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Abstract 
Rauvolfia serpentina an endangered medicinal plant was chosen for in vitro propagation using modified MS medium. 
Genetic fidelity study of the regenerated plants were analysed with 18 ISSR markers. A total of 159 monomorphic 
bands were obtained; one ISSR marker HB-12 showed a polymorphic band among the callus regenerants. The specific 
polymorphic fragment was then gel eluted, cloned and sequenced. 
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Introduction  

Rauvolfia serpentine (L.) Benth. ex Kurz (syn 
Ophioxylon serpentinum L.) (Family: Apocynaceae) 
commonly known as Sarpagandha in India is a perennial 
under-shrub. This hermaphroditic plant is indigenous to 
India, Andaman Islands, Bangladesh and South-East 
Asia. It is an important medicinal plant normally found in 
forests but also cultivated for its roots which are used for 
the extraction of therapeutically active alkaloids like 
Reserpine, Ajmaline, Serpentine, Ajmalicine etc. 
Moreover it is extensively used in traditional medicine for 
the treatment of insomnia, hypochondriasis, irritable 
condition of the central nervous system and high blood 
pressure. Rauvolfia is threatened with extinction in India 
due to indiscriminate collection, over exploitation and 
limited cultivation for commercial purposes to meet the 
requirements of pharmaceutical industry (Richa Bhatt et 
al., 2008; Sihag  & Nidhi Wadhwa, 2011). It has been 
included in the Appendix II of The Convention on 
International Trade in Endangered Species of Wild Fauna 
and Flora (CITES) and in the negative list of exports- 
plants by the Government of India (Notification no.24(RE-
98)/1977-2002).  

Poor seed germination (due to stony endocarp) 
coupled with absence of embryos possibly due to 
parthenocarpy and with the viability of the seeds 
decreasing drastically with increase in the time interval 
between collection and sowing, its propagation using the 
root cuttings for tissue culture is an attractive option (Goel 
et al., 2009). In vitro micropropagation has a number of 
advantages over the sexual reproduction in a large-scale 
propagation program as it offers the possibility of 
speeding up the breeding of elite, pathogen-free cultivars. 
By means of micropropagation, superior gene 
combinations can be preserved practically unaltered as a 
consequence of direct organogenesis. 
  On the contrary tissue culture also induces variations 
in regenerated plants, which are commonly referred to as 
somaclonal variation (Larkin & Scowcroft, 1981). This can 

result in an assortment of genetically stable variations, 
useful in crop improvement (Skirvin et al., 1993; Jain et 
al., 1998), similar to that induced with chemical and 
physical mutagens. On the other hand it can also lead to 
chromosomal rearrangements detrimental to the plant in 
question. Somaclonal variation is unpredictable in nature, 
and can be both heritable and non-heritable (epigenetic). 
The occurrence of somaclonal variation is associated with 
point mutations, chromosomal rearrangements and 
recombination, DNA methylation, altered sequence copy 
number, transposable elements and is reportedly 
influenced by the genotype, explant type, culture medium 
and age of the donor plants (Jain, 1997; Jain et al., 1998; 
Veilleux & Johnson, 1998). Depending on the plant type, 
the number of sub cultures is another important aspect 
that can lead to further variations (Larkin & Scowcroft, 
1981). 

Many strategies are available for detecting genetic 
variation, including phenotypic identification and DNA 
analysis techniques. Phenotypic identification based on 
description of the morphological and physiological traits 
can be used, although this method requires an extensive 
observation of the plants until maturity. Furthermore, 
some changes induced by in vitro culture cannot be 
observed because the rearrangement of the gene or its 
product may not always alter its expression to such a 
degree that it can be visualized phenotypically. When this 
occurs, somaclonal variability can be evaluated by DNA 
analysis techniques. With the availability of different DNA 
based molecular markers, somaclonal variation can be 
accurately assessed using a combination of two or more 
types/class of markers (Rani et al., 1995; Schneider et al., 
1996; Hashmi et al., 1997; Goto et al., 1998; Vendrame et 
al., 1999; Tiwari & Jatav, 2008). Random amplification of 
polymorphic DNA (RAPD) markers are the most 
commonly employed markers used to detect variations 
(Nitish Kumar et al., 2010). RAPD markers are 
extensively used to assess genetic variations generated 
by in vitro techniques (Hashmi et al., 1997; Goto et al., 
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Fig.1. Multiple shoot induction on MS medium  
fortified with BAP( 22.19µM) +ADS(86864 µM) 

1998) to measure genetic similarity or dissimilarity. These 
classes of markers offer the advantage of being simpler 
to use, less expensive and less time consuming than 
restriction fragment length polymorphism (RFLP) or 
amplified fragment length polymorphism (AFLP). 
 With the aim of studying the genetic fidelity of 
Rauvolfia, leaves, nodal segments and shoot tip of the 
plant were in vitro-regenerated primarily on MS medium 
with certain variations. To screen for potential somaclonal 
variants arising as a consequence of tissue culturing and 
to identify the specific DNA segments involved, inter-
simple sequence repeat (ISSR) markers were used in the 
present study. One ISSR primer HB-12 consistently 
amplified a polymorphic banding profile in the in vitro 
regenerated plants. The specific polymorphic fragment 
was then gel eluted, cloned and sequenced. 
Materials and methods 
Plant material 

Rauvolfia serpentina was collected from the foothills 
of Western Ghats in India and maintained in a green 
house. For surface sterilization the shoots were defoliated 
and nodal segments with 2-3 nodes were selected. They 
were then cleaned thoroughly under a continuous stream 
of running tap water for 60 mins and washed with Tween 
20 for 15 mins. The leaves, shoot apices and nodal 
segments were then washed repeatedly with distilled 
water and finally treated with mercury chloride (0.1%) for 
10 mins in a laminar flow cabinet and washed 3 times 
with autoclaved doubled distilled water to remove any 
trace of mercury chloride. After surface sterilization, shoot 
apices and the nodal cuttings were trimmed as explants 
of size 25-30mm with atleast one node in each explant. 
MS medium (Murashige and Skoog, 1962) supplemented 
with different concentrations of BAP + NAA, BAP + ADS 
and ½ MS BAP + ADS   were used for in vitro 
propagation. For shoot induction from leaf induced calli, 
the highest shoot induction (Fig.1) was observed on MS 
medium supplemented with BAP (22.19µM) and ADS 

(86864µM). The highest shoot induction from direct 
regeneration was on MS medium fortified with BAP 
(17.74µM) and ADS (32.57µM). The cultures were 
maintained at 250C under a 16 h photoperiod and light 
intensity of 40 μmol m–2 s1 provided by cool white 
fluorescent tubes. Six direct regenerated plantlets from 
the explants and four indirect regenerated plants from the 
calli with the mother explant were chosen for the genetic 
fidelity studies.   
Genomic DNA extraction and PCR amplification profile 
 Genomic DNA was isolated from the leaves of 
individual plants by using the standard CTAB method 
(Rogers & Bendich, 1988) followed by an RNAse 
treatment. Quantification of DNA was performed both 
spectrophotometrically and electrophoretically using λ 
DNA as a standard for the latter.  
  PCR for  ISSR was performed in a total volume of 
25µl containing 10X assay buffer (1X contains 10mM Tris 
Cl, pH 8.8 at 250C, 50mM KCl, 1.5mM MgCl2), 25pmol of 
primer (Sigma Genosys), 40ng of template DNA, 80µm of 
each of the four dNTPs and one unit of Taq polymerase 
(Bangalore Genei). Thermal conditions such as initial 
denaturation at 940C for 5 mins, followed by 35 cycles at 
940C for 1 min, 720C for 1.30 mins and a final extension 
of 720C for 10 mins were common to all the employed 
markers. For the ISSR markers, depending on the nature 
of the individual primers, variations were observed for the 
annealing temperature that ranged from 37ºC to 
53ºC.The reactions were carried out in an ABI 9700 
GeneAmp® PCR system. Amplified products were 
resolved on 1.2% agarose gels stained with ethidium 
bromide. 
Cloning and sequencing the ISSR marker fragments 
 A total of 18 ISSR markers were used to 
generate 154 fragments between the 11 samples 
(Table1). ISSR   marker (HB-12) consistently polymorphic 
in the samples was identified and the specific fragment 
gel eluted using Perfectprep® Gel cleanup kit 
(Eppendorf). The isolated fragment was cloned into a T 
vector (pTZ57R/T; MBI Fermentas) and transformed into 
competent E. coli XL-1 blue cells. The plasmids were 
then sequenced using an ABI 3130 DNA sequencer using 
the BigDye Terminator Cycle Sequencing Kit v3.1 (ABI). 
All the steps were performed according to the respective 
manufacturer’s protocol. 
Results and discussion 

A total of 18 ISSR primers were employed in the 
present study all the primers gave reproducible results. 
The primer sequence, the number of amplification 
products and the number of polymorphic fragments are 
given in the Table 1. The amplification profile of each 
marker was visualized on a 1% agarose gel and 
documented by photographing the gels using a 
Pharmacia Biotech documentation system.  The number 
and size of bands were scored from the photographs.  
The result was scored by comparing the bands obtained  
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Lane M:1Kb ladder:  a: Mother plant; b,c,d,e,h,j: Direct regenerants; i,f,g,k: Callus regenerants 

Fig.2.Molecular profile of the polymorphic ISSR (HB12) marker for  
the regenerated Plantlets of  Rauvolfia serpentina 

1.5kb 

in the micropropagated plants to the pattern of bands 
obtained from the source plant, and recording them as 
present or absent.  The bands that appeared very weak 
were not counted.  The experiment was performed thrice 
for all the primers. All the 18 ISSR primers gave 
amplification products ranging from 4 bands (17898A, P-
04, P-09) to 15 bands (P-01) with an average of 8.9 
bands per primer.   The size of bands ranged from150bp 
to 4.3kb. The ISSR finger prints of 10 micropropagated 
plants randomly collected from the different stages of 
micropropagation (b, c, d, e, h and j – direct regenerants; 
i, f, g, and k – callus regenerants) and the mother plant (a) 
are shown in the (Fig.2). 

Among 18 ISSR primers tested 17 primers produced 
160 bands that were monomorphic across all the 
micropropagated plants. One ISSR marker HB-12 

produced a polymorphic band in the sample f (callus 
regenerant) (Fig.2).  The size of the polymorphic band 
was 1400bp.           

The sample (callus regenerants) containing 
polymorphic fragments amplified with HB-12 ISSR was 
cloned in T –vector and transformed in competent E.coli 
DH5α cells.  The presence of insert was confirmed by 
performing colony PCR with M13forward and reverse 
primers.  The colony PCR results showed that the 
polymorphic fragments amplified with ISSR primer HB-12  
was successfully transformed into the cells. Once it was 
established that the specific polymorphic fragments were 
cloned, the E.coli cells were grown overnight at 37ºc in 
LB broth containing ampicilin as antibiotic and the 
following day the respective plasmids were isolated using 
a plasmid isolation kit as mentioned earlier. 

Table 1. The primer sequence of the 18 ISSR primers used for analyzing the genetic fidelity of the micropropagated plants 

Primer Sequence (5' - 3') Total amplified fragments Polymorphic bands Size in bp 

814 CTCTCTCTCTCTCTCTTG 9 0  
844A CTCTCTCTCTCTCTCTAC 10 0  
844B CTCTCTCTCTCTCTCTGC 10 0  

17898A CACACACACACAAC 4 0  
17899A CACACACACACAAG 14 0  
17899B CACACACACACAGG 11 0  
(GATA)4 GATAGATAGATAGATA 11 0  
(CAGG)5 CAGGCAGGCAGGCAGGCAGG 5 0  

HB-12 CACCACCACGC 11 1 1400 
HB-13 GAGGAGGAGGC 7 0  
HB-14 CTCCTCCTCGC 12 0  
HB-15 GTGGTGGTGGC 12 0  
P-01 GAGCAACAACAACAACAA 15 0  
P-03 AGAGAGAGAGAGAGAGTG 9 0  
P-04 ATGATGATGATGATG 4 0  
P-06 CCACCACCACCACCA 7 0  
P-08 CACCACCACCACCAC 5 0  
P-09 GCCGCCGCCGCCGCC 4 0  

 Total 160 1  
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The following polymorphic band was chosen for 
automated sequencing; A 1.5kb fragment amplified by 
ISSR primer HB-12 (Sample f, Fig.2).  Sequence 
information for  the above fragments was   obtained 
(Fig.3) The sequences were then subjected to BLAST 
analysis for homology with known DNA sequences using 
the BLASTn option of the NCBI database, after 
eliminating any vector backbone contamination using the 
NCBI Vecscreen tool. The sequences were tested for 
homology against all mapped DNA sequences of plants 
listed in the database. A BLASTn search was done where 
nucleotides are compared with nucleotides directly. The 
expected value was set to E=1 in all the searches. The 
primer ISSR HB-12 containing polymorphic band of size 
1.4kb produced 393bp from the 5’prime end and 721bp 
from the 3’ prime end.   Clone f (ISSR HB -12) containing 
1114 sequenced nucleotides, showed homology to 

exportin 6 with a E value of 0.84.  
Exportin belong to a group of proteins 
that are primarily involved in nuclear 
export of proteins in plants. The 
sequence information of the 
polymorphic fragments generated by 
the primer HB-12 revealed that these 
genes are involved in protein 
transport.  

ISSRs have been used to 
analyze the genetic fidelity of 
micropropagated plants in many 
species. ISSR markers reportedly 
reveal substantially higher levels of 
polymorphism than RFLP markers in 
maize (Kantety et al., 1995). ISSR 
fingerprinting has been previously 
found to be useful for detecting 
somaclonal variation among 
microprogagated plants of coffee 
(Rani et al., 2000). In the present 
study, the amplified products 
obtained through ISSR analysis 
exhibited monomorphism among all 
in vitro raised direct regenerated 
plants. These results indicate that 
the direct regenerated 
micropropagated plants of Rauvolfia 
serpentina are genetically stable and 
that the micropropagation protocol is 
working successfully. Whereas callus 
derived regenerants were found to 
show polymorphism. The occurrence 
of genetic changes among callus 
culture regenerants is a well 
established phenomenon (Skirvin & 
Janick 1976; Larkin & Scowcroft 
1981). Among 18 ISSR markers 
tested 17 markers produced 159 
bands that were monomorphic across 

all the micropropagated plants. One ISSR marker namely 
HB-12 produced a polymorphic band among callus 
regenerants subcultured on MS media supplemented with 
(BAP44.38 µM +NAA21.48 µM).  
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