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ABSTRACT: Calamus thwaitesii Becc. is a perennial, dioecious rattan palm distributed in the Western Ghats,
India. Currently, it arises as a valuable source of tribal economy owing to its high-quality flexible canes for
furniture manufacturing and cottage industries. However, the unscientific harvesting can have manifold
ecological consequences and affect the sustenance of the plant in its ecosystem. The sex of the plants can be
identified only after flowering when it attains reproductive maturity by 10-15 years. Hence proper planning
for effective breeding programme, sustainable forestry management and agroforestry systems cannot be
accomplished. A study was carried out in this background and two male specific SSR markers for C.
thwaitesii were identified. The diagnostic potential of microsatellite markers can be exploited to identify the

sex of the plant at early seedling stage.
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I. INTRODUCTION

Rattans represent high value non-wood forest produce
primarily used for making furniture, handicraft items
and an important raw material in the cottage industry.
Rattans are the fourth economic palm significant both
in international trade (e.g., oil palm, date palm, coconut,
rattan) and at the subsistence level in some of the
poorest communities in the world. There are about 600
rattan species in 13 genera globally and 51 species in 4
genera in India, of which 75% are endemic and 40.5%
threatened [1]. Calamus L. is the most widespread
rattan genera, occurring in both the tropical and
subtropical regions of Africa and south-east Asia [2]. A
number of economically important species of rattans
are extensively harvested, often leading to severe lack
of regeneration [3,4]. Moreover, due to rapid
degradation of natural habitats of these species and
endemic nature of some species, these groups of plants
are gradually heading towards endangerment and
extinction.

Calamus thwaitesii Becc. is a robust, large diameter
cane grows in evergreen, semi-evergreen and moist
deciduous forest between 100 to 900 m elevation
throughout the Western Ghats of India and Sri Lanka.
They are perennial, dioecious, climbing and endemic

rattan with least concern status but are more prone to
destruction due to rapid urbanization.

Plant identification is mainly based on vegetative
descriptors like morphology of stem, leaf, spines [5-7]
and in later stages on the morphology of reproductive
characters like flowers, fruits etc [5]. However, the
distinction between male and female plants can be
identified only after the first flowering by attaining
reproductive maturity of 10 to 15 years in these robust
canes [8]. Early sex identification in dioecious plants is
important for breeders. Male plants are of greater value
in Asparagus officinalis whose male individuals
produce larger and thicker shoots [9]. Female plants are
considered valuable in agriculture due to their ability to
produce seeds include Borassus flabellifer [10] and
Phoenix dactylifera [11]. In non-crop plants, early sex
determination can be of environmental significance
[12].

Besides furniture making and basketry, the stem sap of
C. thwaitesii has been used as an antifertility drug by
the tribal groups, Siddhis and Gowlis of Uttara
Kannada district, Karnataka [13]. C. thwaitesii is used
in ayurvedic drugs for curing various diseases like
cough, urinary calculi, retention of urine, herpes,
diarrhea, bleeding, gynecological disorders, prolapsed
uterus, diabetes, fever, rabies, wounds, nervous
disorders and diseases of blood [14].
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Fruit production is influenced by the distribution and
ratios of opposite sexes in any locality. The fruits are
edible and new plants are propagated easily through
seeds [15]. Indeed, the identification of sex-linked
DNA markers will form the basis of a sustainable
breeding programme for genetic improvement.

II. MATERIALS AND METHODS

The aim of the present study was to develop a genetic
sex marker for C. thwaitesii to allow gender
determination at any stage in its life cycle. Naturally
distributed C. thwaitesii populations from Rosemala of
Shendurney Wildlife Sanctuary in Southern Kerala,
India were selected for the present study. Leaf materials
were collected from six male and six female plants of
C. thwaitesii in May 2016 at the peak seed-bearing
stage. The leaf materials were stored at -80°C prior to
use. The frozen young leaves were cleaned with
distilled water and removed the midrib and spines
carefully. DNeasy® Plant Mini Kit was used to extract
the DNA by following the quick-start protocol
(Qiagen®, USA). Quality of DNA was assessed by
electrophoresis on 0.8% agarose gels and its quantity
was evaluated in Biophotometer (Eppendorf India Ltd)
to dilute DNA stock as 50 ng/uL in d,H,O to use in
PCR amplification. Polymerase chain reaction (PCR)
was carried out using 25 pl of reaction mixture
consisting of 2.5ul of buffer with MgCl,, 200 uM of
deoxynucleotides, 15 pmol of forward and reverse
primers, 50 ng DNA template and 1 unit of Taq
polymerase. After 2 min at 94°C, 35 cycles were
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performed for 30 sec at 94°C, 1 min annealing at the
optimized temperature, and 2 min extension at 72°C,
and a final extension step of 7 min at 72°C. The PCR
was carried out using SureCycler 8800 (Agilent
Technologies, Malaysia). After the PCR, the amplified
DNA products were electrophoresed on 3.5% agarose
gels at 50 V for 5 h with ethidium bromide and product
visualized under ultraviolet light using gel
documentation (UVP Bio-Imaging, UK) system.

III. RESULTS AND DISCUSSION

The orthologous sequences that differentiated between
individuals of male and female plant samples were
considered as putative sex-linked markers. The 40 SSR
primers examined in this study effectively generated
clearly amplified SSR bands with different sizes
ranging from 100 bp to 1500 bp. Two SSR primers, viz.
RT 20 and RT 23 generated a 1200 bp and 590 bp band
respectively in the male accessions (Fig. 1 and Fig. 2).

Morphological sexual differentiation in dioecious plants
has constantly been a difficult effort until sexual
maturity is reached [16]. Moreover, the karyological
and cytogenetic analysis of the leaf tissues can be used
for sex differentiation in only those groups of dioecious
plants that have specific sex chromosomes [17]. Under
these situations, a sex-linked molecular marker could be
the wutmost reliable genetic tool for gender
determination in the vegetative growth stage of the
plants.
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Fig. 1. SSR profiling of Calamus thwaitesii. The arrow indicates the unique band of ~1200 bp present in the male
samples and absent in the female samples.
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Fig. 2. SSR profiling of Calamus thwaitesii. The arrow indicates the unique band of ~590 bp present in the male
samples and absent in the female samples.

Although having offbeat commercial values, C.
thwaitesii and other related rattan species do not have
an effective breeding programme due to dioecy and
absence of a stable morphological or molecular marker
for their segregation. Microsatellites [18] are explored
for their potential to serve as sex-specific markers in C.
thwaitesii owing to its relative abundance in coding and
non-coding regions, hyper variable, locus specific, co-
dominant and multiallelic nature [19]. Microsatellite
primers used in sex identification of date palm at
seedling stage were highly polymorphic and generated
high number of alleles that confirmed the good
transferability [20]. The higher the degree of genetic
variability in the microsatellite DNA sequences, the
larger those sequences are responsible for sex
determination [21,22]. Additionally, the degree of
genetic variability, the variation in allele length,
insertions/deletions among sequences, transitions and
transversions are also responsible for sex determination
[23]. Regions adjacent to the microsatellite repeat are
known to be hotspots for mutations. The male
associated PCR markers are reported to be amplified in
male plants and not in females [24]. In the case of the
PCR products (could be SSR alleles or stutter bands -
confirmed through repeated amplifications) linked to
the male sex obtained in this study, non-amplified
samples can be unambiguously considered as of female
origin.

Microsatellite markers in other plants have been
reported to be linked with male gender. The
microsatellites (GATA); and (GAA)s revealed male
sex-specificity in Carica papaya [25].

A trinucleotide microsatellite repeat (AGA); is tightly
linked to male sex in Humulus lupulus [23]. Another
microsatellite marker, mPdCIR048 revealed male sex-
specificity in Phoenix dactylifera [26]. A microsatellite
marker, RT17 revealed male sex-specific DNA
sequences in C. thwaitesii [27]. A male-specific SCAR
marker was developed in C. simplicifolius from the
coding genome region [28]. The present study also
affirms the utility of microsatellite markers as tightly
linked loci on autosomes for the detection of sex-
specific loci in C. thwatesii.

IV. CONCLUSION

Rattan palms are important components of many
natural habitats and can have major ecological impact
in the plant communities. They were benefitted for
climate change mitigation, large scale carbon
sequestration, reduce carbon footprints of products such
as plastic, steel, concrete, etc by replacing them and can
reduce pressure on use of forest timber resources. An
adequate sex-ratio is to be maintained for these
dioecious palms in natural habitat for producing

offsprings having equal gene complements for
continual evolution and sustainable utilization.
Developing scientific management strategies and

improved utilization of canes could help to generate

employment locally and thus contribute to the
socioeconomics  sustainably. The study  will
significantly contribute to genetic improvement,

sustainable forestry management and agroforestry
systems by bulding green economies worldwide over
millennia.
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