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Of the 30 species (including five varieties) of the genus Swertia in Nepal, nine have been reported to possess
medicinal properties. Among these, S. chirayita is the most valuable species, with high demand in domestic
and international markets. Nepal’s S. chirayita and related species are being recklessly exploited for commercial
purposes. Two problems that have emerged with this lucrative market are (a) adulteration and fraudulent
labeling of S. chirayita, and (b) depletion of S. chirayita and allied species from their natural habitats. To address
the problem of adulteration and conservation, we studied molecular genetic diversity in S. chirayita populations
and developed a molecular diagnostic tool for the purposes of authentication. We studied intra-specific genetic
diversity in S. chirayita using Polymerase Chain Reaction (PCR)-based Random Amplified Polymorphic DNA
(RAPD) technique. As a preliminary step, we identified optimal RAPD-PCR reaction and cycling conditions
by varying PCR reaction parameters such as concentration of template DNA, MgCl,, dNTPs, primer, Tag DNA
polymerase and RAPD-PCR programs. The optimized PCR reaction and cycling conditions were then used in
subsequent RAPD profiling experiments for the study of genetic diversity within S. chirayita populations from
various geographical locations. Genetic diversity characterization of S. chirayita populations at the molecular
level would furnish information with significant applications in the conservation and sustainable utilization of S.
chirayita and its allied species in Nepal.
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Globally, genus Swertia is represented by approximately
100 species (Willis 1996). Of the 30 species, including five
varieties, that have been reported in Nepal (Press et al. 2000),
nine are being traded for their medicinal properties, viz.: (1) S.
chirayita (Roxb. Ex Fleming) H. Karst, (2) S. angustifolia Buch.
— Ham. Ex D. Don, (3) S. tetragona Edgew, (4) S. racemosa
(Griseb) C. B. Clark, (5) S. cilaita (D. Don ex G. Don) B. L.
Burtt, (6) S. dilatata C. B. Clarke, (7) S. multicaulis D. Don, (8)
S. alata (Royle ex D. Don) C. B. Clarke, and (9) S. nervosa (G.
Don) C. B. Clarke (Joshi and Joshi 2001, Rajbhandari 2001).
Among these, S. chirayita is considered superior to all the
others in quality and is in high demand for trade (Pant 2011).
S. chirayita is distributed in the hills of eastern, central and
western Nepal at an altitude of 1200-3000 m in open forests
and shady habitats. Bhattarai (1996) reports the species in 40
districts of Nepal; Barakoti et al. (1999) reports distribution
in 54 districts.

Eighty to 90% of the total harvest is exported to India as
a crude drug and about 9% to China, Malaysia, Singapore,
Germany, Italy, France, Switzerland, Srilanka, Bangladesh,
Pakistan and the United States. Nepal consumes only 1%
of the total harvest and supplies 45-50% of the world’s total
volume (Joshi and Dhawan 2005). It has been reported that
more than 27.2 tons of S. chirayita (valued at more than
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2.3 million Indian rupees) was exported from Nepal during
1997-1998 (Joshi and Dhawan 2005).

The medicinal properties of S. chirayita are attributed
to a number of chemical compounds with therapeutic
value; these include chiratanin, gentianine, amarogentin,
amaroswerin, and several xanthone, iridoid, triterpenoid
and glycoside derivatives (Bajpai et al. 1991, Chakravarty
et al. 1991, Benerjee et al. 2000, Joshi and Dhawan 2005).
The whole plant is used in crude form, and it is also used
to manufacture various ayurvedic, herbal, and allopathic
medicines. The importance of S. chirayita as a multipurpose
drugwas perceived already in ancient times (Kiratatikta2001).
In “Ayurvada,” S. chirayita is said to contain anti-cancerous
properties (Chiraito Swertia chirayita, www.ansab.org).
In Ayurvedic preparations, it is used as antipyretic,
hypoglycemic, antifungal and antibacterial agent (Joshi and
Dhawan 2005). Although the entire plant has medicinal
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properties, in traditional medicines the root is considered
the most powerful part and is used in the treatment of
chronic and malarial fever, joint pain, ulcers, cough, cold,
asthma, scabies, leucoderma etc. (Chiraito Swertia chirayita,
www.ansab.org). One of the constituents, Swerchirin, has
been found effective in lowering human blood sugar level
(Bajpai et al. 1991, Saxena et al. 1993) through the stimulation
of insulin release from the islets of Langerhans. Its anti-
leishmanial property has been studied in hamster model
(Medda et al. 1999), and its anti-inflammatory and hepato-
protective effects have been studied in mice model (Islam et
al. 1995, Mukherjee et al. 1997).

S. chirayita has been listed as one of the top priority me-
dicinal plants of Nepal as well as of Asia (DPR 2005). The great
demand, both in Nepal and abroad, has led to its rapid deple-
tion in the wild. Because of the availability of multiple species
of Swertia in Nepal, a number of other allied species are also
being traded. This trend of adulteration, from human health
safety viewpoint is a malpractice. The World Conservation
Union (IUCN) has categorized this species as ‘Vulnerable’
(TUCN 2004). An urgent need has been felt to conserve its
existing diversity in different geographical gradients of Nepal
while sustainably utilizing it for the economic benefit.

Patterns of genetic diversity in plants can be studied
by analyzing morphological, anatomical, embryological,
biochemical and molecular traits (Weising et al. 1995).
Historically, the method of choice has been to focus on
morphological characters as the basis on which different
plant species are identified and classified into different
taxonomical hierarchical groups. However, the classical
tools are being increasingly complemented by advanced
biochemical tools (focusing on isozymes, allozymes, seed
proteins, and secondary metabolites) as well as molecular
tools based on restriction fragment length polymorphism
(RFLP) and hybridization, polymerase chain reaction
(PCR), and DNA sequencing (Murphy et al. 1996, Judd et al.
2002, Chawla 2003). Various PCR-based molecular marker
techniques, have already been widely used for genetic
diversity analyses, identification of genotypes in genebank
management and molecular phylogenetic studies
and development of species diagnostic protocols;
these techniques include those based on Random
Amplified Polymorphic DNA (RAPD), microsatellites

parameters for the study of genetic diversity in S. chirayita
collections from four districts of Eastern Nepal (Ilam,
Terhathum, Dhankuta and Sankhusabha), two districts
of Central Nepal (Lalitpur and Kathmandu) and one
district from Western Nepal (Kaski). PCR-based molecular
genetic diversity studies furnish valuable information
regarding genetic diversity in S. chirayita populations from
various geographical locations and their inherent genetic
relationship. A study of molecular genetic diversity in
various populations of S. chirayita would not only help us
understand the evolutionary aspect of the species but also
provide valuable insights for its conservation and sustainable
utilization. Such a study would also identify a number of
taxonomic units for conservation purposes and would
enable the linkage of genetic diversity information with data
regarding chemical properties (Alam et al. 2008). In addition,
since molecular tools hold great promise for diagnostic
development (Shrestha et al. 2005, Qian et al. 2006, Shrestha
et al. 2010) and medicinal plant authentication (Joshi et al.
2004, Sucher and Carles 2008, Vural and Eri 2009), molecular
markers specific to S. chirayita could be generated and this in
turn could yield amolecular diagnostic tool for authentication
purpose. Such a diagnostic tool would be valuable for
pharmaceutical applications and for pharmacognosy-based
research (Joshi et al. 2004) as well as for intellectual property
rights protection (Sharma et al. 2009).

Materials and methods

Plant materials For the RAPD PCR optimization, fresh
DNA samples were collected from Godawari, Lalitpur; the
rest of the DNA samples were collected in silica gel (Table
1). Collected samples from various part of the country were
brought to the NAST Biotechnology Laboratory for DNA
extraction and analysis.

DNA extraction and DNA estimation Two main DNA
extraction techniques (Doyle and Doyle 1990, Graham et al.
1994) were assessed for their usefulness in generating DNA
profiles of S. chirayita using RAPD-PCR. DNA quantification

Table 1. Details of S. chirayita collections for the present study

or Simple Sequence Repeats (SSRS), Inter_simple DiStriCt/LOCality Regionin Number of Altitudinal
Sequence Repeats (ISSRs), Amplified Fragment Nepal samples  range
Length Polymorphism (AFLPs), and Internal Ilam/ Maipokhari IE 15 2100-2600 m
Transcribed Spacers (ITS) sequences (Edwards 1998, to Maimayuwa
Matthes et al. 1998, Wetzel et al. 1999, Yasuda et al. Lalitpur/ Phulchowki C 15 2150 m
2002, Shrestha et al. 2003, Joshi et al. 2004, Shrestha Kathmandu/ Nagarjun C 15 2000 m
etal. 2005, Qian et al. 2006, Joshi and Dhawan 2007). .
. . L Terhathum/ Tirikhimti E 15 1500-2800 m
RAPD analysis allows detection of polymorphism in .
; . . to Guphapokhari
closely related organisms (e.g., different populations .
of single species or individuals within a population) Dhankuta/ Pakhribas E - b
and therefore provides a powerful tool for tasks Sankhuwasabha/ E 15 2600-2950 m
such as population and pedigree analysis, genetic Lampokhari,
diversity and molecular diagnostic development iﬁgeg?:lﬁg’ Manlabre
(Micheli et al. 1997).
Kaski/ Sikles W% 15 2000-2500 m

In the present study, an attempt has been
made to optimize RAPD-PCR reaction and cycling

*W = Western, C = Central, E = Eastern
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as well as quality assessment was carried out using a
Biophotometer (Eppendorf - AG 22331, Germany).

Gel electrophoresis The quality of extracted DNA was also
assessed using 1.5% agarose gel electrophoresis (in an EMBI
TEC Santiago, CA gel tank) in 1X TBE buffer [10X TBE; 108 gm
Tris base, 55 gm Boric Acid and 40 mL of (0.5 M) EDTA pH
8.0] at 50 V (8.47 V/cm) for half an hour. PCR amplification
products were analyzed at 25V (4.2 V/cm) for 1.5 h using the
same buffer system.

The gels were stained with ethidium bromide (10mg/ml
solution) for 45 minutes and de-stained for 15 minutes in
water prior to visualization and photography using UV trans-
illuminator (UVITEC, Japan) and Polaroid Gelcam (UK).

RAPD-PCR optimization The RAPD-PCR
reaction conditions were optimized by varying
key parameters (MgCl,, dNTPs, template DNA,
primer and Taq polymerase concentration; Table
2). Selection of the best RAPD cycling conditions
was carried out through the assessment of two
randomly selected RAPD-PCR cycling conditions
(viz. Yu and Pauls 1992, Edwards 1998). All PCR
reactions were carried out in the final volume of
25 pL.

M 1

Results and discussion

We first compared two DNA extraction protocols
in some of our samples. The method developed
by Graham et al. (1994) produced multiple sharp
bands on electrophoresis gels (Plate 1). Doyle
and Doyle’s (1990) method produced fewer
bands. Both techniques produced reasonably
pure DNA (A260/280 ratio ranged from 1.8-2.0)
for PCR amplification. Graham et al.’s technique
was used in all subsequent DNA extractions
from multiple collections. The Graham et al.
extraction buffer is comprised of 2% CTAB, 1.4
M NaCl, 0.1 M EDTA and 0.1 M Tris HCI pH 8.0.

Table 2. PCR parameters tested and optimized parameters

--aT-
. . = =
= -

Plate 1. RAPD profile of S. chirayita genotypes generated by primer UBC

2 and optimized RAPD reaction parameters. Lane marked M is 100 bp
ladder molecular weight marker; lanes 1-2: CTAB extracted DNA (Graham
etal. 1994) sample from Godawari, Lalitpur; lanes 3—-4: DNA extracted from
Godawari, Lalitpur sample using Doyle and Doyle (1990) method; lanes 5-6,
7-8,9-10, 11-12 and 13-14 are CTAB extracted DNA sample N-1, N-4, N-6,
N-8 and N-9 from Pakhribas, Dhankuta respectively. Lane 16 represents
negative control.
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Principal components of this DNA extraction buffer are cetyl
trimethyl ammonium bromide (CTAB), sodium chloride
(NaCl), ethylene diamine tetra acetic acid (EDTA) and Tris-
HCl. CTAB may bind to poly-phenolic compounds during
extraction by forming a complex with hydrogen bonds and
may help in removing impurities to some extent (Padmalatha
and Prasad 2006). RNA that can be co-isolated with DNA can
chelate Mg** and reduce the yield of the PCR. In the present
investigation, RNAse has been incorporated in the TE Buffer,
which was used to re-suspend DNA pellets at the end of DNA
extraction procedure.

Optimization of RAPD reaction conditions was obtained
by varying parameters and selection of the best concentra-
tions for each of the constituent of PCR. The optimized RAPD-
PCR conditions comprised of 3.0-3.5 mM of MgCl,, 12.5 ng of

PAREIS P/ B TR R el ) 12 13 14 15 16

PCR parameters Tested range Optimized Remarks
conditions found
DNA concentration (ng)  12.5, 25, 50, 75, 100, 12.5ng Highest no. of amplified products observed at 12.5 ng
125, 150, 175 concentration of DNA. Absence of bands from higher
concentrations was observed.
MgCl, concentration 1.5,2.0,2.5, 3.0, 3.5, 3.0-3.5mM Lower no. of bands observed at lower (2.0-2.5mM) and
(mM) 45,5.0 higher (4.0-4.5mM) concentrations.
dNTPs concentration 0.1,0.2,0.3,0.4,0.5 0.1-0.2 mM Increased concentration reduced intensity and
(mM) number of amplified products.
Primer concentration 0.1,0.2,0.3,0.4,0.5, 0.2-0.3 mM Intensity of amplified bands was same at 0.1-0.5mM
(mM) 0.6,0.7,0.8,0.9, 1.0, concentration. Intensity of individual band,
1.1,1.2,1.3,1.4,1.5,1.6 number of amplified products and high molecular
weight products decreased from 0.6 mM - 1.6 mM
concentrations.
Taq polymerase 0.5,1.0,1.5,2.0,2.5 2.0U-2.5U Faint bands observed at lower concentrations (0.5U—

concentration (5U/mL)
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Plate 2. RAPD-PCR optimization for the selection
of best MgCL, concentration for S. chirayita
using UBC primer 1 and 12.5 ng of DNA. Lane
marked M is 100 bp ladder molecular weight
marker. Lanes 1-2, 3-4, 5-6, 7-8, 9-10, 11-12,
13-15 represent 1.5 mM, 2.0 mM, 2.5mM, 3.0mM,
3.5mm, 4.0 mM, 4.5 mM concentration of MgCl,,
respectively. Lane 16 represents negative control.

e

Plate 3. RAPD-PCR optimization for the selection
of best ANTPs concentration for S. chirayita
using UBC primer 1 and 12.5 ng of DNA. Lane
marked M is 100 bp ladder molecular weight
marker. Lanes 1-2, 3—-4, 5-6, 7-8, 9-10 represent
0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM and 0.5 mM
concentration of dNTPs, respectively. Lane 11
represents negative control.

e
——
———
S—
==
e
—
A
——

M 1 2 3.4 5 6 5 8 910 11 12 13 14 15

g ' ’ E Plate 4. RAPD-PCR optimization for the selection
- . of best Tag polymerase concentration for S.
-

chirayita using UBC primer 1 and 12.5 ng of
b 1 e DNA. Lane marked M is 100 bp ladder molecular
weight marker. Lanes, 1-2, 4-5, 7-8, 10-11,
13-14 represent Taq polymerase concentration
ranging from 1.0 U, 1.5U,2.0U,2.5Uand 3.0 U,
respectively. Lane 15 represents negative control.

A 5RS 6T eRgE 20a 107 11=12: 13 14 15

Plate 5. RAPD-PCR optimization for the selection
of best DNA concentration for S. chirayita using
UBC primer 1. Lane marked M is 100 bp ladder
molecular weight marker. Lanes 1-2, 34, 5-6,
7-8,9-10, 11-12 represent 12.5ng, 25 ng, 50 ng,
75 ng, 100 ng, 125 ng concentration of template
DNA, respectively. Lane 13 represents negative
control.
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template DNA, 0.1-0.2 mM each of dNTPs, 0.2-0.3 mM each
of primers, and 2.0-2.5 units of Taqg DNA polymerase (MBI
Fermentas Company) (Table 2). The optimized reaction con-
centrations were then used in subsequent primer screening
and RAPD profiling experiments (Plates 2, 3, 4 and 5).

Optimization of reaction parameters in RAPD is crucial
in order to maintain reproducibility of RAPD phenotypes
among laboratories. In order to generate reproducible
RAPD fingerprint profiles, two parameters, viz.,, quality
and quantity of template DNA, have been considered the
primary factors affecting reproducibility. Hence controlling
these two factors is essential in order to ensure reproducible
RAPD patterns (Weeden et al. 1992, Micheli et al. 1997).
Apart from DNA, other parameters to be optimized are the
concentrations of MgCl,, dNTPs and primers. In the present
study, MgCl, concentration of 3.0-3.5, dNTPs concentration
of 0.1-0.2 mM each, primer concentration of 0.2-0.3 mM
and Taq polymerase concentration of 2.0-2.5 U had no
noticeable difference in banding patterns, while template
DNA concentration of 12.5 ng was found to be optimal for
PCR amplification at all these reagent concentrations.

Of the two randomly selected RAPD-PCR programs
(Yu and Pauls 1992, Edwards 1998), the cycling conditions
described by Edwards (1998) produced the best profiles for
S. chirayita. The program consisted of an initial denaturation
step at 95°C for 2 min followed by 45 cycles of 95°C for 20 s,
37°C for 60 s and 72°C for 60 s and a final extension step of
72° C for 10 min. The maximum ramp rate available for the
PCR machine (Eppendorf, Germany) was used. In some
cases, the faster PCR cycle described by Yu and Pauls (1992)
would be more applicable. With alfalfa genomic DNA, Yu and
Pauls (1992) optimized the denaturing time; they tested 5s,
30s and 60s and found that 5s gave the best PCR products.
They also showed that there is a relationship between the
time required for primer annealing and the GC content of the
primer. For primers having a GC content of 50-80%, a primer
annealing time of 30 seconds appeared to be appropriate. It
was also shown that strand elongation time affects the size of
amplified fragments in the PCR reaction.

For the optimization of RAPD cycling parameters of
a number of medicinal and aromatic plants, Padmalatha
and Prasad (2006) tested initial denaturation times of 2, 3, 4
and 5 min at 94°C and found 3 min most effective. A range
of annealing temperatures (20 to 70° C) and exposure times
(30s, 60s, 90s and 120s) was also tested; 37° C for 60 s was
found to be the best. In RAPD, random primers should have
a minimum of 40% GC content, although 50-80% is generally
used (Micheli 1997). While it is generally claimed that RAPD
is very sensitive to reaction and cycling parameters, Weeden
et al. (1992) concluded that the amplification process is not
so sensitive to one or more of the parameters as to seriously
affect reproducibility of the technique. Therefore standard
reaction conditions and cycling parameters appear to be
appropriate for a wide range of plant materials.

Conclusion

Swertia chirayita is one of Nepal's most highly prized
medicinal plants both at home and abroad. However, due to
the availability of multiple species of Swertia in Nepal, not
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only S. chirayita but eight other allied species are also being
highly exploited in trade. It is anticipated that the present
study aimed at studying genetic diversity within S. chirayita
populations of Nepal using molecular marker techniques
such as RAPDs will furnish valuable information for the
sustainable utilization and conservation of these natural
resources. Furthermore, DNA samples collected during
this investigation and the information thus generated will
be highly valuable for planning future molecular projects
focusing on S. chrayita as well as other Swertia species found
in Nepal.
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