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Twenty five (25) accessions of Lucerne (Medicago sp.) collected from Leh valley of trans-Himalayan
region of Ladakh (Jammu and Kashmir) were analyzed using inter simple sequence repeats (ISSRs) and
random amplified polymorphic DNA (RAPD). The results of this study revealed that the level of genetic
variation in the collected Medicago ecotypes were relatively high (P=96.54%, I=0.430, Ht=0.285). RAPD
fingerprinting detected more polymorphic loci (97.96%) than ISSR fingerprinting (95.12%). Clustering of
genotypes within groups was not similar when RAPD and ISSR derived dendrogram were compared,
whereas the pattern of clustering of the genotypes remained more or less the same in RAPD and
combined data of RAPD + ISSR. The mean coefficient of differentiation (Gst) was 0.0584 indicating
30.23% of the genetic diversity within the populations. The overall value of mean estimated number of
gene flow (Nm = 8.0682) revealed large gene exchanges among populations. Analysis of molecular
variance (AMOVA) indicated that the distribution of genetic diversity was 49% among populations and
51% within populations. The plant is capable of reproducing by self-sowing, thus can influence
population genetic structure. The pronounced genetic variation tells us that Medicago species is a
proper plant for genetic research and that there is great potential of breeding this species for improved
forage varieties.
Key words: Genetic variation, ISSR, RAPD, Medicago species, population structure.
INTRODUCTION
The genus Medicago is distributed worldwide and consists of approximately 83 species (Small and Jomphe,
1989). The cultivated alfalfa (Medicago sativa L.) is autotetraploid (2n = 4x = 32), cross-pollinated (allogamous)
and seed propagated (McCoy and Bingham, 1988). It is
one of the most important forage crops, with about 32
million hectares globally and is believed to have
originated in the Caucasus region of northeastern Turkey,
Turkmenistan and northwestern Iran (Michaud et al.,
1988). Ladakh is designated as one of the centres of
origin of Medicago by De Candolle (1967). It has been
the oldest cultivated as well as wild crop of this area and
most of the alfalfa fields have not been re-sown due to
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self-seeding. The original alfalfa of Ladakh Medicago
falcata was yellow flowered. The traders of the old silk
route introduced M. sativa from Yarkand (Central Asia) to
enhance the availability of forage for their horses and
locally M. falcata is known as Ole while M. sativa as
Yarkandi Ole. A lot of natural hybridization has taken
place and now it is rare to find a true stand of either M.
sativa or M. falcata and resulted in a wide range of
variability in habit, leaf size, height, colour of the flower,
shape of pods and the resistance of plants to cold and
aridity. The American scientists named it variety Ladakh
and was introduced in U.S.A during 1910 (Bolton, 1962).
Patel and Wanchu (1964) observed the diversity in
Ladakh alfalfa and proposed a basic grouping according
to the habit of the plants. The present populations of
Ladakh Medicago may be assigned to the variegated
group of Medicago classification proposed by Whyte et
al. (1953).
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Three species of Medicago such as M. sativa, M.
falcata and Medicago media adapted to cold arid habitats
above 3500 m above the sea level are found in Ladakh.
Life form, mating systems and seed dispersal are
important adaptive traits shaping genetic structure and
geographical distribution of plant populations (Levin,
1981; Loveless and Hamrick, 1984; Ennos, 1994;
Hamrick and Godt, 1996; Bohonak, 1999; Clauss and
Mitchell-Olds, 2006; Song et al., 2006; Mable and Adam,
2007). These species hold a rich source of natural
variation and are valuable genetic resources for developing better grazing legumes especially for drier and
colder regions where green fodder availability is very
insufficient. Genetic diversity details of initial selection
materials are essential for successful breeding and
creation of new cultivars. Analyses of population genetic
variation together with phenotypic variation will provide
insights into the evolutionary history and processes of
plant species (Barrett et al., 1996; Juan et al., 2004).
Though, morphology, physiology, and phenology of the
three species had been studied previously (Misri, 1986);
their population genetic structures had not been characterized. Molecular markers are useful in identifying the
maximally diverse parental genotypes through an
evaluation of genetic diversity which is useful in cultivar
identification, seed purity analysis, breeding and
germplasm management. Different molecular marker
types have been used to assess genetic diversity in
alfalfa: Random amplified polymorphic DNA (RAPD)
(Musial et al., 2002), amplified fragment length polymorphism (AFLP) (Segovia-Lerma et al. 2003), restriction
fragment length polymorphism (RFLP) (Maureira et al.
2004), simple sequence repeat (SSR) (Flajoulot et al.,
2005) and sequence related amplified polymorphisms
(SRAP) (Vandemark et al., 2005).
Among the various molecular markers, random
amplified polymorphic DNA (RAPD) and inter-simple
sequence repeat (ISSR) are simple and quick techniques
and have become popular as their application does not
need any prior information about the target sequences in
the genome. These markers have been used for DNA
fingerprinting, conservation biology (Li et al., 2005),
phylogenetic studies (Kochieva et al., 2006) and
population genetics (Zhang et al., 2010). The present
study characterizes the genetic variability found in the
Medicago species using RAPD and ISSR as the
combined results would be more credible to analyze the
genetic structure of Medicago populations of Ladakh.
MATERIALS AND METHODS
Sample collection
The plant material used in this study of genetic diversity was
obtained from 25 wild populations (25 sites) from the trans–
Himalayan region, Ladakh, India. Each accession consisted of five
plants and for genetic diversity analysis, representative samples of
3 plants were used. The accessions were designated with acces-
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sion codes ‘D’ for DIHAR accessions and ‘P’ for Phyang Village
accessions. The interval between samples was 0.5- 5.0 km,
whereas distance between populations was 20-30 km. About 10 g
of young leaves from each representative sample were obtained
and placed in a zip-lock plastic bag and placed in ice bucket. Each
Sample does not necessarily denote a genetic individual. The
samples were stored at -20˚C until use.

DNA extraction and PCR amplification
Total genomic DNA was extracted from frozen leaves (5 g) by the
CTAB method (Saghai- Maroof et al., 1984) with minor
modifications, which included the use of 200 mg per sample
polyvinyl pyrollidone. Twenty random decamer primers from IDT
Tech, USA were used for RAPD amplification following the protocol
of Williams et al. (1990). Amplification reaction were performed in
volumes of 25 µl containing 10 mM Tris- HCl (pH 9.0), 1.5 mM
MgCl2, 50 mM KCl, 200 µM of each dNTPs, 0.4 µM primer, 20 ng
template DNA and 0.5 unit of Taq polymerase (‘Sigma-Aldrich,
USA’). Amplification was done using a PTC Thermal Cycler (MJb
Research Inc.,) programmed for an initial denaturation at 94°C for 5
min, 40 cycles of denaturation at 94°C for 1 min, annealing at 37°C
for 1 min., extension at 72°C for 2 min. The final extension at 72°C
for 5 min and then storage at 4°C for each primer (Table 1). In case
of ISSR, the primers were obtained from ‘Applied Biosciences,
India’ and PCR amplification was performed in reaction cocktail
similar to RAPD. Amplification reaction were performed in volumes
of 25 µl containing 10 mM Tris- HCl (pH 9.0), 1.5 mM MgCl2, 50 mM
KCl, 200 µM of each dNTPs, 0.4 µM primer, 20 ng template DNA
and 0.5 unit of Taq polymerase (‘Sigma-Aldrich, USA’).
Amplification was done using a PTC Thermal Cycler (MJb
Research Inc.,) programmed for an initial denaturation at 94°C for 5
min, 40 cycles of denaturation at 94°C for 1 min, annealing at X °C
for 1 min; extension at 72°C for 2 min the final extension at 72°C for
5 min and then storage at 4°C where X°C refers to the annealing
temperatures specific for each primer (Table 2). The amplification
for each primer was performed twice independently with the same
procedure in order to ensure the fidelity of RAPD and ISSR
markers.
Amplification products were electrophoresed on 1.5% agarose
gel (Life Science Technologies, USA) and run at constant voltage
(50 V) in 1X TBE for approximately 2 h, visualized by staining with
ethidium bromide (0.5 µg ml-1) and a total of 2.5 µl loading buffer
(6X) was added to each reaction before electrophoresis. After
electrophoresis, the gels were documented on a gel documentation
system (Alpha Innotech, Alphaimager, USA). Molecular size of
amplicons was estimated using a 100 bp and 1 Kb DNA ladders
(‘Bangalore Genei, India’).
Scoring and data analysis
RAPD and ISSR bands were scored as present (1) or absent (0).
Only those bands showing consistent amplification were scored.
The resolving power (Rp) of a primer is Rp= Σ IB where, IB is the
band informativeness which takes the value of: 1-[2 X (0.5-P)] P
being the proportion of the accessions containing the ith amplicon
(Prevost and Wilkinson, 1999). Data analysis were performed using
the NTSYS pc version 2.2 computer package program (Rohlf, 2005)
and a dendrogram based on Nei’s (1978) unbiased genetic
distances and the unweighted pair-group method with arithmetic
averages (UPGMA) was constructed. Genetic diversity within and
among populations was measured by the percentage of
polymorphic bands (PPB). The data matrix of RAPD and ISSR was
also used for assessment of genetic structure, genetic
differentiation, gene flow and diversity. Measurement of diversity
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Table 1. List of primers used for RAPD amplification, GC content, total number of loci, the level of polymorphism and resolving power.

Primer
S 21
S 22
S 23
S 24
S 25
S 26
S 27
S 28
S 29
S 30
S 31
S 32
S 33
S 34
S 35
S 36
S 37
S 38
S 39
S 40

Primer
Sequence
(5’~3’)
CAGGCCCTT C
TGCCGAGCT G
AGTCAGCCA C
AATCAGCCA C
AGGGGTCTT G
GGTCCCTGA C
GAAACGGGT G
GTGACGTAG G
GGGTAACGC C
GTGATCGCA G
CAATCGCCG T
TCGGCGATA G
CAGCACCCA C
TCTGTGCTG G
TTCCGAACC C
AGCCAGCGA A
GACCGCTTG T
AGGTGACCG T
CAAACGTCG G
GTTGCGATC C
Total

GC
(%)

Tm
(°C)

70
70
60
50
60
70
60
60
70
60
60
60
70
60
60
60
60
60
60
60
--

36.4
40.7
34.3
30.1
32.6
35.2
33.2
31.1
37.4
33.1
36.7
34.0
37.7
34.3
34.2
38.3
35.7
36.2
34.2
33.5
--

Total
number of
loci
7
5
6
8
4
5
5
9
8
7
5
3
5
8
5
4
5
8
8
12
127

Number of
polymorphic
loci
7
5
6
8
4
5
5
9
8
7
5
3
4
8
5
4
5
7
8
11
124

Percentage of
polymorphic loci
100
100
100
100
100
100
100
100
100
100
100
100
80
100
100
100
100
87.5
100
91.66
97.96

Total number of
fragment
amplified
41
29
60
44
25
51
31
54
68
32
43
10
80
56
62
12
32
124
39
148
1041

Resolving
power
3.28
2.32
4.80
3.52
2.00
4.08
2.48
4.32
5.44
2.56
3.44
0.80
6.40
4.48
4.96
0.96
2.56
9.92
3.12
11.84
--

Table 2. List of primers used for ISSR amplification, GC content, total number of loci, the level of polymorphism and resolving power

Primer
ISSR
12
ISSR
13
ISSR
21
ISSR
22
ISSR
24
ISSR
26
ISSR
31
ISSR
32
ISSR
33
ISSR
34
ISSR
36

Primer
Sequence
(5’~3’)

GC
(%)

Tm
(°C)

Total
number of
loci

Number of
polymorphic loci

Percentage of
polymorphic loci

Total number of
fragment
amplified

Resolving
power

(AT)8 T

23.1

47.4

10

10

100

102

8.16

(TA)8 RT

25.6

47.1

10

10

100

55

4.4

(GA)8 C

52.9

46.8

8

8

100

38

3.04

(TC)8 C

52.9

48.1

10

10

100

96

7.68

(CT)8AG

52.6

49.4

10

9

90

69

5.52

(GACA)4

50

47.4

9

8

88.8

47

3.76

(AG)8 YA

47.2

48.9

4

4

100

18

1.44

(GA)8 YC

52.7

48.5

4

4

100

26

2.08

(AC)8 YG

52.7

54.3

5

4

80

50

4

(TG)8RC

80

54.5

8

7

87.5

84

6.72

50.9

48.3

7

7

100

28

2.24

--

--

85

81

95.12

613

--

BHB(GA)7
Total
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Table 3. Summary of genetic variation statistics for all loci of RAPD, ISSR and RAPD + ISSR among the Medicago populations.

Population
RAPD
Population
1
Population
2
Mean
ISSR
Population
1
Population
2
Mean
RAPD+ISSR
Population
1
Population
2
Mean

Sample
size
12
13

12
13

12
13

Na

Ne

H

I

Ht

1.8740
(0.3331)
1.8976
(0.3043)
1.8858

1.5164
(0.3398)
1.5208
(0.3356)
1.5186

0.3044
(0.1658)
0.3075
(0.1623)
0.30595

0.4575
(0.2229)
0.4633
(0.2150)
0.4604

0.3044
(0.0275)
0.3075
(0.0263)
0.30595

1.7647
(0.4267)
1.7765
(0.4191)
1.7706

1.4223
(0.3650)
1.4209
(0.3441)
1.4216

0.2508
(0.1849)
0.2545
(0.1775)
0.25265

0.3811
(0.2558)
0.3880
(0.2480)
0.38455

0.2508
(0.0342)
0.2545
(0.0315)
0.25265

1.8302
(0.3764)
1.8491
(0.3588)
1.83965

1.4787
(0.3523)
1.4807
(0.3417)
1.4797

0.2829
(0.1752)
0.2863
(0.1701)
0.2846

0.4269
(0.2390)
0.4331
(0.2312)
0.4300

0.2829
(0.0307)
0.2863
(0.0290)
0.2846

NPL

PPL

111

87.40

114

89.76

--

--

65

76.47

66

77.65

--

--

176

83.02

180

84.91

--

--

Na, Observed number of alleles; Ne, effective number of alleles; H, Nei’s gene diversity; I, Shannon’s Information index; Ht, total genetic diversity;
Hs, genetic diversity in population; Gst, genetic diversity between population; NPL, number` of polymorphic Loci; PPL, percentage of polymorphic loci

including gene diversity (H), observed number of alleles (Ne), gene
flow and Shanon’s information index (I) were estimated by
POPGENE 1.31 software (Yeh, 1999). Analyses of molecular
variance (AMOVA) based on the pair wise squared Euclidean
distances between molecular phenotypes were carried out to
partition the genetic diversity between populations using the
WINAMOVA program version 1.55 (Excoffier et al. 1992).The input
files for AMOVA were prepared by using AMOVA-PREP version
1.01 (Miller,1998)

The respective values of Na, Ne, H, I, Ht, Hs, NPL and
PPL were found higher for population from Phyang
village (P) ecotypes indicating that, there is more
variability in Phyang village than in DIHAR ecotypes (D)
(Table 3). AMOVA for among population (49 %) and
within the population (51 %) indicated that there are more
variations within the population (Table 4). The details of
the overall genetic variability across 25 ecotypes are
given (Table 5).

RESULTS
Genetic variability details from RAPD markers

RAPD derived dendrogram analysis

Of the 25 Medicago accessions tested with 20 random
decamer primers, seventeen polymorphic bands were
produced. The size of the amplified DNA fragments
ranged from 201 to 2000 bp. The numbers of bands and
polymorphic bands produced by each primer varied, the
highest number of bands (148) was produced by the
primer S 40 and the lowest number of bands (10) by
primer S 32. The annealing temperature ranged from
28.0 to 38.0˚C. The resolving power of the 20 primers
ranged from 0.8 for primer S 32 to a maximum of 11.84
for primer S 40. The total number of polymorphic markers
and the percentage of polymorphism were 124 and 97.96
respectively. The primers used, GC content, annealing
temperature (Tm), total number of loci, level of
polymorphism and resolving power are shown (Table 1).

The similarity coefficient based on 127 RAPD markers
ranged from 0.17 to 0.66 across the accessions with a
mean of 0.42. Of the pair wise combinations generated
by Medicago accessions, D 12 and P 17 showed highest
similarity index (0.66) and accessions D 1 and P 20
showed the lowest similarity index (0.17). Nei’s genetic
distance and unweighted pair-group method with arithmetic averages (UPGMA) cluster analysis was carried
out and a dendrogram was generated that represented
the genetic relationship among 25 accessions from
Ladakh into 2 major clusters. The first major cluster
consisted of 5 sub-clusters or groups (Group I, II , III, IV
and V) comprising of most accessions and showing
100% similarity between D 12 and P 17 while the second
major cluster consisted of accession P 20 alone which
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Table 4. Summary of Analysis of molecular variance (AMOVA) based on RAPD, ISSR individually and in combination of Medicago
species. Levels of significance are based on 1000 iteration steps.

Source of variation
RAPD
Among populations
Within populations

Degrees of freedom

Sum of squared

Variance component

Percentage

p*

1
23

6.472
11.288

0.479
0.491

49
51

<0.001
<0.001

ISSR
Among populations
Within populations

1
23

7.300
10.340

0.549
0.450

55
45

<0.001
<0.001

RAPD+ISSR
Among populations
Within populations

1
23

6.472
11.288

0.479
0.491

49
51

<0.001
<0.001

Table 5. Overall genetic variability across all the 25 genotypes of Medicago based on RAPD, ISSR and RAPD+ISSR analysis.

Marker type

Na
2.0000
(0.0000)

Ne
1.5429
(0.3188)

H
0.3228
(0.1436)

I
0.4903
(0.1741)

Ht
0.3228
(0.0206)

Hs
0.3060
(0.0191)

Gst

Nm

NPL

PPL

0.052
0

9.118
1

127

100

ISSR

1.9882
(0.1085)

1.4372
(0.3183)

0.2717
(0.1503)

0.4265
(0.1867)

0.2717
(0.0226)

0.2527
(0.0208)

0.069
7

6.677
3

84

98.8
2

RAPD+ISSR

1.9953
(0.0687)

1.5005
(0.3221)

0.3023
(0.1481)

0.4647
(0.1816)

0.3023
(0.0219)

0.2846
(0.0204)

0.058
4

8.068
2

211

99.5
3

RAPD

Na, Observed number of alleles; Ne, effective number of alleles; H, Nei’s gene diversity; I, Shannon’s Information index; Ht, total genetic
diversity; Hs, genetic diversity in population; Gst, genetic diversity between population; Nm, estimate of gene flow from Gst; NPL, number of
polymorphic loci; PPL, percentage of polymorphic loci.

appeared to be distinct from all other accessions (Figure
1). The dendrogram was not in accordance with geographic distribution of Medicago species, but within each
group the accessions collected from the same place
clustered together.
Genetic variability details from ISSR markers
For the 25 Medicago accessions tested with 11 primers,
seven polymorphic bands were produced. The size of the
amplified DNA fragments ranged from 200 to 3500 bp.
The number of bands and polymorphic bands produced
by each primer varied, the highest number of bands (102)
being produced by the primer ISSR 1 and the lowest
number of bands (18) by primer ISSR 7. This study
observed unique banding pattern that is, each specimen
presented a unique ISSR phenotype indicating extensive
genetic variation in the individual analyzed. The annealing temperature ranged from 45.1 to 52.4˚C. The total
number of polymorphic markers and the percentage of
polymorphism were 81 and 95.12 respectively. The
percentage of polymorphic loci (PPL) among accessions

ranged from 80.00 to 100% with an average of about
95.12%. The resolving power of the 11 primers ranged
from 1.44 for primer ISSR 7 to a maximum of 8.16 for
primer ISSR 1. The primers used, GC content, annealing
temperature (Tm), total number of loci, level of
polymorphism and resolving power are shown (Table 2).
The respective values for the overall genetic variability for
Na, Ne, H, I, Ht, Hs, NPL and PPL across all the 25
ecotypes were given (Table 3). The values for all the
parameters were higher for the populations from Phyang
village (P) than DIHAR collection (D). AMOVA helps in
partitioning of the overall ISSR variations among and
within populations. The molecular variance among
populations (55%) and within the population (45%)
indicated more variation among the populations (Table
4). The details of the overall genetic variability across 25
ecotypes are given (Table 5).
ISSR derived dendrogram analysis
The similarity coefficient based on 85 ISSR markers
ranged from 0.26 to 0.73 across the accessions with a
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D1
P25
D2
D4
D3
D7
D8
P18
D11
D12
P17
D9
P19
D10
P13
P21
P22
P23
P24
D5
D6
P16
P14
P15
P20

D10MW

0.17

0.29

0.42

0.54

0.66

Coefficient
Figure 1. Dendrogram generated using unweighted pair of group method with arithmetic average analysis, showing
relationships between 25 Medicago genotypes, using RAPD data.

mean of 0.49. Of the pair wise combinations generated
by Medicago accessions, D 9 and D 10 showed the
highest similarity index (0.73) and accessions D 1 and P
19 showed the lowest similarity index (0.26). Nei’s
genetic distance and unweighted pair-group method with
arithmetic averages (UPGMA) cluster analysis was
carried out and a dendrogram was generated that
represented the genetic relationship among 25
accessions from Ladakh (Figure 2). The 25 accessions
clustered into 2 major clusters. The first major cluster had
2 sub-clusters or groups; these comprised of most of the
accessions showing 100% similarity between D 9 and D
10 while the second major cluster contained the
accessions P 18 and P 19 showing least similarity with
other accessions studied (Figure 2).
Genetic variability details from RAPD +
combined data

ISSR

When Na, Ne, H, I, Ht, Hs, NPL and PPL parameters were

analyzed for populations from DIHAR (D) and Phyang
village (P), then the values were found higher in Phyang
village ecotypes (Table 3). AMOVA for among population
(49%) and within the population (51%) indicated that,
there were more variations within the population (Table
4). The details of the overall genetic variability across the
25 ecotypes are given (Table 5).
RAPD and ISSR combined data derived cluster
analysis
The similarity coefficient based on 127 RAPD markers
and 85 ISSR markers ranged from 0.24 to 0.62 across
the accessions with a mean similarity index of 0.43. Of
the pair wise combinations generated by Medicago
accessions, P 23 and P 24 showed the highest similarity
index (0.62) and accessions D 1 and P 20 showed the
lowest similarity index (0.24). Nei’s genetic distance and
unweighted pair-group method with arithmetic averages
(UPGMA) cluster analysis was carried out and a
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D1
D3
D7
D5
P15
D4
D2
P20
P21
P16
P22
P23
P24
D6
P13
D12
P25
D8
D11
D9
D10
P17
P14
P18
P19

D10MW

0.26

0.38

0.49

0.61

0.73

Coefficient
Figure 2. Dendrogram generated using unweighted pair of group method with arithmetic average analysis, showing relationships
between 25 Medicago genotypes, using ISSR data.

dendrogram was generated that represented the genetic
relationship among the 25 Medicago accessions from
Ladakh. The accessions clustered into 2 major clusters
with four sub-clusters; in the first major cluster with 100
percent similarity between P 23 and P 24 and the
accession P 20 alone in the second major cluster
indicating higher variability from other accessions (Figure
3). The results of PCA analysis were comparable to the
cluster analysis (Figure 4).
DISCUSSION
Genetic diversity of Medicago species
The Medicago accessions of Ladakh constitute a rich
source of biodiversity and utilization and conservation of
these genotypes requires their genetic structure well

characterized and understood. DNA fingerprinting is a
regular method employed to study the extent of genetic
diversity across a set of germplasm or accessions to
group them into specific categories. RAPD markers
(Williams et al., 1990) and ISSR markers (Zietkiewicz et
al., 1994) are two molecular typing approaches used
extensively to identify and determine relationships at the
species and cultivar levels (Raina et al. 2001; Martins et
al. 2003). RAPD provides a useful tool to evaluate the
genetic diversity and the structure of alfalfa and other
forage crops such as white clover (Gustine et al., 2002),
Dactylis glomerata (Tuna et al., 2004), red clover (Grlju et
al. 2005), and perennial ryegrass (Bolari et al., 2005). It
has been widely applied to assess the genetic structure
of diploid and polyploid plant populations (Guldahl et al.,
2005; Pe´rez-Collazos and Catala´n, 2006). ISSR
analysis has been used for cultivar identification in
numerous plant species, including rice (Joshi et al.,
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D1
D7
D2
D3
D4
D5
P15
D8
D12
D11
D9
D10
D10MW

P17
P18
P19
P13
P25
P21
P22
P23
P24
D6
P16
P14
P20
0.24

0.33

0.43

0.52

0.62

Coefficient
Figure 3. Dendrogram generated using unweighted pair of group method with arithmetic average analysis, showing
relationships between 25 Medicago genotypes, using RAPD+ ISSR data.

2000), apple (Goula˜o and Oliveira, 2001) and strawberry
(Arnau et al., 2003). The major limitation of these
markers is their dominant nature and this problem can be
overcome by the use of efficient statistical methods such
as analysis of molecular variance (AMOVA) (Excoffier et
al., 1992; Holsinger and Wallace, 2004).
The present investigation found that high level of
genetic diversity at molecular level among the Medicago
accessions from Ladakh 20 random decamer primers
and 11 ISSR primers produced 97.63 and 95.29% polymorphic bands respectively. Several studies have been
conducted using molecular markers to assess the level of
variation among perennial Medicago species and
populations (Yu and Pauls, 1993; Kidwell et al., 1994).

Brummer et al. (1995) used RAPD (random amplified
polymorphic DNA) markers to study variation among
annual Medicago sp. and found higher level of genetic
diversity among and within Iranian genotypes than Italian
alfalfa. Higher levels of genetic diversity in alfalfa are
reported using different marker systems, such as RAPD
(Mengoni et al., 2000a), SSR (Dhiwan et al., 2000)
nuclear microsatellite (Mengoni et al., 2000b) markers
and mitochondrial DNA (Muller et al., 2001). Field observations showed that, plants of Medicago sp. are
perennials pollinated by bumble bees which largely
promotes out crossing. In addition, floral structure of this
species facilitates the loading of pollen on the body of the
pollinator by flower opening on landing of the insect over
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Figure 4. Two-dimensional plot of principal component analysis of twenty-five ecotypes of Medicago sp using
RAPD+ISSR analysis. The numbers plotted represents individual cultivars (Where, Pop 1 = DIHAR, Pop 2 = Phyang
Village).

the corolla. Both mechanisms help to maintain genetic
polymorphisms across populations.
Alloploids are typically expected to have potentially or
more genetic variation than their diploid progenitors and
are known for their great ability to adapt to different
ecological habitats and to buffer against genetic erosion
(Mahy et al., 2000; Soltis et al., 2003; Pe´rez-Collazos
and Catala´n, 2006). The high genetic variability among
population in the plant may be a consequence of sexual
reproduction, mutations of somatic cells, selection, gene
flow, genetic drift and changing environment (Gao and
Yang, 2006). The cross-pollination mechanism, sexual
reproduction, high seed ratio and self sown ability to
produce offspring of the Medicago species could have
resulted in the accumulation of abundant genetic
variation during the long evolution history.
RAPD markers were found more efficient with regards
to polymorphism detection, as they detected 97.84% as
compared to 96.5% for ISSR markers in this study. The
results were similar in the case of Jatropha and Arachis
hypogea (Raina et al., 2001) and are contrasting with
other plant species like wheat (Nagaoka and Ogihara,
1997) and Vigna (Ajibade et al., 2000). More polymorphism in the case of RAPD than ISSR markers might
be due to the fact that out of 20 ISSR primers used in the
study, only 11 primers amplified 1367 number of fragments (Table 2) while in case of RAPD, all the 20 primers
which were used in the investigation amplified 3004
number of fragments (Table 1). The differences found
among the dendrograms generated by RAPDs and
ISSRs could be partially explained by the different
number of PCR products analyzed (1041 for RAPDs and
613 for ISSRs) reinforcing again the importance of the

number of loci and their coverage of the overall genome,
in obtaining reliable estimates of genetic relationships
among Lucerne accessions as reported in Rye (Loarce et
al., 1996).
Population genetic structure
In population genetics, a value of gene flow Nm < 1.0
(less than one migrant per generation into a population)
or equivalently, a value of gene differentiation (Gst) >
0.25 is generally regarded as threshold quantity beyond
which significant population differentiation occurs
(Slatkin, 1987). Nm > 1 means that gene flow among
populations is more and sufficient to encounter the
effects of random drifts. The lower Gst values (RAPD)
0.0520, (ISSR) 0.0697and (RAPD+ISSR) 0.0584 with
higher Nm values of (RAPD) 9.1181, (ISSR) 6.6773 and
(RAPD+ISSR) 8.0682 respectively suggest more pollen
and seed dispersal among populations. High levels of
gene flow indicate from the study that there is a chance
of adaptive gene flow from landraces to cultivars.
Phenotypically similar individuals of cross-pollinated
landrace are highly heterozygous and genotypically different. Therefore, breeding approaches aiming to develop
new synthetic cultivars have to collect a number of
superior selected single plants with high levels of gene
diversity (Falahati-Anbaran et al., 2007).
According to Hamrick and Godt (1989), outcrossing
plant species tend to exhibit between 10 and 20% genetic
variation among populations while selfing species exhibit
on average, 50% variation between populations. Studies
on the biology of flowering and pollination indicate that
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Medicago sp. is an out crosser. It is also supported by the
genetic differentiation (GST = 0.0584) among populations
of Medicago sp which was very close to the average
genetic differentiation (GST = 0.144) in outbred populations (Bussell, 1999).The variation among individuals
within populations was the main source of variation of
Medicago sp. The reasons for this population genetic
structure are as follows:
1. Medicago sp is widely distributed in Ladakh in various
kinds of environments. The strong adaptability and wide
distribution results in little differentiation between
populations.
2. Medicago sp exchanged its genes mainly by seeds
and pollen. The spread of seeds and pollen is the main
way of gene flow in natural populations of plants (Li and
Chen, 2004). Seeds and pollen are both small and
dispersed by wind. Due to the high frequency of strong
winds, the effects of long distance dispersal of seeds and
pollen by wind are similar.
3. Gene flow is the most important factor in making
population genetic structure homogeneous. The greater
the amount of gene flow among populations, the less
gene differentiation occurs (Slatkin, 1985). The large
gene flow (Nm = 8.0682) of Medicago sp could
counteract most of the gene differentiation which is
caused by genetic drift within populations. We also found
little genetic differentiation among three groups, which
suggests that the populations from different sides are
poorly differentiated. This small vitiation might be due to
the continuous distribution in Ladakh.
AMOVA partitioned the genetic variation as 51% within
populations and 49% among populations. The more or
less same values of genetic variation within and among
populations and high gene flow detected in this study
point towards the fact that, there is less instance of single
isolated populations possessing unique genotypes not
found in other populations. It is therefore imperative in
conservation point of view that it is adequate to target few
selected populations for conservation of genetic variation
within the Medicago species in trans - Himalayan region
as reported in Pinus tabulaeformis (Wang et al., 2009)
and Dendrobium officinale (Ding et al., 2009).
Implications for development
Traditional agriculture is practiced in Ladakh and most of
the farmers do not purchase or exchange seeds; instead
a part of saved produce is used as seed (Misri, 1987).
This has resulted in the conservation of many old land
races of cultivated plants (Misri, 1989). It is obvious from
the variations scored that, the alfalfa of Ladakh has
undergone a very high level of natural hybridization and a
number of characters have evolved which are quite different and more useful than the characters of M. sativa or
M. falcata. The high genetic diversity maintained in
populations of Medicago sp. is encouraging. As is con-
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cluded, it probably will be sufficient for conservation
purposes to maintain a few populations placed across the
whole distribution range to ensure that the total genetic
diversity is represented and populations from Phyang
village with high genetic diversity should firstly protected
and used in breeding programmes (Marshall et al., 1975).
Moreover, highly diverse populations should be
conserved separately because the mixing of populations
may give rise to out breeding depression, loss of
adaptation or breakup of co-adapted gene complexes
(Waser et al., 1993) which should be avoided during
conservation of these alfalfa genotypes.
Conclusion
A successful management program of Medicago sp
cannot be based only on RAPDs and ISSRs as markers
might not be correlated to adaptive traits (Volis et al.,
2005). A continuous monitoring of the species, including
more populations, co-dominant genetic markers and the
assessment of ‘adaptive’ genetic variation (that is by
means of genes related to freezing tolerance) will be
useful to design effective conservation strategies and
develop high yielding and cold resistant cultivars for
different ecological niches of the cold desert.
REFERNCES
Ajibade SR, Weeden NF, Chite SM (2000). Inter simple sequence
repeat analysis of genetic relationships in the genus Vigna.
Euphytica, 111: 47-55.
Arnau G, Lallemand J, Bourgoin M (2003). Fast and reliable strawberry
cultivar identification using inter simple sequence repeat (ISSR)
amplification. Euphytica, 129: 69-79.
Barrett SC, Harder LD, Worley AC (1996). The comparative biology of
pollination and mating in flowering plants. Philosophical Trans. R.
Soc. London, Series, 351: 1271-1280.
Bohonak AJ (1999). Dispersal, gene flow, and population structure.
Quarterly Rev. Biol. 74: 21-45.
Bolari S, Barth S, Melchinger AE, Posselt K (2005) Genetic diversity in
European perennial ryegrass cultivars investigated with RAPD
markers. Plant Breed. 124: 161-166.
Bolton JL (1962). Alfalfa. Botany, Cultivation and Utilization. Leonard
Hill Books Ltd., London.
Brummer EC, Bouton JH, Kochert G (1995). Analysis of annual
Medicago species using RAPD markers. Genome, 38: 362-36.
Bussell JD (1999). The distribution of random amplified polymorphic
DNA (RAPD) diversity amongst populations of Isotoma petraea
(Lobeliaceae). Mol. Ecol. 8: 775-789.
Clauss MJ, Mitchell-Olds T (2006). Population genetic structure of
Arabidopsis lyrata in Europe. Mol. Ecol. 15: 2753-2766.
De Candolle A (1967). (reprint) Origin of Cultivate Plants. Hafner
Publishing Co. NewYork.
Ding, GX, Li X, Qian L (2009) Genetic Diversity Across Natural
Populations of Dendrobium officinale, the Endangered Medicinal
Herb Endemic to China, Revealed by ISSR and RAPD Markers.
Russian J. Gen. 45(3): 327-334.
Diwan N, Bouton JH, Kochert G, Cregan PB (2000). Mapping of simple
sequence repeat (SSR) DNA markers in diploid and tetraploid alfalfa.
Theor. Appl. Genet. 101: 165-172.
Ennos RA (1994). Estimating the relative rates of pollen and seed
migration among plant populations. Heredity, 72: 250-259.
Excoffier L,Smouse PE,Quattro JM (1992). Analysis of molecular

8186

Afr. J. Biotechnol.

variance inferred from metric distances among DNA haplotypes:
application to human mitochondria DNA restriction sites. Genetics,
131: 479-491.
Falahati Anbaran M, Habashi AA, Esfahany MS, Mohammadi A,
Ghareyazie B (2007). Population genetic structure based on SSR
markers in alfalfa (Medicago sativa L.) from various regions
contiguous to the centres of origin of the species. J. Genetics, 86(1):
59-63.
Flajoulot S, Ronfort J, Baudouin P, Barre P, Huguet T, Huyghe C, Julier
B (2005). Genetic diversity among alfalfa (Medicago sativa) cultivars
coming from a breeding program, using SSR markers. Theor. Appl.
Genet. 111: 1420-1429.
Gao L, Yang B (2006). Genetic diversity of wild Cymbidium goeringii
(Orchidaceae) populations from Hubei based on ISSR analysis.
Biodivers. Sci. 3: 250-257.
Goula˜o L, Oliveira CM (2001). Molecular characterization of cultivars of
apple (Malus domestica Borkh.) using microsatellite (SSR and ISSR)
markers. Euphytica, 122: 81-89.
Grlju S, Bolari S, Popovi S, Upi T, Tucak M, Kozumplik V (2005).
Assessment of morphological and RAPD variation among and within
red clover cultivars after natural selection. Die Bodenkultur, 56: 183188.
Guldahl AS, Gabrielsen TM, Scheen AC, Borgen L, Steen SW,
Spjelkavik S, Brochmann C (2005). The Saxifraga rivularis complex
in Svalbard: molecules, ploidy and morphology. Flora, 200: 207-221.
Gustine DL, Voigt PW, Brummer EC, Papadopoulos YA (2002). Genetic
variation of RAPD markers for North American white clover
collections and cultivars. Crop. Sci. 42: 343-347.
Hamrick JL, Godt MJW (1989). Allozyme diversity in plant species. In:
Brown AHD, Clegg MT, Kahler AL, Weir BS, eds. Plant population
genetics, breeding and germplasm resources. Sunderland, MA:
Sinauer, pp. 43-63.
Hamrick JL, Godt MJW (1996). Effects of life history traits on genetic
diversity in plant species. Philosophical Trans. R. Soc. London,
Series B, 351: 1291-1298.
Holsinger KE, Wallace LE (2004). Bayesian approaches for the analysis
of population genetic structure: an example from Plantanthera
leucophaea (Orchiadaceae). Mol. Ecol.13: 88-894.
Juan A, Crespo MB, Cowan RS, Lexer C, Fay MF (2004). Patterns of
variability and gene flow in Medicago citrina, an endangered endemic
of islands in the western Mediterranean, as revealed by amplified
fragment length polymorphism (AFLP). Mol. Ecol.13: 2679-2690.
Joshi SP, Gupta VS, Aggarwal RK, Ranjekar PK (2000). Genetic
diversity and phylogenetic relationship as revealed by inter simple
sequence repeat (ISSR) polymorphism in the genus Oryza. Theor.
Appl. Genet. 100: 1311-1320.
Kidwell K, Woodfieldd R, Bingham ET, Osborn TC (1994). Molecular
marker diversity and yield of isogenic 2x and 4x single crosses of
alfalfa. Crop. Sci. 34: 784-788.
Kochieva EZ, Ryzhova NN, Legkobit MP, Khadeeva NV(2006).RAPD
and ISSR Analyses of Species and Populations of the Genus
Stachys. Russ. J. Genet. 42(7): 887-892.
Levin DA (1981). Dispersal versus gene flow in plants. Ann. Missouri
Botanical Garden. 68: 233-253.
Li HS, Chen GZ (2004). Genetic diversity of mangrove plant Sonneratia
caseolaris in Hainan island based on ISSR analysis. Acta. Ecol.
Sinica, 24: 1656-1662.
Li YY, Chen XY, Zhang X, (2005). Genetic Differences between Wild
and Artificial Populations of Metasequoia glyptostroboides:
Implications for Species Recovery. Conserv. Biol. 19(1): 224-231.
Loarce Y, Gallego R Ferrer EA (1996). Comparative analysis of genetic
relationships between rye cultivars using RFLP and RAPD markers.
Euphytica, 88(2): 107-115.
Loveless MD, Hamrick JL (1984). Ecological determinants of genetic
structure in plant populations. Annu. Rev. Ecol. Syst.15: 65-95.
Mable BK, Adam A (2007). Patterns of genetic diversity in outcrossing
and selfing populations of Arabidopsis lyrata. Mol. Ecol.16: 35653580.
Mahy G, Bruederle LP, Connors B, Van Hofwegen M, Vorsa N (2000).
Allozyme evidence for genetic autopolyploidy and high genetic
diversity in tetraploid cranberry, Vaccinium oxycoccos (Ericaceae).
Am. J. Bot. 87: 188-1889.

Marshall DR Brown AHD (1975). Optimum Sampling Strategies. in
Genetic Conservation, Crop Genetic Resource for Today and
Tomorrow, Frankel OH, Hawkes JG, Eds. Cambrige: Cambrige Univ.
Press, pp. 53-80.
Martins M, Tenreiro R, Oliveira MM (2003). Genetic relatedness of
Portuguese almond cultivars assessed by RAPD and ISSR markers.
Plant Cell Rep., 22: 71-78.
Maureira IJ, Ortega F, Campos H, Osborn TC (2004). Population
structure and combining ability of diverse Medicago sativa
germplasms. Theor. Appl. Genet. 109: 775-782.
McCoy TJ Bingham ET (1988). Cytology and cytogenetics of alfalfa. In
Alfalfa and alfalfa improvement. Agronomy Monograph 29 (ed.
Hanson AA, Barnes DK and Hill RR), Madison, USA. pp. 737-776.
Mengoni A, Gori A, Bazzicalupo M (2000a). Use of RAPD and
microsatellite (SSR) variation to assess genetic relationships among
populations of tetraploid alfalfa, Medicago sativa. Plant Breed. 119:
311-317.
Mengoni A, Ruggini C, Vendramin G, Bazzicalupo M (2000b).
Chloroplast microsatellite variation in tetraploid alfalfa. Plant Breed.
119: 509-512.
Michaud R, Lehman WF Runbaugh MD (1988) World distribution and
historical development. In Alfalfa and alfalfa improvement. Agronomy
Monograph 29, (ed. Hanson AA, Barnes DK and Hill RR), Madison,
USA. pp. 25-92.
Miller MP (1998). AMOVA-PREP 1.01: a program for the preparation of
the AMOVA input files from dominant-marker raw data. Department
of Biological Sciences, Northern Arizona University, Flagstaff, AZ.
Misri B (1986). Variability in Alfalfa of Ladakh.Plant Germplasm
Collection
Report
http://www.Fao.Org/Ag/Agp/Agpc/Doc/Bulletin/Ladakh.Htm.
Misri B (1987). Disjunct Distribution of Avena fatua as a weed in
Ladakh. Oat Newsletter. 37: 110-111.
Misri B (1989). Evaluation of Wheat and Barley germplasm from Ladakh
as winter fodder in Kashmir. Rachis, 8(2): 20-21.
Muller MH, Prosperi M, Santoni S Ronfort J (2001). How mitochondrial
DNA diversity can help to understand the dynamics of wild-cultivated
complexes. The case study of Medicago sativa in Spain. Mol. Ecol.
10: 2753-2763.
Musial JM, Basford KE, Irwin JA G (2002). Analysis of genetic diversity
within Australian lucerne cultivars and implications for future genetic
improvement. Aust. J. Agric. Res. 53: 629-636.
Nagaoka T, Ogihara Y (1997). Applicability of inter simple sequence
repeat polymorphisms in wheat for use as DNA markers in
comparison to RFLP and RAPD markers. Theor. Appl. Genet. 94(5):
597-602.
Nei M (1978). Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genet. 89: 583-590.
Patel BD, Wanchu PN (1964). Ladakh’s Alfalfa-A Potential Fodder.
Indian Farming, pp. 20-23.
Pe´rez-Collazos E, Catala´n P (2006). Palaeopolyploidy, spatial
structure and conservation genetics of the narrow steppe plant Vella
pseudocytisus subsp. paui (Vellinae, Cruciferae). Ann. Bot. 97(4):
635-647.
Prevost A, Wilkinson MJ (1999). A new system of comparing PCR
primers applied to ISSR fingerprinting of potato cultivars. Theor. Appl.
Genet. 98: 107-112.
Raina SN, Rani V, Kojima T, Ogihara Y, Singh KP, Devarumath RM
(2001). RAPD and ISSR fingerprints as useful genetic markers for
analysis of genetic diversity, varietals identification, and phylogenetic
relationships in peanut (Arachis hypogaea) cultivars and wild species.
Genome, 44: 763-772.
Rohlf FJ (2005) NTSYS-pc: Numerical Taxonomy and Multivariate
Analysis System, version 2.20, Applied Biostatistics, New York.
Saghai-Maroof MA, Soliman KM, Jorgensen RA, Allard RW (1984).
Ribosomal spacer length in barley: Mendelian inheritance,
Chromosomal location and population dynamics. Proc. Natl. Acad.
Sci. 81: 8104-8118.
Segovia-Lerma A,Cantrellr G,Conway JM, Ray IM (2003). AFLP-based
assessment of genetic diversity among nine alfalfa germplasms using
bulk DNA templates. Genome. 46: 51-58.
Slatkin M (1985) Gene flow in natural populations. Annu. Rev. Ecol.
Syst. 16: 393-430.

Xavier et al.

Slatkin M (1987). Gene flow and the geographic structure of natural
populations. Science, 236: 787-792.
Small E Jomphe M (1989). A synopsis of the genus Medicago
(Leguminosae). Can. J. Bot. 67: 3260-3294.
Soltis DE, Soltis PS, Tate JA (2003). Advances in the study of
polyploidy since plant speciation. New Phytol. 161: 173-191.
Song BH, Clauss MJ, Pepper A, Mitchell-Olds T (2006). Geographic
patterns of microsatellite variation in Boechera stricta, a close relative
of Arabidopsis. Mol. Ecol.15: 357-369.
Tuna M, Khadka DK, Shresthamk, Arumuganathan K, Golan-Goldhirsh
A (2004). Characterization of natural orchardgrass (Dactylis
glomerata L.) populations of the Thrace Region of Turkey based on
ploidy and DNA polymorphisms. Euphytica, 135: 39-46.
Vandemark GJ, Hughes TJ, Larsen RC (2005). Genetic similarities
between alfalfa cultivars based on sequence related amplified
polymorphism (SRAP) DNA markers. Plant & Animal Genomes XIII
Conference, San Diego, CA.
Volis S, Yakubov B, Shulgina I, Ward D, Mendlinger S (2005).
Distinguishing adaptive from nonadaptive genetic differentiation:
comparison of QST and FST at two spatial scales. Heredity, 95: 466475
Wang MB, Feng QG (2009).Genetic Variation in Chinese Pine Pinus
tabulaeformis, a woody Species endemic to China. Biochem. Genet.
47: 154-164.

8187

Waser NM (1993). Population Structure, Optimal Outbreeding, and
Assortative Mating in Angiosperms, In: The Natural History of
Inbreeding and Outbreeding: Theoretical and Empirical Perspectives,
Thornhill NW, Ed., Chicago: Univ. of Chicago, pp. 173-199.
Whyte RO, Nilsson L, Trumble, HC (1953). Legumes in Agriculture.
FAO, Rome.
Williams JGK, Kubelik AR, Livak KJ (1990). DNA Polymorphisms
Amplified by Arbitrary Primers are Useful as Genetic Markers,
Nucleic Acids Res.18(22): 6531-6535.
Yeh FC, Yang R, Boyle T (1999). POPGENE. Microsoft Windows-based
freeware for population genetic analysis. Release 1.31. University of
Alberta, Edmonton, Canada.
Yu KF, Pauls KP (1993). Segregation of random amplified polymorphic
DNA markers and strategies for molecular mapping in tetraploid
alfalfa. Genome, 36: 84-851.
Zhang LJ, Dai SL (2010). Genetic variation within and among
populations of Orychophragmus violaceus (Cruciferae) in China as
detected by ISSR analysis Genet. Resour. Crop. Evol. 57: 55-64.
Zietkiewicz E, Rafalski A Labuda D (1994) Genome finger- printing by
Simple Sequence Repeat (SSR)-anchored polymerase chain reaction
amplification. Genomics, 20: 176-183.

