid 
Guar gum or hydroxy propyl guar gum Thickener 

2.10 Market 

Guar gum is a very important foreign exchange earner for India. For instance, guar gum 

export reached 183.57 thousand tons providing foreign exchange worth Rs. 10384 million 

during the year 2004-05. In 2005-06, 189.11thousand tons guar gum costing Rs. 11249 million 

was exported to western countries. Thus the demand for guar gum is rising in the global market 

and is becoming an opportunity for the farmers and the industrialists as well [76]. 

2.11 Major areas of interest in guar 

Guar is a versatile crop used in various ways and is essential for various industries. 

However, the crop is facing number of challenges affecting its productivity and market 

potential. There is a need to overcome various technical bottlenecks to solve these problems. 

2.11.1 Productivity of guar 

The productivity of guar is fluctuating over the years and also among different growing 

regions. In India Rajasthan has the highest area under guar cultivation yet the productivity is 

lowest. Thus sustained productivity has to be achieved through the production of improved 

cultivars and the use of better agronomic practices [77]. 

2.11.2 Susceptibility to diseases 

The crop suffers from various diseases like Alternaria leaf spot, bacterial blight, 

Anthracnose, root rot and wilts. There is an urgent need to identify resistance genes for these 

diseases and transfer them to commercially grown cultivars [77]. 

2.11.3 Adaptable varieties for all season and regions 

With constant increasing demand for guar gum, the cultivation area under the crop has 

to be increased. This is possible by producing cultivars that are suited for off-season cultivation 
and growth in irrigated regions where it is not commonly cultivated [77]. 
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The major challenges faced by the crop can be overcome by application of molecular 
approaches to understand the genetics and by producing better cultivars through molecular 
breeding. 

2.12 Molecular Markers 

The concept of genetic markers is not a new one. Since long, plant scientists have 

employed a diverse array of molecules in an effort to resolve relationships among plant species 

[28] and study genetic inheritance. Gregor Mendel used phenotype-based genetic markers to 

study the inheritance of traits in the nineteenth century [1]. Phenotype based genetic markers 
for Drosophila led to the establishment of the theory of genetic linkage. In 1960s and 1970s the 

use of secondary chemical compounds, such as flavonoids and terpenoids, played a major role 

in efforts to resolve plant relationships at many taxonomic levels [28, 138]. Isozymes were also 

used as markers in various studies. But, the limitations of phenotypic and biochemical markers 

led to the development of more general and useful direct DNA based markers that became 
known as molecular markers. 

The DNA based molecular markers reveal natural variation at the DNA sequence level 

These markers are used in plant genotyping, diversity studies, genetic linkage studies, 

quantitative trait mapping and marker-assisted selection during plant breeding [69]. DNA-

based molecular markers offer numerous advantages over conventional phenotype based 

alternatives because they are stable and can be detected in all tissues regardless of growth, 

differentiation, development, or defense status of the plant. They are not confounded by the 

environment, pleiotropic and epistatic effects [1]. Molecular markers do not have any 

biological effect; they are identifiable - DNA sequences found at specific locations of the 

genome, and transmitted by the standard laws of inheritance from one generation to the next. 

They can be considered as constant landmarks in the genome. Since the markers and the genes 

they mark are close together on the same chromosome, they tend to stay together in each 

generation of plants produced. As scientists learn where markers occur on a chromosome, and 

how close they are to specific genes, they can create a genetic linkage map [134]. The first 

theory about the construction of genetic linkage map in man using Restriction Fragment Length 

Polymorphism (RFLP) was given in 1980 [12]. Today the existence of various molecular 

techniques and differences in their principles and methodologies require careful consideration 

in choosing one or more of such marker types. 
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Molecular markers are considered ideal if, they have the following characteristics [1]: 

1. Polymorphic and evenly distributed throughout the genome 

2. Provide adequate resolution of genetic differences 

3. Generate multiple, independent and reliable markers 

4. Simple, quick and inexpensive 

5. Need small amounts of tissue and DNA samples 

6. Have linkage to distinct phenotypes 

7. Require no prior information about the genome of an organism 

Unfortunately none of the molecular marker techniques is ideal for every situation. 

Techniques differ from one another with respect to important features such as genomic 

abundance, level of polymorphism detected, locus specificity, reproducibility, technical 

requirements and cost. Depending on the need, modifications in the molecular markers have 

been made, leading to their advanced versions. Fig 2.7 shows the development of various 

molecular markers in the previous two decades [.1]. 

2.12.1 Restriction fragment length polymorphism (RFLP) 

In RFLP, DNA polymorphism is detected by hybridizing a chemically labeled DNA 

probe to a Southern blot of DNA digested by restriction endonucleases, resulting in differential 

DNA fragment profile [1]. The RFLP markers are highly polymorphic, co-dominantly inherited 

and highly reproducible. RFLPs are present throughout the genome, heritable and locus 

specific. The method can also be used to simultaneously screen numerous samples. The DNA 

blots can be analyzed repeatedly by stripping and re-probing (usually eight to ten times) with 

different RFLP probes [1]. RFLP was used widely in early 1980's for a wide range of plant 

species [106]. This technique is not very widely used now because it is time consuming, 

involves expensive and radioactive/toxic reagents [111] and requires large quantity of high 

quality genomic DNA. The requirement of prior sequence information for probe generation 

increases the complexity of the methodology. These limitations led to the conceptualization of 

a new set of less technically complex techniques known as PCR-based techniques [1]. 
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Fig. 2.7. Schematic diagram describing the development and utilization of molecular 
marker techniques over last two decades [1] 

The invention of polymerase chain reaction (PCR) technology [92, 126, 127] has lead to 
the development of various marker systems for the study of genetic diversity. Following are the 
various PCR-based marker techniques mainly used in plants. 

2.12.2 Amplified fragment length polymorphism (AFLP) 

AFLPs are generated by complete restriction endonuclease digestion of total genomic 
DNA, followed by selective PCR amplification and electrophoresis of a subset of the 
fragments. This results in a unique, reproducible fingerprint/profile for each individual. The 
fingerprint allows an assessment of genome-wide variation. These anonymous markers consist 
largely of non-coding DNA [89] . 

AFLP is useful in a wide range of applications including linkage mapping [128, 147, 
155], measuring genetic diversity [2, 44], identifying hybrids [136] and cultivars [45], 
population genetics [83], population assignment and developing single-locus sequence-
characterized amplified region (SCAR) markers [70, 96]. 
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2.12.3 Random amplified polymorphic DNA (RA.PD) markers 

Randomly amplified polymorphic DNA markers technique was introduced in the year 
1990 [154]. It is an effective and powerful technique for determining genetic variation and has 
the capacity to generate markers that span the genome without prior knowledge of the sequence 
[9, 61]. 
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Fig. 2.8. Schematic diagram showing RAPD technique 

The RAPD protocol usually uses a single 10 bp arbitrary primer at a constant low 
annealing temperature. Although the sequences of RAPD primers are arbitrarily chosen, two 
basic criteria must be met: a minimum of 40% GC content (50 - 80% GC content is generally 
used) and the absence of palindromic sequence (a base sequence that reads exactly the same 
from right to left as from left to right) [154]. The basis of RAPD technique is differential PCR 
amplification of genomic DNA. It deduces DNA polymorphisms produced by rearrangements 
or deletions at or between oligonucleotide primer binding sites in the genome [1]. Fig 2.8 
shows schematic diagram of RAPD reaction with polymorphism. 

RAPD has been applied for various purposes in many plant species. It has been used to 
construct genetic maps 174, 75, 97]. It has also been used for genome fingerprinting and 
characterization [114, 131, 153]. Markers linked to important plant genes like Pseudomonas 
resistance gene in tomato [84], Uroinyces appendiculatus (Pers.) resistance in common bean 
[52], etc. have been developed using random primers. Sequence characterized amplified 
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regions (SCARs) markers can also be developed from RAPD [33, 87]. There are few reports of 
RAPD analysis in commercial varieties of cluster bean [81, 100, 109]. 

2.12.4 DNA amplification fingerprinting 

A modification of the RAPD technique called DNA amplification fingerprinting (DAF) 

was introduced in 1993 where one or more very short (less than or equal to 5 nt) arbitrary 

oligonucleotides are used to direct the enzymatic amplification of DNA. Polyacrylamide gel 

electrophoresis and silver staining is used to resolve the complex patterns. It is suitable for 

DNA fingerprinting [21]. DAF is used for studying relationships among closely related species 
and cultivars in plants [24] and bacteria [7]. 

2.12.5 Sequence characterized amplified regions (SCAR) 

The arbitrary marker techniques are sensitive to changes in the reaction conditions and 

are not very easy to use for various studies. In SCAR, pairs of 20-25 bp oligonucleotide primers 

specific to the sequence of polymorphic bands are used to amplify the characterized regions 

from genomic DNA under stringent conditions, which makes these markers more specific and 
dependable as compared to RAPD markers [33]. 

In order to bridge the gap between the ability to obtain linked markers to a gene of 

interest in a short time and the use of these markers for map-based cloning approaches or for 

routine screening procedures, SCAR marker technique was developed and applied [1, 3]. The 

difficulty of developing SCARs varies according to the technique used to produce the original 

profile. Conversion to SCAR is considered easy in comparison to AFLP and ISSR [3]. The 

derived SCAR markers can be applied for marker assisted selection [63], map-based cloning, 
linkage mapping [155], etc. 

2.12.6 Cleaved amplified polymorphic sequences (CAPS) 

CAPS are also known as PCR-RFLP markers. The CAPS deciphers the restriction 

fragment length polymorphisms caused by single base changes like SNPs, insertions/deletions, 

which modify restriction endonuclease recognition sites in PCR amplicons [1]. The results are 

highly reproducible with different DNA extraction methods. The stability and simplicity of 

CAPS analysis makes it a good tool for the identification of cultivars [78]. 
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CAPS markers can be developed by comparing the sequence difference between two 

known regions and designing a combination of primers and restriction enzymes for assay [78]. 

These markers can also be generated form arbitrary marker techniques [150]. 

2.12.7 Single strand conformation polymorphism (SSCP) 

Single strand conformation polymorphism is the mobility shift analysis of single-

stranded DNA sequences on neutral polyacrylamide gel electrophoresis. These are used to 

detect polymorphisms produced by differential folding of single-stranded DNA due to subtle 

differences in sequence (often a single base pair) [1, 98]. 

2.12.8 Single nucleotide polymorphism (SNP) 

Single nucleotide polymorphisms and insertions/deletions, which are the basis of most 

differences between alleles, have been simplified by many developments in sequencing 

technology. SNP discovery in many crop species, such as corn and soybean, is relatively 

straight forward because of the presence of high level of intraspecific nucleotide diversity, and 

the availability of many gene and expressed sequence tag (EST) sequences [110]. Several 

different strategies for the discovery of SNPs may be used. These include the re-sequencing of 

PCR amplicons with or without pre-screening, electronic SNP (eSNP) discovery in shotgun 

genoinic libraries, and eSNP discovery in expressed sequence tag (EST) libraries [110]. 

2.12.9 Microsatellite or simple sequence repeats (SSR) markers 

Microsatellite or short tandem repeats or simple sequences repeats are repetitions of 

very short (1-5) nucleotide motifs, which occur as interspersed repetitive elements in all 

eukaryotic genomes [144]. The variation in the number of repeated units is mainly due to strand 

slippage during DNA replication where the repeats allow matching via excision or addition of 

repeats [133]. As slippage in replication is more than a point mutation, microsatellite loci tend 

to be hypervariable. Microsatellite shows extensive length polymorphisms among individuals 

during PCR analysis of unique loci using specific primer sets. SSRs are actually considered the 

most efficient markers but their use is still limited because of the time consuming and laborious 

steps to develop them [113]. 

Microsatellites are popular genetic markers because of their co-dominant inheritance, 

high abundance, enormous extent of allelic diversity, and the ease of assessing SSR size 

variation by PCR with pairs of flanking primers [1]. Their potential for automation is an 
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additional advantage when compared with other types of molecular markers. SSRs are highly 
polymorphic, genome specific, abundant and co-dominant, and have recently become important 

genetic markers [60]. These are used in studying genetic diversity [4, 90], parentage analysis 
of clones [73], linkage mapping [50, 67], identifying hybrids [22] and marker assisted selection 
[118]. 

2.12.10 Inter simple sequence repeat (ISSR) markers 

Microsatellites are usually more or less proportionally dispersed in the genome. 

However, regions with a greater abundance of these sequences have been•found and are named 

as "SSR hot spots" [10, 11, 161]. Such regions can serve as a source of ISSR markers. 

The ISSR technology is based on the amplification of regions (100-3000 bp) between 

inversely oriented closely spaced microsatellites. Single primer (16-18 bp) consisting of several 

simple sequence repeats is used for amplification of these regions. Primers can be based on any 

SRR motif along with 5' or 3' anchored bases usually 2-4 bases which are arbitrary selective 

nucleotides. However, nonanchored primers have also been used [11]. 
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Table 2.2. Characteristics of the molecular markers used in the study [14, 27, 113, 134] 

SI. Feature RAPD ISSR SSR 
No 
1 Abundance High High High 

2 Locus specificity No No Yes 

3 Nature of polymorphism Base changes Base changes Variation in repeat 
(insertions, deletions) (insertions, deletions) length/ 

variation in SSR number of motifs 
repeat length/number 
of motifs 

4 Level of Polymorphism High High/medium High/very high 

5 Inheritance mode Dominant Dominant Codominant 
/codominant 

6 Reproducibility Low/Medium High/Medium High 

7 Sequence information Not required Not required Required 

8 Technical demands Low/Medium Low/Medium Medium/Low(For 
use) 
High(For 
development) 

9 Cost Low Low Medium . 

10 Labor Low Low Medium (For use) 
High (For 
development) 

11 Time Low Low High 

12 Principle Uses single random Uses single primer Uses primers 
10-mer primers with sequence repeat designed from 

motifs with anchors sequences flanking 
SSR motif. 

13 Applications DNA fingerprinting of Phylogenetic studies DNA fingerprinting 
cultivars of cultivars 
Genetic correspondence Detection of intra- Construction of linkage 
of plant material cultivar variability map 
from nursery Paternity analysis 
Detection of intra- Cultivar traceability Cultivar traceability in 
cultivar variability Phylogenetic studies 
Construction of linkage Gene tagging, 
map 
Cultivar traceability 
Phylogenetic studies 

14 Advantages Simple, No prior Simple, Simple, Reliable, 
sequence information Reproducible, Highly reproducible, 
needed, Multiple loci Multiple loci analysis Transferable between 
analysis from single from single primer, population , Co- 
primer, Requires very Requires very less dominant, Highly 
less DNA, Less DNA, Less expensive polymorphic. 
expensive 

15 Disadvantages Dominant mode of Dominance of alleles, relatively time 
transfer, May not be consuming and 
Reproducibility of homologous in case labor-intensive, 
banding pattern of small fragments. high complexity of 

amplification 
profiles may occur 
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2.13 Development of SSR markers 

SSRs are considered as the most efficient markers because of their co-dominant 

inheritance, high abundance, enormous extent of allelic diversity, and the ease of assessing SSR 

size variation by PCR with pairs of flanking primers [113]. However, high development cost is 
the major impediment for the routine application of SSRs for genetic studies [55, 123]. The 

major drawback of microsatellites is that they need to be isolated de novo from species that are 
examined for the first time [158]. Various approaches have been devised to ease the detection 

and development of SSRs. The two approaches that are commonly used for developing SSR 

markers are 

1. Through library construction 

2. SSR mining from sequence databases 

2.13.1 Development of SSR through library construction 

Construction of genomic libraries followed by screening for SSR containing sequences 

is the method of choice for new species of interest. The method varies depending upon the type 

of library construction. Depending on the fragmentation method, DNA fragments are ligated 

into a common plasmid vector either directly or after ligation to specific adaptors [158]. 

2.13.1.1 Non-enriched libraries 

The following steps are commonly followed for generating SSR markers from a library. 

The DNA is isolated and digested with appropriate restriction enzymes. Fragments between 

300 and 1000 bp are selected by electrophoresis and ligated to a vector. 

Transformation of bacterial cells with ligation vector generally results in thousands of 

recombinant clones which can be subsequently screened for the presence of microsatellite 

sequences. Screening for positive clones is generally carried out by Southern hybridization 

using repeat-containing probes, after blotting bacterial colonies onto nylon membranes. Colony 

transfer can be carried out either by classical replica plating or by picking single colonies and 

ordering them in new arrayed plates [158]. The positive clones are sequenced and primers 

complementary to both flanking regions of SSR are designed [124]. 

Although this approach has been applied in many cases, a number of disadvantages 

exist. It is difficult to construct large libraries for species with large genomes. Other problems 

30 



Review of literature 

such as low effectiveness and specificity of hybridisation as well as the presence of one-side 
flanks in sequenced fragments exist. To improve this method pre-screening for insert length, 

repeat position and orientation by anchor PCR technique was described [112]. 

2.13.1.2 Enriched libraries 

Several approaches have been developed, to increase the SSR containing sequences in 

the libraries. Recently several kits for enriched protocols have been developed [158]. The 

easiest method of enriched library construction is selective hybridization of DNA fragments 

using streptavidin-coated magnetic beads or nylon membranes [53, 71]. The procedure of the 

construction of enriched libraries using streptavidin-coated magnetic beads or nylon 

membranes comprises the following steps [113]: 

• DNA digestion followed by ligation of the resulting fragments to double-stranded 

adaptors 

• DNA hybridization to biotinylated microsatellite probes, followed by binding to 

streptavidin-coated magnetic beads 

• Elution of the DNA fragments from the beads, and PCR amplification with primers 

complementary to the adaptor sequence 

• Cloning of the amplified products into the vector 

• Transformation of E. coli 

• Sequencing of the positive clones 

The method used for generating enriched libraries containing SSRs is described in Fig 

2.9 This method is widely applied in plants [68, 88, 121, 159]. The efficiencies of obtaining 

SSR containing sequences from enriched libraries were higher in all cases than in the 

traditional method. It ranged from 55% [25] up to 100% of the clones containing 

microsatellites suitable for primer designation [53, 113]. In spite of the sufficient progress in 

the efficiency of positive clone isolation, the procedure employing magnetic beads allows 

enrichment in a single or, in few SSR motifs only [113]. This problem can be solved by using 

nylon membranes with many bound microsatellite oligonucleotides [37]. 
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2.13.2 SSR mining from sequence databases 

Recently, expressed sequences tags (ESTs) have been shown to be good sources of SSR 

markers [42]. ESTs are parts of expressed genes, and the EST-derived SSRs can be considered 

as type I markers and used to map genes of known functions [152]. This strategy of developing 

SSR markers is based on bioinformatic screening for sequences containing microsatellites 

deposited in the data bases (EMBL, GenBank). This method is cost-effective, simple and 

relatively quick. However, it has some limitations. When exploring data from expressed 

sequences, a considerable amount of potential polymorphism can be lost as microsatellites are 

broadly present in the non-coding regions of genomes. Additionally, this strategy is limited to 

plants with high economical or scientific interest which are well represented in the databases 

[113]. 

Different tools available on public domain can be used for this purpose. The commonly 

used tools are MlcroSAtellite identification tool (MISA) [146], Tandem Repeats Analyzer 

(TRA)[8], TROLL [85], SSRIT [145] and SSR Primer [122]. Among these 5 tools MISA 

program has given maximum coverage of SSRs in both oil palm ESTs and Contigs [120]. 

However it has the advantage of detecting the mono to decamer repeats and also compound 

repeats but has the disadvantage of inability to detect above decanucleotide repeats. 

The above literature review shows that guar is an important industrial corp. Guar gum is 

essential for various industries like paper, textile, petroleum, oil drilling, pharmaceutics, food, 

cosmaceutics, explosives, etc. The enzymes and the pathway of the galactomannan biosynthesis 

have been studied and the genes responsible for galactomannan production have been cloned 

and characterized. However, still the crop is facing various challenges like disease and low 

productivity. The genetic diversity in the landraces of the crop is not well understood. There are 

no reports of development of any co-dominant markers like SSR which are very useful in 

molecular breeding and crop improvement programmes. There is a need to develop molecular 

markers and understand the natural variation available in the landraces for quick and easy 

execution of crop improvement programs. 
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3. Studying genetic variability in cluster bean accessions through application 
of RAPD and ISSR markers 
3.1 Materials and methods 

3.1.1 Plant material 

Accessions of guar landraces were kindly provided by National Bureau of Plant Genetic 
Resources (NBPGR), New Delhi. Among 89 accessions provided 29 accessions were selected 

based on their place of origin according to Dwivedi et al. (1995)[36]. The regions of origin of 
selected accessions are diagrammatically represented in Fig 3.1. Seeds of 19 elite varieties of 
C. tetragonoloba, which are commonly grown in Gujarat, Rajasthan and Haryana or being 
tested for release were obtained from Central Arid Zone Research Institute (CAZRI), Jodhpur, 

Rajasthan. The details of the accessions are given in Table 3.1. Plants were grown in field 
conditions in Indian Institute of Technology Roorkee, India. Leaves were collected from 3 
weeks old plants for DNA extraction. 

Fig. 3.1. Diagrammatic representation of locations of collection of landraces as stated by 
Dwivedi et al. (1995) [36]: 1.Barmer, 2.Bikaner, 3.Churu, 4.Delhi, 5.Himmatnagar,• 
6.Jaisalmer, 7.Jalore, 8.Jodhpur, 9.Kachchh, 10.Mahendragarh, 11.Nagaur, 12.Palanpur, 
13.Rajkot, 14.Sikar 
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Table 3.1. Details of cluster bean genotypes used for studying genetic diversity [36] 

S1.no Accession Number Location of collection 
1 IC 8783 Delhi 
2 IC 11388 Jalore 
3 IC 103304 Kachchh 

- 4 IC 103323 Himmat nagar 
5 IC 116522 Jodhpur 
6 IC 116527 Jodhpur 
7 IC 116546 ' Jodhpur 
8 IC 116547 Jodhpur 
9 IC 116565 Barmer 

10 IC 116568 Barmer 
11 IC 116569 Barmer 
12. IC 116570 Jaisalmer 
13 IC 116577 Jaisalmer 
14 IC 116583 Churn 
15 IC 116595 Jodhpur 
16 IC 116601 Bikaner 
17 IC 116609 Churu 
18 IC 116659 Churu 
19 IC 116682 Sikar 
20 IC 116751 Nagaur 
21 1C116752 Nagaur 
22 IC 116767 Nagaur 
23 IC 116835 Mahendra arh 
24 IC 116836 Mahendra arh 
25 IC 116890 Ra'kot 
26 IC 116926 Palanpur 
27 IC 116953 - 
28 IC 116958 - 
29 IC 116960 - 
30 M 83 

Commercially grown 
genotypes of cluster bean 

31 RGC 197 
32 RGC 936 
33 RGC 986 
34 RGC 1002 
35 RGC 1003 
36 RGC 1017 
37 RGC 1031 
38 RGC 1038 
39 RGC 1055 
40 RGC  1066 
41 RGC 1076 
42 RGC 1088 
43 RGR 9 
44 HG 563 
45 HG 04-876 
46 SRG 1058 
47 GAUG 501 
48 NSG369 
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3.1.2 DNA extraction buffer 

The composition of DNA extraction buffer is given in Table 3.2. 

Table 3.2. Composition of the DNA extraction buffer 
S.No. Name of the reagent Concentration 
1 Tris.HC1 (pH 8.0) 100mM 

2 EDTA (pH 8.0) 20mM 

3 NaC1 1.4M 
4 CTAB 5% 

5 (3-mercaptoethanol 0.01% 

All the chemicals used were purchased from HiMedia (Molecular biology grade). 

3.1.3 TEIT10E1 buffer 

TE buffer was prepared by mixing lml of 1M Tris.HC1 (pH 8) and 200µL of 0.5M 
EDTA. The volume was made up to 100ml with milliQ water [129]. 

3.1.4 RNase solution 

RNase solution was prepared by dissolving 10mg of RNase (Genei, Bangalore) in lml 

of autoclaved milliQ water. The solution was incubated in water bath at 70°C for 20 min [129]. 

3.1.5 TBE buffer 

The composition of TBE buffer is given in Table 3.3. 

Table 3.3. Composition of 1X TBE buffer [129] 

S.No. Name of the reagent 	Composition 
1 	Tris 	 10.9g 

2 	Boric acid 	 5.56g 

3 	EDTA 	 0.98g 
4 	Distilled water 	 1 L 
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3.1.6 DNA gel loading buffer 

The loading dye was prepared with 0.25% bromophenol blue, 0.25% xylene cyanol 

dissolved in 50% glycerol made in TE buffer. 

3.1.7 DNA extraction and purification 

DNA was extracted from leaves collected from field grown plants using CTAB method 

as described by Doyle and Doyle (1990) with slight modifications [34]. Approximately 0.5g 

leaves were ground to fine powder in liquid nitrogen using sterile, pre-chilled pestle and 

mortar. The pulverized leaf powder was transferred to a 2m1 micro-centrifuge tube containing 

1 ml of pre-warmed DNA extraction buffer. The contents were mixed well followed by 

incubation at 65°C for 1 hour. The tubes were then kept at room temperature for 10 min. Equal 

volume of chloroform:isoamyl alcohol (24:1) mixture was added and mixed gently. The tubes 

were centrifuged at 8000rpm for 10 min at room temperature for phase separation. The upper 

aqueous layer was pipetted out carefully into a fresh tube. The DNA was precipitated by adding 

equal volume of ice cold iso-propanol and kept at 4°C for 2 hours. The precipitated DNA was 

pelletted by centrifugation at 8000rpm for 10 min. The pellet was washed with 70% ethanol, air 

dried and dissolved in TE buffer. RNA was removed by treatment with 2p1 of RNase 

(10mg/ml) and incubation at 37°C in a water bath for 1 hour followed by treatment of 

chloroform:isoaryl alcohol (24:1). The tubes were centrifuged and supernatant was transferred 

to another tube. DNA was precipitated using 100% ethanol. The tubes were centrifuged at 8000 

rpm for 10 min to pellet DNA. The supernatant was discarded and the pellet was air dried. 

Finally DNA was dissolved in TE buffer. 

3.1.8 Quantification and dilution of DNA 

The quality of the extracted DNA was checked by gel electrophoresis on 0.8% agarose 

[129]. The quantity of DNA was estimated by measuring absorbance at 260nm in a 

spectrophotometer (Varian) and diluted to approximately I00ng/µl. The diluted DNA samples 

were stored at -20°C until use. 

3.1.9 DNA amplification conditions for RAPD and ISSR markers 

All accessions, along with a negative control without DNA, were used for RAPD and 

ISSR analysis. Out of the 30 RAPD pruners initially screened 13 decamer primers (Table 3.4) 

were selected on the basis of polymorphism and reproducibility. Polymerase chain reaction 
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(PCR) was performed in 20µ1 reaction volume containing lU Tay DNA polymerase (Biotools), 

2.5mM MgCl2  (Biotools), 5mM dNTPs, 11.tL primer and 50ng of template DNA. Amplification 

was carried out in a Mastercycler gradient programmable thermal cycler (Eppendorf). The 

annealing temperature for each primer was determined by gradient PCR. The PCR was 

programmed with initial denaturation step at 94°C for 4 min, followed by 35 cycles of I min at 

94°C, 1 min at annealing temperature (Table 3.4) and 1 min at 72°C. A final extension was 

carried out at 72°C for 10 min and a hold temperature of 4°C at the end [109, 129]. 

Table 3.4. Details of the RAPD and ISSR primers used in the present study 

Marker Sequence (5'-3') Annealing 
temperature 
Tm(°C)  

RAPD 
OPA 1 CAGGCCCTTC 40 
OPD 12 CACCGTATCC 40 
OPM 2 ACAACGCCTC 38.4 
OPM 12 GGGACGTTGG 40 
OPM 15 GACCTACCAC 38.4 
OPN 1 CTCACGTTGG 37.9 
OPN 2 ACCAGGGGCA - 38.4 
OPN3 GGTACTCCCC 38.4 
OPN 4 GACCGACCCA 39 
OPN 5 ACTGAACGCC 38.4 
OPQ-09 GGCTAACCGA 40 
OPU 15 ACGGGCCAGT 39 
OPX 12 TCGCCAGCCA 39 

ISSR 
UBC808 AGAGAGAGAGAGAGAGC 55 
UBC818 CACACACACACACACAG 56 
UBC820 GTGTGTGTGTGTGTGTC 57 
UBC854 TCTCTCTCTCTCTCTCRG 49 
UBC856 ACACACACACACACACYA 57 
UBC868 GAAGAAGAAGAAGAAGAA 44.5 
UBC879 CTTCACTTCACTTCA 47 

Y = pYrimidine (C, T) 
R = puRine (A, G) 

ISSR primers were custom synthesized by Ocimum Biosciences, Hyderabad according 

to University of British Columbia catalogue and used for screening polymorphism. Out of 16 

primers initially screened, 7 primers which produced clear and unambiguous bands (Table 3.4) 
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were used for diversity study. PCR was performed in 2Oµ1 reaction volume containing IU Taq 

DNA polymerase (Biotools, Spain), 2.5mM MgCl2, 5mM dNTPs, I.tL of 20pM primer and 

50ng of template DNA. Amplification was performed in Mastercycler gradient programmable 

thermal cycler (Eppendorf). The annealing temperature for each primer was determined by 

gradient PCR. The PCR was programmed with initial denaturation step at 94°C for 4 min, 

followed by 30 cycles of I min at 94°C, 1 min at annealing temperature (Table 3.4) and I min 

at 72°C. A final extension was carried out at 72°C for 10 min and hold temperature of 4°C at 

the end. 

3.1.10 Gel electrophoresis and recording 

PCR amplified products were electrophoresed on 1.5% (w/v) agarose gels containing 

0.02g/ml ethidium bromide in IX TBE buffer. The gel was run at 5V/cm for 2.5 to 3 hours. A 

100 bp DNA ladder (Genei, Bangalore) was used as a molecular marker to determine the 

approximate size of the fragments. The gel was visualized under UV light and documented in 

gel documentation system (Bio-Rad). 

3.1.11 Analysis of RAPD and ISSR markers data 

The RAPD and ISSR bands were scored according to their positions. The binary data 

were recorded using `1' for presence of band and `0' for absence of band at a particular 

position. A similarity matrix was computed for RAPD, ISSR and RAPD+ISSR combined data 

using Jaccard's coefficient by the software package PAST [54]. A dendrogram was obtained by 

Unweighted Pair-Group Average (UPGMA) method using the similarity matrix by Jaccard's 

similarity coefficient [62] to determine the relatedness of 48 genotypes under study. 

Bootstrapping was done with 1000 repetitions to evaluate the clusters formed. Principle 

component analysis (PCA) of the landrace data was done using PAST to reveal the genetic 

relations among the landraces according to their geographic origin. Population genetic analysis 

(POPGENE Ver 1.32) software was used to determine the values of Nei's genetic diversity 

(Nei, 1978), Shannon's information index, total genetic diversity among populations (Ht), 

genetic diversity within population (Hs) and mean coefficient of gene differentiation (Gst) for 

two populations, i.e. landraces and commercial varieties. RAPD and ISSR data were also 

subjected to Analysis of Molecular Variance (AMOVA) at individual and population level, 

using GenALEx software [102]. Correlation was determined between molecular, geographical 

and morphological data [36] by performing Mantel tests between their Euclidian distance 
matrices using the software package PAST. 
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3.1.12 Polymorphic information content (PIC) 

Polymorphic Information Content (PIC) for dominant marker system was calculated 

according to Roldan-Ruiz et al. (2000)[125] as 

PIC; 2f (1-j) 

Where, PIC; is polymorphic information content of marker `i', f,• is frequency of the 

amplified allele (band present), and (1-f;) is frequency of the null allele (band absent). PCI was 

averaged for all the fragments for each primer. 

3.1.13 Resolving power (Rp) 

Resolving power (Rp) for each primer was calculated according to Prevost and 

Wilkinson (1999) [108] as 

Rp Y_Ib 

Where, Ib is the informativeness of the bands scored which can be calculated as 

lb = 1-(2*I0.5-pl) 

Where `p' is the proportion of 48 genotypes containing bands. 
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3.2 Results. 

3.2.1 Genetic diversity study using RAPD and ISSR markers 

A set of 13 RAPD markers (Table 3.5) was used for analysis of genetic diversity among 

29 landraces and 19 commercial varieties of cluster bean. The total number of bands, number 

of polymorphic bands, percentage of polymorphic bands, polymorphic information content 

(PIC) and resolving power (Rp) obtained for each primer are shown in Table 3.5. Among the 

RAPD primers used OPN-1 showed highest resolving power whereas OPX-12 showed lowest. 

3.2.2 RAPD analysis 

RAPD PCR amplification produced a total of 118 bands, out of which 103 were 

polymorphic and 15 were monomorphic. Out of the 13 primers used OPQ-09 produced highest 

number of bands (12) with 100% polymorphism, whereas the primer OPX-12 produced only 5 

bands. Fig 3.2 and Fig 3.3 show the RAPD fingerprint patterns produced with OPM-02 and 

OPQ-09 primers, respectively; the sequence of accessions in sample lanes of the photographs 

are according to the serial number in Table 3.1. 

Table 3.5. Properties of 13 RAPD primers used and their percentage polymorphism, 
polymorphic information content and resolving power 

Marker Total 
number 
of 
bands 

Polymorphic 
bands 

Monomorphic 
bands 

Percentage 
polymorphism 

Polymorphic . 

Information 
Content(PIC) 

Resolving 
power 

OPA-1 7 5 2 71.42 0.143 1.208 
OPD-12 6 6 0 100.00 0.419 3.625 
OPM-2 9 5 4 55.55 0.141 2.000 
OPM-12 8 8 0 100.00 0.199 2.000 
OPM-15 11 7 4 63.64 0.189 3.083 
OPN-1 11 10 1 90.90 0.363 6.333 
OPN-2 10 10 0 100.00 0.252 3.500 
OPN-3 10 10 0 100.00 0.371 5.417 
OPN-4 10 9 1 90.00 0.199 2.542 
OPN-5 10 9 1 90.00 0.186 2.500 
OPQ-09 12 12 0 100.00 0.296 4.875 
OPU-15 9 7 2 77.78 0.227 3.208 
OPX-12 5 5 0 100.00 0.151 0.917 
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The accessions of cluster bean distinguished into two major clusters at 75% similarity 
and a third cluster at lower similarity in the dendrogram constructed using RAPD band data 
(Fig 3.4), the first major cluster consisted only landraces and had four sub clusters. The second 
and third major clusters had only commercial genotypes; the second cluster could be clearly 
differentiated into two sub clusters. Three landraces namely IC-116953, IC-116958 and IC-

116595 did not fall into any. cluster. PCA analysis (Fig 3.5) of landraces showed clustering of 
landraces into a single major group containing the landraces from central Rajasthan like 
Jodhpur, Banner, Bhilwara and two loosely bound groups. 
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Fig. 3.4. Dendrogram generated by UPGMA method, showing relationship between 48 
accessions of cluster bean based on genetic profile from RAPD data. The numbers at the 
forks shows the confidence limits for the grouping. of those accessions in the branch, based 
on 1,000 cycles of bootstrap analysis 
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Fig. 3.5. Two-dimensional plot of principle component analysis (PCA) of cluster bean 
landraces using RAPD analysis. The circles indicate the group of accessions which are 
similar to each other in the PCA analysis 

The observed number of alleles, effective number of alleles, Nei's genetic diversity, 
Shannon's information index for landraces and commercial varieties using 13 RAPD markers 
were found to be 1.872±0.335, 1.589±0.351, 0.333±0.170, and 0.490±0.230, respectively. The 
value of total genotypic diversity among population (Ht) was 0.333±0.029, whereas diversity 
within population (Hs) was found to be 0.283±0.026. Mean coefficient of gene differentiation 
(Gst) value 0.148 indicated 86.2% of genetic diversity present within the population. The 
estimated gene flow in the population was 2.857 (Table 3.6). AMOVA helps in understanding 
RAPD variation among and within the populations. Percentage of molecular variance was 
found to be 27% among populations and 73% variance was attributed to variance within the 

"IC 116682 	jq 1165111692 
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population. Table 3.7 shows the Tpt  value, estimated variance, percentage variance among and 
within the populations. 

Table 3.6. A comparative list of genetic variability factors across the accessions using 
RAPD primers 

Observed Effective Nei's Shannon's Ht Hs Gst estimate 
number number gene Information of gene 
of alleles of alleles diversity index flow  

RAPD Mean 1.8729 1.589 0.3339 0.4908 0.3333 0.283 0.148 2.857 
St. Dev 0.3345 0.351 0.1709 0.2309 0.0295 0.026 

Table 3.7. Details of Analysis of Molecular Variance (AMOVA) based on RAPD marker 
data within and among landraces and commercial varieties (level of significance based on 
999 iteration steps) 

Primers Source of 
variance 

Estimated 
variance 

Percentage (%) p1, P(rand >= 
data)  

RAPD Among Pops 4.594 27% 0.271 0.001 
Within Pops 12.355 73% 

3.2.3 ISSR Analysis 

The primers (AG)8, (CA)8 and (AC)8YA produced more bands as compared to (GT)3C 
and (TC)8RG primers (Table 3.8). The primers (GAA)6 and (CTTCA)3 produced 13 and 11 

bands, respectively. The primer (GA)8YC produced unclear bands; the primer (AT)8C did not 

produce any band. The 7 primers used produced a total of 64 bands out of which 50 were 

polymorphic and 14 were monomorphic. Three unique bands were observed in accession 

number lCl 16752 with 2 bands in primer UBC-856 Qf about 320bp and 350bp and a single 

band with primer UBC-868 of about 275bp. Fig 3.6 and Fig 3.7 show the ISSR fingerprint 

patterns produced with UBC-808 and UBC-879 primers; the sequence of accessions in the 
samples in lanes is according to Table 3.1. 

The dendrogram (Fig 3.8) from ISSR data showed one major cluster at 75% similarity 

and five minor clusters at lower level of similarity. The major cluster possessed six sub-

clusters. The dendrogram did not differentiate between landraces and commercial varieties. The 

PCA analysis (Fig 3.9) of the landraces formed a loose group. The accessions IC1 16953, 

IC 116595 and IC 116682 were distant from the group. 
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Table 3.8. Properties of 7 ISSR primers used and their percentage polymorphism, 
polymorphic information content and resolving power 

Marker Total 
number 
of 
bands 

Polymorphic 
bands 

Monomorphic 
bands 

Percentage 
polymorphism 

Polymorphic 
Information 
Content(PIC) 

Resolving 
power 

UBC808 10 7 3 70.00 0.179 2.208 
UBC818 12 9 3 75.00 0.258 4.500 
UBC820 6 6 0 100.00 0.266 2.250 
UBC854 3 2 1 66.67 0.174 0.625 
UBC856 9 6 3 66.67 0.081 1.083 
UBC868 13 11 2 84.62 0.258 4.708 
UBC879 11 9 2 81.82 0.273 4.208 

Table 3.9. A comparative list of genetic variability factors across the accessions using 

ISSR primers 

Observed 
number 
of alleles 

Effective 
number 
of alleles 

Nei's 
gene 
diversity 

Shannon's 
Information 
index 

Ht Hs Gst Estimate 
of gene 
flow 

ISSR Mean 1.7812 1.4627 0.267 0.3988 0.2639 0.253 0.041 11.549 
St. Dev 0.4167 0.3844 0.1939 0.2681 0.0378 0.035 

Table 3.10. Analysis of Molecular Variance (AMOVA) based on ISSR marker data within 
and among landraces and commercial varieties (level of significance based on 999 
iteration steps) 

Primers Source of 
variance 

Estimated 
variance 

Percentage (%) cppt  P(rand >_ 
data)  

ISSR Among Pops 0.608 8% 0.082 0.001 
Within Pops 6.783 92% 
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Fig. 3.8. Dendrogram generated by UPGMA method, showing relationship among 48 
accessions of cluster bean based on genetic profile from ISSR data. The numbers at the 
forks show the confidence limits for the grouping of those accessions in the branch, based 
on 1,000 cycles of bootstrap analysis 

The observed number of alleles, effective number of alleles, Nei's genetic diversity. 
Shannon's information index for landraces and commercial varieties using 7 ISSR markers 
were found to be 1.7812±0.4167, 1.4627±0.3844, 0.267±0.1939, and 0.3988±0.2681, 
respectively. The value of total genotype diversity among population (Ht) was 0.2639±0.0378 
whereas diversity within population (Hs) was found to be 0.253±0.035. Mean coefficient of 
gene differentiation (Gst) value was 0.041 and the estimated gene flow in the population was 
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11.549 (Table 3.9). AMOVA was used to analyze variation among and within the populations. 
Molecular variances were 8% and 92% among and within the population, respectively (Table 

3.10). 
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Fig. 3.9. Two-dimensional plot of principal component analysis (PCA) of cluster bean 
landraces using ISSR and analysis. The circles indicate the group of accessions which are 
similar to each other in the PCA analysis 

3.2.4 RAPD and ISSR combined analysis 

The accessions of cluster bean distinguished into two major clusters at 75% similarity and 3 

minor clusters with lower similarity in the dendrogram constructed using the combined data of 

RAPD and ISSR (Fig 3.10); the 1St major cluster had only landraces and consisted of 5 sub-

clusters. The second major cluster had only commercial genotypes and it consisted of 3 sub-

clusters. PCA analysis (Fig 3.11) of landraces showed clustering of landraces into a two major 
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groups. A tightly linked group contained the landraces from Jodhpur, Jalore, Churu, Palanpur 
and one loosely bound group with accessions from Banner, Mahendragarh, Nagaur, Bikaner 
and Rajkot. 
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Fig. 3.10. Dendrogram generated by UPGMA method, showing relationship among 48 
accessions of cluster bean based on genetic profile from RAPD+ISSR data. The numbers 
at the forks show the confidence limits for the grouping of those accessions in the branch, 
based on 1,000 cycles of bootstrap analysis 

The observed number of alleles, effective number of alleles, Nei's genetic diversity, 
Shannon's information index for landraces and commercial varieties using 13 RAPD and 7 
ISSR markers were found to be 1.8407±0.367, 1.5446±0.3671, 0.3130±0.1817, and 
0.4584±0.2478, respectively. The value of total genotypic diversity among population (Ht) was 
0.3089±0.0333 whereas diversity within population (Hs) was found to be 0.272±0.029. Mean 
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coefficient of gene differentiation (Gst) value was 0.116 and the estimated gene flow in the 
population was found to be 3.787 (Table 3.11) . AMOVA was used to analyze variation among 

and within the populations. Molecular variance among populations was found to be 21% and 

that within the population was 79% indicating higher variation within the population (Table 

3.12). 
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Fig. 3.11. Two-dimensional plot of principal component analysis (PCA) of cluster- bean 
landraces using RAPD+ISSR analysis. The circles indicate the group of accessions which 
are similar to each other in the PCA analysis 

53 



Study of genetic variability 

Table 3.11. A comparative list of genetic variability factors across the accessions using 
RAPD+ISSR primers 

Observed Effective Nei's Shannon's Ht Hs Gst Estimate 
number number gene Information of gene 
of alleles of alleles diversity index now 

RAPD Mean 1.8407 1.5446 0.3103 0.4584 0.3089 0.272 0.116 3.787 
+ ISSR St. Dev 0.367 0.3671 0.1817 0.2478 0.0333 0.029 

Table 3.12. Analysis of Molecular Variance (AMOVA) based on RAPD+ISSR marker 
data within and among landraces and commercial varities (level of significance based on 
999 iteration steps) 

Primers Source of 
variance 

Estimated 
variance 

Percentage (%) cppt P(rand >_ 
data)  

RAPD + ISSR Amon Po s 5.202 21% 0.214 0.001 
Within Pops 19.138 79% 

3.2.5 Correlation between molecular, geographical and morphological data in landraces 

The Mantle test revealed a significant correlation between the molecular data and the 

geographic data. For RAPD data the correlation values were R=0.5252, P=0.0066, for ISSR 

and the geographic data the values were R=0.3144, P= 0.0266 while the RAPD+ISSR data 

showed R=0.5303, P= 0.0076. This indicated that molecular variation corresponds to 

differences in geographic distribution of landraces. 

There was no significant correlation between the molecular data and the morphological 

data. For RAPD data the values were R=0.1021, P= 0.188, ISSR data gave the correlation 

R=0.04437, P=0.2934. The RAPD+ISSR data with morphological data gave R=0.08897, 

P=0.1598. 

3.3 Discussion 

PCR using 13 RAPD primers produced a total of 118 bands whereas 7 ISSR primers 

produced 64 bands. Both the markers revealed genetic variability among the accessions 

studied. The average level of polymorphism revealed by RAPD was 87.63 which is higher than 

77.82 for ISSR. Similarly, higher polymorphism for RAPD primers as compared to ISSR 

primers was reported by Muthusamy et al. (2008) while assessing genetic variation in rice bean 

[93]. PIC and Rp values of markers revealed the discriminating power of markers. PIC values 

ranged between 0.141 (OPM-02) to 0.419 (OPD-12) for RAPD and 0.081 (UBC-856) to 

0.273(UBC-879) for ISSR markers. Rp of a marker gives a moderate idea about the number of 

genotypes that could be resolved by that marker [108]. The values of resolving powers for 
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RAPD markers were between 0.917 (OPX-12) and 6.333 (OPN-1) while that of ISSR markers 

ranged between 0.625 (UBC-854) and 4.708 (UBC-868); indicating better resolving capability 

of RAPD over ISSR. However, in cowpea (Vigna unguiculata (L.) Walp.) landraces more 

polymorphic loci were detected with ISSR than with RAPD fingerprinting [46]. 

Shannon's Information Index is a commonly used index to characterize gene diversity 

in a population. The values of the Shannon's information index were similar for RAPD and 

RAPD+ISSR data but were low for ISSR data. The values of total genetic diversity among 

population (Ht) also showed similar pattern as that of Shannon's information index. Nei's 

measure of the average gene diversity per locus within population (Hs) was similar for RAPD 

(0.283+0.026), ISSR (0.253±0.035) and RAPD+ISSR (0.275+0.029) data showing that both the 

markers revealed similar level of genetic difference within the genotypes. 

AMOVA analysis showed higher polymorphism within the population (73% for RAPD, 

92% for ISSR and 79% for RAPD+ISSR combined data). AMOVA results also showed that 

RAPD was more efficient in detecting the variation between populations. 

Cluster analysis was done on RAPD, ISSR and RAPD+ISSR data. The results based on 

RAPD and RAPD+ISSR data grouped landraces and commercial varieties separately showing 

the presence of distinguishable genetic difference existing between them. The accession 

IC 116958 formed an out-group singlet with RAPD data. Similar results with singlet out-group 

in dendrogram were reported by Punia et al. (2009) [109]. ISSR data produced a cluster with 

commercial varieties along with the landraces. The difference in the clustering pattern can be 

partially attributed to the number of amplified loci analyzed (118 for RAPD and 64 for ISSR). 

Similar difference in clustering pattern between RAPD and ISSR markers was observed in 
genotypes of Jatropha curcas because RAPD and ISSR detected polymorphic DNA by 

amplifying different regions of genome [51]. 

Principle component analysis (PCA) of the landraces showed that the accessions 

belonging to central Rajasthan grouped together indicating genetic similarity. The Mantle test 

between the molecular data and the geographic data of the landraces showed significant 

correlation. This indicated that the molecular variation corresponded to geographic distribution 

of landraces. 
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Mining EST-SSR markers 

4. Mining of EST-SSR markers for amplification and polymorphism among 

guar accessions 

4.1 Materials and methods 

4.1.1 Preparation of EST sequences for analysis 

The EST accession numbers EC616385.1 to EG991296.1 were downloaded from 

dbEST (http: / /www.ncbi.nlm.nih.gov/dbEST/) of NCBI. All the EST's were from developing 

guar embryos. Available C. tetragonoloba EST (16,476) were trimmed using EST trimmer. 

The filtered sequences (16108) were assembled into contigs using CAP3 [57] to remove 

redundancy in the sequences. 

4.1.2 Plant material and DNA extraction 

The accessions of C. serrata and C. senegalensis were kindly provided by_Chaudhary 

Charan Singh Haryana Agriculture University (CCSHAU), Hisar. The cultivars of C. 
tetragonoloba were obtained from Central Arid Zone Research Institute (CAZRI), Jodhpur, 

Rajasthan. DNA was extracted from the field grown plants as described in section 3.1.7. 

4.1.3 Mining simple sequence repeats and primer designing 

The sequences so obtained (16,108) were assembled into contigs using CAP3. The 

candidate SSR containing sequences in the ESTs, assembled contigs and singlet sequences 

were mined using the PERL script MIcroSAtellite analyzer (MISA). The following default 

definements were set for microsatellites (unit size / minimum number of repeats) : (1/10) (2/6) 

(3/5) (4/5) (5/5) (6/5) in MISA. Maximal number of bases interrupting 2 SSRs in a compound 

microsatellite were set to 100. Fig 4.1 shows the work flow followed for screening 

microsatellites. The sum of the microsatellite repeats from the contigs and singlets were used 

for designing primers. Primers flanking the SSR regions were designed using Primer3. 
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Fig. 4.1. Schematic work flow followed for screening microsatellites 

4.1.4 Polyacrylamide gel electrophoresis of DNA 

4.1.4.1 Preparation of 40% Acrylamide-bis acrylamide solution 

Acrylamide (38g) and bis acrylamide (2g) were weighed and dissolved in 50m1 of 
double distilled water. The volume was made up to 100 ml by double distilled water. 

4.1.4.2 Preparation of 1OX TBE 

The composition of TBE buffer is given in Table 4.1. 

Table 4.1. Composition of 1OX TBE buffer [129] 

S.No. Name of the reagent 	Composition 
1 	Tris 	 10.9g 

2 	Boric acid 	 5.56g 

3 	EDTA 	 0.98g 
4 	Distilled water 	 100m1 
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4.1.4.3 Procedure 
The composition of PAGE gel is given in Table 4.2. 

Table 4.2. Composition of 8% PAGE gel 

S.No. 	Name of the reagent 	 Composition for 150 ml 

1 	40% acrylamide-bis acrylamide solution 	 30m1 

2 	l OX TBE 	 7.5m1 

3 	Ammonium persulphate 	 0.105g 
4 	TEMED 	 125µL 

5 	Double distilled water 	 92.38m1 

All the constituents as mentioned in Tabel 4.2 were taken. Ammonium persulphate and 

TEMED were added just before pouring. After pouring the comb was fixed in gel and allowed 

to solidify for about 1 hour [129]. 

4.1.5 Silver staining 

4.1.5.1 Preparation of Solution 1 (Fixative solution) 
The composition of fixative solution is given in Table 4.3. 

Table 4.3. Composition of fixative solution 

S.No. Name of the reagent 	Composition 

1 	Methanol 	 20m1 

2 	Glacial acetic acid 	 lml 

3 	Distilled water 	 179ml 

4.1.5.2 Preparation of Solution 2 (Staining solution) 
The composition of staining solution is given in Table 4.4. 

Table 4.4. Composition of staining solution 

S.No. Name of the reagent 	Composition 

1 	Methanol 	 20m1 

2 	Glacial acetic acid 	 lml 

3 	AgNO3 	 0.2g 

4 	Distilled water 	 179m1 
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4.1.5.3 Preparation of Solution 3 (Developing solution) 
The composition of developing solution is given in Table 4.5. 

Table 4.5. Composition of developing solution 

S.No. Name of the reagent 	Composition 

1 	NaOH 	 5.lg 

2 	Formaldehyde % 	 600µL 

3 	Distilled water 	 199.4m1 

4.1.5.4 Procedure for silver staining 
After gel electrophoresis, PAGE plates were disassembled. The gel was carefully placed 

in the staining tray. The gel was treated with fixative solution for 5 min with gentle rocking. 

After fixing the DNA the fixing solution was decanted. Similarly the gel was incubated in 

staining solution for 5 min. The staining solution was decanted and the gel was washed gently 

with distilled water to remove excess silver nitrate on the gel and tray. The gel was then treated 

with developing solution for visualizing the bands. After the visualization of bands the 

developing solution was replaced by fixative solution for increasing the depth and sharpness of 

bands. 

4.1.6 DNA amplification conditions for SSR markers 

Five accessions viz., M-83, RGC-1066, ROC-1002, C. serrata and C. senegalensis were 

used for SSR analysis. Polymerase chain reaction (PCR) was performed in 541 reaction 

volume containing 0.5U Taq DNA polymerase (Biotools), 2.5mM MgC12 (Biotools), 5mM 

dNTPs, 0.5µL of 20pM primer each and 50ng of template DNA. Amplification was carried out 

in a Mastercycler gradient programmable thermal cycler (Eppendorf). The PCR was 

programmed with initial denaturation step at 94°C for 4 min, followed by 30 cycles of 30 sec at 

94°C, 30 sec at 55°C and 30 sec at 72°C. A final extension was carried out at 72°C for 5 min 

and a hold temperature of 4°C at the end [129]. 

4.1.7 Gel electrophoresis and recording 

PCR amplified products were electrophoresed on 8% PAGE gels and silver stained. The 

gel was run at 5 V/cm for 5 to 6 hours. A 100 bp DNA ladder was used as a molecular marker to 
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determine the approximate size of the fragments. The gel was visualized under white light and 

documented in gel documentation unit (Bio-Rad). 

4.1.8 Data analysis of SSR markers 

The SSR bands were scored according to their allele size. The binary data were 

recorded using `0' for absence of band at expected product size and `1' , `2' or `3' for different 

alleles. A similarity matrix was computed for the data using Euclidean coefficient by the 

software package PAST [54]. A dendrogram was obtained by Unweighted Pair-Group Average 

(UPGMA) method using the similarity matrix by Euclidean similarity coefficient [62] to 

determine the relatedness of 5 accessions under study. Bootstrapping was done with 1000 

repetitions to evaluate the clusters formed. 

4.2 Results 

4.2.1 Data mining for simple sequence repeats 

A total of 16,108 sequences were analyzed for SSRs. The contig making program CAP3 

produced 1,755 contigs and 4,320 singlets. The contigs showed 327 microsatellite repeats from 

276 sequences of which 28 of them were in compound formation. Singlets had 580 

microsatellite repeats in 506 sequences of which 41 were in compound formation. The sum of 

the microsatellite repeats from the contigs and singlets (907) from 3.7 million base pairs. The 

results suggest that there is about one SSR in every 4.1 kb of expressed sequences in cluster 

bean. The 782 sequences that contained the SSRs were used for designing primers. 

The abundance of different repeat types were also analyzed. Mononucleotide repeats 

(435) were the most abundant among the SSR types in C. tetragonoloba ESTs, followed by di-

nucleotide repeats (189). Fig 4.2 shows the abundance of different kind of repeat types in 

cluster bean EST's, contigs and singlests. Table 4.6 shows the frequency of different kinds of 

repeats in cluster bean ESTs. 
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Table 4.6. Frequency of different kinds of simple sequence repeats in cluster bean ESTs 

A/T 821 167 262 
C/G 7 2 4 
AC/GT 17 3 13 
AG/CT 157 39 83 
AT/AT 100 17 34 
AAC/GTT 23 9 5 
AAG/CTT 108 29 60 
AAT/ATT 172 24 39 
ACC/GGT 24 6 12 
ACG/CGT 1 1 
ACT/AGT 10 1 8 
AGC/CTG 23 6 12 
AGG/CCT 12 3 8 
ATC/ATG 44 12 14 
CCG/CGG 4 2 
AAAC/GTTT 2 1 
AAAG/CTTT 9 1 4 
AAAT/ATTT 8 1 6 
AAGC/CTTG 1 1 
AAGG/CCTT 1 1 
AATC/ATTG 1 1 
AATT/AATT 6 1 1 
ACAT/ATGT 3 3 
AGAT/ATCT 1 1 
AGCC/CTGG 2 1 
AGCT/AGCT 1 1 
AAAAT/ATTTT 2 1 
AAAGG/CCTTT 1 1 

•AAGAG/CTCTT 2 2 
AATCG/ATTCG 1 1 
AATTC/AATTG 2 1 
ACAGC/CTGTG 1 1 
AGCCTG/AGGCTC 1 1 
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Computational analysis of cluster bean EST's by 
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Fig. 4.2. Graph showing the abundance of different kinds of repeat types in cluster bean 
EST's, contigs and singlets 

4.2.2 Primer designing 

Flanking primers were designed for SSR containing sequences (except mononucleotide 
repeats) using the online tool Primer3. The details of the sequence, motif type, SSR length and 
primer sequences are given in Appendix I. A total of 362 primers were designed out of which 
226 were synthesized. Table 4.7-  shows the names and sequences of the primers synthesized. 

Table 4.7 Name and sequence of primers synthesized 

Name Primer sequence 5'-3' Name Primer sequence 5',3' 
IITR NIF CGAGGCAACAATATCATCTTCA 11TRNIR TTTGGGATCGATCAAAGTGA 
ITTR N2F CTTTCCCTTCCTTGCTTCCT IITR N2R TGAACCCAAAACACCAAACC 
IITRN3F CCACCACTTAGGTCGTGCTT HTRN3R CAAAAGCAAGGGAAAGGTCA 
IITR N4F CTCCCCTTCCACTTTCCTTC IITR N4R AAGAACAAGATGTTGGGCATTT 
IITR NSF TGCAAGTGACAACAGATTTGC IITR N5R ACGGCATTATCCGCTACAAA 
TTTR N6F AAGGAAATTGCTCAGGCTCA 1TTR N6R CCCAAAGGCCAACATAATTG 
IITR N7F AGGAGAAGGCTTGGGATGAC IITR N7R TTCCACCATGTGAAAAAGCA 
IITR N8F CGGAAATCAACATCAACGAA IITR N8R TGTGACTTGGAAGCCCTTTT 
IITR N9F TCAGCCACAATGACACCAGT IITR N9R CTTCGTCGTCCGACACTACA 
IITRNIOF ACTATGAATGCCGTGGAAGC TITRNIOR AAAACAAACGCACCACACAA 
I1TRNIIF AGGAGAAGATGCTCCCAACA IITR NIIR TGAGCATCCATGAAAGCAAG 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

IITR NI2F TACCGTGTTGGTGACCTTGA IITRN12R ATGTCCAAACCCATCTCCAA 

IITR N13F CACGAGGATTTCACTCACACA IITR N13R AGGAGGGAGTTCAGGTTGGT 

IITR N14F AAAGAAGAAAGATCCTTGTTTGGA IITR N14R AAACAAAAATAACCGCTTGATGA 

IITRN15F CTTTGCTTCAAAGGGTTTCG IITRN15R GCTCTGTCATTGTGGGAAAAA 

IITR NI 6F TCGAATTGAAGGCAAAGAGC IITR NI 6R GTAGCTGAGTGCCCTGGAAG 

IITR N17F CAACCAGAAACATGAAGCACA IITR N17R CCTGTTATGCCTGCTGAGTG 

IITR Ni SF  CGAGGGAAAGAGTTAAGAGAAAA IITR N 18R CCATAGCCAAAAACCCAGAA 

IITR N19F CTGCCTCAACAACCTCAACA IITR NI 9R CGAGCAAACCAAGGAAGAAG 

IITR N20F CCAAAGATCAACAACAACCAGA IITR N20R CCAACAGTGGCTTGCTTGTA 

IITR N21 F TCACCGAGTTATGTGGGTTTC IITRN21R CCCACAACCAAATACCCAAC 

IITR N22F GCCGGAGTATCCATCAAAAC IITR N22R AATCTTGTCAACCCCCTGTG 

IITR N23F CATGATTGCGTCAAAACTCG IITR N23R CCCAGGGGAGGGTTACTAGA 

IITR N24F TACCACCCTAGGCCCTAACC IITR N24R GGCCCCATTTTTATTTTGTTT 

IITR N25F TAAGTGCAATTGTGCGAAGC TITR N25R AAGCACTTAGAGTGTGCTTTGTTG 

IITR N26F TAATCCATGTGCCAACAAGC IITR N26R TCTCCTTGCTCACCCAAAAT 

Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

CT001F CTGACCAAAGCCTTTTCCTG CT001R TGATGACGATGGAGATGGAA 

CT002F ACTGAAATGGTGGCAGAAGG CT002R TGTGAAAGCGAAGAAAGGTG 

CT003F TCCCTGGCTCTTCAATCACT CT003R TTTGGGGACGACCTATTTGA 

CT004F CACGAGGTTCACACTTTCCTT CT004R TGATCCGAGAAATCCTCCAC 

CT005F CCAGAGGAGTGAATTAAGAAACAAA CT005R GGGTTCATTCCAGATTGCAT 

CT006F GGTTCCCTCTGTTCAAGCAA CT006R TGGTCACAGAGCTTGTCAGG 

CT007F CACGAGGCAGAGACTTCACTC CT007R GTCAAGGGGCATTTGTCAGT 

CT008F GAGGCATAAAGTCCCTTCCA CT008R CTGCCCTTCACACTTTCGAT 

CT009F TGAGAATTCAAAGGAGCAAGTG CT009R TGCTGCTTCTTGTTCTGCTC 

CTOIOF AATGCAGAAGCAACGGAAAT CTO1OR CCTCTCGCCTTCTGTTCTGT 

CT011F CCCCACACTCACTCACACAC CTO1 1R GTTCGGTCAAACCTTCATGG 

CTO 1 2F ACAAGGAGCCACTCGTTCAG CT012R CACGCACGCATGATACATAG 

CT013F CACGAGGCAGGAACAGAACT CT013R TCTCGCTTGGACATTCTTCA 

CTO14F TTCCGATCCTGTTTGTTTCC CT014R CGTGTCTGTTACCGGATGTG 

CTO 1 5F TGGCAGAAATGGAAAATTGA CT015R TGAGGTTCATTCTCCACCAA 

CTO16F CAAAACAAAACAAAACAAGAAACAA CT016R TACCGCTTGAAGACCAAACC 

CTO17F CACCACCACAAGCACAGATT CT017R TTCCAGTCCGAAAATTCCAC 

CTO 1 8F TTGCTGTTGCTGTTGAGACC CT018R AGCAAAGCCAGCATCAGC 

CT019F TGATGGAGGCACCTTCAGAT CT019R CCAAGCCGAGTCTTTCTTGA 

CT020F CCACCTTCCATGAACCTTGT CT020R CACCAACAATGATGCTTCCA 

CT021F GAGAAGACGATCCGTTACGC CT021R CACATGCATGATTCAGACCA 

CT022F CTCAGCCTCAGCCACTCACT CT022R TCAAGGTCACCAACACGGTA 

CT023F GCCATCAAGGACATCTCCAG CT023R GATCACACACACAAATAACTAAGATTT 

CT024F TTTCCGAGATGGTGAGAAGG CT024R CCTCCCGTTTGTTTTCTTCA 

CT025F GAAGAGTGCCCTTGCTATGC CT025R CACCACAAAATGTGGAGATACA 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 
CT026F GATTGGGACCCACAATTCAC CT026R CATGAACAAGGCTCGTGAGA 

CT027F TCGATCATCCAAGAGGGACT CT027R TCCAATACCACCAACCCTTG 

CT028F ATAAGGGGTCCCCATCATCA CT028R GCCAAACAAGAAGTGACAAACA 

CT029F AGCAACTGCTGATGATGGTG CT029R AGGCAGATGAACTTGCCATC 

CT030F TTCCAGCTCTTGTTGTCCTCT CT030R TGGCTGGATGGATTGTCTTA 

CT031F GCCCTGCACTTTTGTGTTTT CT031R ATTTATGCTCTTCCCGCAAA 

CT032F TCGCGACATGAACTTGTTTC CT032R TCGCCTTGAGACAACCTACC 

CT033F AGATCATGGCAAGGCTTTTG CT033R CCGCTATAATGGGCATCTGT 

CT034F CACCAACACCAAGACTGCTT CT034R . CGCGCAGTTTAATTTCATCA 

CT035F GCACCATTFGGGCTTAATTATC CT035R CCTGATTATTTCCTCACACCCTA 

CT036F CCCATGTGCCTTTGTTTTGT CT036R CAGGGCTCCCTCTTTTCTCT 

CT037F CACTGCCAGAATGGAATGAA CT037R CCATTCATTTTCGAATTCACC 

CT038F CATCATGTTTGAGCCACGAC CT038R GCAATGGACCCTATCCTCCT 

CT039F AGTTGCATTGCACAGGTTTG CT039R TGGCCAAATTACAAGTAGAACAA 

CT040F TTTTATCCGCATCCCAACAT CT040R GAGAGGATGGAAGGTTGAAGC 

CT041F TTCCTTTGGAATCCACATCC CT041R ACCCAAATCACATCCACACA 

CT042F GGCTCTGATGCTTTCCAACT CT042R AGGAAATGGATGACGACGAC 

CT043F CTTTTACCCATTCGGCCATT CT043R GTCATTGGGTCCATGGAAGT 

CT044F TCCCACCCTCATCTTCTTTC CT044R TCACTTCCTCGTCGGTTCTC 

CT045F CACGAGGCTTCTTCTTCATCA CT045R GCTTTGGTGAGTGGTTGGTT 

CT046F CCCTGGTGCTAGAAGAGTGG CT046R TAGGTAGGGGGCTGGACTTT 

CT047F CCGTGGCCAATAGAAAGAGA CT047R GCTGTTCCATTCACCTCCTC 

CT048F GCCGAGAGCAGAGAAGAAGA CT048R TCCCTGGAAGTGATGGTAGG 

CT049F CTGGTGACAGTCGTTGCATT CT049R AGGCAACTTAACCCATGTCG 

CT050F AGGGGTCAAGGGTGAAGACT CT05OR GTTCCCATCCAATCCAACAC 

CT051F T=CTACACAAATGAAGATATTAGCA CT051R GCTCCTGCTAGTCTGTCAATCA 

CT052F GCTCTTCCCTCCCTCAATTC CT052R GGGTGACAGCGAAGAGTAGG 

CT053F ATGGAATTCACTTGGCTTGC CT053R GCCAAAGTTGCGCAATAAAG 

CT054F GTCATGGCTTGTTGGGATCT CT054R GTGGGAACAAGAGGACCAAA 

CT055F TTCCCTCAGGCTGACAAAGT CT055R CCCCATGTCCTCATCAGACT 

CT056F GATGCCATGAGTGGGAAAGT CT056R CACGAGGCTCTGTTTCTGTG 

CT057F TCGCTCTACTGGCAGACCTT CT057R TAGAGGCAGTCAAGCCGAAT 

CTO58F TCCCGCTAATTTAACCTCCA CT058R CGCGATCAGAATAACAAGCA 

CT059F AAAGCAATTTGCCCTTGCTA CT059R AGGAGCCCATAAACACAAGG 

CT060F GCACTTCGAGGGGATTCA CT060R GGCTTATGGCTGTTGTGGTT 

CT061F CGAGGCTTCTAAGTTCATGG CT061R AAAGAGCCATACCCACATGC 

CT062F ACCGTCTTGAGCCAACTGTC CT062R CAAAGGATCCAATGCCAAGT 

CT063F CCCTCTCTTTCGAGGGTTTT CT063R AACCTCTGTGGCTGCATCTT 

CT064F ATGCCTAATGGAGGGTCCTT CT064R TTTACCCTCCTCCTCCCCTA 

CT065F ACCCTACTGCTTCCCCATTT CT065R CCCTTATGGCTCTTGCTACG 

CT066F CCCCATTTAAGATATGAAAGAACTC CT066R TCAACATGGAGCCAGCAGTA 

CT067F CCTTTGTGGAGGCAGAACAT CT067R GAAGGGTATGGTGTCCCAGA 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

CT068F CTGGCTCCATGTTGATGATG CT068R CAGCCTTGAGGCACTTCTCT 

CT069F TGGCTGAAAAGCTGGTTCTT CT069R CAGGATGCTTTTACATTGTCCA 

CT070F TGTTTGGGCAATAACAAGGA CT070R TGGGAAATATCCGAAGCAAG 

CT071F TTCTGATTTTCTTTTGGCTCAAG CT071R TGCTGTGAACTTGGGTGAAG 

CT072F TTTGACATTGGACTCGCTCA CT072R TGAAAAACAGGGTGGCATCT 

CT073F GCTGCTGCAACCAACAAGTA CT073R CAGCAACGTTTTCACTTCCA 

CT074F TCCAAACATTGGCAAAACAA CT074R TCAAGCATGAAGCTCTTGGA 

CT075F GGAAAGGCAGCACCATTG CT075R GAGAGTGGACTTCCCGTGAT 

CT076F GCGAGCGATCTCACTCTFCT CT076R AGTTCGAAGCTCCGATAGCA 

CT077F ATGTTGCAGTTTCCCCACTC CT077R CAGCCAATGGAGTGAGATGTT 

CT078F TTCACAATTCACCTCCGTTCT CT078R TCATTCAAACCAGCTGTGGA 

CT079F CGCGTGGAAACAAAACTGAT CT079R AGAAGCTTCGTCAGCTCTGC 

CT080F TTCACTCAGATCCACCACCA CT08OR TGGATCAGGGACCAGAGAAG 

CT081F CCGCCGGTAGTACCATCAC CT081R CAGCTTCAACGTGTCAATCG 

CT082F TCAAGACCACACTGCACTCC CT082R TGCAAATGCTGGTTCTTTTC 

CT083F TTGCTTCAATGCTTTCCTGA CT083R TGCCCAAAAGTCATTCACAG 

CT084F AGCATTGCATAGCAGCCTCT CT084R TTTGGGAATTGGTTTGGAAG 

CT085F CTTCCAAACCAATTCCCAAA CT085R CTTGAACTCAACGTGCCTGA 

CT086F CACGAGGATTCTCTCTCTCTTTC CT086R GTATGTGTGGTGGTGGTGGA 

CT087F TGTTGTTGGTGGGAAATTGA CT087R TAATGAGCAGGCTTCCCTTC 

CT088F AGAAAACGTCCATGGCTGAC CT088R TCCCCCAACATAAGGAATGA 

CT089F GATGGCTCTTCCCTCTCTGA CT089R GGCTTCTCTGTTGGCTTCAC 

CT090F CACAAGGGAAAGGCAATGTT CT090R TCTGAACCTCCAATCACAGG 

CT091F TCAGCAGCTCTTACCAAGCA CT091R TTTCGCTTCTTCCTGCACTT 

CT092F CCAGGTTCTGTGGATTGGAT CT092R TCTCGAAGCAGTTGTAAATAGAAAA 

CT093F TCTGGAGTTGCAAGGTGTTG CT093R GGGATCCAGAGAGAATGCAG 

CT094F TCTTTCATGGTGGTTTTGATTG CT094R ACCTTGTGGATGGGTCAGAA 

CT095F ACGAGGTTGAAGCCTCTGAA CT095R ACATCTGAGGGGACAACAGG 

CT096F CAATTTGCTTTGTGCCCTTT CT096R GGTCACAGAAGACGCTACCC 

CT097F CCCTAGCCTTCTCGTTCCTT CT097R CTTCATTAGCGCCCTTTTTG 

CT098F CAGACGCTAGCAAGGAAACC CT098R TAATTGGATCGATCGGAAGC 

CT099F CACGAGGAAGCCATGTTAAT CT099R TGCAACCCAAATTTGTGAAA 

CT100F CCCGTGTGTGTGAGAGAAAG CT100R TCGACAATGCTGAGCAAAAC 

CT10IF TTCATTAGCAACACCCACGA CT101R CATCATCAACCATCCAACCA 

CT I 02F CATCTCCATAGCCACGGTCT CT102R ACTGTTAACGAGGCGCAGTC 

CT103F CAGGGTAGGGACCAGTGAAG CT103R CAGGGTAGGGACCAGTGAAG 

CTI04F TGGTTCACCAACTCCAATCA CT104R AAGCCAGAGCCATTTCTTCA 

CTI05F CCTGCAGATAAGGTGCATGA CT105R GCGTGCAATTGGAAATTCTT 

CTI06F CACGAGGAATTGGTTACATTCTT CT106R TGGCTGCATGCATCATAAAC 

CT107F ACTTTTTGTCCCGCAGCTAA CT107R GGTGAAGAATATGGCGGAAA 

CT108F TGGAAACCATGAGAACAGGA CT108R TCATTTCCGGATTTTGTTTTG 

CT109F TGGTGGTAACAGCAACAGGA CT109R GCTTTCATCACCCAAGATGG 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

CT1IOF GCACTGATCCATACCCACAA CTIIOR CATCTCCTGTGTCAGCCTCA 

CTI1IF CGGGAATTTTCCATCATCAC CT1I1R GCCATTTGGAATTCAAGCTC 

CT1 12F GCAGCTGAAGATGTTGGACA CT112R CGAGGGTTGACTAGCTGACG 

CTI 13F GGTGAAGGTGATTGCTTGGT CT113R CGAGGGTTGCATTTCTCAAT 

CT114F TCGGGCTAGCTAAGTTCCTG CTI 14R TCCTGATGTGTTCCCCTCTC 

CT1 15F ATCAATTTGGTGGGTTCCAA CT1 15R TTGGGCAATACAGTCAGCAA 

CTI 16F ACTCAAGAAGCGGTGCTGAT CT! 16R TTCACTGAGAGGCTATACATAAATGA 

CT1 17F TTGGGGAAAACTGATGAACC CT1 17R TGAGCAGGGCTATATATATGTGTGA 

CTI 18F AAGCGAAGCTCAAACACATT CT118R TGGCAAACTACAACTGTGTGG 

CTI 19F ATCCAAACATGAGGCCAGAA CTI19R TGTGCCCATCAATCAACTTC 

CT120F TTGCAATTAGGATCATTTTGTGA CT120R TGGTGCCTI"ITCTGATCTCC 

CT121F AACATAGCAAAGGAGGTTGACA CT121R TTGTTGAATTATCATTTGGGTTTG 

CT122F TTCAACTCTCAGAAGGAACCTG CT122R TTGTTGTTACGATGATGAAGCTA 

CT123F CCGTTGTGCAAATTGATGAG CT123R TCAAGTGCATTTTGCTAGGC 

CT124F CGAGGCTGAGGAGAGAATGT CT124R ATTGGGCAGCGCTTATACTG 

CT125F CGCTTCTTCACTGCCTCTTC CT125R AAAAGCTTCAGTTGCGGAAA 

CT126F TTGATGTGTTTGCACTTGAGAA CT126R TGATGATAGAAGTCTACAAATTAGGG 

CT127F CTTTTCTCCCCATCCCTCTC CT127R CCGGCAACCTCCACTAATAA 

CT128F TGGAAGCTCTCAGCTTTGGT CT128R TTGTTCCAGCAGACCATTGA 

CT129F ACGAGGGTCATTGTTCCCTA CTI29R GCCACCCTCCTCTCTGTTCT 

CT130F TCTTCTCGTAAACCACACATACAAA CT130R AAGTTCTTCCTCCGGCATCT 

CT131F GCCCTGCACTTTTGTGTTTT CT131R ATTTATGCTCTTCCCGCAAA 

CT132F TGTGGGTTTGGAACAGAACA CT132R ATCTGCTGAAGCGTCGTTTI' 

CT133F AATTTGGACTTGGTGCAAGG CT133R GCAAAGGCAAGGATTGTAGG 

CT134F TGGATTGCTCCTTCTCATCC CT134R CATCCAAAGCCCTAGCTATTTTT 

CT135F TTTGTGTCATGGGAGACAGC CT135R CTCTTGCAACCAGCATCAAA 

CT136F TGAATGGGAGGCTGTAGAGG CT136R AAATCTCAAATTTGCAACCTATTT 

CT137F TGCAGAAGAGTAGCCATCCAT CT137R GCCCCATCTTAATTGGTTAGC 

CT138F TCATAACAAATAACCATTGTTTGAGAA CT138R ATGCAGCACGTTTCTGATTG 

CT139F ATCAGAAACGTGCTGCATGA CT139R TTCAGCCTAACCAAGGTACGA 

CT140F GTAGCCTCGAATrGGACGAG CT140R TGCATTAGATCTGGAATTGAAGC 

CT141F TTCACAGGGCACCATACAAA CT141R TTACCATGCAAGGTGACAGC 

CT142F CGTCGGATTATCCAAGGTGA CT142R TTTCCGAAAAAGAAAATTGC 

CT143F GAGGGGGAGCTTCTGTTTCT CT143R GGCTTCTTTTGGTTGGTGAA 

CT144F GTAGCCGGAGAAATGGGTCT CT144R AAGGGTATATTATCCAACCAACCA 

CT145F AGGTCACTGCCAGAATGGAA CT145R GAATGAAAAAGAAAAAGGTATTCATGT 

CT146F CCACTGCCATTGAAGTTCCT CT146R AAAATGAAACAGGTCAAATCATACA 

CT147F CGTCCATAAATCAAGTCTTAGCA CT147R ATGGAAGCTGCAAGATCGTC 

CT148F GCAGAACAGAGAGTGCGAAA CT148R CCTCTAAGGCAGCATTCACC 

CT149F CCCCTTTTGACATACCATCC CT149R CCCCTTTTGACATACCATCC 

CT1 50F TCTAGATCATTCATAACAAGTTGCTG CT150R ATTGGATCCCGAGTCAAACA rCT151F GCTGCCTTGTCTACTTTTCCA CT151R CCAACAAAACTTGGGTGCAT 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

CT152F AAAATTTCAGAGAGAGAAACACTCA CT152R GTCGATTTCCCATCAACACC 

CT153F GCACACTCACAAATCCTCCA CT153R TTTGCAGAAAGCAAACTAAACTACA 

CT154F CACGAGGGGAAGAGTTATCAA CT154R TGTACATGGCATTGGTAGATTTG 

CT155F AAGGCAAGAGTCAGCCTTGA CT155R AATGAAAGATGATTATGACTAAAGCA 

CT156F TTGATTTTAATGGAAGGGATGG CT156R AACCGGATTTTGTAGGAAGTGA 

CT157F CAACCTTCCTCTCCCGAACT CT157R CAACCTTCCTCTCCCGAACT 

CT158F CCTGCAGCAATATGTGCCTA CT158R AGAGGGAGTGCCTTGGAATG 

CT159F AGGGTAAAAGGCTTGGAGGA CT159R TCGGTTCATTFTCCAATAGGTC 

CT160F AGATGGATTCGGTTGGAATG CT160R GTCCTCCCTTCCATGTTCCT 

CT161F TCTGAACCTCCAATCACAGG CT161R CACAAGGGAAAGGCAATGTT 

CT! 62F CACGAGGGCCTAATAAACATACA CT162R TCACCTTCATTCAGCCATCA 

CT163F CCCGTCTCAATGAAGCATTT CT163R TCAACGCCCACACACATAAT 

CT! 64F GGGTTTCGCAGATAGCTTCA CT164R GGATTTTGCAGAAAGCAAGC 

CT165F TGAAGGGTTAGCTGCTGTCA CT165R GCTCGGCAAAATTCTTTTCA 

CT166F TGGATCGATCTTCCTGGTTC CT166R AGCTCCACAGTTGATTGATTGA 

CT167F TCAATGCAAAGATCGGTCAA CT167R ACCCCAACGGAGCTAATCTT 

CT168F TTTCTCTGGGATCCATCCTG CT168R CCAAGCTAACCCTCCAACAA 

CT169F ATTCCCAAATGGCAAGACAC CT169R ACCACATGTGATGGTGCAAA 

CT170F CAAAAACGACGACAACATCG CT170R GCCTTACACGCAGCTCTTCT 

CT171F CACGAGGTCTCTTTCTACTCTGC CT171R GTGGTGACCGAGAACAAGGT 

CT172F CAGTCACGGTCATCTTCAGG CT172R AAACAAGCATCGGAAACAGC 

CT173F CGGTGAGGGAAGATGTTAGG CT173R CCTATTTTGCAAGACCCATAAA 

CT! 74F GAGGGTTTCGTTGTCCAGAA CT174R GCCAGGAAAAGCACGAGATA 

CT175F GTGGATTTGGAGCAAGGAAA CT175R CCCTCCCAGAAACAGAATCA 

CT176F CTTTCCTCCTACCATCAACCA CT176R GGAACATTCTGAAGATAATCGAG 

CT177F GAGGAACCATTCCACGTCAC CT177R TCATGGCGGTGGTTACACTA 

CT178F TTTTCTTCACCCGTTTCAGC CT178R TGATCGATGGTGGGGATACT 

CT179F AACCACCGTCTCGTTCTCTG CT179R TCCTTAAACGATCCCGACAC 

CT180F TTTCTCCCTCCAACTCGAAA CT180R TGAAGCACCCCAACTAGGAC 

CT181F ATGGGTGATGGATTTGTGCT CT! 81R GCAGCAGATGAAGGAGGAAC 

CT! 82F GCCACTGCGGAAAATATCTC CT182R CCGTACGATTGGAGAAACGA 

CT183F TCTGTAAAAATTCAGACTTTGACTCAC CT183R CATGTCAACGCAGGAAGAAA 

CT184F ATGGCTTCCATGATGAGACC CT184R TCCCATACTGCAGCTCCTCT 

CT185F TGGATCATGAAATAATGGATGG CT! 85R TGATGATGGGTGTCAAATCG 

CT186F CGAGGCATCTGTTTCTCTCA CT186R . ATGGTTCTGCTGGAACAGGT 

CT187F AATGGGTAAGGCCTCAAGGT CT187R AGCGTTAGAAAGGGGATGGT 

CT188F CCACCACCACATTCCTCTTT CT188R TACTGGGAAGACCCATTTGC 

CT189F ACTGACGCGAAAAGCAGATT CT189R ACAACCAATCTTGCACCTGA 

CT190F GATTCTGAGCGAAGCCAAAC CT190R TGGAGGCGAAAGAGAGAAGA 

CT191F CAACTCATCATCCTTGAATGAAA CT191R GGTCACTGCCAGAATGGAAT 

CT192F CGAGGTTCTTCTTCAATTCCA CT192R GTTCCGATCCCGTAAACCTT 

CT193F ACCACCAACCAGATCCAAAA CT193R CGTAAGGGAAGGCGACATTA 
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Name Primer sequence 5'-3' Name Primer sequence 5'-3' 

CT194F CCACCCCTTGATCCCTTTAT CT194R TCCGATGTGAATCTATTGGTCT 

CT195F ACTCCTCCGTCTGGAATCCT CT195R GGTTCTTGCTCTTCGTCGTC 

CT196F ACTTTGGCCCCTAAGGTGAT CT196R TCCTGGAGCAGTTAAATCAGG 

CT197F TGTGTAATGCTGGGGTCAGA CT197R CTCATCCTCATCATCTTCAATTT 

CT198F TGCAAAGCGTTGACAGTTTC CT19SR GGCAGCCTTTCCAAACTTAT 

CT199F GAGGGGTCCCTCTCTCAGTC CT199R ACCCTTTGGGATTTGGATTC 

CT200F CACGAGGCAAAGCTGAAGA CT200R GCGAAATTCTTCGCAATCTC 

4.2.3 Analysis of the synthesized primers 

The primers were tested for amplification, transferability and polymorphism among five 

accessions of Cyamopsis. Out of the 226 primers tested 190 primers showed amplification. 

Forty four markers were monomorphic and 67 of the markers were polymorphic only in C. 

senegalensis; 63 were non transferable in C. senegalensis. Only 5 were polymorphic in 

commercial cultivars tested. Fig 4.3 shows the amplification, transferability, monomorphic and 

polymorphic markers among five accessions of Cyamopsis. The binary data from the 

amplification of SSRs were used for generating a dendrogram based on Euclidean similarity 

coefficient for SSRs. Fig 4.4 shows the dendrogram based on SSR data. 
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Fig. 4.4. Dendrogram generated by UPGMA method showing relationship between 5 
accessions of Cyamopsis based on genetic profile from SSR data. The numbers at the forks 
show the confidence limits for the grouping of those accessions in the branch, based on 
1,000 cycles of bootstrap analysis 
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Fig. 4.3. Banding patterns from amplification of SSR markers tested 
1. M83, 2. RGC 1066, 3. RGC 1002, 4. C. serrata and 5. C. 'senegalensis 
a) Non transferable to C. senegalensis, b) Monomorphic, 
c) Polymorphic in C. senegalensis, d) Polymorphic in accessions of C. tetragonoloba 
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The dendrogram shows that RGC-1066 and RGC-1002 are in close relation; these 

cultivars are used for gum production. While the accession M-83 is a vegetable variety which 

shows very high similarity to other accessions of C. tetragonoloba. The wild plant C. 

senegalensis seems to be very distant from C. tetragonoloba and C. serrata and is in the middle 

showing relatedness to both C. tetragonoloba and C. senegalensis. 

4.3 Discussion 

The present study was designed to develop SSR markers from the available ESTs of 

cluster bean in databases. All the EST sequences available in NCBI were downloaded and 

assembled using Cap3 to produce 1,755 contigs and 4,320 singlets. The formation of contigs 

reduces the redundancy in the sequences. MISA was used for mining the SSR containing 

sequences. MISA is considered as a good program as it detects compound SSRs and have 

shown maximum coverage [120]. In some studies lowering the threshold has resulted in 

additional SSR containing sequences than with default assignments [152]. However, in the 

present study the default definements for microsatellites (unit size / minimum number of 

repeats) : (1/10) (2/6) (3/5) (4/5) (5/5) (6/5) were used in MISA for obtaining optimal results. 

The results suggest that there is approximately one SSR in every 4.1 kb of expressed 

sequences in cluster bean. This is comparable to that of barley which has one SSR in every 6.3 

kb [146] and very high when compared to rice which has one SSR in every 157 kb [86]. 

Out of 362 markers designed 226 SSR markers were synthesized and tested. These 

markers can be a good resource for a variety of purposes including pedigree analysis, study of 

marker-trait associations and comparative mapping. To the best of our knowledge, this is the 

first set of SSR markers developed for cluster bean. In this study, 84% of the primer pairs were 

successfully amplified which is very high in comparison to genomic SSRs [80, 121] and EST-

SSRs in other species [41]. As the EST-SSR markers are derived from expressed genes these 

markers could be useful for studying functional diversity in cluster bean. A study in six diverse 

barley genotypes has shown that the gene-derived markers are a good resource for sampling the 

functional diversity in natural germplasm collection or breeding material [149]. 

The wild genotypes showed more polymorphism than cultivated or elite genotypes. This 

may be due to the presence of unique alleles in wild genotypes, which have been lost during the 

adoption process in case of cultivated genotypes. These results are similar to earlier studies in 

other plants [149]. The loss of alleles may also be due to a smaller genome size of elite 

genotypes in comparison to the wild [101].  These results demonstrate the diversity of wild 
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germplasm with respect to cultivated genotypes. However, the utility of wild germplasm for 

crop improvement programmes is not possible because of incompatibility of C. tetragonoloba 

with the wild species. The incompatibility is mainly due to the failure of pollen germination on 

the foreign stigma [77]. 
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5. Crossing of guar genotypes for developing population to study the 

inheritance of phenotypic traits and their linkage with markers 

5.1 Material and methods 

5.1.1 Plant material 

Plants of the parents i.e., RGC 1066 and M 83 were grown in field condition in the 

campus of Indian Institute of Technology Roorkee during the summer of 2010. The plants were 

grown in rows; the space between two rows was 0.5Meter. The plant to plant distance was 

maintained at 0.2Meter within a row. 

5.1.2 Crossing of guar plants 

The crosses were made during summer of year 2010, according to the method described 

by Chaudhary et al. (1974) [26]. The cultivar M83 was used as female. The buds which were 

likely to open in one or two days were selected in the afternoon between 4:00 p.m to 6:00 p.m. 

The flowers below the selected bud were removed; thus the lowest bud was automatically the 

one used for emasculation. However, the buds above the selected buds were left intact to avoid 

any damage to the inflorescence. The front sepals were removed through the help of forceps by 

gently pulling. Petals were also removed by pulling in forward direction by forceps and 

necessary support to the bud was provided by fingers in such a way that only petals along with 

almost all the stamens were removed together. Care was taken to avoid any damage to stigma 

or style. The whole inflorescence was bagged using light butter paper bag to avoid any chance 

of cross pollination. 

The buds were pollinated in the next morning between 8:00 a.m. to 9:00 a.m. The 

mature anthers (from RGC 1066) were directly brought into contact with the stigma. Care was 

taken to avoid any damage to stigma. After pollination the bud was labeled properly and 

bagged again. 

The pollinated flowers were checked after 2-5 days for pod formation. The pods formed 

following pollination were properly tagged and recorded. Fig. 5.1 shows the method followed 

for developing the inbred population. 
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5.1.3 Population development 

The seeds formed after cross pollination were grown to produce Fl plants in rainy 
season of year 2010. The phenotype was observed to confirm the cross. The seeds of F1 plants 
were harvested. The seeds from a single F1  plant were grown in a separate plot to produce F2  
population in the summer of year 2011. The phenotypes of the F2 plants were observed and a 
leaf was taken from each plant for DNA extraction. DNA was extracted by using the method 
described in 3.1.7. The quality and quantity of DNA was measured according to the method 
described in 3.1.8 

Fig 5.1 Schematic diagram showing the method followed for developing population. 

74 



Population development and linkage studies 

5.2 Scanning electron microscopy to observe the morphology of trichome and its 
variation in parents of population 

5.2.1 Preparation of fixative solution 

The composition of fixative solution is given in Table 5.1. 

Table 5.1. Composition of fixative solution 

S.No. Name of the reagent 	Composition 

1 	95% Ethanol 	 60m1 

2 	Glacial acetic acid 	 5m1 

3 	20% Formaldehyde 	 20m1 

4 	Distilled water 	 15m1 

5.2.2 Sample preparation scanning electron microscopy 

Leaf samples were prepared by following the protocol described by Feeney et al. 

(2003), with slight modification [43]. The leaf samples from field grown plants were collected 

in fixative solution and incubated for 24 hours at room temperature. The samples were 

transferred to 2.5% glutaraldehyde for 2 hours and incubated for 5 minutes in 50% 

glutaraldehyde. These were then treated with 70% glutaraldehyde for 30 minutes followed by 

incubation in 90% glutaraldehyde twice. Finally the samples were kept in absolute ethanol for 

30 minutes. 

The prepared leaf sample was cut to a suitable size using a sharp blade and fixed on 

metal disc for microscopy. The samples were bombarded with gold metal [135] in sputter 

coater (BAL-TEC SCDO05) for 60 sec at 30mA current for depositing 5-7nm thick gold 

coating and observed in scanning electron microscope (FEI Quanta 200F). 

5.3 Bulk segregant analysis 

5.3.1 Preparation of bulk 

The quantity of DNA from all the F2 plants were estimated and diluted to 100ngI tL 

concentration as described in 3.1.8. Two bulks were prepared for each trait. For leaf 

pubescence 10 plants each containing hairy leaf and smooth leaf were selected. Equal amount 

of DNA from each plant was taken to prepare the bulk DNA. Similarly for flower color, 10 
75 



Population development and linkage studies 

plants, each with purple and white colored flower, were selected and the bulk DNA was 

prepared. 

5.3.2 Analysis 

DNA from the parents and the bulks were amplified according the method described in 

4.1.6. The products were separated by polyacraylamide gel electrophoresis and silver stained as 

described in 4.1.7. 

5.4 Results 

5.4.1 Phenotypes of the plants in F2 generation 

The phenotypes of the plants in F2 were observed and recorded. The details of the 

phenotypic data collected are given in Table 5.2. 

Table 5.2. Phenotypic characteristics of F2 plants 

Plant no Leaf 
Pubescence 

Flower Color No. of Branches Plant height 

P1 Hairy Purple 13 180 
P2 Smooth White 0 75 
P3 Hairy Purple 8 220 
P4 Smooth Purple 0 160 
P5 Hairy - 2 58 
P6 Smooth Purple 3 210 
P7 Hairy - 2 250 
P8 Hairy Purple - - 
P9 Smooth White 9 155 
P 10 Hairy Purple 2 290 
P11 Hairy Purple 4 144 
P12 Smooth White 2 220 
P13 Smooth Purple 0 190 
P14 Hairy White 3 95 
P15 Hairy Purple 14 195 
P16 Hairy Purple 1 200 
P17 Hairy - 2 170 
P18 Hairy - 3 210 
P19 Smooth Purple 14 200 
P20 Hairy Purple 0 290 
P21 Hairy Purple - - 
P22 Smooth Purple 2 170 
P23 Smooth Purple 3 165 
P24 Hairy Purple 5 170 
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Plant no Leaf 
Pubescence 

Flower Color No. of Branches Plant height 

P25 Hairy - 1 230 
P26 Smooth Purple 4 190 
P27 Smooth Purple 4 170 
P28 Hairy - - - 
P29 Hairy White 0 150 
P30 Hairy White 1 270 
P31 Smooth Purple 2 60 
P32 Hairy Purple 2 210 
P33 Smooth White 2 70 
P34 Hairy Purple 3 235 
P35 Hairy Purple 0 100 
P36 Hairy White 3 200 
P37 Smooth White 4 220 
P38 Hairy Purple 14 220 
P39 Hairy Purple 0 170 
P40 Hairy White 8 180 
P41 Hairy Purple 10 175 
P42 Hairy - 0 130 
P43 Hairy Purple 3 210 
P44 Hairy Purple 1 X60 
P45 Hairy Purple 1 270 
P46 Hairy Purple 1 60 
P47 Smooth White 3 171 
P48 Hairy Purple 6 155 
P49 Hairy Purple 0 200 
P50 Hairy White 0 120 
P51 Hairy White 4 250 
P52 Hairy - 18 170 
P53 Hairy White 0 210 
P54 Smooth Purple 0 100 
P55 Hairy Purple - - 
P56 Hairy Purple 0 178 
P57 Hairy Purple 4 150 
P58 Hairy - 5 220 
P59 Smooth Purple 0 80 
P60 Smooth Purple 4 185 
P61 Hairy Purple 0 125 
P62 Hairy - 0 160 
P63 Hairy - 0 160 
P64 Hairy - 5 230 
P65 Hairy Purple 9 90 
P66 Smooth Purple 4 150 
P67 Hairy Purple 3 80 
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Plant no Leaf 
Pubescence 

Flower Color No. of Branches Plant height 

P68 Smooth Purple 12 220 
P69 Hairy White 12 130 
P70 Hairy White 5 110 
P71 Hairy Purple 6 210 
P72 Smooth Purple 0 160 
P73 Smooth Purple 7 215 
P74 " Hairy Purple 5 240 
P75 Hairy White 2 220 
P76 Hairy White 5 110 
P77 Smooth White 0 240 
P78 Hairy Purple 0 120 
P79 Hairy - 14 210 
P80 Hairy - - - 
P81 Hairy Purple 0 110 
P82 Smooth Purple 0 150 
P83 Hairy - 12 200 
P84 Smooth White 2 160 
P85 Hairy Purple 3 140 
P86 Hairy - 3 130 
P87 Smooth - - - 
P88 Smooth White 3 250 
P89 Smooth - 0 140 
P90 Hairy White 2 220 
P91 Hairy - 2 215 
P92 Hairy - 3 40 
P93 Hairy Purple 3 110 
P94 Smooth White 0 170 
P95 Hairy Purple 10 170 
P96 Hairy White 7 170 
P97 Hairy Purple 0 147 
P98 Hairy Purple 0 80 
P99 Hairy Purple 17 210 
P100 Hairy Purple 0 70 
P101 Smooth - 2 140 
P102 Smooth White 0 75 
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5.4.2 Segregation pattern of phenotypes 

The segregation of leaf pubescence, flower color and branching trait" was calculated. 
The dominance pattern and genetic ratios of leaf pubescence and flower color characteristics 
for cross in cluster bean is given in Table 5.3. 

Table 5.3. The dominance pattern and genetic ratios of characteristics for cross in cluster 
bean 

The branching trait was not present in both the parents but in F2 many plants showed 
very high branching. The frequency distribution of various levels of branching is shown in Fig 
5.2. 

Fig. 5.2. Graph showing the number of plants with various levels of branching 
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5.4.3 Variation of leaf pubescence in parental plants 

The variation in the pubescence in leaf and the ultrastructure of the trichome in guar 

were studied by scanning electron microscopy. The SEM pictures showed long, slender, porous 

hair like structures in the hairy plant. While there was complete absence of such structures on 

the leaves of glabrous plants. Fig 5.3 and Fig 5.4 show the difference in leaf hairiness of parent 

plants and the ultrastructure of the trichomes. The Figure 5.3 also shows higher hairiness in 

lower leaf surface of RGC 1066. 

5.4.4 Bulk segregant analysis 

The DNA from parents and the bulks were amplified to study the pattern of inheritance 

of the SSR markers and to find out if any linkage to any of the traits exists. Fig 5.5 shows the 

banding pattern of the PCR products from parents and the bulks for leaf pubescence and flower 

color. 
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Fig. 5.5. Banding pattern from ampification of polymorphic markers. 
RP-Recessive parent, DP-Dominant parent, RB1-Recessive bulk for leaf 
pubescence, DB1-Dominant bulk for leaf pubescencce, RB2-Recessive bulk 
for flower color, DB2- Dominant bulk for flower color 
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5.5 Discussion 

Leaf pubescence is a quantitative trait in some species and has a potential for insect pest 

management [79] but its absence in vegetable varieties of guar is an advantage. The population 

which is segregating for pubescence trait can be used to find markers linked to leaf pubescence. 

Leaf pubescence inherited in Mendelian ratio in the F2  population of guar. This was similar to 

the previous report in guar [25] and shows that the trait is qualitative and controlled by single 

locus. Even though guar is known to have pubescence, its structure and function is not well 

understood. It is previously known that trichomes occur on the surfaces of many plants and can 

make a contribution to plant resistance against herbivores. Glandular trichomes have heads 

containing various sticky and/or toxic exudates that may be secreted onto the plant surface or 

may rupture on contact with herbivores, causing irritation [13]. Non-glandular trichomes do not 

have heads and affect herbivores by mechanically obstructing their movement across the plant 

surface [13]. The observation of guar trichomes by scanning electron microscopy showed that 

the guar trichomes are non-glandular in nature. Trichomes were long, slender, porous hair like 

structures. The structure of trichome in guar suggests that it might be helpful for the plant to 

- maintain a cool area surrounding the leaf. This shows the adaptation of the plant towards dry 

environments where it is cultivated commonly. 

Inheritance of flower color also showed Mendelian ratio. The purple color of flower 

was found to be dominant over the white colored flower. Flower color is not an economically 

important trait. However it can be used as a phenotypic marker for testing the crosses made for 

genetic studies. 

Both parents of the population were nonbranching. However, few of the F2  plants were 

branched type. This may be due to the control of the trait by multiple loci as reported 

previously [25]. 

As expected, all polymorphic SSR markers tested here segregated and also showed 

recombinant alleles. The SSR markers that were polymorphic between the parental accessions 

of the population developed were applied on the bulks. Two bulks that differ in leaf pubescence 

and flower color were used in the study. The amplification in bulks showed both the marker 

alleles of parents. This shows that the traits are independent of the markers tested. Further 

studies with large number of markers are required to find the markers linked to these 

phenotypes. 
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6. Conclusions 
The study of genetic diversity in guar through RAPD and ISSR markers showed that the 

overall genetic variability in the germplasm collection is limited. However landraces show 

significant variation and is different from commercially grown cultivars. Correlation between 

the molecular data from marker genotyping and the geographic coordinates for the region of 

landrace collection showed that the molecular data was consistent with the geographic 

distribution pattern of the landraces. The study also showed that RAPD is a better technique to 

study genetic variation in guar as the resolving powers of RAPD markers were higher the ISSR 

markers. 

Guar EST sequences available in NCBI were downloaded and mined for SSRs. 

Analysis of the SSR containing sequences showed very high number of mononucleotide repeats 

while, negligible number of penta and hexanucleotide repeats were present. A total of 362 

primer pairs were designed and 226 primer pairs were tested. Eighty four percent of the tested 

EST-SSR markers showed amplification in guar. The study showed high polymorphism 

between C. tetragonoloba and C. senegalensis. This shows C. senegalensis is a more distant 

relative to C. tetragonoloba and C. serrata. 

Cross between M83 X RGC 1066 was made successfully to produce an F2 population. 

The observation showed that leaf pubescence and flower color are single locus controlled 

phenotypes and segregate with Mendelian ratio in the population. The phenotype of branching 

showed transgressive behavior in the population. It shows that, the trait is controlled by more 

than one loci. The SSR markers that were polymorphic between the parental accessions of the 

population developed were applied on the bulk DNA to study the linkage of markers to leaf 

pubescence and flower color. The amplification in bulks showed both the marker alleles of 

parents. This shows that the traits are independent of the markers tested. 
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7. Future Scope 

• 	SCAR markers can be developed using the polymorphic data from RAPD and ISSR 

• Linkage analysis of the polymorphic markers could be studied in other populations for 

commercially important traits 

• Genetic linkage map can be developed in the population by generation of large number of 

sequences from NGS technology for SNP mining 

• Metabolomic studies to understand various differences between parents of the population 
can be carried out 
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