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ABSTRACT

Genetic diversity was evaluated among five different species of Asparagus of Asparagaceae (formely Liliaceae)
collected from Central Gujarat (India) using RAPD primers. The RAPD primers resulted in the amplification of 273
bands, among which 258 were polymorphic (94.50%) while only 15 were monomorphic (5.50%). So, high level of
genetic diversity and low level of genetic similarity (Cluster analysis based on Dice coefficient) were observed
among these five species. A dendogram was constructed using UPGMA method. These investigations provide
important baseline data for conservation and inter breeding programs.
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I.  INTRODUCTION

Medicinal plants play a vital role to preserve our
health. The genus, Asparagus consists of herbs,
shrubs and vines that are widespread all over the
world and represents highly valuable plant
species having therapeutic and nutraceutical
importance in addition to being consumed as food
[1]. For example, A. racemosus (locally known as
Shatavar) is one of the important medicinal plant
extensively used by the traditional practioners in
India for its medicinal value [2], while A.
officinalis is an important vegetable crop,
whereas A. plumosus, A. densiflora myersii & A.
springeri have both horticulture and ornamental
values. The leaves and the tuberous roots of
Asparagus are medically important in several
diseases. Asparagus spp. is distributed throughout
tropical and sub-tropical parts of India up to an
altitude of 1500 m. [3]. The healing qualities of
Shatavar are useful in a wide array of ailments.
Being a rasayana or rejuvenating herb, its
restorative action is beneficial in women's
complaints. A. racemosus is mainly known for its
phytoestrogenic properties. With an increasing

realization that hormone replacement therapy
with synthetic estrogens is neither as safe nor as
effective as previously envisaged, the interest in
plant-derived estrogens has increased
tremendously making A. racemosus particularly
important [4]. Roots of A. racemosus were found
to possess antioxidant and anti-ADH activity [5]
[6], anti-tumour and anticancer activity [7] [8]
[9], anti ulcerogenic activity [10], anti-
inflammatory activity [11] and antimicrobial
activity [12].

The availability of a variety of DNA markers,
such as restriction fragment length polymorphism
(RFLP) [13], amplified fragment length
polymorphism (AFLP) [14], random amplified
polymorphic DNA (RAPD) [15], simple
sequence repeat (SSR) [16] and inter simple
sequence repeat (ISSR) [17] bhas enabled
researchers to investigate genetic diversity among
various plant species across natural populations.
PCR based RAPD markers have been widely
used in assessing genetic variation within a
species by measuring genetic diversity in many
species, including medicinal plants due to
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technical simplicity and speed [18] [19]. The
most common uses of the technique for scientific
and commercial purposes include the
discrimination among species for post-harvest
purposes [20], identification of crop cultivars to
settle lawsuits [21], marker assisted selection
establishment of phylogenetic position of natural
populations [22] [23] [24], certification of lack of
polymorphism  between in  vitro and
conventionally propagated plant stands [25] [26]
[27] and determination of genetic variation in
wild and cultivated populations [28] [29] [30].
The multipurpose use has attracted global
attention which prompted us to conduct studies
on genetic diversity of Asparagus spp. to provide
genetic data and a theoretical basis for protection
of the species. Hence, an attempt was made to
investigate variation among the collected
different species of Asparagus by using RAPD
markers. RAPD markers are based on the
amplification of unknown DNA sequences using
single, short and random oligonucleotide primers.
Therefore, RAPD polymorphism is the reflection
of variation of the whole genomic DNA and
would be a better parameter to measure the
pattern of genetic diversity of the rare and
endangered plants.

1. MATERIALS & METHODS

2.1 Materials

For this study five different species of Asparagus
were collected from different places of Central
Guijarat, India (Table 1). Fresh and young leaf
samples were collected to isolate genomic DNA.
2.2 Standardization of genomic DNA
isolation

Initially, genomic DNA was isolated from tender
young leaves by standard CTAB (Cetyl trimethyl
ammonium bromide) method [31].This method
was used several times but poor quantity and
quality of DNA was obtained. Hence,
modifications were made in this protocol viz, the
use of higher volume of extraction buffer,
increased incubation time at 65°C, use of sodium
acetate and potassium acetate, RNase treatment at

Kinnari N. Mistry, et al.

37°C for 1 hour and repetition of purification step
with chloroform: isoamyl alcohol. The extracted
DNA was resuspended in 30pl of TE buffer &
finally stored at -20°C. The yield of DNA was
quantified by Nanodrop-1000 (Thermo scientific,
USA) and the purity of DNA was checked by
running the samples on 0.8% agarose gel.

I11.  RAPD PCR amplifications

DNA amplification was performed in a Corbett
Research gradient automatic thermal cycler
(Australia) using RAPD markers. Genomic DNA
(40ng/ ul) was amplified via the PCR reaction
using 25pl reaction mixture containing 10X Taq
buffer (2.5ul) (Genei, Banglore), dNTPs (2.5ul)
(2.5mM each) (Genei, Banglore), Tag DNA
polymerase  (0.5ul) (1000U/ ul) (Genei,
banglore), primer (1ul) (40uM/ pl) (Sigma
Aldrich, Bangalore), template DNA (0.5ul)
(40ng/ pl) and sterile nano pure water (18ul).
After initial denaturation of the DNA at 94°C for
5 min, the thermal cycling was performed with
the following temperature regimes — 45sec at
94°C, 1min at 37°C and 1.5min at 72°C with 30
cycles and final extension at 72°C for 10 min
while hold temperature is 4°C. Control reactions
without template DNA (negative control) and
without enzyme (positive control) were also run
in the experiments. All the experiments were
repeated thrice to ensurer reproducibility.

3.1 Agarose Gel electrophoresis

Amplified DNA fragments were separated by
electrophoresis at 100 V in 1X TBE buffer for 3-
4 hours on 1.5% agarose gels stained with
ethidium bromide and photographed by gel
documentation system (Alpha Innotech, Alpha
Imager EP, and U.S.A). All PCR experiments
were done at least twice and best gels of the
replicates were used for band scoring.

3.2 RAPD data analysis & scoring
Unequivocally  scorable and  consistently
reproducible amplified DNA fragments were
transformed into binary character matrix
(1=presence, 0O=absence). The results were
analyzed on the principle that a band is
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considered to be ‘polymorphic’ if it is present in
some individuals and absent in others, and
‘monomorphic’ if present in all individuals.
Using dice coefficients, a similarity matrix
involving five different species was generated
with NTSYS-pc (Numerical taxonomy system,
applied biostatistics, Inc., New York, USA,
software version 2.02e) [32]. A dendogram was
constructed using the unweighed pair group
method with arithmetical averages (UPGMA).

IV. RESULTS AND DISCUSSION
Identification and genetic relationships in
Asparagus spp. is very difficult because of the
lack of morphological differences and erratic
flowering. Authentic identification of taxa is
necessary both for breeders to ensure protection
of intellectual property right and also for
propagators and consumers. The traditional
method of identifying species by morphological
characters is now gradually being replaced by
protein that is more reliable or DNA profiling
largely because of several limitations of
morphological data. In recent years, DNA
profiling through RAPD technique has been used
for the analysis of diversity and identification of
duplicates  within  the large germplasm
populations [33], phylogenetic relationship [34]
and management of genetic resources [35],
Evidently, RAPD technology is a rapid and
sensitive technique, which can be used to
estimate relationships between closely, and more
distantly related species. In this investigation, 20
random decamer oligonucleotide primers were
used for fingerprinting of five Asparagus spp. Of
these 20 primers, the amplifications of 6 primers
(OPA03, RPI 2, RPI 3, RPI 4, RPI 5, and RPI6)
were satisfactory and reproducible. Pooled RAPD
analysis of all six primers generated total 273
scorable bands, among them 258 were found
polymorphic, showing 94.50% polymorphism.
The PIC ranged from 0.9133 (RPI 6) to 0.9664
(RPI 3) with an average of 0.9410. On an
average, per primer 43 polymorphic loci were
generated. The RAPD primers tested in present
investigation produced fragments of different
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size. The minimum (45bp) sized fragment as well
as maximum (14780bp) sized fragment was
amplified by primer RPI 2. The highest (100%)
polymorphism was exhibited by primer RPI 4,
RPI 5, RPI 6. The maximum scorable bands (75)
were generated by primer RPI 3, whereas
minimum scorable bands (28) were generated by
primer RPI 4. Primer OPA 03, RPI 2 & RPI 3
amplified total 172 loci, out of which only 15
were monomorphic. The details of amplification
products are given in the table 2 (fig 1 & 2).
Clustering pattern of dendogram generated by
pooled RAPD data showed two major clusters
based on genetic diversity. The second major
cluster includes A. plumosus which is more
diverse to others (Fig 3).The similarity index
ranging from 0.22 to 0.48 with a mean similarity
of 0.36 indicating reasonable variability as
obtained by RAPD markers (Table 3).
RAPD-PCR bands derived in our study showed a
highly polymorphic structure as mentioned by
other researchers.

The first cluster is classified into two sub clusters,
where the first sub cluster divided into two
clusters so this first cluster includes A.
densiflorus myersii & A. springeri while second
cluster includes A. racemosus. The second sub
cluster includes A. officinalis. The obtained high
polymorphism rate indicates a high genetic
diversity in both in wild and consequently a
distinct potential in selection and genetic source
[36].

In addition to variety classification, the suitability
and efficacy of this technique were examined by
researchers [37]. It was founded that the genetic
structure of Olive varieties using RAPD
technique and determined a high genetic
polymorphism rate in the study where 60 random
primers were used and 38 primers were highly
polymorphic and reproducible. Examining in
more detail and more quantities of samples by
using such primer sets indicates that it may have
a significant potential in the determination of
genetic markers, due to the number of bands and
high polymorphism in wild samples. In addition,
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phenotypic variations observed in site despite of
genetic similarities or differences is most
probably associated with genetic expression
varying with changing environmental conditions
and growing applications [38]. Highly
polymorphic bands were also obtained in our
study in compliance with the data acquired.

RAPD markers are intensely used in studies
towards the determination of genotyping and
genetic varieties of Asparagus spp. RAPD marker
applications are beneficial as the initial step in
displaying a genomic map for plants with
unknown or much less known genetic ranges
[39]. Genetic similarities and distances between
wild forms were characterized biometrically
rather than morphologically.

Genetic similarities and distances were defined
and the genetic diversity between wild forms was
put forth in this study. These results will also be
used to determine the origins of cultural sub
varieties. Continuation of such studies would be
an important step to examine genetic relations
between especially local sub-types, namely wild
types, cultural sub-types and both Asparagus sub-
types, to prepare genetic map of Asparagus spp.
and to determine genetic markers of types by
comparing foregoing types.

At the same time, examining genetic variety
following the RAPD-PCR study by also
including SCAR [40] and SSR markers, and
discovering the relations between morphologic
characteristics and genetic structure by
determining morphologic characteristics would
be a rapid and effective way in identifying types
of Asparagus spp. having economical importance
and then determining genetic to assist in
performing further production plans and
improvement studies for the Asparagus spp.,
which is a plant dating back to many years.
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Table 1: Name, location & image of five different

Asparagus spp.
Sr No Name of Species Location Images
1 A.  Racemosus New Vidhyanagar botanical 3
garden,

V. U. Nagar, Gujarat.

2 A.  Springeri National research centre for
medicinal & aromatic plants,
Boriavi, Gujarat.

3 A.  Officinalis National research centre for
medicinal & aromatic plants,
Boriavi, Gujarat.

4 A.  Plumosus Pramukh nursery , Anand,
Gujarat.
5 A.  densiflora Roses nursery, Baroda, Gujarat.
myersii
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Primer Nucleotide sequence GC Meting Temperature Range of Total Total numbers of Total numbers of

Content (%) (Tm) Amplification (bp) bands polymorphic bands monmorphic bands
OPAO03 AGTCAGCCAC 60% 26.8 600-7800 46 41 05
RPI 2 AACGCGTCGG 70% 45.6 45-14780 51 46 05
RPI 3 ACGCGACCTG 70% 40.3 48-13700 75 70 05
RPI 4 AATCGCGCTG 60% 41.6 600-4550 28 28 00
RPI 5 AATCGGGCTG 60% 39.3 450-5000 43 43 00
RPI 6 ACACACGCTG 60% 30.3 750-7600 30 30 00
TOTAL 45-15000 273 270 15

Table2: Details of primers & banding pattern of RAPD analysis in asparagus spp

Fig 1: RAPD pattern generated using primers RPI 2 & RPI 3, Lane M1 = 100bp marker, Lane M2 = 1kb marker, AM- A.
densiflora myersii , AS- A. springeri, AP- A. plumosus, AO-A. officinalis, AR- A. racemosus

Fig 2: RAPD pattern generated using primers RP1 4 & RP15, Lane M1 = 100bp marker, Lane M2 = 1kb marker, AM- A.

densiflora myersii , AS- A. springeri, AP- A. plumosus, AO-A. officinalis, AR- A. racemosus

M1 AM AS AP AO AR M2 M1 AM AS AP AO AR \V) o
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Fig. 3: Dendrogram showing the relationship among five Asperagus spp. based on UPGMA and sequential agglomerative

hierarchical nested clustering

A. densiffora myersii

‘A. springeni

A racemosus
A offcinalis
A plomasus
r T T 1
Table 3
AM AS AP AO AR

AM 1.0000000

AS 0.4848485 1.0000000

AP 0.3389831 0.2222222 1.0000000

AO 0.3508772 0.3157895 0.3859649 1.0000000

AR 0.4537815 0.3600000 0.3600000 0.4000000 1.0000000

Table 3: Similarity Index of five different Asparagus spp using Dice coefficient
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