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Abstract: Biochemical and Randomly Amplified Polymorphic DNA (RAPD) analyses were used to access the
genetic diversity among five accessions of withania somnifera L. (Dunal). In the protein patterns, 24 out of 27
peptide bands were found to be polymorphic with 88.88% polymorphism. Selected 4 RAPD primers generated
156 DNA fragments, 89 of them were found to be polymorphic. The polymorphism generated by the primers
were 84.21%(OPG-09), 40.90 % (OPH-03), 45.23 % (OPC-08) and 62.5% (OPG-19). UPGMA Dendrogram obtained
from cluster matrix revealed two main clusters, wild accessions formed one cluster and the cultivated accessions
formed the other. A strong correlation was observed between morphology, biochemical and molecular marker
systems. Identification of specific markers in wild as well as cultivated accessions was performed in the present
study. In conclusion Withania somnifera showed genetic diversity useful in facilitating development of large
number of new varieties through hybridization and transfering of useful genes, thus maximizing the use of such
available germplasms as genetic resource materials for breeders.
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INTRODUCTION of improved varieties of W. somnifera and crop

The Indian Himalayan region (IHR), one of the richest For genetic amelioration and effective conservation
reservoirs of biological diversity in the world, is of the allelic and genotypic variability in a given species,
undergoing irrational extraction of wild, medicinal herbs, it is imperative to evaluate and catalogue the existing
thus endangering many of its high value gene stock. variability. The genetic diversity is the variation of
Withania somnifera L. (Dunal) is a member of solanaceae, heritable characters present in a population of the same
also known for thousands of years by Ayurvedic species. It serves an important role in evolution by
practitioners [1]. Withania somnifera root contains allowing a species to adapt to a new environment and to
flavonoids and many active ingredients of the withanolide fight off parasites [5]. One of the important factors
class [2]. Several studies over the past few years have restricting the large-scale production and development of
looked into the role of Withania somnifera in having anti- better varieties is that very little information is available
inflammatory, anti-tumor, anti-stress, antioxidant, mind- about the genetic diversity, inter and intra-specific
boosting, immune-enhancing and rejuvenating properties variability and genetic relationship among Withania
[3]. Atal and Schwarting [4] documented five different somnifera. Therefore, attempts are made to analyze
morphotypes of W. somnifera from different populations possible untapped genetic diversity which is extremely
growing in various regions of India. In view of the great essential for the improvement of the medicinal plant
demand in phyto-pharmaceutical industries, commercial Withana somniera L. (Dunal).
cultivation of W. somnifera is carried out in the country Morphological markers have been routinely used for
over an area of about 4000 ha, mainly in Manasa, Madhya estimating genetic diversity but recently many molecular
Pradesh and in some parts of Rajasthan and Andhra techniques have been developed into powerful tools to
Pradesh. Despite its commercial value, there is a paucity analyze the genetic relationships and genetic diversity as

improvement studies need to be taken up vigorously. 
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Table 1: Withania somnifera accessions used in the study.

No. Accession name Sample name Place of collection Date of collection Cultivated or wild

1 AGB026 T1 Baruvasagar (MP)-India July-15-2010 Cultivated
2 AGB036 T2 Sanawad (MH)-India July-02-2010 Cultivated
3 AGB018 T3 Lucknow (UP)-India May-22-2010 Wild
4 AGB042 T4 Jodhpur (Rajasthan)-India May-28-2010 Wild
5 AGB006 T5 Jammu (JandK)-India June -12-2010 wild

compared to the earlier techniques. The most commonly MATERIALS AND METHODS
used are proteins, which are known to be polymorphic
with respect to size, charge, or both these parameters [6]. Plant Material Collection and Morphological
Electrophoresis of proteins is a powerful tool for detection Characterization: Five accessions (2 cultivated and 3
of the genetic diversity and the SDS-PAGE of proteins is wild) of Withania somnifera from different sites which
particularly considered as a reliable technology because vary in their agro-climatic conditions were collected and
storage proteins are highly independent of environmental maintained at the germplasm repository at Indian
fluctuations [7,8]. At DNA level, Randomly Amplified grassland and fodder Research institute (ICAR) Jhansi-
Polymorphic DNA (RAPD) technique has principal India. Description of selected accessions is presented in
advantage of being technically simple and faster in Table 1. Morphological characters such as plant habit,
obtaining results. This technique has been used in a wide plant height and shape of leaves, fruiting calyx and berry
array of field crops like rice [9], soybean [10] and color were recorded from plants in the field. Five grams of
mungbean [11] etc. Electrophoresis of proteins is a freshly harvested leaves were stored in liquid nitrogen
powerful technique in discriminating genetic variability and used for the analysis.
Parker et al. [12].

Taxonomy of a particular genus is so much difficult, Biochemical Analyses: Chlorophyll, starch, sugar and
due to the interference of man with selection, cultivation, protein contents were determined in all the five
interspecific      hybridization,     polyploidization    and accessions of Withanai somnifera. Chlorophyll was
the existence of chemotypes. This leads to the species estimated by the method of Arnon [21] and absorbance
being morphologically  and  chemically  very  variable. was measured at 663, 645, 510 and 480 nm using Pharmacia
[13,14]. It is of great importance for future breeding of Biotec, UV/VIS Spectrophotometer. Protein was estimated
W.somnifera that the genetic diversity of economically by the method of Lowery et al. [22].while sugar and starch
important genotypes can be selected. Knowledge about were measured by the method of Montgomery [23].
the genetic diversity of a species can also facilitate the
efficient conservation, management and utilization of the Molecular Analyses
species. Molecular markers have been used successfully Protein Profiling: The electrophoretic procedure was
in Withania accessions [15,16]. Randomly polymorphic carried out using slab SDS-PAGE (AE 6530 M, Japan)
DNA (RAPD) markers have been efficiently used to study with12.25% polyacrylamide gel. A resolving gel (3.0 M
the genetic diversity of different medicinal, spice and Tris HCl, pH 8.0, 0.4% SDS) and a stacking gel (0.4 M Tris
aromatic plants species [17-20]. HCl, pH 7.0, 0.4% SDS) was prepared and polymerized

W. somnifera L. (Dunal) is cultivated as well as grown chemically by addition of 17 ml of N, N, N, N tetra
wild in every part of India. Its wide geographical methylene diamine and 10% ammonium persulphate.
distribution and varied cultivation habitats indicated that Electrode buffer solution (0.025 M Tris, 0.12 M Glycine,
there is probably a large genetic diversity for this genus 0.12% SDS) was poured into the bottom and top pool of
in India. However, there is few data available either for the apparatus. 15 µl of the protein extraction was loaded
practical use or for basic research needs about the genetic by a micropipette into each well of the gel. The apparatus
diversity of the Withania species growing in India. was connected with uninterrupted electric supply (100 V)

The purpose of the present study was to characterize until the bromophenol blue dye almost reached the
Cultivated and wild accessions of W.somnifera at bottom of the gel. The gels were then stained for one hour
biochemical  and  molecular  levels.  Such  analyses  can with the staining solution containing 0.2% (w/v) Comassie
be utilized for selecting better parents for breeding Brilliant Blue R 250, dissolved in 10% (v/v) acetic acid, 40
programs. % (v/v)  methanol  and  distilled  water  in   the   ratio  of
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10:40:50. The gels were de-stained in a solution of Statistical   Analysis:   All   values   reported   in  this
methanol:  acetic acid: distilled water in the ratio of work are   means    of   three   independent determinations,
30:10:60 respectively. After de-staining, the gels were the  mean  values  ±  SD.  All  data   have  been
photographed using gel documentation systems. statistically  analyzed  by   one   way   analysis of

RAPD Analysis: 0.5 g of fresh young leaves from each design to check the viability of data and variability of
accession was taken for DNA isolation. The sample was results.
ground to fine powder using liquid nitrogen with pre
chilled pestle and mortar. The powder of each sample was RESULTS AND DISCUSSION
transferred into 15 ml polypropylene centrifuge tubes
separately, containing 5 ml of pre-warmed extraction Morphological Characterization: Based on
buffer. DNA was extracted by CTAB method [24]. The morphological characters of plant habit, plant height, leaf
solution was vortexed for 30-40 seconds for gentle mixing. shape, fruiting calyx and berry color, two cultivated
Then 30 ml of chloroform iso-amyl alcohol (24:1) was accessions (AGB026 and AGB036) of W. somnifera were
added to emulsify. The solution was centrifuged at 15000 found to be distinct from the other group of three wild
rpm for 10 min at room temperature. accessions (AGB006, AGB018 and AGB042). Wild

The aqueous phase was removed with a wide pore accessions are perennial, tall, bearing acute leaves with
pipette, transferred to a clean tube and then mixed by entire margin globular fruiting calyx and red colored
gentle inversion by adding 2/3 volume of isopropanol. berries. On the other hand, the cultivated accessions are
DNA was spooled using a bent pasture pipette and annuals, dwarf, with sub-acute leaves with undulate
transferred to another tube. If the DNA appeared margin, elongated fruiting calyx and orange colored
flocculent, centrifugation was done at 5000 rpm for 2 berries (Table 2).
minutes by gently pouring off the supernatant. Then
DNA pellet was washed using 70% ethanol and dried Biochemical Characterization: In current investigation
pellet was dissolved in 500 µl TE buffer. The purification considerable variations were observed in biochemical
of DNA was done by treating the samples with proteinase characters, among five experimental accessions of W.
K and RNase. RAPD analysis was carried out individually somnifera (Table 3). Chlorophyll a/b ratio showed much
with 4 random decamer primers. The thermal cycling variation, the highest chlorophyll a/b ratio was found in
conditions were order T5 >T3>T4>T1>T2, which shows low chlorophyll

Denaturation: 94°C for 4 min. Maharashtra-India and the highest chlorophyll content
Annealing: 55°C for 1 min. was found in accession AGB006 which grows wild in
Extension: 72°C for 2min. Jammu and Kashmir-India (Table 3). This also shows that

The amplification product along with 2 µl of loading than wild accessions. Protein content also showed great
dye (bromophenol blue)  was  separated  on  1.5% variation, T1 (43.11 mg/g), T2 (42.21 mg/g), T3 (48.32
agarose gel using 0.5 x TBE buffer at pH 8.0 containing mg/g), T4 (40.12 mg/g) and T5 (47.88 mg/g).High protein
ethidium bromide (0.5 µg/ml) of gel. The gel was viewed content was found in T3 and T5 and the lowest protein
under UV transilluminator and photographed using gel content was observed in accessions AGB026, AGB0 36
documentation. All the selected 4 primers produced and AGB042 in which the first two accessions are
recognizable bands. Scorable bands for a primer in each cultivated and the third is wild. Sugar content also
genotype were compared and allotted 0 (absence) or 1 showed significant variation, T1 (4.95%), T2 (4.23%), T3
(presence) values. Band pattern (0, 1 matrix) was tabulated (7.67%), T4 (4.21%) and T5 (7.98%). Starch as a storage
for individual primers separately and the data pooled to sugar was present in low amounts in the two cultivated
obtain a combined matrix for five genotypes of 4 primers. accessions AGB026 (37.54%) and AGB036 (45.33%), while
Diversity coefficient for each primer (no. of polymorphic high content of starch was found in the two wild
bands/total no. of bands) and pair wise genetic distance accessions AGB018 (56.11%) and AGB006  (57.22%)
was calculated according to Nei (1971). (Table 3). 

variance  (ANOVA)  in  randomized  complete block

content in accession AGB036 that is cultivated in Pune

cultivated accessions contain less chlorophyll content
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Fig. 1: Protein profile in the experimental accessions of W. somnifera ; T1= AGB026, T2 = AGB03, T3 = AGB018, T4 =
AGB042 and T5 = AGB006. 

Fig. 2:  RAPD profile of five experimental accessions produced using OPC-08, OPG-09, OPG-19 and OPH-03 primers. T1
= AGB026, T2 = AGB036, T3 = AGB018, T4 = AGB042, T5 = AGB006.M: 1 kb DNA ladder marker

Protein Profiling: Genetic diversity elucidated through polymorphic with 88.88% polymorphism. Our finding
SDS-PAGE of proteins revealed distinct electrophoretic reveals that considerable intra-specific variation was
patterns. Twenty-seven bands ranging from 50.0 to 97.0 available in the analyzed accessions. The genotypes
kDa were recognized among five accessions, three were showed variations for the minor bands. The variation in
monomorphic. (Figure1). The genotypes showed the major bands was present in case of T1 and T5.Band
considerable variation in protein band numbers ranged numbers 5 (93 kDa), 7 (89 kDa) and 27 (50 KDa) were
from 12 to 17. Out of 27 peptide bands, 24 bands were common in all the accessions. Polypeptide band numbers
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Fig. 3: UPGMA Dendrogram of five experimental accessions based on RAPD markers.T1= AGB026, T2 = AGB036, T3
= AGB018, T4 = AGB042, T5 = AGB006.

Table 2: Morphological differences between wild and cultivated accessions.

No Character Wild accessions Cultivated accessions

1 Habit Perennial Annual

2 Plant height (cm) Tall (120 - 130) Dwarf (35 - 60)

3 Leaves Ovate, sharply acute, entire margin, Ovate, Sub acute, wavy margin

densely pubescent, minutely stellately pubescent, veins

veins conspicuous inconspicuous

4 Fruiting calyx globular elongated

5 Berry Red Orange

6 Seed Oily to touch Non-oily

Table 3: Estimates of biochemical contents in different investigated accessions of Withania somnifera L. (Dunal)

Hd No.l  Parameters  AGB026 AGB036 AGB018  AGB042 AGB006

1 Chlorophyll a/b ratio  2.234 2.232 4.124  2.323 5.143

2 Protein (mg/g)  43.11±0.07 42.21±0.0.05 48.32±0.07 40.12±0.04 47.88±0.07

3 Sugar (% dw)  4.95±0.28 4.23±0.06 7.67±0.41 4.21±0.03 7.98±0.43

4 Starch (% dw)  37.54±0.32 45.33±0.37 56.11±0.41 38.56±0.31 57.22±0.44

Table 4: Total number of amplified fragments and number of polymorphic bands generated by RAPD-PCR using four random decamer primers:

Name Nucleotide Polymorphic Monomorphic Percentage Total Polymorphism

S.No. of primer sequence (5'-3') bands bands G+C content bands Percentage

1 OPC-08 GTCGCACGTC 19 23 70% 42 45.23%

2. OPG-09 GAGCCCTCCA 32 6 70% 38 84.21%

3. OPG-19 GGCTCATGTG 20 12 60% 32 62.5%

4. OPH-03 ACGCGCATGT 18 26 60% 44 40.90%

Table 5: Dice’s similarity coefficient matrix for Withania somnifera L.(Dunal) based on RAPD data.

T1 T2 T3 T4 T5

T1 1.00

T2 0.83 1.00

T3 0.44 0.57 1.00

T4 0.57 0.72 0.82 1.00

T5 0.48 0.62 0.94 0.85 1.00

T1= AGB026, T2 = AGB036, T3 = AGB018, T4 = AGB042, T5 = AGB006
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8 (87kDa, T1), 12 (78 kDa, T1), 18 (69 kDa, T2), 21 (65 kD, Cluster analysis of RAPD fingerprints clearly
T4), 23 (59 KDa, T4), 24 (58 kDa, T3) and 26 (56 kDa, T5)
were genotype specific.The specific bands may be
exploited for hybrid identification in breeding experiments
(Kumar et al. 2010).

RAPD Analysis: A total of 156 scorable bands were
generated in 5 genotype patterns with 4 primers (Fig. 2
and Table 4.Out of 156 bands, 89 bands were polymorphic
and 67 were monomorphic. The highest percentage of
polymorphism was generated by primer OPG-09 (84.21%)
and the lowest percentage of polymorphism was
generated by primer OPH-03 (40.90%). Higher number of
co migrating bands monitors the reproducibility of
amplification pattern while polymorphic ones provided the
key to genotype identification.The genetic distance was
computed considering all the genotypes from the pooled
data and the dendrogram was constructed (Fig.3). The
distance matrix is present in Table 5. The maximum genetic
distance 94% was present between (T3 and T5) followed
by 85% between (T4 and T5).The lowest genetic distance
44% was found between (T1 and T3). Dendrogram
generated by UPGMA cluster analysis based on dice’s
similarity index as shown in Figure 3 revealed that
similarity coefficient between all variety ranging from 44%
to 94%. At 82% similarity level all the accessions
combined to two main clusters, the first cluster combined
the two cultivated accessions (T1 and T2) and the second
cluster combined the three wild accessions (T3, T4 and
T5).

Scrutinization of morphological and morphometric
analyses on the five accessions revealed that the
cultivated and wild accessions constitute two distinct
groups with very high intra-group similarity and low inter-
group similarity (Table 2).Thus, it is revealed from the
present study that the cultivated plants are different from
the wild ones not only in their therapeutic properties but
also in morphological characters like roots, stems, leaves,
flowers, pollen grains, mature fruits and seeds. Earlier it
was found that cultivated type of Withania constituted a
distinct group and that the level of morphological
divergence of cultivated types is large enough to justify
their separation into a new species Withania
ashwagandha [25,21,3].

Based on biochemical analysis, the wild and
cultivated accessions showed a considerable variation in
chlorophyll, protein, sugar content and starch contents
(Table 2). The wild accessions showed increasing
biochemical content and are superior in terms of yield
commonly employed in pharmaceutical processing.

discriminated the selected Withania somnifera into wild
and cultivated accessions. In addition, our results were in
good agreement with previous reports [26,27] at the
genome level. Cultivated Withania accessions are very
close to wild Withania accessions with a limited number
of dwarfing genes creating clearly distinguishable
morphological features. Considering the grouping, there
was no relationship between genetic divergence and
geographical origins, so that the accessions from similar
geographical place belonged to separate clusters. This
lack of relationship probably occurred due to free
movement of seed from one place to another. Also genetic
force, particularly selection and genetic drift, may have
created variations within the same ecological zone.

The genetic variation detected by RAPD markers is
much higher than that of morphological and biochemical
markers [28,29]. DNA genotyping offers a unique capacity
to classify accessions regardless of environmental
conditions and plant growth stages [30].

From the clustering pattern and genetic relationships
obtained using RAPD makers, breeders can identify the
diverse cultivars from different clusters and employ them
in their future breeding programmes.The results of this
study can be used for selection of parents to generate the
mapping populations.
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