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Abstract

An understanding of the extent, composition and patterns of genetic differences is helpful for
estimating possible genetic diversity loss and assessing genetic variability and its prospective
use in improvement programs. This study assessed patterns of genetic diversity and
relationships in five medicinal plants of Solanaceae family using RAPD markers. In this analysis,
8 primers were tested, and 6 of them showed polymorphic amplification. From 6 primers (OPA1,
OPA2, OPA6, OPB5, OPB7 and OPB9), a total of 32 bands were generated, in which all were
polymorphic with 100% polymorphism. The number of RAPD bands generated per primer
ranged from 2 (OPB 5) to 10 (OPA1) with an average of 5.34. The DNA fragments with different
molecular weights were amplified and band size ranged from 72 to 3601 bp. The similarity
coefficient, which was determined using the presence and absence of bands, ranged from 0.36
to 0.72. Similarity index reveals the maximum similarity between Solanum xanthocarpum with
Datura stramonium and Solanum nigrum with Withania somnifera (similarity indices 0.72 and
0.70 respectively). While distantly related species were Withania somnifera and Capsicum
annuum with similarity coefficient value of 0.36. The present findings conclude that RAPD
technique is a promising method for assessing genetic variability in some medicinal plants of
Solanaceae family.
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INTRODUCTION family Solanaceae are annuals, biennials, perennials

The Solanaceae also known as “nightshade family” is
a diverse group of angiospermic plants that includes
a number of important agricultural plants,
ornamentals, vegetables and many medicinal plants
[1]. The name Solanaceae originates from the word
Solanum, which means “nightshade” [2]. The family
Solanaceae consisted of 3000-4000 species divided
into more than 90 genera [3]. Plants/ species of the

and are usually herbs, though some of its species
grow as shrubs or small trees [2]. The family’s species
can be found in all temperate and tropical habitats
but by far the greatest biodiversity of the family is
found in the western hemisphere [4].

Genetic diversity is an important feature in crop
breeding programs and the analysis of genetic
variability within and among breeding materials is a
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primary concern for scientists/ plant breeders [5].
Genetic diversity studies can identify alleles that
might affect an organism’s ability to survive in its
natural habitats or that may enable it to survive in
more diverse habitats [6]. It is necessary to catalogue
the genetic level diversity within the germplasm in
order to develop desired characteristics [7].
Knowledge of genetic diversity provides a base for
establishing disease free plants. Morphological
markers were also used to study genetic variations in
crop species [8, 9]. However, estimating genetic
diversity based on morphological characteristics has
the disadvantages of being limited in number and are
influenced by the environment [10]. In recent years,
DNA based markers are being increasingly used to
solve taxonomic and evolutionary problems in plant
species [11]. Moreover, molecular markers are
extremely important and their application in
diversity analysis has demonstrated advantages over
other phenotype-based markers [12].

The recently developed DNA based markers such as
SSR [13], RFLP [14], RAPD [15, 16, 17] and AFLP [18]
are becoming more popular. Among these molecular
marker techniques, RAPD technique became popular
and attractive due to its reliability, simplicity, relative
ease to perform, low cost and no need of DNA
sequence information [19]. RAPD is a valuable tool
for the studies of genetic variations [20], linkage
maps [22], gene tagging [23] and phylogeny and
systematic [21]. There is a scarcity of information on
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the genetic diversity of selected medicinal plants of
Solanaceae family in Chitrakoot region, Satna (M.P.).
As a result, the current study was undertaken to
evaluate the genetic variations and evolutionary
relationships within/between the selected medicinal
plants of Solanaceae family by using RAPD markers.

MATERIAL AND METHODS

Plant Material

Five selected medicinal plants (i.e. Solanum nigrum,
Solanum  xanthocarpum, Capsicum  annuum,
Withania somnifera and Datura stramonium) of
Solanaceae family were used for this investigation
and leaf samples pooled from all selected species
were collected into labeled bags and stored in liquid
nitrogen for further use.

Genomic DNA isolation

The CTAB method [24] was used to isolate genomic
DNA from young leaves of selected medicinal plants,
which was then purified and quantified by Nanodrop
spectrophotometer.

Selection of the primer

Initially, eight decamer primers namely OPA1, OPA2,
OPA3, OPA6, OPB5, OPB6, OPB7 and OPB9 were
selected and screened by PCR for their ability to
produce polymorphic patterns in selected medicinal
plants and 6 primers (OPA1, OPA2, OPA6, OPBS5,
OPB7 and OPB9) which gave reproducible and
distinct polymorphic amplified bands were selected
finally for RAPD analysis.

Table 1. List of RAPD primers used for DNA amplification

S.No. Primer Name Sequence(5to3’) S.No. Primer Name Sequence (5'to3)
1 OPA1 CAGGCCCTTC 5 OPB 5 TGCGCCCTTC

2 OPA2 TGCCGAGCTG 6 OPB 6 TGCTCTGCCC

3 OPA3 AGTCAGCCAC 7 OPB 7 GGTGACGCAG

4 OPA6 GGTCCCTGAC 8 OPB 9 TGGGGGACTC

DNA amplification

Polymerase chain reaction was carried out based on
the protocol of [15] with some modifications.
Amplification was carried out in 20ul reaction
mixture containing 2 pl PCR buffer (10X), 2ul dNTPs
(0.5 mM), 2ul primer, 2ul MgCI2 (2.5mM), 0.4ul Taq
polymerase, 9.6l sterile water and 2 ul of template
DNA (52ng/ul). The amplification was performed
with a template program consisting of the initial
denaturation at 95% for 2 minutes, followed by 40
cycles of denaturation at 95% for 1 minute, annealing
for 1 minute at 34°C and extension at 72°C for 2
minutes. Final extension was performed at 72°C for 5
minutes.

Agarose gel electrophoresis

Amplified DNA was then separated on 1.2% agarose
gel containing 10 ul/100 ml ethidium bromides. After
completing the process of PCR amplification
reaction, 2 pl of 6 X loading dye (bromophenol) was
added to each PCR tubes. 1.2% agarose gel in 1X TAE
buffer was prepared and the contents of the PCR
tube loaded into the gel. Electrophoresis was carried
out on 50 V for 120 minutes. When the loading dye
touched the gel front, the amplified DNA was viewed
through the transilluminator, and the images were
taken using gel documentation system.

Data analysis

All amplified bands were scored as (1) for its
presence and (0) for its absence. Jaccard’s coefficient
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has been used to generate the similarity matrix
among the five medicinal plants of Solanaceae
family. The similarity coefficient was then used to
generate Dendrogram by using UPGMA (unweighted
pair group method of arithmetic means) through the
programme NTSYSpc software [25].

RESULTS AND DISCUSSION

Identification and characterization of plants/species
diversity is an essential prerequisite for formulating
strategies for plant improvement and conservation
of genetic resources. Molecular markers correspond
to a powerful and rapid tool for characterizing
genetic level variations within the targeted species
[26]. Several researchers have demonstrated that
the RAPD-PCR method can be applied to assess
discriminating differences at intra and inter
population level in a wide range of organisms
including plant species [27, 28, 29, and 30]. RAPD
markers were utilized during this work to study the
genetic diversity and interactions within/between
medicinal plants of Solanaceae family. A total of 8
RAPD primers (OPA1, OPA2, OPA3, OPA6, OPBS5,
OPB6, OPB7 and OPB9) were initially screened for
this amplification, with 6 (OPA1, OPA2, OPA6, OPBS5,
OPB7 and OPB9) of them producing a clear and
reproducible banding pattern. The pattern of
amplified bands among selected medicinal plants
generated with the primers OPA1, OPA2, OPAG,

Int J Pharm Biol Sci.

OPB5, OPB7 and OPB9 are shown in figure 1. In total
32 amplified bands were obtained of which all bands
were polymorphic and showed 100% polymorphism
(Table 2). In this study, we found the maximum
polymorphism, which is the most significant feature
of any marker for identifying a crop species or
variety. Similar to present findings [31] reported
100% polymorphism within the genus Solanum by
using 11 RAPD markers. [32] used 20 RAPD primers
and observed 100% polymorphism in Capsicum
genotypes. [33] also worked on Withania somnifera
and recorded 100% polymorphism by using 10 RAPD
primers. The number of RAPD bands were obtained
in the range from 2 (OPB5 primer) to 10 (OPA1l
primer) with a mean value of 5.3 bands / primer. The
present findings are in agreement with [34] who
obtained the number of bands in the range of 2to 9
with an overall mean of 5 bands / primer in different
tomato genotypes using 10 RAPD markers. In
addition, [35] also found 5.1 bands / primer using 20
RAPD markers across 21 tomato genotypes. The
range of generated products was from 72 bp to 3601
bp. These variations related to primer sequence
annealed with DNA template [36]. Similar to present
findings [37] obtained band size after amplification
by RAPD varied in the range of 174 bp to 3603 bp.
[38] also obtained the size of amplified bands in the
range 100-3500 bp among mango varieties.

Table 2. Amplified DNA bands and polymorphism generated among five medicinal plants of Solanaceae

family using 6 RAPD markers

S. Name of Nucleotide Band size Total No. of No. of % of

No. primer Sequences (bp) no. of polymorphic monomor-phic  polymorphism
bands bands bands
scored

1 OPA1l CAGGCCCTTC  216-966 10 10 00 100

2 OPA2 TGCCGAGCTG  244-2115 05 05 00 100

3 OPAb6 GTCCCTGAC 72-3601 08 08 00 100

4 OPB5 TGCGCCCTTC  729-1189 02 02 00 100

5 OPB7 GGTGACGCAG 479-1315 04 04 00 100

6 OPB9 TGGGGGACTC 1016-1078 03 03 00 100

Total 32 32 00 100

(A) (B) (9]
International Journal of Pharmacy and Biological Sciences Ravindra Singh* et al

122

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Int J Pharm Biol Sci.

(D)
Fig. 1. RAPD profiles of selected medicinal plants of Solanaceae family generated by primers OPA 1(A), OPA
2 (B), OPA 6 (C), OPB 5 (D), OPB 7 (E) and OPB 9 (F); L = Marker, A = Datura stramonium, B = Solanum nigrum,
C = Capsicum annuum, D = Withania somnifera, and E = Solanum xanthocarpum.

Genetic relationship and cluster tree analysis

The RAPD data thus obtained were used to construct
similarity coefficient matrix of five medicinal plants
of Solanaceae family using NTSYS-pc software. (Table
3). The Jaccard’s similarity analysis among five
medicinal plants exhibited genetic similarity in the
range of 0.36 to 0.72 with a mean value of 0.54
across the five selected medicinal plants of
Solanaceae family. The values of similarity coefficient

(F)

coefficient in the range of 0.30 to 0.77 with an overall
mean of 0.535. Maximum similarity was observed
between Solanum xanthocarpum and Datura
stramonium (0.72) followed by Solanum nigrum and
Withania somnifera (0.70), Solanum nigrum with
Solanum xanthocarpum (0.60) and Withania
somnifera with Solanum xanthocarpum (0.60). The
lowest similarity coefficient was exhibited between
Withania somnifera and Capsicum annuum with 0.36

in the present findings are almost similar to the
observation of [39] who reported similarity

similarity value.

Table 3. Jaccard’s similarity coefficient for five medicinal plants of Solanaceae family based on RAPD

markers
Solanum Withania Solanum Datura Capsicum
nigrum somnifera xanthocarpum stramonium annuum
Solanum nigrum 1.00 0.70 0.60 0.57 0.42
Withania somnifera 1.00 0.60 0.51 0.36
Solanum xanthocarpum 1.00 0.72 0.51
Datura stramonium 1.00 0.42
Capsicum annum 1.00
Solanum nigrum
Withania somnifera
| Solanum xanthocarpum
| Datura stramonium
Capsicum annuum
T T T T T T T T T T T 1
0.43 0.51 0.58 0.65 0.73
Coefficient

Fig. 2. Dendrogram constructed with UPGMA clustering method of five medicinal plants of Solanaceae
family using RAPD primers
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The RAPD cluster tree analysis of some medicinal
plants of family Solanaceae revealed that they could
be mainly grouped into two clusters. Cluster |
included four medicinal plants (Withania somnifera,
Solanum nigrum, Solanum xanthocarpum and Datura
stramonium) and it can be again divided into two sub
clusters | and Il. Sub cluster | included Solanum
nigrum and Withania somnifera while sub cluster Il
contained Datura stramonium and Solanum
xanthocarpum. Cluster Il included only single species
Capsicum annuum which occupies a distinct place as
revealed in the tree.

CONCLUSION

Determination of the extent and pattern of genetic
variations in plant species has important implications
for genetic improvement and genetic resource
conservation. It allows plant breeders/researchers to
develop improved varieties/cultivars with desirable
characteristics. Considering all the findings of
present work, it is concluded that RAPD analysis is
efficient in revealing usable level of genetic
variability within/between the selected medicinal
plants of Solanaceae family. The RAPD estimation
revealed that Solanum xanthocarpum and Datura
stramonium showed highest value of similarity index
(0.72) whereas Withania somnifera and Capsicum
annuum having lowest similarity index (0.36) which
means that these species are distantly related. It is
evident from the present study that the identified
diverse species among the five medicinal plants can
be used in future breeding programs for improving
the quality characteristics of selected medicinal
plants.
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