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encelioides  populations using randomly 

amplified polymorphic DNA ( RAPD) markers 
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Identification of inter-varietal/ intraspecific diversity is an essential condition for the analysis of genetic diversity. A total of 97 clear bands were 
generated, out of which 73 (77.6 %) were polymorphic. The total number of markers varied from 3 to 13 with a mean of 8 markers per primer. The 
number of polymorphic markers for each primer varied from 2 (GCC-177) to 10 (GCC-121) with a mean of 6 polymorphic markers per primer. The 

amplified product size ranged from 125 to 3968 bp. The PIC values ranged from 0.18 (GCC-81) to 0.416 (GCC-171), with a mean PIC value of 0.284. 
The Jaccard‘s similarity coefficient values ranged from 0.48 to 1.0 with an average of 0.62. A dendrogram constructed based on the UPGMA clustering 
method, revealed two major Groups (A and B) Group-A consisted of  morphotypes 1, 2,3,4,5,6,7,8,9 where as Group-B showed segregated genotype 

10. The present findings unarguably suggest extending the scope of detecting and quantifying the prevalent genetic diversity existing at the molecular 
level. To our knowledge this is the first report on the characterization of V. encelioides ten morphotypes based on twelve  primers. RAPD appears to 

have the potential to distinguish closely related morphotypes based on the patterns of their amplicons . Present study highlights that the high genetic 
diversity within a species could be attributed to wide distribution, and divergent ecological conditions. 

———————————————————— 

INTRODUCTION 
Verbesina enceloides (Cav.) Benth. & Hook. f.ex A. Gray 
(family Asteraceae.) is commonly known as ―Golden 
crownbeard‖ and can be grown as an ornamental in the 
gardens. It is native to the Southwestern United states the 
Mexican Plateau and other parts of Tropical America. V. 
encelioides is an erect annual spp. (Wagner, 1990) 
commonly seen up to the heights of 0.3 to 1.66 meters 
(Parker, 1972). Its common names is Golden Crown beard, 
Crown beard, Wild sunflower, Girasolcito, Yellow top del 
Muerto. Seeds of V. encelioides germinate in autumn or 
early spring. Seeds can survive drought and high 
temperatures; long periods of seed dormancy and high 
germination rates are reported. Highest germination levels 
were observed with seeds at the surface of soil, but seeds 
were still able to germinate when placed in soil up to 5 cm 
deep (Sade et al., 2007). Once in the soil, the seeds 
typically take 14-30 days to germinate. The plant does not 
require large amounts of water and is considered drought 
tolerant. It is not tolerant to salinity or to shade and requires 
exposure to light to establish. It grows best in the 800-900 
mm annual rainfall zone and is adapted to fine or medium 
textured soil. Sade et al. Leaves of Verbesina encelioides 
are toothed or lobed (Everist 1957; Parker 1972), and have 
two distinct growth patterns: lower leaves are opposite and 
triangular, while the upper leaves are alternate and 
lanceshaped (Everist 1957, Wagner et al. 1990). Both 
upper and lower leaves feature fine white hairs on the 
underside (Everist 1957). These fine white hairs are also 
present on the stem of Verbesina encelioides, which grows 
from a taproot system (Parker 1972). Flower heads are 
found on elongated stalks (Parker 1972), and resemble 
small sunflowers, 1-2 inches (2.5 cm - 5.1 cm) in length 
(Everist 1957). Flower heads can either be solitary, or in 
clusters of up to 3 heads (Everist 1957; Wagner et al. 
1990). The single ―flower‖ is more accurately referred to as 
a ―head‖, and is composed of  
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two different types of flower structures: 1)that of the 
rayflorets, which appear as the petals, and 2) that of the 

disc-floret, which is in the center of the flower head 
(Hylander and Johnston 1954; Gardner et al. 1956). The 
ray-flowers surrounding the center are approximately 0.5 
inches (1.25 cm) long, yellow to bright yellow in color, and 
number 12-15 per head (Ball et all. 1951, Wagner et al. 
1990). The center disc flower, the site of eventual seed 
formation, is also yellow and comprised of many tubular 
structures (Hylander and Johnston 1954; Campell 
1987).Seeds (achenes) of V. encelioides are grayish-
brown, flat, and winged along the margins (Parker 1972). 
Seed size ranges between 5.4 mm to 6.7 mm by 3.1mm to 
3.66 mm (approx 0.25 inches by 0.15 inch) (Kaul and 
Mangal 1987). As with the leaves and stalk of V. 
encelioides, seeds are also covered with fine hairs (Parker 
1972). Verbesina encelioides is differentiated from the 
garden sunflower by the opposite leaves on the lower part 
of the plant, as well as significantly smaller flower heads 
(Everist 1957). This plant differs a lot in morphological 
features when collected from different regions of India 
according to climate, soil type , as it is cross pollinated plant 
failing to which it is self pollinated shows morphological 
variability.  This variability is directly or indirectly linked to 
genetic variability. DNA markers based fingerprinting can 
distinguish species rapidly using small amounts of DNA and 
therefore can assist to deduce reliable information on their 
phylogenetic relationships. Various approaches are 
available for DNA fingerprinting such as AFLP (Amplified 
Fragment Length Polymorphism), SSR (Simple Sequence 
Repeats) and RAPD (Random Amplified Polymorphic DNA) 
. RAPD is convenient to conduct with good polymorphism 
and can be used in analyzing genetic diversity and the 
relation between species. RAPD analysis requires only a 
small amount of genomic DNA and can produce high level 
of polymorphism and may facilitate more effective diversity 
analysis in plants. The present study was carried out to find 
out the genetic relatedness among 10 plants of Verbesina 
encelioides collected from different regions of Jaipur. 
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Plant material 
Ten morphologically different plants of Verbesina 
encelioides were taken from different region of Jaipur. As 
many as 10 morphotypes were sampled ( Table 1). 
Table 1. Morphological characteristic of ten morphotypes 

identified in the field in Verbesinia encelioides with 
individual code no. 

DNA extraction 
Total genomic DNA was extracted from 20 mg of powdered 
material using a common CTAB procedure (Doyle and 
Doyle, 1990). Extracted DNA samples were run on 0.8% 
agarose gel for confirmation of isolated DNA followed by 
quantification for confirmation of its good quality. The DNA 
samples were diluted to 25 ng/μl and kept at -20°C until 
use. 

 
RAPD analysis 
The quantities of  DNA were diluted to final concentration of 
25 ng / µl in TE buffer (10 mM Tris HCl, 1 mM EDTA, pH 
8.0) for RAPD amplification. Random amplified polymorphic 
DNA (RAPD) analysis was performed with 50 decamer 
primers purchased from UBC primers pecured from GCC 
Primers. PCR Reactions were performed in final volume of 
25 µl containing 10X Assay Buffer (Bangalore Genei), 1.0 
unit of Taq DNA polymerase (Bangalore Genei), 200 µM 
each of dNTPs (Fermentas), 10 pmols / reaction of random 
primers and 50 ng of template DNA. The PCR was 
performed in ‗Biometra Thermocycler‘. The PCR program 
comprised 44 cycles and the PCR tubes were subjected to 
the thermal profile given in the  
 
Table 2. Following the amplification, the PCR products 

were loaded on 1.2% Agarose gel (Himedia, molecular 
grade), which was prepared in 1X TBE buffer containing 0.5 
µg/ml of the Ethidium Bromide. The amplified products 
were electrophoresed for 3 - 3.5 hrs at 50V and 100 V, 
respectively, with cooling. After separation the gel was 
viewed under UV trans-illuminator.   

 
RAPD profile analysis 

                     The screened primers that gave bands were used to 
amplify the DNA of all the ten morphotypes. Each morph 
type was characterized by its banding pattern (Fig. 1). 
RAPD bands as viewed from the gels after electrophoresis 
and staining were designated on the basis of their 

molecular sizes (length of polynucleotide amplified).  DNA 
EcoRI/Hind III double digest was loaded with each primer 

products to estimate the molecular size. These RAPD 
markers were converted into a matrix of binary data, where 
the presence of the band corresponded to value 1 and the 
absence to value 0. The scores (0 or 1) for each band were 
entered in the form of a rectangular data matrix (qualitative 
data matrix). The pair-wise association coefficients were 
calculated from qualitative data matrix using Jaccard‘s 
similarity coefficient. Cluster analysis for the genetic 
distance was then carried out using UPGMA (Unweighted 
Pair Group Method with Arithmetic Mean) clustering 
method. The genetic distances obtained from cluster 
analysis through UPGMA were used to construct the 
dendrogram, depicting the relationships of the genotypes 
using computer program NTSYS pc version 2.02 (Rohlf, 
1998). Diversity for each marker was determined using the 
polymorphic information content (PIC), calculated according 
to Anderson et al., (1993) as, 

PIC = 1- (F x F) + (E x E) 

Where, F = No. of bands present 

E = No. of bands absent 

Twelve RAPD primers obtained from CloniTec were 
employed for genetic diversity analyses. DNA amplification 
was carried out for 44 cycles in PCR tubes containing 25 μl 
reaction mixture (reagents of a single PCR reaction given in 
Table 2 . Finally, the PCR tubes were subjected to the 
thermal profile given below. The reaction was carried out 
Biometra Thermocycler. Amplified products were analyzed 
through electrophoresis on 1.2% agarose gel containing 
1XTBE buffer containing 0.5 µg/ml of the Ethidium Bromide 
at 100V for 2 hrs. 

 
Table 2. Master mix of a single PCR reaction 

 

 

Sr.no. Morphology seen in field Codes 

1 Height of plant 1 

2 Small leaves 2 

3 Large leaves 3 

4 Margins coarsely toothed 4 

5 Bushy plant 5 

6 Single straight plant 6 

7 Large capitullum diameter 7 

8 Small capitullum diameter 8 

9 Petals overlapped 9 

10 Few petals 10 

S. no. 
 

Master mix Quantity 
(µl) 

1 Sterile Distilled 
water 

18.8 

2 Buffer 2.5 

3 MgCl2 1 

4 dNTPs 1 

5 Primer 0.5 

6 Taq DNA 
polymerase 

0.2 

7 DNA 1 

 Total 25µl 
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Fig 1  RAPD analysis of 10 different morphotypes of 

Verbesina enceloidies . PCR amplification with Primers 
GCC- 69,106,23,121,61,112,135,104,171,177,103,178. M 
mentioned on side lane represent DNA double digest with 
EcoR1 and Hind III restriction enzymes. Maximum 
polymorphic bands are shown with primer GCC 121. 

Analysis 
Amplification products were scored for the presence (1) or 
absence (0) of bands across the genotypes in order to 
obtain a binary data matrix. Genetic similarities for RAPD 
data were calculated using Jaccard‘s similarity coefficient 
(Jaccard, 1908). A dendrogram was constructed by using 
the UPGMA with SAHN module of NTSys software to show 
a phenetic representation of genetic relationship as 
revealed by the similarity coefficient. Polymorphism 
information content (PIC) was also calculated according to 
Anderson and his co-workers (1993).  

 

Table 3: Primer sequence, total number of polymorphic 

bands, % of polymorphism and PIC value of the primers 
used 

S.no. Name of 
Primer 

Nucleotide sequence 
(5’-3’) 

Total bands 
 

Polymorphic 
bands 

Monomor
phic 
bands 

% 
Polymorphism 

PIC 

1 GCC 135 AAG CTG CGA G 8 8 0 100 0.391 

2 GCC 23 CCC GCC TTC  C 9 6 3 66 0.208 

3 GCC 121 ATA CAG GGA G 10 10 0 100 0.306 

4 GCC 106 CGT CTG  CCC G 12 6 6 50 0.18 

5 GCC 61 TTC CCC GAC  C 7 4 3 57 0.234 

6 GCC 177 TCA GGC AGT C 3 2 1 66 0.253 

7 GCC 171 TGA CCC CTC C 6 6 0 100 0.416 

8 GCC 104 GGG CAA TGA T 8 6 2 75 0.362 

9 GCC 178 CCG TCA TTG G 8 8 0 100 0.277 

10 GCC 103 GTG ACG CCG C 5 4 1 80 0.326 

11 GCC 112 GCT TGT GAA C 13 5 6 38 0.228 

12 GCC 69 GAC GGC AAG A 8 8 0 100 0.23 
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Table 4 : Jaccard‘s similarity coefficient among 10 morphotypes of  Verbesina encelioides                     

  1 2 3 4 5 6 7 8 9 10 

1 1.00          

2 0.66 1.00         

3 0.63 0.60 1.00        

4 0.75 0.65 0.60 1.00       

5 0.62 0.61 0.64 0.70 1.00      

6 0.58 0.58 0.56 0.63 0.62 1.00     

7 0.56 0.54 0.59 0.58 0.60 0.67 1.00    

8 0.54 0.57 0.61 0.51 0.58 0.54 0.62 1.00   

9 0.54 0.63 0.66 0.58 0.60 0.61 0.62 0.65 1.00  

10 0.62 0.57 0.59 0.58 0.55 0.48 0.53 0.56 0.57 1.00 
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Fig. 3. Dendrogram based on genetic distance computed 
from RAPDs using algorithm of Unweighted Pair Group 
Method with Arithmetic Averages (UPGMA) in the ten 
studied morphotypes All the twelve RAPD markers used 
were polymorphic (100%). A total of 97 loci were amplified 
by them, out of which 73 were polymorphic and 24 were 
monomorphic. Highest number of polymorphic loci were 13 
obtained with primer GCC 112  and lowest was 3 with GCC 
177 . The discrimination power of each locus was estimated 
by the PIC (Polymorphism Information Content) value.  

 
Results and Discussions 

Molecular characterization 
The CTAB extraction protocol , given above, effectively  
yielded DNA (167-296 ng/μL) from all the ten Verbesina 
morophotypes with a A260/A280 ratio of 1.7– 1.9. Out of 30  
primers screened, most polymorphisms were obtained with 
twelve   primers GCC-135, GCC- 23, GCC-121, GCC-106, 
GCC-61, GCC-177, GCC-171, GCC-104, GCC-178, GCC-
103, GCC-112, GCC-69 (Table 3). All the twelve RAPD 
markers used were polymorphic (100%). A total of 97 loci 
were amplified by them, out of which 73 were polymorphic 
and 24 were monomorphic. The number of polymorphic 
markers for each primer ranged from 2 ( GCC-177 ) to 10 
(GCC-121) with a mean of 7 markers per primer. Highest 
polymorphic loci 10 was obtained with primer (GCC-121) 
and lowest 2 with (GCC-177). The amplified product size 
ranged between 125 to 3968 bp. PIC value ranged from 
0.18 (GCC-106) to 0.391(GCC-135), with mean PIC value 
of 0.284. The discrimination power of each locus was 
estimated by the PIC (Polymorphism Information Content) 
value.Genetic similarity estimates based on RAPD banding 
patterns were calculated using method of Jaccard‘s 
coefficient analysis (Table 3). The Jaccard‘s pairwise 
similarity coefficient values ranged from 0.48 to 1.0 with an 
average of 0.62, for single primer based RAPD patterns. 
The clusters constructed through NTSYS (2.02 pc) 
presented in the form of dendrogram are shown in Fig. 3. 
The cluster analysis revealed two groups(A and B)  . 
Group-A is further divided into two subgroups I and II . Sub 
group I consisted of 4  morphotypes  (1,4,5,2) and Sub 
group II consisted of 5 morphotypes(3,9,8,6,7) where as 
Group-B only consisted of a segregated genotype (10) . 
Group A and B showed 55 % between group similarity. Sub 
group I and Subgroup II showed 60 % within group 
similarity. The twelve random primers that were selected for 
analysis generated 97 RAPDs, with an average 8 
products/primer and size ranged from 100 - 1000 bp . 
Cluster analysis indicated the segregation of different 
populations  studied  at 0.55 coefficient (Fig. 3). The 
acquired data in this investigation proved the significance of 
RAPD in the discrimination among studied populations, 
which is in concordance with the results of Harris (1999); 
Wu et al. (1999); Onarici and  Sumer (2003); Dangi et al. 
(2004). RAPD products are usually dominant markers and 
are inherited in simple Mendelian fashion, therefore, verified 
as to be taxonomically and evolutionary useful at all 
taxonomic levels, especially at the intra- and interspecific 
levels (Demeke and Adames, 1994; Nkongolo et al., 2002). 
The data of genetic diversity studies unfolded different 
levels of genetic polymorphism among the 10 morphotypes 
of V.enceloides for RAPD primers, GCC-135, GCC- 23, 

GCC-121, GCC-106, GCC-61, GCC-177, GCC-171, GCC-
104, GCC-178, GCC-103, GCC-112, GCC-69. It was 
noticed that different primers gave different levels of 
polymorphism at DNA level (Fig. 1). This is explained on 
the presumption that homology of sequences of primers 
with the complementary sequences present in V. 
encelioides population genome. RAPD technique is a 
common and well-proven tool in genetic studies and a 
suitable system  for detecting total genetic variation and its 
partitioning within and among populations. The RAPD 
procedure has been effectively used in a variety of 
taxonomic and genetic diversity studies (Harisaranraj , et 
al.,  2008; Ranade et al., 2008; Sahasrabudhe and  
Deodhar, 2010). Verbesina enceliodies showed a high 
percentage of genetic polymorphism amounting to  77.6% , 
which is close to the percentage for Changium smyrnidoies 
(69%) (Fu et al., 2003) but higher than Dacydium pierrei 
(33.3%) (Su et al., 1999) and Cathaya argrophylla (32%) 
(Wang et al., 1996). Similarly, the genetic diversity index 
was also highly variable from 0.48 to 1.00 in case of 
present species. Zahid et al., ( 2009) and  Grover and Malik 
( 2011) have  described genetic diversity of 7  indigenous 
fennel germplasm accessions in Rajasthan . These workers 
used 30 RAPD primers, 9 primers generating a total of 145 
bands. Of these 48% fragments were polymorphic in one or 
the other DNA amplified profiles. Present studies  also 
conform the data for Ocimum gratissimum ( Vieira et al., 
2001). Present study indicates  that the high genetic 
diversity among the morphotypes  could be attributed to 
artificial selection, and not natural genetic differentiation. 
The level and distribution of genetic diversity detected by 
RAPD are in overall agreement with recent studies in India 
(Nair, et al., 1999; Malviya and Yadav, 2010; Chaurasia et 
al., 2009; Gupta et al., 2008,  2010;2008; Vyas et al., 2009; 
Sujatha et al., 2009).    RAPD, being a multi-locus marker 
with the simplest and fastest technique, has been 
successfully employed for the determination of intra-species 
genetic diversity in several plant species (Gupta et al., 
2010). The calculated 
PIC(0.18,0.23,0.208,.0.253,0.228,0.277,0.53,0.326,0.306,0.
362,0.391,0.416) based on the probability that two 
unrelated genotypes amplified from the test population will 
be placed into different typing groups.  Apparently it is an 
index to determine how many alleles a certain marker has 
and in what way those alleles divide. High PIC value 
indicates enormous heterozygosity which is associated with 
a high degree of polymorphism (Zimmer and  Roalson, 
2005). Presently good range (0.18 -0.416) of PIC value was 
observed, which indicated significant genetic diversity 
among V.enceolides populations 

 
References 
Ahmed, M., Anjum, M.A., Khan, M.Q., Jamil, M., Ahmed 
and Pearce, S. 2010. Evaluation of genetic diversity in 
Pyrus germplasm native to Azad Jammu and Kashmir 
(Northern Pakistan) revealed by microsatellite markers. 
African Journal of Biotechnology, 9(49): 8323-8333.  
 
Anderson, J.A., Churchill, G.A., Autrique, J.E., Tanksley, 
S.D., and Sorrells, M.E. 1993.       Optimizing parental 
selection for genetic linkage maps. Genome 36:181–186. 
Basha, S.D., Sujatha, M.  2009. Genetic analysis of 
Jatropha species and interspecific hybrids of Jatropha 



International Journal of Scientific & Technology Research Volume 1, Issue 4, May 2012                                      ISSN 2277-8616 

7 
IJSTR©2012 
www.ijstr.org 

curcas using nuclear and organelle specific markers 
Euphytica 168: 197–214. 
 
Cai, H., Wei, W., Davis, R.E., Chen, H. and Zhao Y. 2008. 
Genetic diversity among phytoplasmas infecting Opuntia 
species: virtual RFLP analysis identifies new subgroups in 
the peanut witches'-broom phytoplasma group. Int J Syst 
Evol Microbiol, 58: 1448-1457. 
 
Chaurasia, A.K., Subramaniam, V.R., Krishna, B., Sane, 
P.V. 2009. RAPD based genetic variability among cultivated 
varieties of Aonla (Indian Gooseberry, Phyllanthus 
emblica). Physiology and Molecular Biology of Plants, 
15(2): 169-173. 
 
Dharmar, D.K. and Britto, A.J.D. 2011. RAPD Analysis of 
Genetic Variability in Wild Populations of Withania 
somnifera (L.). International Journal of Biological 
Technology, 2(1): 21-25. 
 
Doyle J.J., Doyle J.L., (1990). Isolation of plant DNA from 
fresh tissue. Focus, 12: 13-15. 
Fu CX, Qiu YX, Kong HH, 2003. RAPD analysis for genetic 
diversity in Changium smyrnioides (Apiaceae), an 
endangered plant. Botanical Bulletin of Academia Sinica, 
44: 13-18. 
 
Gupta, S, Srivastava, M., Mishra, GP., Naik, PK, Chauhan, 
RS, Tiwari, SK.,. Kumar M and Singh, R. 2008 Analogy of 
ISSR and RAPD markers for comparative analysis of 
genetic diversity among different Jatropha curcas 
genotypes. African Jour Biotechnology 7: 4230-4243. 
 
Gupta, R., Verma, K., Joshi, D.C., Yadav, D., Singh, M. 
2010. Assessment of genetic relatedness among three 
varieties of finger millet with variable seed coat color using 
RAPD and ISSR markers. Genetic Engineering and 
Biotechnology Journal: GEBJ-2. 
 
Harisaranraj, R., Prasitha, R., Babu, S.S., Suresh, K. 2008. 
Analysis of inter-species relationships of Ocimum sp. using 
RAPD markers. Ethnobotanical Leaflets, 12: 609-13. 
 
Kaul M L H & Mangal P D , Phenology and germination of 
crown beard (Verbesina      enceloides),   Weed Sci , 35 
(1987) 513 
 
Khan, A.I., Awan, F.S., Sadia, B., Rana, R.M. and Khan, 
I.A. 2010. Genetic diversity studies      among coloured 
cotton genotypes by using RAPD markers. Pak. J. Bot., 
42(1): 71-77. 
 
Malviya, N., Yadav, D., 2010. RAPD analysis among pigeon 
pea [Cajanus cajan (L.) Mill sp.] cultivars for their genetic 
diversity. Genetic Engineering and Biotechnology Journal: 
GEBJ-1. 
 
Manjunatha, T., Bisht, I.S. and Bhat, K.V.  2011.  Genetic 
structure of hull-less barley (Hordeum vulgare L. subsp, 
vulgare) landrace populations from North western Indian 
Himalyas. Indian journal of Biotechnology, 10, 25-32.  
 
Nair, N.V., Nair, S., Sreenivasan, T.V., Mohan, M. 1999. 

Analysis of genetic diversity and phylogeny in Saccharum 
and related genera using RAPD markers. Genetic 
Resources and Crop Evolution, 46: 73-79. 
 
Pardhe, D.D., Satpute, R. A. 2011. A Comparative Analysis 
of Genetic Diversity in Genus Vigna savi genotypes using 
ISSR. International Journal of PharmTech Research, 3(1): 
464-470. 
 
Ranade, S.A., Srivastava, A.P., Rana, T.S., Srivastava, J., 
Tuli, R. 2008. Easy assessment of diversity in Jatropha 
curcas L. plant using two single-primer amplification 
reaction (SPAR) methods. Biomass and Bioenergy, 32(6): 
533-540. 
Rawashdeh, I.M. 2011. Genetic diversity analysis of 
Achillea fragrantissima (Forskal) schultz bip populations 
collected from different regions of Jordan using RAPD 
markers. Jordan Journal of Biological Sciences, 4(1): 21-28. 
 
Rohlf, F.J. 1998. NTSYSpc: Numerical Taxonomy and 
Multivariate Analysis System. Version 2.02. Exeter 
Software, Setauket, New York. 
 
Sahasrabudhe, A., Deodhar, M. 2010. Standardization of 
DNA extraction and optimization of RAPD-PCR conditions 
in Cinia indica. International Journal of Botany, 6: 293-298. 
 
Shafique, S., Khan, M.R., Nisar, M. and Rehman, S. 2011. 
Investigation of genetic diversity in black gram [Vigna 
mungo (l.) Hepper]. Pak. J. Bot., 43(2): 1223-1232. 
 
Shahroodian, S.H., Azadfar, D., Soltanloo, H., 
Ramezanpour, S.S. 2011. Genetic variability in natural 
Iranian populations of Cupressus sempervirens var. 
horizontalis in Caspian Sea coastward assessed by SSR 
markers. Plant Omics Journal 4(1):19-24. 
 
Su, Y.J., Wnag, T., Huang, C., Zhu, J.M., Zhou, Q.  1999. 
RAPD analysis of different population of Dacydium pierrei. 
Acta Sciencia National University of Sunyatseni, 38: 99-
101. 
 
Sujatha, M., Reddy, K.P., Shilpa, K.S. and Tarakeswari, M. 
2010. Molecular markers and markers assisted selection in 
oilseed crops. Biotechnology Developments and 
Applications, Malik CP  ( Editor) Pointer publishers Jaipur 
87-113. 
 
Tumbilen, Y., Frary, A., Mutlu, S., Doganlar, S. 2011. 
Genetic diversity in Turkish eggplant (Solanum melongena) 
varieties as determined by morphological and molecular 
analyses. International Research Journal of Biotechnology, 
2(1):016-025. 
 
Vaishali, Khan, S., Sharma V. 2008. RAPD based 
assessment of genetic diversity of Butea monosperma from 
different agroecological regions of India. Indian Journal of 
Biotechnology,7:320-327. 
 
Vos, P., Hogers, R., Bleeker, M., Reijans, M., van de Lee 
T., Hornes, M., Frijters, A., Pot, J., Peleman, J., Kuiper, M. 
and Zabeau, M. 1995. AFLP: a new technique for DNA 
fingerprinting. Nucleic Acids Res., 23: 4407-4414. 



International Journal of Scientific & Technology Research Volume 1, Issue 4, May 2012                                      ISSN 2277-8616 

8 
IJSTR©2012 
www.ijstr.org 

 
Vyas, G.K., Sharma, R., Kumar, V., Sharma, T.B., 
Khandelwal, V.  2009. Diversity analysis of Capparis 
decidua (Forssk.) Edgew. Using biochemical and molecular 
parameters. Genetic Resources and Crop Evolution, 56: 
905-911. 
 

Vyas, S., Gaur, A., Tyagi, A.K. and Purohit, S.D. 2009. 
Molecular Characterization of Diversity in Feronia limonia 
using ISSR markers Plant tissue culture and Molecular 
markers Ashwani Kumar  NS Shekhawat  IK International 
Publishing house pvt Ltd 431-443.     
 

Wagner W L , Herbst D R & Sohmer  S H , Manual of the 
flowering plants of Hawaii , Vol 1 , (University of Hawaii 
press,Hawaii),1990. 

Wang, B.Y., Shi, L., Ruan, Z.Y. and Deng, J. 2011. Genetic 
diversity and differentiation in Dalbergia sissoo (Fabaceae) 
as revealed by RAPD. Genetics and Molecular Research, 
10 (1): 114-120. 
 
Wang, X.F., Zheng, H.Y., Zheng, W.H., Ao, C.Q., Jin,  H.Y., 
Zhao, L.H., Li, N. and Jia, L.R. 2011. RAPD based genetic 
diversities and correlation with morphological traits in 
Camellia (Theaceae) cultivars in China. Genet. Mol. Res. 
10 (2): 849-859. 
 
Wang, X.Q., Zou, Y.P., Zhang, D.M., Hong, D.Y. 1996. 
RAPD analysis of genetic diversity of Cathaya argyrophylla. 
Science in China, 26: 436-441. 
 
Zimmer, E.A., Roalson, E.H. 2005. Molecular Evolution 
Producing the Biochemical Data. Part B, Volume 395, 
Academic Press, Elsevier, USA, 1-896. 


