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ABSTRACT

Aims: Medicago is known as the Queen of forage with potential economic importance to our
society. The present study aimed at the use of RAPD-PCR DNA marker to identify the genetic
fingerprints affinities of six species of Alfalfa.

Place and Duration of Study: The study was conducted at the Department of Genetics, Garden
Campus, Hazara University, Mansehra Pakistan during February, 2011 to August, 2013.
Methodology: In this study, six species of Medicago namely TWAL (Tetraploid Wisconsin Alfalfa
Line), Medicago arborea, Medicago falcata, Medicago sativa, Medicago lupulina and Medicago
polymorpha were used to explore the diversity of alfalfa. Seven out of 120 decamers produced 34
polymorphic loci with 100% polymorphism to identify the different species of Medicago crop. The
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important plant from the Flora of Pakistan.

range of polymorphic loci was observed from 300 to 700 bp. Eleven species specific loci were
generated by seven decamers. Primer B-18 generated single specific locus 700 bp against
genomic DNA of M. lupulina and it is important to identify particular species of Alfalfa. The bivariate
data were recorded as the presence of locus 1 and absence 0 and then this data was transferred
into A and C respectively to make it suitable for DNAMAN software (version 5.2.2.0; Applied
Biostatistics Inc). Moreover, cluster analysis was performed using sequence alignment and
divergence function of the DNAMAN against the bivariate data collected from the products of
decamers. All members clustered in a unique pattern except M. falcata and M. lupulina those
shared 86% homology. Three distinct groups were observed during UPGMA (Unweighted pair
Group Method with Arithmetic Mean). During the phylogenetic study, TWAL was observed to have
genetic diversity from other five species of Alfalfa.

Conclusion: So, the present study is enabling us to discriminate different species of Alfalfa and it
could be useful to identify and authenticate different species of the same genus of medicinal

Keywords: Medicago; RAPD; Genetic diversity.
1. INTRODUCTION

Plants are essential constituents of ecosystems.
Among plants, Medicago is one of the important
legume plants that have been widely studied
because it has numerous agriculturally important
and domesticated species and known as queen
of forage [1-2]. There are 87 species that have
been recorded and these are distributed mainly
around the Mediterranean basin [3-4]. A dozen
annual species of Medicago have become
significant pasture crops only in the past century,
while best known species of this genus is M.
sativa (alfalfa). It is the fourth most important
crop in North America (after corn, soybean and
wheat, respectively), and the temperate world’s
most important forage crop [5]. Several modern
technologies are now being developed that have
huge promise for extending the importance of
alfalfa and its allied species well beyond their
present primary use as a feed for livestock [5].

There are many effective and sensitive
techniques which are being extensively used for
characterization and conservation of crops and
valuable plants [6-8]. Molecular marker can be
employed for analysis of variance at the DNA
level and different markers with useful genetic
qualities (they can be dominant or co-dominant,
can amplify anonymous or characterized loci,
can contain expressed or non-expressed
sequences, etc.) are being used by many
researchers [9-12]. Analyses of genetic diversity
are usually based on assessing the diversity of
molecular markers, which tend to be selectively
neutral [13].

Recently, many researchers have used the
RAPD technique to estimate genetic diversity of

various endangered plant species and valuable
crops [14-18]. Random Amplified Polymorphic
DNA (RAPD) is now in common use for
ecological, evolutionary, taxonomy, phylogeny
and genetic studies of plant sciences. These
techniques are well established and their
advantages and limitations have been
documented properly [19].

In the present study, we attempted to
discriminate, characterize and explore the
genetics of valuable plants from Pakistan based
on DNA markers and to increase the efficiency
for study of crops at DNA level. It is the first
comprehensive study at the DNA level of
Medicago species from Pakistan using PCR
based DNA markers. Our objective of the
research was to identify specific regions of DNA
linked to different species and establish clusters

of species based on simple RAPD-PCR
technique.

2. MATERIALS AND METHODS

2.1 Plant Material

Six species of Medicago namely TWAL

(Tetraploid Wisconsin Alfalfa Line), Medicago
arborea, Medicago falcata, Medicago sativa,
Medicago lupulina and Medicago polymorpha
were selected for the present study. Seeds of 3
species of Medicago were kindly provided by
Prof. Habib Ahmad, Chairman, Department of
Genetics, Hazara University, Mansehra. Hundred
seeds of TWAL (Tetraploid Wisconsin Alfalfa
Line), thirty-eight seeds of Marborea and
hundred seeds of M falcata were planted in pots
under greenhouse conditions at Garden Campus
of Hazara University, Mansehra (Latitude
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34°20’N, Longitude 7°15’'E, Altitude 1066 meter)
and leaves of 3 local varieties were also
collected from the Garden Campus of Hazara
University. For molecular study, one sample of
each species was used to extract whole genomic
DNA.

2.2 DNA Isolation

DNA was isolated from the leaves of Medicago
species and two protocols were modified and
optimized for DNA isolation from Medicago, Cetyl
trimethyl ammonium bromide (CTAB) procedure
[20] and a small scale DNA isolation procedure
[21]. The quality and the quantity of DNA were
estimated by capering with Fementas DNA
molecular weight marker (cat. SM0403). The
DNA was diluted to different concentrations (10
ng, 30 ng, 50 ng and 100 ng) in sterile double-
distiled water for RAPD-PCR optimization
reactions.

2.3 RAPD-PCR Primers

In the present study, RAPD primers were used
against the genomic DNA of Medicago species to
find genetic diversity. The primers used to
identify the DNA marker linked to Medicago
species were obtained from BIONEER.

24RAPD PCR Optimization
Amplification of DNA Fragment

and

PCR mixture was prepared in sterile 200 ul tubes
using commercially available kits
(Wizbiosolutions, Korea), each mixture
containing 50 ng of genomic DNA, 1x PCR buffer
(75 mM Tris HCI PH 8.8 at 25°C, 20 mM (NH4),
SO, and 0.01 (Tween-200), 50 mM KCI, 2.5 mM
MgCl,, 200 uM deoxy nucleotide triphosphate
(dNTPs; dATP, dCTP, dGTP, and dTTP, 10 pmol
decamer arbitrary primers. The total volume of
each reaction mixture was adjusted to 20 pl with
sterilized water.

The amplification was carried out on DNA thermo
cycler (Applied Biosystem., 2720 Thermocycler)
with a modified version of the conditions used by
William et al. [22]. It was programmed as single
denaturation step for 5 min at 94°C followed by a
step cycle programmed for 40 cycles of
denaturation at 94°C for 1 min, annealing at 34 -
37°C (depending upon best amplification based
on GC content of decamers) for 1 min and
extension at 72°C for 2 min and final extension at
72°C for 10 min.
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2.5 Resolving of PCR Product

Al PCR products were resolved by
electrophoresis along with the DNA marker on
1.5% agarose gels, prepared in 1X TAE
(Tris/Acetate/EDTA) buffer. The electrophoretic
file images were documented and saved using
Uvitech gel documentation (gel documentation
system).

2.6 Scoring and Processing of RAPD Data

The amplification of PCR products was done
twice or thrice for reproducibility of band scoring.
The size of amplified RAPD-DNA fragments (bp)
was estimated by reference to a known DNA
marker. Only reproducible PCR products were
scored and used in subsequent analyses. The
banding pattern of RAPD-PCR was scored for
the presence (1) or absence (0) of specific
amplicon and then 1 transferred into A and 0 into
C as DNAMAN software can read data in the
sequence form (Table 1). Data were analyzed
using multiple sequence alignment and
divergence function of DNAMAN statistical
software (version 5.2.2.0; Applied Biostatistics
Inc). Based on the divergence matrix and using
the neighbor-joining method (NJ), we constructed
a dendogram showing the difference between six
as determined with 7 primers from 22 binary
characters in the amplicon presence — absence
[23]. The Nei's [24] genetic distance based on
Unweighted pair Group Method with Arithmetic
Mean (UPGMA).

3. RESULTS AND DISCUSSION

Medicago is considered as one the most
important genera of forage plants [25] and also
used as medicine, human food, green manure
sources of industrial enzymes in biotechnology
[26], model genomic species [27], and model
systems for the study of nitrogen fixation [28], Six
species of Medicago (Fabaceae) were used for
DNA analysis. Total genomic DNA from six
genetic stocks of polyploid Medicago was
isolated using small scale DNA isolation
procedure [20-21,29].

3.1 Amplification of RAPD Primers

The highly purified genomic DNA samples from
six selected species were subjected to analysis
and characterization of genomic synteny among
them with the help of RAPD-PCR. One hundred
and twenty RAPD markers were obtained from
BioNeer kits and applied against the six DNA
samples. After initial screening, 7 RAPD primers



were chosen out of 120 primers for further study
(Table 2). The selected 7 RAPD primers
generated 34 scorable amplification products
against six genomic DNA samples of Medicago.
The results were analyzed by using DNAMAN
software to generate homology and phylogenetic
tree and various other parameters, i.e., total
bands (TB), polymorphic bands (PB),
monomorphic bands (MB), percentage of
polymorphic (PP), were also considered.

3.2 Polymorphism and
Content of Decamers

Polymorphic

Polymorphism is the most important property of
DNA marker, which can be used to discriminate
the genetic basis of traits in crops. The seven
selected primers produced 34 detectable
amplicons in our DNA samples with the mean of
4.8 loci per primer. The number of amplified loci
ranged from 1 to 9, with the approximate size
range of 300 to 700bp and all used markers
showed 100% polymorphism (Table 2). The
executed RAPD markers showed 34 (100%)
polymorphic loci in all six genotypes this property
of the markers was potentially utilized to
characterize different species of the family and
genotypes of crops. Similar function of RAPD
was reported in other valuable crops [30-31].
Observed polymorphic loci could be used as a
tool to evaluate genetic diversity of species on
the basis of presence and absence of specific
locus [32,33], [18]. The least numbers of
bands/loci i.e., one was amplified with primer B-
18 (CCACAGCAGT), while the maximum
number of loci i.e., mine was amplified with
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primer C-19 (GTTGCCAGCCQC). Using
polymorphic RAPD and ISSR markers, the
variability analysis was recorded among the
species of Medicago [34,35].

During the present study, three separate PCRs
were carried out using one arbitrary primer B-18
in first reaction, three primers A-16, C-08 and C-
18 in second and three primers C-19, D-10 and
E-12 in the third reaction respectively (Table 3).

A similar approach was used and established
proper identification system of genotypes and
species of Medicago and various important
plants in the study [36-38], [35]. The
characterization of plant species is the most
important objective of this study. Many
researchers have reported genotype or variety
specific loci generated by DNA markers identify
verities of Potato [39], Rhus species [40] fig
varieties [41], Jafropha genotypes [42], tea
genotypes [43] and Zingiber officinales varieties
[36].

3.3 Cluster Analysis

The UPGMA method classified six Medicago
genotypes into different clusters having 61% to
86% homology (Fig. 1). In homology tree, M.
falcata and M. lupulina clustered together having
86% homology while M. arborea shared 74%
homology with M. falcata and M. lupulina. M.
polymorpha, M. sativa and TWAL showed
different branches with sharing 71%, 63%, 61%
respectively homology to other three species

(Fig. 1).
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Fig. 1. Homology tree constructed against six accessions of Medicago species to determine
genetic diversity. To draw a tree, to draw dendogram based on UPGMA, the DNAMAN 5.2.2.0
software was used. In the tree, TWAL, M. sativa, M. polmorphia and M. arborea showed
separate branching while M. falcata and M. lupulina clustered together
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Table 1. Bivariate (1-0) data matrix of 6 Meicago species using RAPD Primers A-16, B-18, C-08,
C-18, C-19, D-10 and E-12

Alleles TWAL M. arborea M. falcate M. sativa M. lupulina M. polymorpha
1 0 1 0 0 0 0
2 0 0 0 1 0 1
3 0 0 0 1 0 0
4 0 0 0 0 1 0
5 0 0 0 0 0 1
6 0 0 0 1 0 1
7 1 1 0 0 0 0
8 0 0 0 1 0 0
9 0 0 0 0 0 0
10 0 0 1 1 0 1
11 0 1 0 0 0 0
12 1 0 0 0 0 0
13 0 0 1 0 0 0
14 1 1 1 1 1 0
15 1 0 0 1 0 0
16 0 1 0 0 0 0
17 1 0 0 0 0 0
18 1 0 0 0 0 0
19 0 0 0 1 0 0
20 1 1 0 1 0 1
21 1 0 0 0 0 0
22 0 0 0 1 0 0

Table 2. Details of decamer primers used in the present study

Primer name Sequence (5’-3’) B MB PB PP% Range of bands
A-16 AGCCAGCGAA 4 0 4 100% 400-500

B-18 CCACAGCAGT 1 0 1 100% 700

C-08 TGGACCGGTG 7 0 7 100% 350-700

C-18 TGAGTGGGTG 5 0 5 100% 350-700

C-19 GTTGCCAGCC 9 0 9 100% 300-550

D-10 GGTCTACACC 6 0 6 100% 300-600

E-12 TTATCGCCCC 2 0 2 100% 500-600

Total Bands 34 0 34

Abbreviations: T.B = Total Bands, M.B = Monomorphic Bands, P.B = Polymorphic Bands, PP = Percentage of
polymorphism

Table 3. Details of specific loci against different species of Medicago generated by selected

RAPD primers
Primer Characteristic band (bp) Species
Arborea Falcata Lupulina Polymorpha Sativa TWAL

A16 400 1 0 1 1 0 0

485 0 0 1 0 0 0
B18 550 0 1 0 0 1 1
C-08 300 0 0 0 0 0 1

400 1 0 0 0 0 0

500 0 0 0 0 1 0

700 0 0 0 1 0 0
C-18 300 0 0 0 0 0 1

600 1 0 0 0 0 0

700 0 1 0 0 0 0
Total 11

83



Using PCR based DNA markers, genetic
diversity was investigated among the species or
varieties of alfalfa and different valuable crops
[34,35,44,45]. The genetic affinities were
investigated based on data generated by RAPD
marker and this approach was widely used
during previous research [46]. This study could
be useful to evaluate taxonomic positions of
members of Medicago and it is providing a
baseline for future to develop different molecular
techniques to characterize different species from
Pakistan.

4. CONCLUSION

In the present, the polymorphic properties of
RAPD marker were utilized and 11 species
specific loci were identified. To evaluate genetic
diversity of Medicago species, cluster analysis
was performed and 3 clusters were identified and
genetic divergence ranging 61% to 86% among
six species was recorded. Here, our study is
concluding that M. falcata and M. lupulina. M.
polymorpha, M. sativa and TWAL had a unique
pattern of clustering. This study could be able to
provide information based on DNA fingerprints.

ACKNOWLEDGEMENTS

We are grateful to the Higher Education
Commission of Pakistan for providing funding to
complete this research and Prof. Javed Igbal,
School of Biological Sciences, University of the
Punjab, Lahore, Pakistan for his kind assistance.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Small E. Alfalfa and relatives: Evolution
and classification of Medicago.NRC

Research Press, Ottawa, Ontario, Canada.
2010.

2. Lacefield GD, Ball DM, Hancock D, Andrae
J, Smith R. Growing Alfalfa in the South.
NAFA. 2009;1-14.

3. Steele KP, Ickert-Bond SM, Zarre S,

Wojciechowski MF. Phylogeny and
character evolution
in Medicago (Leguminosae): Evidence

from analyses of plastid rnK/ matK and
nuclear GA3ox71 sequences. Am J Bot.
2010;97(7):1142—-1155.

Murtaza et al.; BBJ, 6(2):79-86, 2015; Article no.BBJ.2015.029

DOI:10.3732/ajb.1000009.PMID 21616866

4. Gholami A, De Geyter N, Pollier J,
Goormachtig S, Goossens A. Natural
product biosynthesis in Medicago species.
Natural Product Reports. 2014;31(3):356—
380.
DOI:10.1039/C3NP70104B.PMID2448147
7.

5. Small E. Alfalfa and relatives: Evolution
and classification of Medicago. NRC
Research Press, Ottawa, Ontario, Canada.
2011;pp 727.

6. Shengji P. Ethno botanical approaches of
traditional medicine  studies: some
experiences from Asia. Pharm Bot. 2001;
39:74-79.

7. Samin J, Khan MA, Siraj-ud-din, Murad W,
Hussain M, Ghani A. Herbal remedies
used for gastrointestinal disorders in
Kaghan Valley, NWFP, Pakistan. Pak J
Weed Sci Res. 2008;14:169-200.

8. Pant S, Samant SS. Diversity, distribution,
uses and conservation status of plant
species of the Mornaula Reserve Forests,
West Himalaya, India. Int J Biodivers Sci
Management. 2009;2:97-104.

9. Xue CY, Li DZ. Molecular identification of
the traditional Tibetan medicinal plant
Gentianopsis paludosa (Gentianaceae)
using diagnostic PCR and PCR-RFLP
based on nrDNA ITS regions. Planta Med.
2007;73:610.

DOI: 10.1055/s-2007-987390.

10. Mondini L, Arshiya N, Pagnotta MA.
Assessing plant genetic diversity by
molecular tools. Department of

Agrobiology and Agrochemistry, Tuscia
University. 2009;1:19-35.

11. Kool A, Boer HJD, Kruger A, Rydberg A,
Abbad A. Molecular identification of
commercialized medicinal plants in

Southern Morocco. PLoS ONE. 2012;7(6):

e39459.
DOI:10.1371/journal.pone.0039459.
12. Saidi M, Movahedi K, Mehrabi AA.

Characterization of genetic diversity in
Satureja bachtiarica germplasm in llam
province (Iran) using ISSR and RAPD
markers. Intl J Agri Crop Sci.
2013;5(17):1934-1940. IJACS/2013/5-
17/1934-1940.

13. Reed DH, Frankham R. Correlation
between fitness and genetic diversity.
Cons Biol. 2003;17:230-237.

14. Wang ZS, An SQ, Liu H, Leng X. Genetic
structure of the endangered plant
Neolitsea sericea (Lauraceae) from the

84



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zhoushan archipelago using RAPD
markers. Ann Bot. 2005;95:305-313.

Lu HP, Cai YW, Chen XY, Zhang X. High
RAPD but no cpDNA sequence
variation in the endemic and endangered
plant, Heptacodium miconioides Rehd.
(Caprifoliaceae). Genetica. 2006;128:409-
417.

Liu P, Yang YS, HaoC Y, Guo WD.
Ecological risk assessment using RAPD
and distribution pattern of a rare and
endangered species. Chemosphere.
2007;68:1497-1505.

Zheng W, Wang L, Meng L, Liu J. Genetic
variation in the endangered Anisodus
tanguticus  (Solanaceae), an alpine
perennial endemic to the Qinghai-Tibetan
Plateau. Genetica. 2008;132:123-129.
Muhammad K, Afghan S, Pan YB, Igbal J.
Genetic variability among the brown rust
resistant and susceptible genotypes of
sugarcane by rapid technique. Pak J Bot.
2013;45:163-168.

Agarwal M, Shrivastava N, Padh H.
Advances in molecular marker techniques
and their application in plant sciences.
Plant Cell Rep. 2008;27:617-631.

Doyle JJ, Doyle JL. Isolation of plant DNA
from fresh tissue. Focus. 1990;12:13-15.
Weining S, Langridge P. Identification and
mapping of polymorphism in cereal base
on polymerase chain reaction. Theor Appl
Genet.1992;82:209-216.

Williams JGK, Kubelik AR, Livak KJ,
Rafalski JA, Tingey SV. DNA
polymorphisms amplified by arbitrary
primers are useful as genetic markers.
Nucleic Acids Res. 1990;18:6531-6535.
Saitou N, Nei M. The neighbor-joining
method: a new method for reconstructing

phylogenetic trees. Mol Biol Evol.
1987;4:406-425.
Nei M. Estimation of  average

heterozygosity and genetic distance from a

small number of individuals. Genetics.
1978;89:583-590.

Heyn CC. The Annual Species of
Medicago. Scripta hierosolymitana,
Hebrew University Press, Jerusalem;
1963.

Lewis G, Schrire B, Mackinder B, Lock M.
Legumes of the world. Royal Botanic
Gardens, Kew, UK; 2005.

Cannon SB, Sterck L, Rombauts S, Sato
S, Cheung F, Gouzy J, Wang X. Legume
genome evolution viewed through the
Medicago truncatula and Lotus Japonicus

Murtaza et al.; BBJ, 6(2):79-86, 2015; Article no.BBJ.2015.029

85

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

genomes. P Natl Acad Sci USA. USA.
2006;103:14959—-14964.

Bailly X, Olivieril, Brunel B, Cleyet-Marel
JC, Bena G. Horizontal gene transfer and
homologous recombination drive the
evolution of the nitrogen-fixing symbionts
of Medicago species. J. Bacteriol. 2007;
189:5223-5236.

Lodhi MA, Guang NY, Norman FW, Bruce
IR. A simple and efficient method for DNA
extraction from grapevine cultivars and
Vitis species. Plant Mol Biol Rep. 1994;
12:6-13.

Khan FA, Khan A, Azhar FM, Rauf S.
Genetic diversity of Saccharum officinarum
accessions in Pakistan as revealed by
random amplified polymorphic DNA. Genet
Mol Res. 2009;8(4):1376-1382.

Ali W, Muhammad K, Nadeem MS,
Inamullah, Ahmad H, Igbal J. Use of RAPD
markers to characterize commercially
grown rust resistant cultivars of sugarcane.
Int J Biosci. 2013;3(2):115-12.

Solouki M, Mehdikhani H, Zeinali H,
Emamjomeh AA. Study of genetic diversity
in chamomile (Matricaria chamomilla)
based on morphological traits and
molecular markers. Sci Hortic. 2008;
117(3):281-7.

Okon S, Surmacz-Magdziak A. The use of
RAPD markers for detecting genetic
similarity and molecular identification of
chamomile (Chamomilla recutita (L.)
Rausch.) Genotypes. Herbica Polonica.
2011;57(1):39-47.

Brummer EC, Bouton JH, Kochert G.
Analysis of annual Medicago species using
RAPD markers. Genome. 1995;38(2):362-
7.

Xavier JR, Kumar J, Srivastava RB.
Characterization of genetic structure of
alfalfa (Medicago sp.) from trans-Himalaya
using RAPD and ISSR markers. Afr J
Biotechnol. 2011;10(42):8176-8187.

Pal MD, Raychaudhuri SS. Estimation of
genetic variability in Plantago ovata
cultivars. Biol Plantarum. 2003;47:459-462.
Bauvet JM, Fontaine C, Sanou H, Cardi C.
An analysis of the pattern of genetic
variation in Vitellaria paradoxa using RAPD
marker. Agroforest Syst. 2004;60:61-69.
Harisaranraj R, Suresh K, Saravanababu
S. DNA finger printing analysis among
eight varieties of Zingiber officinale rosc.
by using RAPD markers. Global J Mol Sci.
2009;4:103-107.



39.

40.

41.

42.

43.

Prevost A, Wilkinson MJ. A new system of
comparing PCR primers applied to ISSR
fingerprinting of potato cultivars. Theor
Appl Genet. 1999;98(1):107-12.

Prakash S, Van SJ Assessment of genetic
relationships between Rhus L. species
using RAPD markers. Genet Res Crop
Evol. 2007;54(1):7-11.

Baraket G, Chatti K, Saddoud O, Mars M,
Marrakchi M, Trif IM, Salhi HA. Genetic
analysis of Tunisian fig (Ficus carica L.)
cultivars using amplified fragment length
polymorphism (AFLP) markers. Sci Hortic.
2009;120:487-92.

Tatikonda L, Wani SP, Kannan S, Beerelli
N, Sreedevi TK, Hoisington DA, Devi P,
Varshney RK. AFLP-based characteri-
zation of an elite germplasm collection of
Jatropha curcas L., a biofuel plant. Plant
Sci. 2009;176(4):505-13.

Chen L, Gao Q, Chen D, Xu C. The use of
RAPD markers for detecting genetic

Murtaza et al.; BBJ, 6(2):79-86, 2015; Article no.BBJ.2015.029

44.

45.

46.

diversity, relationship and molecular
identification of Chinese elite tea genetic
resources [Camellia sinensis (L.) O.
Kuntze] preserved in a tea germplasm
repository. Biodivers Conserv. 2009;14(6):
1433-44.

Saengprajak J, Saensouk P. Genetic
diversity and species identification of
cultivar species in Subtribe cucumerinae
(Cucurbitaceae) using RAPD and SCAR
markers. Am J Plant Sci. 2012;3:1092-
1097.

Surgun Y, Col B, Burun B. Genetic
diversity and identification of some Turkish
cotton genotypes (Gossypium hirsutum L.)
by RAPD-PCR analysis. Turk J Biol.
2012;36:143-150.

Mahmood Z, Raheel F, Dasti AA, et al.
Genetic diversity analysis of the species of
Gossypium by using RAPD markers. Afr J
Biotechnol. 2009;8:3691-3697.

© 2015 Murtaza et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=806&id=11&aid=8006

86



