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ABSTRACT

Palms  are  woody  monocotyledons  in  the  family Arecaceae which is placed in the order Arecales.

They are a natural group of plants with fossil records dating from the late crustaceous and with a characteristic

appearance that enables them to be recognized easily, despite occasional confusion with cycads or cordylines.

Slow tall growing hardy and non branching dioecious perennial nature of palmyrah palm of have no

distinguishing features to identify sex, stature and high neera yielding types until flowering age of about 12

to 15 years. This makes the tappers have hesitated in traditional palmyrah climbing risky job and slowly shifted

to other easy jobs. So the stature of the tree with sex and higher quality of post harvest qualities are the

desirable trait of palmyrah palm. Under this circumstances molecular markers can be effectively utilized to

diagnose and select a genotype based on linked DNA (RAPD) markers have been used for identify the

desirable traits in palmyrah palm. (Total no of bands obtained are 57, among them 43 are polymorphic and

rest of them are monomorphic) Amplification size ranged between 250 and 3200 bp). UPGMA based cluster

diagram showed in all 20 different genotypes grouped in 4 different clusters based on the stature, sex and high

neera yielding types. 
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Introduction

Palmyrah palm is botanically known as Borassus flabellifer L. and belongs to the family Arecaceae is a

dioeciously in nature with the great majority of its economic edible products such as immature endosperm

(nungu), mesocarp pulp (fruit pulp), tuberous seedlings (tuber) obtained only from female palms (Sankaralingam

et al., 1999). But sweet sap from the inflorescence (neera) toddy, palm sugar and non-edible products like

brush fibre and wood are obtained irrespective of whether the palms are male or female. However, differences

in their yield or quality have been reported. Thus female palms are supposed to yield more neera on tapping

from the inflorescence (Davis and Johnson, 1987) and the female tree gives better and hard timber than the

male tree and is also more expensive.

Slow growing perennials of have no distinguishing features to identify the sex until flowering. The palm

commences flowering only after 12 to 15 years of maturity. Hardy and irregular growth habit of the non

branching trunk is to make difficult to climbing for collection of neera and toddy is day to day activity, with

minimum two times a day for the climber to climb the single tree. This makes the tappers have hesitated in

traditional palmyrah climbing risky job and slowly shifted to other easy jobs.  So, the stature of the tree with

sex and higher quality of post harvest qualities are the desirable trait of palmyrah palm. Breeding and crop

improvement work would be highly facilitated if sex of the palm could be determined at the early seedling

stage itself. This would help palmyrah growers while selecting the seedlings and also maintain an optimum

sex ratio at plantation.
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Molecular markers have been successfully used to study the source of introduction and variability due to
new environment. PCR – based random amplified polymorphic DNA (RAPD) have been widely used to survey
genetic structure of populations. Among various molecular markers, the  RAPD techniques is simple, rapid and
requires only a few nanograms of DNA, has no requirement of prior information of the DNA sequence and
has feasibility of automation with higher frequency of polymorphism, which makes it suitable for routine
application for the analysis of genetic diversity (Babu et al., 2007). It is also proven to be quite efficient in
detecting  genetic  variations,  even  in closely related organisms like two near isogenic lines of tomato
(Martin et al., 1991) RAPD is a PCR-Based fingerprinting technique that amplifies random DNA fragments
with single short primers of arbitrary nucleotide sequences under low annealing stringency (Williams et al.,
1990). This molecular marker is based on the PCR amplification of random locations in the genome. A single
oligonucleotide  (OGN)  is  used to prime the amplification of genomic DNA. Since these primers are
decamers (10 nucleotide long), they have the possibility of annealing at a number of locations in the genome.
These  RAPD  markers  are  dominant  markers that bind to the inverted repeats, generally 150-4000 base
pairs apart. 

The RAPD technique has been used extensively in plants and animals for various purposes such as genetic
diversity, DNA fingerprinting, classification, and phylogenetic studies. The modified version of this technique
utilizes cDNA-RAPD, which amplifies the CDNA instead of genomic DNA. This cDNA modification has also
been used to isolate novel genes and perform other genetic studies in plants (Chen et al., 2005, Xie et al.,
2002). RAPD markers (Random Amplified Polymorphic DNA) are widely used as starting molecular markers
for positional cloning of a gene of interest (Dioh et al., 1997). They have been widely used in the
reconstruction of phylogenetic relationships for many organisms and there has been general concordance among
the results derived from RAPDs and other techniques (Nkongolo et al., 2001). RAPD bands often originate
from repetitive DNA sequences (Williams et al. 1990; Echt et al. 1992; Devos and Gale 1992), which have
been shown to be valuable instruments for studying phylogeny and taxonomy within several families. RAPD
markers have also been used in the identification of dwarf genome specific markers in rubber (Venkatachalam
et al., 2004). Promotor  isolation for a novel barley gene lem 1 was performed using RAPD markers (Skadsen
et al., 2002). There were over 9000 papers published between 1990 and 2005 using this RAPD or other related
techniques, many of which focussed on genotoxicity and carcinogenesis studies (Atienzar et al., 2006).

Currently there is no method to identify the sex forms and high yielding plants prior to flowering in
palmyrah. Molecular markers can be effectively utilized to diagnose and select a genotype based on linked
DNA markers, long before the phenotype is apparent. This is particularly important in palmyrah palm, which
has a long juvenile phase. With the advent of molecular markers, RAPD (randomly amplified polymorphic
DNA) markers have been extensively used in investigations aiming to reveal the level and apportionment of
genetic diversity, genetic relationships among species or subspecies, and sex identification of H. rhamnoides
(Persson and Nybom, 1998; Bartish, 2000; Ruan et al., 2004).Random amplified polymorphic DNA (RAPD)
markers have already been used for determining sex by bulk segregant analysis in Pistacia  vera, Atriplex
garretti, Trichosanthes dioica and Salix, viminalis and DNA markers can be used to identify the high yielding
genotypes of Coconut Arecanut and Date palm. The present investigation was carried out to differentiate
between male and female genotypes, stature and high yielding characters at the earlier stage of growth based
on RAPD markers.

Correct identification of palms is usually not possible until fruits are produced. In addition the
characterization of cultivars and evaluation of genetic diversity require a large set of phenotypic data that are
often difficult to assess and sometimes variable due to environmental influences (Sedra et al., 1993, 1996).
Earlier Isoenzyme markers have proved of some use in cultivar identification in date palms (Baaziz and Saaidi,
1988; Bennaceur et al., 1991; Fakir et al., 1992; Bendiab et al., 1993). However, they are limited by the
number of informativemarkers and give no direct assessment of the genomic variation. Restriction Fragment
length polymorphisms (RFLPs) have been evaluated for date palm clone identification (Comiquel and Mercier,
1994), but the technique is laborious and not suited to studies of a large number of samples. Randomly
amplified polymorphic DNA (RAPD) markers (Williams et al., 1990; Welsh and McClelland, 1990) are of
particular interest. DNA profiles based on arbitraryprimed PCR are both time- and cost-effective.

In the present study, we tested the reliability of the RAPD-PCR system as a tool for the identification of
Palmyrah palm accessions. Further more, we sought an indication of the level of genetic variation and genetic
relationships within the Palmyrah palm accessions available in Tamil Nadu.

Materials and Methods

Plant material

Tender and soft textured Leaf samples from  4 dwarf males, 4 dwarf females, 4 tall males, 4 tall females,
2 high neera yielding males and 2 high neera yielding females maintained at the field  gene bank at
Agricultural College and Research Institute Killikulam  were used for this study. The details on the special
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Table 1: Palm tree details and their special features 

S.No Accession Number Phenotypic description of the palm Sex of the palm Approximate age of the tree (years)

TNPO1 Dwarf M ale 25-30

TNPO 2 Tall Female 25-30

TNPO 3 Dwarf M ale 25-30

TNPO 4 Dwarf M ale 25-30

TNPO 5 Dwarf Female 25-30

TNPO 6 High neera yielding M ale 25-30

TNPO 7 Dwarf Female 25-30

TNPO 8 Tall M ale 25-30

TNPO 9 Dwarf M ale 25-30

TNPO 10 Dwarf Female 25-30

TNPO 11 High neera yielding Female 25-30

TNPO 12 Tall Female 25-30

TNPO 13 High neera yielding M ale 25-30

TNPO 14 Tall Female 25-30

TNPO 15 High neera yielding Female 25-30

TNPO 16 Tall Female 25-30

TNPO 17 Dwarf Female 25-30

TNPO 18 Tall Female 25-30

TNPO 19 Tall M ale 25-30

TNPO 20 Tall M ale 25-30

attributes of the trees were presented in Table 1. Fresh leaves from each plant were collected, cleaned and

frozen quickly and stored at –80°C until DNA extraction.

DNA extraction

Genomic DNA was isolated from leaves using Hexadecyl Trimethyl- Ammonium Bromide (CTAB)

(Aitchitt et al. 1993). The quality and quantity of the DNA was assessed on a 0.7% agarose gel. DNA

concentrations were determined by comparison with a serial dilution of standard ëDNA cut with EcoRI and

HindIII as molecular weight marker.

RAPD analysis

RAPD reactions were performed with 16 random decamer   primers of the series opz (Operon, USA) out

of 16 primers only eight primers successfully amplified the products in all the templates used. The PCR

reaction mixture consisted of 25 ng genomic DNA as template, 1 unit(0.3 µl)  of Taq DNA polymerase  2.5

2µl of 10X PCR buffer (including 15 mM MgCl ) 1 µl each of 20 Pmole   primer, 0.5 µl of 10 mM dNTPs

in a final volume of 25 µl using sterile ultra-pure water. Polymerase Chain Reaction (PCR) was performed

in BIORAD – My cycler thermo cycler with initial denaturation at 94ºCfor 5 minutes followed by 40 cycles

of denaturation at 94 ºC for 1 minute annealing at 42ºC  for one minute and extension at 72 ºC for 1 minute,

finally ending with one cycle of 72 ºCfor 10 minutes. The ampliWed products were resolved by electrophoresis

in a 2% agarose, 1× TAE (Trisacetate:EDTA) at 60V for 4 h. Bacteriophage ëDNA cut with EcoR I and Hind

III was used as molecular weight marker. The gel was stained with ethidium bromide and viewed under UV

light. Each band was considered as a RAPD marker and was identiWed by its molecular weight.

Data scoring and analysis

Scoring of RAPD bands was carried out by considering only the clear and unambiguous bands. Markers

were scored for the presence and absence of the corresponding band among the different genotypes. The scores

‘1’ and ‘0’ were given for the presence and absence of bands, respectively. Polymorphism information content

(PIC) or expected heterozygosity scores for each RAPD marker were calculated based on the formula Hn =

1- 3pi , where pi is the allele frequency for the i – th allele (Nei, 1973). The data obtained by scoring the2

RAPD profiles of different primers were subject to cluster analysis. Similarity matrix was constructed using

Jaccard’s coefficient and the similarity values were used for cluster analysis. Sequential agglomerative

hierarchical non – overlapping (SAHN) clustering was done using unweighted pair group method with

arithmetic averages (UPGMA) method. Data analysis was done using NTSYS software package version 2.02

(Rohlf, 1994). The binary data for 20 palms was also subjected to principal component analysis (PCA) and

scores for the Wrst two components were plotted.
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Results and discussion

Results

Degree of polymorphism

Among the twenty different palmyrah genotypes studied with 16 primers, only eight primers were used

to assess genetic relationships in the tested accessions. These primers which consistently and unambiguously

scorable were identified as OPZ – 01, OPZ – 4, OPZ – 5, OPZ – 6, OPZ – 7, OPZ – 10, OPZ – 12 and OPZ

– 13. A total of 43 reproducible polymorphic and 14 monomorphic bands were identified and scored as RAPD

markers. Depending on the DNA template x primer combination, 3 – 11 reproducible bands were detected in

the 250 – 3200 bp size range. Thus, maximum of 18 bands were produced when using OPZ – 7 and OPZ –

13 primers, however only 6 amplified fragments were obtained with OPZ – 01 primer. As shown in fig.1,

RAPD banding patterns were typically generated from the included genotypes. The average polymorphic bands

were obtained with 5.38 markers per primer. The experiments were repeated thrice with individual male, high

and low neera yielding and dwarf and tall types. 

Fig. 1: A UPGMA phenogram based on RAPD data for the studied genotypes of Borassus flabellifer. L. palm

Table. 2: Details of Polymorphism among the RAPD primers in Palmyrah

S. Primer Nucleotide sequence Total number    Number of    Number of Per cent poly Amplified fragment

No name        5' to 3'   of bands polymorphic bands monomorphic bands   morphism      size (bp)

1.   OPZ-1 TCTGTGCCAC 3 3 0 100 1000-2500

2.   OPZ-4 AGGCTGTGCT 10 7 3 70 500-3200

3.   OPZ-5 TCCCATGCTG 5 3 2 60 600-1400

4.   OPZ-6 GTGCCGTTCA 8 7 1 87.5 250-1500

5.   OPZ- 7 CCAGGAGGAC 10 8 2 80 250-1800

6.   OPZ-10 CCGACAAACC 4 3 1 75 550-1500

7.   OPZ-12 TCAACGGGAC 6 5 1 83.33 800-2000

8.   OPZ-13 GACTAAGCCC 11 7 4 63.63 500-3000

Total 57 43 14

M ean 7.13 5.38 1.75

Jaccard’s similarity coefficient matrix was used to generate a dendrogram using Unpaired Group with

Mathematical Average (UPGMA) clustering method using NTSYS and later it was bootstrapped to confirm

the grouping. The UPGMA analysis resulted in one phenogram shown in fig.2. There is no clear clustering

or grouping corresponding to the four groups. But, the majority of the genotypes were clustering based on the
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Fig. 2: A PCA plot based on RAPD data for the studied populations of Borassus flabellifer. L. palm

Table. 3: Genetic similarity co-efficient among the Palmyrah accessions
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1
0.719 1
0.667 0.702 1
0.737 0.702 0.930 1
0.667 0.667 0.789 0.825 1
0.649 0.789 0.737 0.772 0.807 1
0.561 0.561 0.544 0.579 0.579 0.595 1
0.596 0.667 0.649 0.684 0.684 0.667 0.895 1
0.614 0.544 0.667 0.667 0.596 0.544 0.491 0.526 1
0.649 0.684 0.737 0.737 0.702 0.614 0.737 0.807 0.614 1
0.702 0.632 0.684 0.719 0.719 0.667 0.474 0.509 0.667 0.596 1
0.737 0.596 0.754 0.825 0.719 0.667 0.439 0.509 0.737 0.561 0.789 1
0.614 0.719 0.737 0.737 0.702 0.719 0.421 0.491 0.719 0.544 0.702 0.807 1
0.737 0.596 0.684 0.754 0.684 0.702 0.509 0.509 0.702 0.596 0.825 0.860 0.772 1
0.702 0.632 0.649 0.684 0.649 0.702 0.474 0.509 0.667 0.596 0.789 0.754 0.807 0.860 1
0.544 0.649 0.632 0.596 0.561 0.684 0.526 0.637 0.544 0.579 0.667 0.632 0.719 0.596 0.632 1
0.561 0.561 0.754 0.719 0.649 0.561 0.439 0.509 0.596 0.632 0.614 0.684 0.667 0.614 0.544 0.702 1
0.632 0.561 0.719 0.719 0.649 0.667 0.439 0.439 0.561 0.491 0.614 0.719 0.772 0.684 0.649 0.702 0.754 1
0.6667 0.5614 0.6842 0.7193 0.649 0.596 0.474 0.544 0.667 0.596 0.825 0.719 0.667 0.754 0.789 0.596 0.579 0.614 1
0.649 0.614 0.702 0.772 0.737 0.684 0.523 0.632 0.649 0.649 0.842 0.737 0.649 0.737 0.737 0.614 0.632 0.596 0.912 1

morphological similarities like male and female, dwarf and tall and high and low neera yielding pools of

palmyrah. The cluster number one shows majority of male with five male and one female genotype. Most of

the female plants were grouped into the cluster two with comprising of seven genotypes. Cluster three shows

only female palms with four genotypes and finally the last and fourth cluster comprising three palms with two

female dwarf and one male tall genotypes. 

The distance matrix between genotypes (Table 3) shows an average distance range from 0.5439 to 0.9123

with  a  mean  of  0.7018.  Thus, the genotypes tested in the study are highly divergent at the DNA level.

The smallest distance value was observed between the genotypes one and eight (0.5439) which appear to be

the most similar genotypes and can be closely regrouped. The maximum distance value of 0.9123, indicating

a great dissimilarity is observed between the ninth genotype and seventh genotypes. All other genotypes display
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different intermediate levels of similarity and are grouped with the other ones. It is noteworthy that the first

genotype presented very limited average distance ranges (from 0.5614 to 0.7368) with the other ones except

with seventh genotype. Thus, first genotype could be characterized by a slight divergence at the DNA level

and could be unlikely regrouped with the other clusters. The PCA plot diagram also confirmed the same results

in UPGMA clustering.

Discussion

Some individuals may possess marker phenotype of the opposite traits. Morphological markers for

identifying the cultivars are limited in number and they do not often reXect genetic relationships because of

interaction with the environment, epistasis and the largely unknown genetic control of the traits (Smith and

Smith, 1989). In contrast, DNA markers are found in abundance and are not inXuenced by the environment

or developmental stage of a plant, making them ideal for genetic relationships studies (Reddy et al., 2002).

RAPD-based phylogenetic analyses have been conducted using neighbor-joining and/or UPGMA with Jaccard

and raw-character-difference distances (Pharmawati et al., 2004; Simmons and Webb, 2006).

RAPD markers have been extensively used in investigations aiming to reveal the level and apportionment

of genetic diversity, genetic relationships among species or subspecies, and sex identification. Obtaining a

marker linked to a gene or genomic region through RAPD analysis depends to a larger extent on chance,

because random sequences are used as PCR primers. Hormaza et al., 1994 screened 1000 primers in Pistacia

vera for sex determination and found that only one desirable trait associated marker which was absent in

undesirable traits. They suggested that the low frequency of desirable trait linked bands may indicate that the

DNA segment(s) involved in trait determination is small and probably involves a single gene, or few genes.

Claudete et al., 1998 identified a 2075- bp male specific band after screening 158 RAPD primers in dioecious

Atriplex garretti. They tested DNA from ten male, ten female and hermaphrodite plants individually and

reported that the male specific fragment was present in hermaphrodite, all but one of the male plants and was

absent in all female plants. A female specific DNA fragment of size 416 bp was identified in dioecious nutmeg

by Ganeshaiah et al., 2000 after screening 60 RAPD primers.

This DNA marker is completely linked to sex, stature and high neera yielding types during planting.

Kafkas et al., 2001 reported the possibility of some markers which are not tightly linked to a sex, stature and

high neera yield determining locus. So the present study clearly revealed that the RAPD marker is tightly

linked to the sex determination, tree stature and high neera yield. Hence this Random Polymorphic DNA

(RAPD) is a useful tool for identification of desirable traits in the palmyrah genotypes.

Acknowledgements

The authors are greatly acknowledging the National Bio resource development Board of Department of

Biotechnology, Ministry of Science & Technology Government of India for the financial assistance to carry

out this research programme.

References

Bartish, I.V., N. Jeppsson, G.I. Bartish, R. Lu and H. Nybom, 2000. Inter- and intraspecific genetic variation

in Hippophae (Elaeagnaceae) investigated by RAPD markers. Plant Syst. Evol., 225: 85-101.

Claudete, R.F., D.J. Fairbanks, R.P. Evans, H.C. Stutz, R.W. Anderson and P.M. Ruas, 1998. American J. Bot.,

85: 162-167.



171Am.-Eurasian J. Sustain. Agric, 2(2): 165-171, 2008

Davis, T.A. and D.V. Johnson, 1987. Current utilization and further development of the palmyrah palm

(Borassus flabellifer L., Arecaceae) in Tamil Nadu State, India. Econ. Bot., 41: 247*266.

Ganeshaiah, K.N., K.V. Ravishankar, Lalitha Anand, M.P. Shibu and R. Uma Shanker, 2000. Plant Genet.

Resour. Newsl., 2000, 121: 52-61.

Hormaza, J.L., L. Dollo and V.S. Polito, 1994. Theor. Appl. Genet., 89: 9-13.

Kafkas, S., S.Cetiner and R. Perl – Treves, 2001. J. Hortic. Sci. Biotechnol., 76: 242-246.

Lewonti, N.R.C., 1972. The apportionment of human diversity. Evol. Biol., 6: 381-398.

Mantel,  N,  1967. The  detection of disease clustering and a generalized regression approach. Cancer Res.,

27: 209-212.

Mcdermott,  J.M.  and  B.A.  Mcdonald, 1993. Gene flow in plant pathosystems. Annu. Rev. Phytopathol.,

31: 353-373.

Nei, M, 1973. Analysis of gene diversity in subdivided populations. Proc. Natl. Acad. Sci., 70: 3321-3323.

Nei, M, 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals.

Genetics, 89: 583-590.

Peakall, R. and P.E. Smouse, 2006. GenAlEx 6: genetic analysis in Excel. Population genetic software for

teaching and research. Mol. Ecol. Notes, 6: 288-295.

Persson, H.A. and H. Nybom, 1998. Genetic sex determination and RAPD marker segregation in the dioecious

species sea buckthorn (Hippophae rhamnoides L.). Hereditas, 129: 45-51.

Ruan, C.J., P. Qin, J.W. Zheng and Z.X. He, 2004. Genetic relationships among some cultivars of sea

buckthorn  from  China,  Russia  and Mongolia based on RAPD analysis. Sci. Hortic-Amsterdam, 101:

417-426.

Sankaralingam, A., G. Hemalatha and A. Mohamed Ali, 1999. Report on All India Coordinated Research

Project on Palms, Agricultural College & Research Institute, Tamil Nadu Agricultural University,

Coimbatore., pp: 40.

Yeh, F.C., R.C. Yang and T. Boyle, 1997. POPGENE, version 1.32 edition, Software Microsoft Window-Based

Freeware for Population Genetic Analysis. University of Alberta, Edmonton, Alta.


