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Trigonella is receiving great importance due to its rear medicinal properties. Gene banks harbor scanty 
germplasm. The neglected use of this important herb had received less attention due to which very little 
information is available about its genetic diversity. As such, an attempt was made to study the genetic 
diversity of this important plant. For the present study, five cultivars of Trigonella were analyzed to estimate 
genetic diversity by using eleven random primers. A total of 80 bands were detected, 66 of which were 
polymorphic with a polymorphism of 82.50%. The amplified DNA fragments ranged in size from 200-3060 bp. 
Jaccard’s similarity coefficient ranged from 0.266 to 0.615. A dendrogram constructed based on UPGMA 
revealed two clusters. Cluster 1 consists of three accessions - T3, T1 and T2, while cluster 2 consists of two 
accessions - T4 and T5. It is evident from the dendrogram that accession T3 and T5 are genetically diverse; 
hence it is recommended that these should be used for future breeding programs to create higher amount of 
genetic variability in Trigonella. 
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INTRODUCTION 
 
Genetic diversity is at the lowest hierarchy, without 
genetic diversity, a population cannot evolve and adapt to 
environmental changes. The genetic diversity has an 
impact on the higher levels of biodiversity. Analysis of 
genetic structure at intra specific level of medicinal plant 
species is important to the development of conservation 
strategies, exploration of plant genetic resources and 
future breeding programs of wild plants. Estimation of 
genetic relationships among genotypes is helpful in 
selecting parental combinations for hybrid breeding to 
gain desirable traits (Becelaere et al., 2005). Genetic 
diversity refers to any variation in the nucleotides, genes, 
chromosomes or whole genomes of organisms. Genetic 
diversity at its most elementary level is represented by 
differences in the sequences of nucleotides that form the 
DNA   within   the   cells  of the organism (Andayani et al.,  
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2001). Information on genetic diversity and relationships 
among and between individuals, populations, plant 
varieties, animal breeds and species are of importance to 
plant and animal breeders for the improvement of crop 
plants and animal breeds for conservation biology and for 
studying the evolutionary ecology of populations. Genetic 
diversity studies can identify alleles that might affect the 
ability of the organism to survive in its existing habitat or 
might enable it to survive in more diverse habitats. This 
knowledge is valuable for germplasm conservation, 
individual, population, variety or breed identification 
(Duran et al., 2009).  

Molecular tools provide valuable data on diversity 
through their ability to detect variation at the DNA level. In 
population studies, molecular tools are being used to 
identify whether two individuals are from the mating of 
specific parents, estimating the degree of relatedness 
among individuals, determination of social behavior, 
reproductive success and mating choice and it allows 
direct access   to the  hereditary material (Paterson et al. 
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1991). These have been used to monitor DNA sequence 
variation in and among the plant species (Wang et al., 
2008) and are best suited for detecting genetic diversity 
within populations (Maria et al., 2005). Large scale 
characterization of plant species in varying geoclimatic 
conditions can be performed using various parameters 
such as seed morphometric traits and isozymes. 
However, environmental factors as well as the 
developmental stage of the plant influence such traits. 
DNA based markers provide more detailed genetic 
information to either the increased variability of loci or the 
greater number of the available loci (Cruzan, 1998; 
Ashley and Dow, 1994). These markers have 
successfully been used to estimate levels of relatedness 
among the individuals, studies of mating systems, and 
successful establishment in natural population. With the 
advent of plant molecular biology, a number of molecular 
markers such as Restriction Fragment Length 
Polymorphism (RFLP), Random Amplified Polymorphic 
DNA (RAPD), Simple Sequence Repeats (SSR), Inter 
Simple Sequence Repeats (ISSR) and Amplified 
Fragment Length Polymorphism (AFLP) have been 
developed and used extensively in studying genetic 
diversity, genetic relationship and germplasm 
management. Recent developments in DNA markers 
have made it possible to uncover a large number of 
genetic polymorphisms at DNA sequence level, and to 
use them as markers for the evaluation of genotypes for 
the observed phenotypic variability. RAPD - PCR reaction 
is a means of detecting polymorphisms for genetic 
mapping and strain identification. It is simple, cost-
effective and a powerful tool in the analysis of plant 
genome characterization. Although, RAPD is criticized for 
its low reproducibility (Virk et al., 2000), it is overcome by 
optimization of the RAPD reaction and maintenance of 
stringent conditions. RAPD has, therefore, been 
extensively used in assessing genetic diversity and 
relationship measures in various plant species (Bauvet et 
al., 2004; Upadhyay et al., 2004).  

Fenugreek is gaining importance due to its rare 
medicinal properties (Sharma, 1990). Among Trigonella 
species, Trigonella foenum graecum (commonly known 
as fenugreek) is a flowering annual, with autogamous 
white flowers occasionally visited by insects indigenous to 
countries on the eastern shores of Mediterranean, Irano-
Turanian and Europe-Siberian phytogeographical 
regions. Fenugreek is widely cultivated in India, Egypt, 
Ethiopia, and Morocco and occasionally in England 
(Polhil and Raven, 1981). Fenugreek is reported to have 
anti-diabetic, anti-fertility, anticancer, anti-microbial, anti-
parasitic and hypocholesterolaemic effects (Al-Habori and 
Raman, 2002). In India, fenugreek is used as a lactation 
stimulant (Tiran, 2003). Fenugreek seed in powder or 
germinated form exhibits anti-diabetic properties (Broca 
et al., 2004; Devi et al., 2003; Hannan et al., 2003; 
Tahiliani and Kar, 2003b; Thakaran et al.,  2003;  Vats  et 

 
 
 

 
al., 2003). Across the world, only known and well-defined 
cultivars are grown in specific areas. Gene banks also 
harbor scanty germplasm collection of Trigonella species 
(Hymowitz, 1990). The neglected and the underuse 
status of these locally important crops indicates a risk of 
disappearance of important plant material developed over 
thousands of years of cultivation. One of the important 
factors restricting their large-scale production and 
development of better varieties is that very little 
information is available about their genetic diversity, inter 
and intra-specific variability and genetic relationship 
among these species. Therefore, attempts to analyze 
possible untapped genetic diversity become extremely 
essential for breeding and crop improvement. Random 
Amplified Polymorphic DNA (Williams et al., 1990) 
technology is a reliable method for characterizing 
variation among species and among populations (Gustine 
and Huff, 1999). RAPD profile construction has several 
advantages, such as rapidity of process, low cost and the 
use of small amounts of plant material (Jain et al., 1994; 
He et al., 1995; Lopez-Brana et al., 1996). 
 
MATERIALS AND METHODS 
 
The present study was carried out on Trigonella foenum 
graecum belonging to family fabaceae used both as herb 
(the leaves) and as a spice (the seed, often called methi). 
The plant is cultivated worldwide as a semi-arid crop and 
is a common ingredient in many curries. The cuboid 
yellow to amber colored fenugreek seeds are frequently 
used in the preparation of pickles, curry powders, and 
pastes, and the spice is often encountered in the cuisine 
of the Indian subcontinent. The dried leaves - also called 
kasuri methi (or kasoori methi in India), after the region of 
Kasur in Punjab, Pakistan province, where it grows 
abundantly - have a bitter taste and a characteristically 
strong smell. When harvested as microgreens, it is also 
known as Samudra Methi, in Maharashtra, especially in 
and around Mumbai, where it is often grown near the sea 
in the sandy tracts, hence the name (Samudra means 
“ocean” in Sanskrit). Fenugreek is used in Eritrean and 
Ethiopian cuisine. The word for fenugreek in Amharic is 
abesh (or abish), and the seed is used in Ethiopia as a 
natural herbal medicine in the treatment of diabetes.  

The seeds of five accessions (IC 332236; IC 144225; 
IC 143851; IC 371755; IC 433589) were collected from 
National Beareu of Plant Genetic Resource, New Delhi to 
study the genetic variation based on RAPD. The 
experiments were conducted at Indian Grassland and 
Fodder Research Institute (IGFRI) Jhansi (U.P.). 
 
DNA isolation and RAPD 
 
Genomic DNA was isolated from the mature seeds of five 
accessions of T. foenum-greacum crushed with pestle 
and   mortar   in   liquid    nitrogen   using   the  procedure 



         
 

Table 1. Number of bands scored in Trigonella lines with different RAPD primers.     
 

          
 

 
S/N Primer Primer Sequence Total no. Polymorphic %  

Fragment length (bp) 
 

 

 
of bands bands polymorphism  

 

      
 

1 OPA 01 5„ ACCTCAGCTC 3„ 10 8 80  3060- 900  
 

2 OPA 07 5„ GTGGTCCGCA 3„ 12 8 66.66  2880- 300  
 

3 OPA 10 5„ AACGCGTCGG 3„ 9 9 100  2760- 600  
 

4 OPA 13 5„ GGAGTGCCTC 3„ 4 4 100  1800-400  
 

5 OPA 16 5„ AAAGCTGCGC 3„ 7 7 100  2550-500  
 

6 OPC 09 5„ TTCCCCCCAG 3„ 6 5 83.33  2800-700  
 

7 OPC 17 5„ TGTCTGGGTG 3„ 6 6 100  2000-500  
 

8 OPC 19 5„ CAGGCCCTTC 3„ 8 6 75  1500-300  
 

9 OPE 03 5„ ACCCCCGAAG 3„ 6 6 100  1500-200  
 

10 OPP 02 5„ TCGGCACGCA 3„ 9 4 44.44  2400-200  
 

11 OPE 08 5„AGCCAGCGAA 3„ 3 3 100  2000-500  
 

    80 66   Total  
 

 
 

 
developed by Kang et al. (1998) with slight modification. 
RAPD analysis was performed using arbitary decamer 
primers procured from operon technologies. Initially, 25 
decamer primers (from Operon technology) were 
screened against fresh genomic DNA of Trigonella 
accessions under study. Eleven out of the twenty five 
primers (Table 1) that produced reproducible and 
scorable amplifications were finally selected for the RAPD 
profiling. All the accessions under study were screened 
with each of the 11 random primers to generate banding 
profiles for the genetic diversity study. After quantification, 
DNA samples were diluted to working concentration of 10 
ng/µl. Amplification was carried out in 25 µl reaction 
mixture containing about 25 ng genomic DNA, 0.2 mM of 

each dNTP, 0.2 µM primer, 2 mM of MgCL2 and I U of 

Taq DNA polymerase (Fermentas, Life Sciences). DNA 
amplification was performed in a PTC 200 thermal cycler 
(MJ Research) according to the following thermal profile: 
initial denaturation at 94°C for 3 min, followed by 40 
cycles of denaturation at 94°C for 45 s, annealing at 35°C 
for 1.5 min and extension at 72°C for 1.5 min, followed by 
final extension at 72°C for 3 min. Amplification products 
were separated in 1.5-2% agarose gel (Sigma) and 
detected by staining with ethidium bromide Sambrook et 
al. (1998). The gels were photographed under UV light. 

 
Data analysis 
 
The amplified fragment profiles were visually scored for 
the presence (1) or absence (0) of bands and entered 
into binary matrix. The variation in intensity was not taken 
into consideration to avoid confusion in scoring. 
Jaccard‟s similarity coefficients were calculated and used 
to construct dendrogram   based on unweighed pair 
group   method   with  arithmetic averages (UPGMA). The 

 
 

 
computer package NTSYS-pc version 2.2 e (Applied 
Biostatistics, Inc.) was used for carrying out cluster 
analysis (Rohlf, 2004). 
 
RESULTS AND DISCUSSION 
 
The polymorphic bands and level of polymorphism of 
distinguishable RAPD bands in different cultivars of 
Trigonella are shown in Table 1. The amplification profiles 
were in the form of 80 bands out of which 66 were 
polymorphic with a polymorphism of about 82.50%  
.The amplified DNA fragments varied in size from 200-
3060 bp (Table 1, Figure 1). The number of bands 
amplified from different accessions varied from 3-12 
bands using all the 11 decamer primers with an average 
of 7.27 bands amplified per primer. Pairwise comparisons 
between the tested genotypes were used to calculate the 
genetic similarity (Table 2).  

The similarity index (Table 2) revealed the maximum 
similarity between accessions IC-144225 (A1) with IC-
144225 (A2) and IC-371755 (A4) with IC-433589 (A5), 
while distantly related varieties were IC-332236 (A3) and 
IC-433589 (A5).  

The Bivariate 1-0 data matrix generated dendrogram 
shows that the genotypes analysed on DNA basis belong 
to two clusters (Figure 2). Cluster I includes two 
accessions IC-144225(A1) and IC-144225(A2). The 
major cluster-II included IC-371755(A4) and IC-433589 
(A5). The accession IC-332236 (A3) was placed distantly 
from the studied accessions as revealed by the 
dendrogram constructed.  

The results obtained during the present investigation 
seems to be consistent with the studies of Dangi et al. 
(2004) who reported 70.12% polymorphism in the case of  
Trigonella foenum-greacum and 94.83% polymorphism in 
Trigonella   caerulea   using  40 and 10 decamer primers, 
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Figure 1. Dendrogram showing the result of clustering on five Trigonella 
accessions. 

 
 

 
Table 2. Jaccard‟s similarity coefficient. 

 
 A1 A2 A3 A4 A5 
 A1     

 A2 0.54545    

 A3 0.26667 0.50000   

 A4 0.42857 0.46154 0.40000  

 A5 0.35714 0.50000 0.42857 0.61538 
 
 
 
while 64% polymorphism was reported by Kakani et al. 
(2011) in the case of Trigonella by using 10 decamer 
primers. Moreover different workers worked on different 
plant species and reported almost similar pattern of 
polymorphism. For example Rao et al. (2006) reported 
77.8% polymorphism in chick pea by using 10 decamer 
primers. On the other hand, 78.8% polymorphism was 
reported by Thomas et al. (2006) in wheat upon utilizing 
50 random decamer primers. Patra and Chawla (2010) 
also found 76.5% polymorphism in eighteen Basmati rice 
varieties by utilizing 12 random primers. Malviya and 
Yadav (2010) also observed the same extent of 
polymorphism (74.7%) in pigeon pea by using 17 random 
decamer primers. Reby et al. (2011) also observed 
72.27% polymorphism in rice genotypes from Kerala by 
using twenty 10-mer random primers. The detection of 
high level genetic diversity observed in Trigonella 
genotypes confirms the findings of Welsh and McClelland 
(1990) and Dos Santos et al.  (1994)   who  demonstrated 

 
 

 
that RAPD markers are effective for visualizing high level 
of polymorphism in plant species. The high level of 
polymorphic products generated by certain products 
might be attributed to the fact that in RAPD, even small 
divergence between two cultivars can result in distinct 
pattern as polymorphism may be the result of any of the 
various reasons: a) Single nucleotide change within the 
primer binding site. b) Insertion or deletion with the 
amplified region so that part of the primer binding site in 
one of the strand is missing. 3) Complete absence of 
complimentary sites. 4) The region between the binding 
sites on the opposite strand is beyond the normal 
amplifiable length.  

RAPD similarity coefficients ranged from 0.26 to 0.61 
with 78.79% polymorphism. Similar results were obtained 
by Muhammad et al. (2010) in wheat. RAPD marker 
system may amplify similar size fragments from different 
genomic regions, resulting in underestimation of genetic 
diversity. Molecular markers such as RAPD and seed 
storage protein analysis and subsequent banding pattern 
should be included in the testing of advanced breeding 
lines. This will not only help in the development of 
varieties with wider genetic base, but will also generate 
fingerprints of such varieties.  

Similar works have been carried out by many 
researchers both in India and elsewhere. Rout and Das 
(2002) studied the genetic integrity of Plumbago 
zeylanica using RAPD markers. Gilani et al. (2009) 
reported the genetic diversity of 7 populations of Withania 
coagulans    from    the     districts   of Kohat and Karak in 
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RAPD profile of Trigonella samples 

 
Figure 2. RAPD profiles from genomic DNA of five Trigonella accessions using primer opp-02 (5‟ TCG 
GCA CGC A 3‟). 

 
 

 
Pakistan using molecular markers. This finding showed 
higher diversity within population and lower diversity 
among population. Bilal et al. (2010) analyzed the 
intraspecific variation of Withania somnifera using 
molecular markers. Analysis of the genetic diversity 
provided evidence that wild and cultivated genotypes are 
not different only in morphological and chemical basis. 
This type of investigation gives information regarding 
genetic relatedness within species for conservation, and 
an understanding of the level and partitioning of genetic 
variation within the species would provide an important 
input to determine the appropriate management 
strategies. Smita and Keshavachandran (2006) 
characterized 18 phenotypically and biochemically 
distinct Gymnema sylvestre accessions representing 
different geographical regions of Kerala using RAPD 
markers. Overall, molecular fingerprinting revealed the 
existence of considerable genetic variations. Padmalatha 
and Prasad (2006) studied the molecular variations in 
Rauvolfia tetraphylla collected from different locations of 
Andhra Pradesh, India. Cluster analysis indicated the 
high  levels  of  differentiation   among  accessions  which 

 
 

 
existed independent of geographical distance. Vivek et al. 
(2009) investigated the genetic relationships among 19 
populations of Senna tora and they reported that such 
genetic studies in genetic relationships may be useful to 
assign new and unclassified accessions of specific 
taxonomic groups and to reclassify species. According to 
Jayaram and Prasad (2008) and Chengxin et al. (2003), 
the study of distributive patterns of genetic variation 
would provide baseline data for conservation and 
collection strategies of the species. Artyukova et al. 
(2004) reported that the mean genetic heterozygosity 
may be helpful in estimating gene diversity of the 
populations of rare and endangered species. Rashmi et 
al. (2004) suggested that an understanding of a level and 
partitioning of genetic variability within the species would 
provide an important input to determine the appropriate 
management strategies.  

Conservation of genetic diversity is an essential aspect 
of the management of threatened and endangered 
species. Genetic diversity is vital for population viability. 
In the short term, low levels of diversity can result in 
inbreeding    depression ,   increasing   the   probability of 
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population extirpation or reducing population fitness 
(Saccheri et al., 1998; Puurtinen et al., 2004). 
 
ACKNOWLEDGEMENTS 
 
The authors express their heartfelt thanks to Dr. S 
Chauhan, Director IBRC Agra, for his valuable comments 
and suggestions and help provided during the study. The 
authors also acknowledge NBPGR New Delhi for 
providing germplasm. 
 
REFERENCES 
 
Al-Habori M, Raman A (2002). Pharmacological 

Properties in Fenugreek–The genus Trigonella (1st 
edition) by G.A. Petropoulos (ed.),Taylor and Francis, 
London and New York. 10: 163- 182.  

Andayani N, Morales JC, Forstner MRJ, Supriatna J, 
Melnick DJ (2001). Genetic variability in mtDNA of the 
silvery gibbon: implications for the conservation of a 
critically endangered species. Conserv. Biol. 15(3): 
1545-1548.  

Artyukova EV, Kozyrenko MM, Koren OG, Muzarok TI, 
Reunova GD, Zhuravev (2004). RAPD and Allozyme 
analysis of genetic diversity in Panax gingeng and P. 
quinquefolius. Russ. J. Gene., 40(2): 239-247.  

Ashley MV, Dow BV (1994). The use of microsatellites for 
genetic analysis of natural populations. In: Molecular 
ecology and evolution: approaches and applications 
(Schierwater, B., Streit, B., Wagner, G.P., and DeSalle, 
R. (Eds), Basel: Birkhauser Verlag, pp.185-281.  

Bauvet JM, Fontaine C, Sanou H, Cardi C (2004). An 
analysis of the pattern of genetic variation in Vitellaria 
paradoxa using RAPD marker. Agrofor. Syst., 60: 61-
69.  

Becelaere GV, Edward LL, Paterson AH, Chee PW 
(2005). Pedigree-vs. DNA marker-based genetic 
similarity estimate in cotton. Crop Sci., 45: 2281-2287.  

Bilal AM, Sushma K, Arun K, Maharaj KK, Amarjit SS, 
Soom NR (2010). Intraspecific variation in the internal 
transcribed spacer (ITS) regions of rDNA in Withania 
somnifera (Linn) Dunal. Ind. J. Biotechnol., 9: 325-328.  

Broca C, Breil V, Cruciani-Guglielmacci C, Manteghetti M, 
Rouault C, Derouet M, Rizkalla S, Pau B, Petit P, Ribes 
G, Ktorza A, Gross R, Reach G, Taouis M (2004). The 
insulinotrophic agent 1D1101(4-hydroxyisoleucine) 
activates insulin signaling in rat. Am. J. Physiol. 
Endocrinol. Metab., 287(3): 463-471.  

Chengxin Fu, Yingxiong Q, Hanghui K (2003). RAPD 
analysis for genetic diversity in Changium smyrioides 
(Apiaceae), an endangered plant. Bot. Bull. Acad. Sin., 
44: 13-18.  

Cruzan MB (1998). Genetic markers in plant evolutionary 
ecology. Ecology, 79: 400- 412.  

Dangi SR, Lagu MD, Choudhary BL, Ranjekar KP, Gupta 
SV   ( 2004).   Assessment   of   Genetic    diversity    in 

 
 
 

 
Trigonella foenum- graecum and Trigonella caerulea 

using ISSR and RAPD markers. BMC Plant Biol., 4: 13.  
Devi BA, Kamalakkannan N, Prince PS (2003). 

Supplementation of fenugreek leaves to diabetic rats-
Effect on carbohydrate metabolic enzymes in diabetic 
liver and kidney. Phytother Res., 17(10): 1231-1233.  

Dos Santos JB, Nienhuis J, Skroch P, Tivang J, Slocum 
MK (1994). Comparision of RAPD and RFLP genetic 
markers in determining genetic similarity among 
Brassica oleracea L. genotypes. TAG. 87: 909-915.  

Duran C, Appleby N, Edwards D, Batley J (2009). 
Molecular Genetic Markers: Discovery, applications, 
data storage and visualization. Curr. Bioinfor., 4: 16-27.  

Gilani SA, Kikuchi A, Watanabe KN (2009). Genetic 
variation within and among fragmented populations of 
endangered medicinal plant, Withania coagulans 
(Solanaceae) from Pakistan and its implications for 
conservation. Afr. J. Biotechnol., 8(3): 2948-2958.  

Gustine DL, Huff DR (1999). Genetic variation within and 
among white clover populations from managed 
permanent pastures of the northeastern US. Crop. Sci., 
39: 524-530.  

Hannan JM, Rokeya B, Faruque O, Nahar N, 
Mosihuzzaman M, Azad KAK, Ali L (2003). Effect of 
soluble dietary fibre fraction of Trigonella foenum-
graecum on glycemic, insulenimic, lipidemic and 
platelet aggregation status of Type 2 diabetic model 
rats. J. Ethnopharmacol., 88: 73-77.  

He G, Prakash CS, Jarrent RL (1995). Analysis of genetic 
diversity in a sweet potato (Ipomea batatus) 
amplification fingerprinting germplasm collection using 
DNA. Genomes. 38: 689-696.  

Hymowitz T (1990). Grain Legumes. In In Advances in 
new crop.Edited by Janick J, Simon JE. Timber Press, 
Portland, OR: pp. 54-57.  

Jain A, Bhatia S, Banga SS, Prakash CS, Laxmikumaran 
(1994). Potential use of RAPD technique to study the 
genetic diversity in Indian mustard (Brassica juncea) 
and its relationship to heterosis. Theor. Appl. Gene., 
88: 116-122.  

Jayaram K, Prasad MNV (2008). Genetic diversity in 
Oroxylum indicum (L.) Vent. (Bignoniaceae), a 
vulnerable medicinal plant by random amplified 
polymorphic DNA marker. Afric. J. Biotechnol., 7(3): 
254-262.  

Kakani KR, Singh SK, Pancholay MSR, Pathak RA 
(2011). Assessment of genetic diversity in Trigonella 
foenum graecum based on Nuclear ribosomal DNA, 
Internal Transcribed Spacer and RAPD analysis. Plant 
Mol. Biol. Rep., 29: 315-323.  

Kang HW, Yong G, Yoon Ung H, Eun Moo YA (1998). A 
rapid DNA extraction method for RFLP and PCR 
analysis from a single dry seed. Plant Mol. Biol. Report, 
16(1): 1-9.  

Lopez-Brana I, Romero MD, Delibes A (1996). Analysis 
of    Heteroderma   avenae   populations by the random 



 
 
 

 
amplified polymorphic DNA technique. Genomes, 39: 

112-118.  
Malviya N, Yadav D (2010). RAPD analysis among 

pigeon pea [Cajanus cajan (L.) Mill. Sp] Cultivars for 
their genetic diversity JEBJ. 1: 12-18.  

Maria S, Graziella G, Steania M, Luciano G, Serena A 
(2005). ISSR markers show differentiation among 
Italian populations of Asparagus acutifolius L. BMC 
Gene., 6(17): 1-7.  

Muhammad FA, Muhammad I, Muhammad SM, Malik 
AR, Muhammad M (2010). Assessmnt of genetic 
diversity among Pakistani wheat (Triticum aestivum L.) 
advanced breeding lines using RAPD and SDS- PAGE. 
Mol. Biol. Gene., 13(3): 1-8.  

Padmalatha K, Prasad MNV (2006). Genetic diversity in 
Rauvolfia tetraphylla L.f using RAPD markers. Plant 
Biotech., 8(2): 1-7.  

Paterson AH, Tanksley SD, Sorreis ME (1991). DNA 
markers in plant improvement. Adv. Agron., 46: 39-90.  

Patra N, Chawla HS (2010). Biochemical and RAPD 
markers molecular for establishing distinctiveness of 
basmati rice varities as additional descriptors for plant 
variety protection. Indian J. Biotechnol., 9: 371-377.  

Polhil RM, Raven PH (1981). Advances in legume 
systematic. Royal Botanical Gardens, Kew, England.2:  

Puurtinen M, Knott E, Suonpaa S, Van Ooik T, Kaitala V 
(2004). Genetic variability drift load in populations of an 
aquatic snail. Evolution, 58: 749-756.  

Rao LS, Rani UP, Deshmukh SP, Kumar PA, Panguuri 
KS (2006). RAPD and ISSR fingerprinting in cultivated 
chick pea (Cicer arietinum L.) and (Cicer reticulum  
L.).Gene. Resour. Crop Evol., 54(6): 1235-1244. 

Rashmi M, Nanda S, Nayak, Rout GR (2004). Studies on  
genetic relatedness of Acacia tree species using RAPD 
markers. Biol. Bratislava, 59(1): 115-120.  

Reby S, Sandeep S, Abdul-Muneer PM (2011). Analysis 
of genetic variability in rice varieties (Oryza sativa L.) of 
Kerala using RAPD markers. GEBJ, 24: 1-9.  

Rohlf FJ (2004). NTSYS-PC: Numerical taxonomy and 
multivariate analysis system. Version 2.2 e. Exeter 
Publishing, Setauket NY.  

Rout GR, Das D (2002). An Assessment of Genetic 
integrity of micropropagated plants of Plumbago 
Zeylanica by RAPD Markers. Biol. Plantar, 45(1): 27-
32.  

Saccheri I, Kuussaari M, Kankare M, Vikman P, Fortelius 
W, Hanski I (1998). Inbreeding and extinction in a 
butterfly metapopulation. Nature, 392: 491-493.  

Sambrrok J, Fristsch EF, Maniatis T (1998). Molecular 

cloning .A laboratory manual, 2
nd

 edition. New York. 
Cold Spring Harbor Laboratory Press.  

Sharma RD (1990). Effect of fenugreek on blood glucose 
and serum lipids in type-1 diabetes. Eur. J. Clin. Nutr., 
44: 301-306. 

 

717         Int. J. Biochem. Biotechnol. 
 
 

 
Smita N, Keshavachandran R (2006). Molecular diversity 

in Chakkarakolli (Gymnema sylvestre R. Br.) assessed 
through isozyme and RAPD anlaysis. J. Tropic. Agric., 
44(1-2): 31-36.  

Tahiliani P, Kar A (2003b). Mitigation of thyroxine induced 
hyperglycaemia by two plant extracts. Phytother. Res., 
17(3): 294-296.  

Thakaran S, Salimuddin, Baquer NZ (2003). Oral 
administration of orthovandate and Trigonella foenum-
graecum seed powder restore the activities of 
mitochondrial enzymes in tissues of alloxan-induced 
diabetic rats. Mol. Cell Biochem., 247(1-2): 45-53.  

Thomas G, Mohapatra T, Rao AR, Sharma RP (2006). 
Distinguishing Indian commercial wheat varieties using 
RAPD based DNA fingerprinting. Indian J. Biotech., 5: 
200-206.  

Tiran D (2003). The use of fenugreek for breast feeding 
women. Complement Ther. Nurs. Midwifery, 9(3): 155-
156.  

Upadhyay A, Jayadet K, Manimedkalai R, Parthasarathy 
VA (2004). Genetic relationship and diversity in Indian 
coconut accessions based on RAPD markers. Sci. 
Hort., 99: 353-362.  

Vats V, Yadav SP, Grover JK (2003). Effect of Trigonella 
foenum-graecum on glycogen content of tissues and 
the key enzymes of carbohydrate metabolism. J. 
Ethnopharmacol. 85(2-3): 237-242.  

Virk PS, Zhu J, Newbury HJ, Bryan GJ, Jackson MT, 
Ford-Lloyd BV (2000). Effectiveness of different classes 
of molecular markers for classifying and revealing 
variations in rice (Oryza sativa) germplasm. Euphytica, 
2: 275-284.  

Vivek T, Sandhya G, Anil K, Palpu P, (2009). Genetic 
differentiation of Senna tora (L.) Roxb. and Senna 
obtusifolia (L.) Irwin & Barneby by using RAPD 
markers. Afr. J. Plant Sci., 3(8): 168-173.  

Wang Y, Li XE, Li XD, Qi JJ, Sun P, Zhou LL (2008). 
Analysis of genetic diversity of Wild Rehmannia 
glutinosa by using RAPD and ISSR markers. Zhongguo 
Zhong Yao Za Zhi., 33(22): 2591-2595.  

Welsh J, McClelland M (1990). Fingerprint genomes 
using PCR with arbitrary primers. Nucleic Acids Res. 
18: 7213-7218.  

Williams JGK, Kubleik AR, Livak KJ, Rafalski JA, Tingey, 
SV (1990). DNA polymorphisms amplified by arbitrary 
primers are useful as genetic markers. Nucleic Acids 
Res., 18: 6531-6535. 
 


