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Abstract

Calamus nagbettai R.R.Fernald and Dey are spiny climbing palms belonging to the family Arecaceae which are mainly
used for making furniture products and handcrafts. DNA markers have been employed to estimate the level of genetic
diversity and distinguish the distribution patterns of genetic deviation within the populations. Studies on the genetic
dissimilarity in twenty-six populations of Calamus nagbettai have been assisted by the development of molecular
markers. Seven Random Amplified Polymorphic DNA (RAPD) markers were utilised to evaluate genetic diversity and
genetic relationships between twenty-six accessions of Calamus nagbettai. The primers OPA-03 produced the maximum
number of amplicons (260 amplicons), whereas OPA- 06 produced the least number of loci (75 amplicons). Genetic
similarity coefficients among 26 wild populations of C. nagbettai ranged from 0.9 to 1.00 which was calculated using
Jaccard’s similarity coefficient. The dendrogram was constructed for RAPD data for all the 26 accessions of Calamus
nagbettai which formed 2 major clusters A and B. The study concludes that RAPD is a potential molecular marker to
evaluate the genetic diversity of C. nagbettai species.
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INTRODUCTION harbor the majority of species in the Western
Ghats region of Peninsular India. Peninsular
Rattan is a unique plant that consists of  India comprises one genus, Calamus, with 24
climbing spiny palms with the diagnostic species.
features of scaly fruits. Rattans are the main ~ Based on species adaptation, they tend to be
source of income for local people, especially  widely distributed in evergreen, semi-
those residing near forests (Dransfield and  evergreen, and moist deciduous forests. The
Manokaran, 1994). They are widely distributed  utilization of rattans in various aspects has led
throughout Southeast Asia, the Western  to comprehensive work on canes in various
Pacific, and the moist areas of Africa  parts of India, especially in the Western Ghats,
(Lalnuntluanga and Lalramnghinglova, 2010). Andaman, and Nicobar Islands. Furniture made
They comprised more than 50% of the total  out of rattan species is valued in many
palm taxa found in India. Rattans comprise countries, and its export from producer
approximately 13 genera with 568 species (Uhl  countries has steadily increased over the years
and Dransfield, 1987). The highest number of  into a multibillion-dollar business. An increase
genera and species is mainly found in  in the demand for raw materials has resulted in
Southeast Asia. Calamus tended to be the  the overexploitation of natural resources. This,

largest genus among the other 13 genera, along with the change in land-use patterns, has
comprising 375 species. In India, there are four ~ led to the erosion of rattan biodiversity.
rattan  genera, Calamus, Daemonorops, Approximately 15 Calamus species are

Korthalsia, and Plectocomia, with 60 species endemic to the Western Ghats, and
that are widely distributed in three major C. nagbettai is commonly found in the
regions: the Western Ghats of Peninsular India, Karnataka and Kerala regions. The species is
Eastern and Northern India, and Andaman and  highly threatened because of its wide-ranging
Nicobar Islands. Tropical evergreen forests are  exploitation strategies for economic value.
said to be the ideal habitat for rattans, which  C. nagbettai is a spiny climbing cluster in
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nature with huge thick rattans with long cirrus.
Stems usually long up to 28 m or sometimes
even more, if sheaths present measures up to
3.9-4.3 cm, without sheaths will be like 3 cm,
black patches at the basal region. Fruits are
ovoid with erect scales and are extremely
channelled in the centre with a ruminate
endosperm. The extensive demand for the
furniture industry, which leads to indiscri-
minate harvesting, often blocks seed propa-
gation and regeneration of the species.
Consequently, most species are threatened.
Hence, the need for the preservation of these
genetic resources is essential for the evaluation
of the genetic assortment of rattans. Preser-
vation, fortification, and utilization of genetic
resources are essential to guard the species.
Several techniques are currently available for
estimating genetic variation among wild
populations of the species. Random Amplified
Polymorphic DNA (RAPD), which is a typical
molecular marker, is a powerful technique that
can be used to categorize and complete plant
genomes or to assess the phylogenetic
relationship among genotypes of date palm
(Cullis, 2011; Elshibli and Korpelainen, 2011).
RAPD has been used for cultivar genotyping
(Ben-Abdallah et al., 2000; Trifi et al., 2000)
and for analyses of phylogenetic relationships
and genetic diversity (Al-Khalifah and Askari,
2003; Al-Moshileh et al., 2004; El-Tarras et al.,
2007). Genetic distance estimation assists in
studying genetic diversity, a trait that is impor-
tant for parent selection associated with genetic
mapping and marker-assisted selection in
breeding programs (Lapitan et al., 2007,
Trethowan and Kazi, 2008). In this study,
RAPD markers were used to determine the
genetic relationships among 26 populations of
C. nagbettai to evaluate the level of diversity
present among species of commercial impor-
tance. The specific objective of this study was
to characterize C. nagbettai genotypes using
RAPD markers for future biodiversity conser-
vation strategies and genetic improvement.

MATERIALS AND METHODS

Plant material and DNA isolation

Twenty-six  distinct ~ Calamus  nagbettai
populations' leaves were gathered from several
sites in the Indian state of Karnataka, including

Shivamogga, Subramanya, Agumbe, Dakshina
Kannada, and Kodagu. Using the CTAB
approach, 1 g of leaf material was used to
isolate the whole genomic DNA, which was
then ground into a fine powder using liquid
nitrogen in a pre-cooled mortar and pestle
(Doyle and Doyle, 1990). After that, it was put
in Cetyltrimethylammonium Bromide (CTAB)

extraction buffer that had been heated
beforehand, incubated for 15 to 20 minutes at
65°C, and then allowed to cool to room
temperature. Following a gentle inversion and
thorough mixing, the 25:24:1 mixture of
phenol, chloroform, and isoamyl alcohol was
added and centrifuged. After the supernatant
was moved to a new tube, 500 ul of cold iso-
propanol was added to precipitate the DNA.
The pellets were centrifuged, then cleaned in
70% ethanol, dried, and dissolved in 1X TE
buffer. RNase treatment eliminated the RNA.
On a 1% agarose gel, the integrity and amount
of isolated DNA were quantified visually and
estimated using spectrophotometry (Figures 1
and 2).

Calamus nagbettai, a vulnerable species of
Subramanya range mainly concerned with
developing a conservation and utilization
strategy. It is the prominent criteria to know the
genetic  variation and  relatedness  of
C. nagbettai. The present study was carried out
to analyze the genetic variation among
C. nagbettai (26 accessions) collected from
varied geographical regions of Western Ghats
of Karnataka (Table 1).

Table 1. List of 26 populations of Calamus
nagbettai Location, Accession name and GPS

coordinates
Collection Accession  Accessions  Latitude Longitude
Area Name
Agumbe Pond, Agu 4 13.5027° 75.0903°
Shivamogga N E
Subramanya, Sub 5 12.6695° 75.6106°
Dakshina N E
Kannada
Subramanya-  Sdh 3 12.9493° 75.3791°
Dharmasthala, N E
Dakshina
Kannada
Subramanya Sro 3 12.8438° 75.2479°
Road, N E
Dakshina
Kannada
Jogigundi, Jog 3 13.4854° 75.1076°
Agumbe N E
Sampaje, Sam 4 12.4973° 75.5568°
Kodagu N E
Karike, Kar 4 12.4397° 75.4228°

Kodagu N E




Figure 1. Calamus nagbettai: A - Habit.; B - Stem/Leaf
sheath; C - Cirrus leaf modification; D - Fruit

DNA amplification conditions and gel
electrophoresis

Ten primers were selected based on the number
of polymorphic bands of the RAPD primers
(Table 2) (GeNei™, Bangalore, India). DNA
amplification was carried out in 20 pl reaction
volume containing 50 ng genomic DNA, 10X
Tagbuffer with 1.0 pul MgCl, 2.5 mM each
dNTPs, 10 pM primer, and 3 units of TagDNA
polymerase (GeNei TM, Bangalore, India).
PCR reaction was programmed to fulfil 38
cycles (for RAPD analysis) after an initial
denaturation cycle for a 1 min at 95°C which is
followed by 1 min annealing temperature at 32-
34°C, for the extension factor again for 1 min at
72°C which is further followed by final
extension of 5 min at 72°C to make certain
completeness of the primer extension. Soon
after completion of PCR, the end product was
preserved at 4°C until the gel electrophoresis
was performed. The amplified products of each
were size fractionated by electrophoresis on a
1.5% agarose gel with 0.5 pg/ml ethidium
bromide 1X TBE buffer and visualized on UV
transilluminator (120027GB Bangalore GeNei )
and photographed. Each primer was tested
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three times, and the primers that produced

repeatable  fingerprints were taken into
consideration for data analysis.
Table 2. List of 10 RAPD primers used for
amplification with RAPD motifs and annealing
temperature
Primers  Primer Sequence Annealing
Temperature
O
OPA-01 CAGGCCCTTC 34.0
OPA-02 TGCCGAGCTG 34.0
OPA-03 AGTCAGCCAC 32.0
OPA-04 AATCGGGCTG 32.0
OPA-05 AGGGGTCTTG 32.0
OPA-06 GGTCCCTGAC 34.0
OPA-07 GAAACGGGTG 32.0
OPA-08 GTGACGTAGG 32.0
OPA-09 GGGTAACGCC 34.0
OPA-10 GTGATCGCAG 32.0
RAPD data analysis

The banding patterns obtained from RAPD
were represented as present (1) or absent (0),
each of which was considered to be the
independent characters in spite of its intensity.
Jaccard's coefficient of similarity was used to
create pair-wise similarity matrices using the
NTSYS-pc SIMQUAL format. The similarity
matrix was subjected to cluster analysis by
Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) and a dendrogram
was generated using the programme.

RESULTS AND DISCUSSIONS

A RET species' loss of genetic diversity can be
mitigated by preserving high  priority
populations that were identified using
molecular data. These populations can be
chosen from a small number and should be
protected. As a result, genetic markers have
proven to be effective tools for defining
species. Yet, each genetic marker has unique
characteristics that must be taken into
consideration. Nuclear DNA regions can be
screened and analysed with great resolution
using Random Amplified methods like RAPD.
The RAPD markers' straightforward laboratory
assay makes them a more widely used tool for
obtaining intraspecific differences. Because
they are quick and simple to use, and universal
primers are widely available, random amplified
polymorphic RAPD (a dominant DNA marker)



has become more popular in recent years as a
technique for numerous sorts of genetic
research on vegetative crops (Gillies et al.,
1997). Several writers have already discussed
the impact of various molecular marker
reactions for varietal identification and species
determination (Bellamy et al., 1996; Koch and
Jung, 1997; Stallen et al., 2001; Van Cutsem et
al., 2003). On the other hand, the preservation
of genetic variety within the species is a
fundamental goal of conservation because it is
believed that loss of genetic variation reduces
populations' capacity to adapt to environmental
changes for survival (Hogbin and Peakall,
1999; Honjo et al.,, 2004; Yamagishi et al.,
2010). Also, using these markers is very
instructive and may be utilised to fix any issues
that may arise from the debate over the gene
and the species employed. As a result, the data
produced by this study provide a clear picture
of the genetic relationships between the
aforementioned species, which suggests the
significance of genetic diversity conservation
within and among populations as well as
management practises.

A total of 10 RAPD primers were screened out
of which 7 primers were proved to be
generating the amplicons. The primers OPA-
01, OPA-02, OPA-03, OPA-04, OPA-06,
OPA-07, OPA-08, were capable of generating
bands in 26 populations of C. nagbettai. The
primers OPA-03 produced the highest number
of amplicons (260 amplicons), which was
followed by OPA-04 (252 amplicons), OPA-02
(187 amplicons), OPA-01 (147 amplicons)
(Figure 3), OPA-07 (130 amplicons) and OPA-
08 is having (130 amplicons), whereas OPA-06
produced least number of loci (75 amplicons).
With an average of 6-7 bands per primer, those
primers produced 48 bands in total. The primer
OPA-02 produces DNA bands with an average
molecular weight of 200 to 2100 bp, while the
primer OPA-01 can construct DNA bands with
a molecular weight range of 400 to 1600 bp.
The primer OPA-03 with 200 to 2200 bp, the
primer OPA-04 creates 200 to 2100 bp, OPA-
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07 produces 200 to 2000 bp, OPA-08 has 100
to 1900 bp. The similarity matrix was
calculated using Jaccard’s similarity coefficient
(Jaccard, 1908) for the pooled data of all
RAPD primers. Genetic similarity coefficient
among 26 wild populations of C. nagbettai
ranged from 0.91 to 1.00 (Figure 3; Table 3).
The dendrogram constructed using RAPD data
from accessions of Calamus nagbettai was
primarily formed of 2 major clusters of 26
accessions of Calamus species (Figure 4). The
Cluster A consists of five accessions and in
Cluster B remaining 18 accessions was found.
The five accessions from Cluster A were
basically collected from Sampage Forest
Division and had genetic similarity of 0.93.
The major Cluster B was further divided into
two sub-clusters (Cluster C and Cluster D), one
with Cluster C having 12 species which is
again further divided into Cluster E and F.
Cluster E comprises of eight populations which
are collected from Agumbe Forest Division
(AguA, AguB and AguC, AguD), Subramanya
Forest Division (SubG, SubL), Subramanya-
Dharmastala Forest Division (SdhJ, SdhK) the
coefficient ranges at 0.978. The Cluster F
comprises four populations all are collected
from Subramanya region (SubE, SubF, SubH,
Subl) at 0.972 coefficient value. The Cluster D
was formed at level 0.976 with that of
populations isolated from Sringeri and Karike
two entirely different geographical regions,
which shows more similarity due to some
external factors which are equivalent to each
other (SroM, SroO, SroN, KarW, KarZ, KarY).
Subsequently, accessions of Jogi-gundi Forest
were segregated from the rest of the accessions
and forms a separate Cluster G at the level of
genetic similarity of 0.93 (JogP, JogQ, JogR) as
shown in the dendrogram constructed using
Unweighted Pair Group Method with
Arithmetic Mean (UPGMA). This shows that
the C. nagbettai collected from varied regions
shows more similarity to one another;
generally, all accessions of a particular species
formed compact clusters in the dendrogram.
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Due to the lack of valuable breeding systems in
rattans the genetic mapping of the species is
restricted and back-crossing is a difficult
process. Hence, to our knowledge, nothing
along these lines has been done. Many
techniques are useful for at least attempting to
identify genetic traits in rattans. The use of
molecular markers was introduced to
complement other well-developed techniques
such as micropropagation and to develop
objective  tools for genotype diversity
assessment (Gielis, 1995). RAPD markers are
one of the efficient and inexpensive ways to
provide molecular data. They have been
successfully used in determining the genetic
relationship of the species and used for DNA
fingerprinting (Moreno et al., 1998). The first
application of RAPD markers to characterize
the genetic diversity was performed on
Dendrocalamus asper in Indonesia which
proved to be a phenomenal technique for
analyzing genetic diversity of the species. The
minimal genetic diversity of the species is
explained by the fact that it has an asexual
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reproduction mechanism (Hamrick et al., 1992;
Lee et al, 2000). The RAPD technique
produced high polymorphism information
content. Thus, the present investigation
demonstrated the reliability of RAPD technique
in determining the relationships in this plant
group with high commercial importance and of
26 accessions of Calamus nagbettai which
were obtained from different geographic
locations i.e., Shivamogga, Subramanya,
Agumbe, Dakshina Kannada and Kodagu. The
present results warrant an extensive survey of
genetic variation between the given populations
of Calamus nagbettai using RAPD markers
clarifies the phylogenetic relationships among
the studied species for evaluating a relatively
high level of polymorphism. However, our
current study also showed that applicable
molecular methods are useful in
characterization at a biological level. This
report will help us to find strategies for marker-
assisted identification of Calamus genotypes in
order to conserve Calamus genetic resources
for different inbreeding approaches.

Figure 2. Genomic DNA of 26 populations of Calamus nagbettai:
1. AguA, 2. AguB, 3. AguC, 4. AguD, 5. SubE, 6. SubF, 7. SubG, 8. SubH, 9. Subl, 10. SdhJ, 11. SdhK, 12. SdhL,
13. SroM, 14. SroN, 15. SroO, 16. JogP, 17. JogQ, 18. JogR, 19. Sams, 20. SamT, 21. Samu, 22. SamV,
23. SamW, 24. KarX, 25. KarY, 26. KarZ
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Figure 3. RAPD marker profile of 26 Calamus nagbettai populations produced
by primer OPA-01 and ladder (Sigma USA):
1. AguA, 2. AguB, 3. AguC, 4. AguD, 5. SubE, 6. SubF, 7. SubG, 8. SubH, 9. Subl, 10. SdhJ, 11. SdhK,
12. SdhL, 13. SroM, 14. SroN, 15. SroO, 16. JogP, 17. JogQ, 18. JogR, 19. SamS, 20. SamT, 21. SamU,
22. SamV, 23. SamW, 24. KarX, 25. KarY, 26. KarZ
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Figure 4. UPGMA dendrogram based on RAPD data for the studied populations of Calamus nagbettai

CONCLUSIONS

Accurate assessment of genetic diversity is an
essential criterion for the establishment of

appropriate conservation strategies, of a
particular plant species.
The present study revealed the genetic

variability among C. nagbettai in the natural
population using RAPD markers which might
be useful for further studies in the area of
molecular characterization.

Over all, RAPD markers proved to be a fast,
efficient technique for variability assessment
that complements methods currently being used
in genetic resources management and in plant
systematics to  confirm  morphological
differences among populations and/or to
differentiate apparently similar populations.
The results of this study can be used as a
baseline of relationships for future diversity
assessment and genetic analysis of rattans in
Southern India.

Using this marker is highly instructive as well
as having the potential to alleviate any issues
that may arise from the debate over the gene
and the species employed.

Because of this, the data produced by this study
provide a clear picture of the genetic
relationship of the C. nagbettai, which implies
significance for the preservation of genetic
diversity within and among populations as well
as management strategies.
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